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PilCC.\l()TpCH&l 151 ()ﬂ()(’)pCHLl Ha 3aCCJaHuM Kil(t)ﬁ;{pbl
mpotokot Ne 12 or« 4 » 7 2018 r
JINCT COI'JTACOBAHUA

PaGouass mporpamMma JIUCHMIUIMHBI COCTaBJIeHa C y4e€ToM TpeOoBaHUM  (eaepaTbHOTrO
rOCy/IapCTBEHHOT'O 00pa30oBaTeNbHOTO cTaHaapTa Beiciiero oopasopanus (OI'OC BO) no nanpaBieHuUIo
noaroToBku (crenuanbHocTH) 11.04.01 Pagunorexnuka, yreepxaeaHoro 30.10.2014 roma, paccmoTpena u
onobpena Ha 3acenanuu kapeapsl PTC 26 urons 2018 rona, mpotokon Ne 11.

Pazpabotuuk:
noueHt kad. PTC A. B. HoBukos

3aBenyronmii odecneunBaronien kag.
PTC C. B. Menuxos

Pabouas nporpamma IMCHUIUIMHBI COTIacoBaHa ¢ (DaKyJIbTETOM M BBITyCKarouei kadeapoii:

Hexan PT® K. 1O. IlonoBa
3aBeyrONIuil BeIMycKaromen Kad.

TOP A. A. T'enbriep
OKCIEPTHI:

JoueHT xadeapbl
TEJIEKOMMYHUKAIUI 1 OCHOB
pagunorexuuku (TOP) C. U. boromonon

JlonieHT Kadeapsl paguoTeXHUYECKUX
cuctem (PTC) B. A. I'pomoB
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1. lean u 3aa49u TUCUMILJIUHBI

1.1. Heau TUCHUNIHHBI
®dopMupoBaHUE TPEACTABICHUNH 00 OCOOCHHOCTSX COBPEMEHHBIX M TEPCIEKTUBHBIX CHCTEM
PaguoOCBsI3H.

1.2. 3agauy JUCHUIIIMHBI
— H3ydeHue METOJ0B MOAYJISALUU U KOAMPOBAHUS, UCIIONB3YEMBIX B COBPEMEHHBIX CHCTEMax
PaZMOCBSI3H, & TAKXKE CIIOCOOOB POPMUPOBAHUS U OOPAOOTKH CUTHAJIOB B CUCTEMAaX PaTUOCBSI3H.
— IIpnoOpeTeHre HABHIKOB KOMITBIOTEPHOTO MOJICIIUPOBAHUS CUCTEM PAaTUOCBS3H.
— OsnajieHue HaBBIKAMU YTCHUSI CHPABOYHOM TOKYMEHTAIlMW, B TOM YHUCIE Ha aHTIHICKOM
SI3BIKE.

2. Mecto aucuuminnel B ctpykrype OIIOIT

Juctummaa «Teopust paguocssizn» (b1.B.J1B.3.2) otHocuTcs k 610Ky 1 (BapuaTuBHAs 4acTh).

[TpenmecTByromMMyU ~ TUCUMIIMHAMH, (OPMHUPYIOIIMMHM  HAayaJlbHble 3HAHUSA, SBISIFOTCA:
YcrpoiicTBa reHepupoBaHusS U (OPMHUPOBAHUS IU(PPOBBIX CUTHAIOB, Y CTPOWCTBA MpUeMa U 00pabOTKH
JMCKPETHBIX U aHAJIOrOBBIX CUrHaoB, Lludpposoe TeneBuneHue.

[Tocnenyrommmu JUCLUILIMHAMU SBJISIOTCA: Maremaruueckoe MO/IETUPOBAHUE
pallMOTEeXHUYECKUX YCTPOMCTB U cucTeM, [IpoekTupoBaHHE 3JIEMEHTOB M YCTPOICTB paauoCBs3H,
CucreMbl U CETH Nepeiayu JaHHBIX.

3. TpeOoBaHus K pe3yJIbTaTaM OCBOCHHS JUCHUNIMHBI

[Tponiecc n3yyeHus TUCUUIUTMHBI HAIIPpaBJeH Ha (OpPMUPOBAaHHE CIIETYIONINX KOMITETECHIIHNA:

— OIIK-4 cnocoOHOCTBIO CaMOCTOSITENILHO NpUOOpeTaTh M MCIOJIb30BaTh B IPAKTUYECKOMH
NesITeIbHOCTH HOBBIE 3HaHUS M YMEHUS B CBOEH NpeMeTHOI 061acTy;

— TIK-4 cnocoGHOCTBIO K OpraHM3alyy W MPOBEACHUIO SKCIEPUMEHTAIBHBIX HCCIEIOBAHUH C
IIPUMEHEHUEM COBPEMEHHBIX CPEJCTB U METO/I0B;

— IIK-5 roToBHOCTBIO K COCTaBJIEHHMIO O030pOB M OTYETOB IO pe3yjibTaTaM IPOBOJUMBIX
UCCIIe/IOBAaHUM, TIOATOTOBKE HAYYHbIX MyOJIMKalMid M 3a9BOK Ha U300peTeHus, pa3paboTke
pEeKOMEHIaluii IO MPAKTUYECKOMY HCII0JIb30BAHUIO ITOJTYYEHHBIX PE3YJIbTaTOB;

B pe3ynbrate n3ydyeHus IUCLUILIMHBI 00y4aroLIUics JOIKEeH:

— 3HaTh Poib MOAYIAIUH B cHCTEMax mepenadyn nHpopmanuu. Pa3znudre Mexy aHaIOrOBOM U
nudposoil Mmoaymsiuuel. Ponb popmupyromux GuIbTpoB U BIUSAHUE MEXKCUMBOJIBHOW MHTEPHEPEHIIHH.
CMbICIT  CHEKTpaJIbHOM IUIOTHOCTH MOLIHOCTH Oenmoro 1myma. ba3oBele MeTonbl MOIYJSLUU:
ammutyanyio (AM), dazoByro (OPM) u uactotHyto (UM). CnekTpanbHbIi COCTaB CUTHAJIOB JUIS
OCHOBHBIX METOZOB MOJYJIALIMU: aMIUIMTYIHOH, dYacToTHOW U (da3oBoil. OcobenHoctu UM ¢
HenpepbIBHOHN (a30ii. B3auMocBsA3b METOJOB MOJTYJISIIMH € KJIaCCaMH BBIXOJHBIX YCHIINTENIEH MOIIHOCTH.
[TpuHIMIIBI MOIYASIIUU MHOXECTBa OpTOroHaNbHBIX nmoaHecymux (OFDM). Poxs OFDM npu Hanmauu
MHOTOJIy4eBOCTH. BrnusHue ¢a3oBoro myma Ha NpPOM3BOAMTEIBHOCTH CHUCTEM CBsA3H. OTHOLIEHHE
CUTHAJI-IIYM JJIs1 HUGPPOBBIX CHUCTEM CBsA3H. [Ipo sHEpreTHyecKkyro U 4acTOTHYIO 3()(PEeKTUBHOCTh CUCTEM
cBs3u. [lpuniunel cunxponmzanuu B cuctemax cBs3u. Ilermio Kocraca. Jlerexktop [Mapnuepa. OO0
YXYIIIEHUN CTENEHH OJHO3HAYHOCTH (pa3bl BOCCTAHOBJIEHHOM HeCyIell ¢ pocTOM OMTOBON CKOPOCTH
nepenaud. [IpuHIMIBI pacHIMpeHusl CIEKTpa CUTHAJOB B cHcTeMax cBA3H. CTPYKTYpHbBIE CXEMbl U
0COOEHHOCTH TpeX IMOKOJEHUH HUQPPOBBIX CUCTEM CBS3U MO MeToaaM (OpPMHPOBAaHUS M 0OpabOTKH
CUTHAJIOB: aHAJOroBble, TMOpUIHBIE U IM(poBble. CXeMbl aBTOMaTHYECKOH HU(GPOBON pEryIHpOBKU
ycuienus. OyHIaMeHTalnbHOEe CBOWCTBO JIMHEHHBIX OJOYHBIX KO/0B. [IpaBuio koaupoBaHUs JTUHEHHBIM
65104HBIM KOZOM. CTpYKTypy HOpOKIAIOUIMX M MPOBEPOYHBIX MATPHI] JIMHEWHOTO OJOYHOro Kojaa B
cucremaruyeckoit popme. [IpaBuiio BEIYMCIEHUS! CHHIPOMA JIMHEHHOTr0 6JI0YHOTO KO/1a MO MPOBEPOYHOI
Matpuiie. Poib cunapoMa nipu 00HApYKEHUU/HUCTIPABICHUHN OIMOOK, a TAaK)K€ BOCCTAHOBJICHUH CTEPTHIX
cuMBOJIOB. Crioco0 pacmpefiefieHHss CHHAPOMOB M0 KiaccaM CMeXHOCTU. llpaBuiio omnpeneneHus
KOJIOBOTO PACCTOSTHUS JIMHEHHOTO OJOYHOTO KoJa Mo KoaoBOM Tabmuie. Croco0 ompeaeneHus
KpaTHOCTEH TapaHTHPOBAaHHO OOHAPYKMBAEMbIX, TapaHTHPOBAHHO MCIIPABISEMBIX OIIMOOK, a TaKxke
rapaHTUPOBAHHO BOCCTAHABIMBAEMBbIX CTEPTHIX CHUMBOJIOB. ['panunpl CuHraTOoHa, XEMMHHra H
HepaBeHCTBO ['mibepTra Ui KOPPEeKTUPYIOIUX KOJ0B. PYyHAaMEHTAIbHOE CBOMCTBO IUKIMYECKUX KOIOB.
[IpaBmiio cocTaBiieHHs MOPOXKIAIOMIMX IOJMHOMOB LUKINYECKMX Koa0B. [IpaBmio konupoBaHus
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[UKIUYECKIM KOJOM B CHCTEMAaTHYECKOW M HecucTeMaTudeckoil ¢opmax. CBs3b MOPOXKIAIONINX U
MIPOBEPOYHBIX TMOJIMHOMOB LHKJIMYECKOTO KOJa C MOPOXKAAIOIIUMH W MPOBEPOUYHBIMU MAaTpHUIIAMU
COOTBETCTBYIOILIETO JTUHEHHOTO 071049HOTO KoJ1a. Crioco0 /eIeHNsI U YMHOXKEHHS TTIOJIMHOMOB C IIOMOIIIBIO
U (ppoBbIX (PUIBTPOB, COOTBETCTBEHHO, PEKYPCUBHBIX U TpaHCBepcaibHBIX. Poib ocTatka OT JeneHus
IpU JEKOAMPOBAHUHU LUKIMYECKUX K0a0B. Crocod (GopMupoBaHUs MOPOKIAOIIUX MOIMHOMOB KOJIOB
boy3a-Yoyaxypu-Xoksuarema (bUX). Cesazp Mexnay kogamu BUX um komamm Puma-Comnomona (PC).
Crnioco6 koaupoBanus kogoM PC ¢ momomipio MaTpuilsl AUcKpeTHoro npeodpasoBanust @ypoe (AIID).
Cnoco6 Beruucienus oopatHoit marpunbl 1D wam momem [Namya. OcoOOEHHOCTH CBEPTOYHBIX KOJOB.
AnroputM BurtepOu nexonuMpoBaHHS CBEPTOYHBIX KOJOB. OCOOEHHOCTH KOJOB C pa3peKeHHBIMHU
npoBepkamMu Ha 4eTHOCTh (LDPC). Cnoco0 Msrkoro uTepatuBHOTO jaekoaupoBaHusi komoB LDPC.
Onpenenenne 3HTponuM HMCTOYHMKA. CrocoObl BBIUMCIEHMSI SHTPONMU HCTOYHUKA. CBS3b MEXAy
B3aMMHON 3aBUCHMOCTBHIO CHMBOJIOB M JHTPOIMEH HCTOYHMKA. [IpHHIMIIBI BEKTOPHOTO KBAHTOBAHUS
coobmenuit. Coco6 moctpoenus kojaa Xaddmana. Criocod mocrpoenus koaa [llennona-®ano. Crocod
noctpoenus koaa Jlemnens-3uBa. Criocod pacuera HIXKHEH TpaHMIIBI JIs1 cpeHel TuHbI Koga. Crocob
BBIYUCIICHUS] U30BITOYHOCTH JI0 U MOciie KoaupoBanus. Croco0 BEMUCICHHUS MPOMYCKHOW CIIOCOOHOCTH
KaHaJIOB.

— yMmerb COCTaBIATH KOJOBYIO TaONHIy JIMHEHHOrO OJIOYHOTO KOAAa IO €ro MaTpule.
[TpuBOIUTE MATPUIBI JIMHEWHBIX OJIOYHBIX KOJIOB K cHcTeMaTudeckoil ¢opme. Ompenensts KOIOBOE
paccTosiHue JUHEHHOro OJIOYHOIro KoJia MO €ro MPOBEPOYHOM MaTpulle, a TaKkKe MO KOJOBOH TabmuIle.
Jenute u yMHOXaTh moinuHOMBI Haj mojem [amya GF(p) aByms cmocobamu: anreOpandeckud M C
MOMOIIbI0 UPPOBEIX PuIbTPOB. DaKTOPU30BATh MOJIUHOMBI C TOMOIIBIO MPOTPAMMBI KOMITBIOTEPHOM
anreopsl SymPy. HaxonuThk 00paTHYI0 MaTpuIly AuCKpeTHOro npeodpazoBanus Oypre Han nonem ["amya
GF(p). CocraBisaTh AuarpaMmy COCTOSIHMM M PELIETKY CBepTOYHOro kojaa. CocTaBisiTh IEPEBO Koja
Xaddwmana. Cocrasmsare koj IllenHona-®ano. CoctaBiarh Tabmuiy koja Jlemmens-3uBa. BeraucisaTs
SHTPONUIO 33JJaHHOTO MCTOYHHUKA. BBIUUCIATH M3OBITOYHOCTH J0 U MOCJHE KOTUPOBAHUS CHKHUMAIOIIUM
KOZIOM. BBIYMCIIATH NMPOMYCKHYIO CIIOCOOHOCTh IBOMYHOI'O CUMMETPUYHOIO KaHajia CBSI3U M KaHajla co
ctupanussMd. Ha kauecTBeHHOM ypoBHE H300pakaTh CIEKTpalbHbIE JUarpaMmbl CHUTHAJIOB C
MOIYISAIUSIMA:  aMIUUTYaHOH (AM), ¢azoBoir (PM), wacrornoit (UM) m OFDM. Beraucnsts
CHEKTPAJIbHYI0 IUIOTHOCTh MOIIHOCTH TIO 3aJaHHOW (YHKIMU Koppensuuu UudpoBOro MOTOKA.
OmnpenensTe ypoBEeHb OOKOBBIX JICTIECTKOB B CIIEKTPE CUTHANA. AHATM3UPOBATh "TIa3KOBBIE" TUArpaMMBl
U CHUTHaJbHBIE CcO3Be3/uA. BriOupaTh BuA MOAyISIMH. BpiOuparth KiacC BBIXOAHOTO YCHUIUTENs
MOIIHOCTH HCXOAS M3 BHJIa Moaysiuuu. MopenupoBath curHaisl ¢ AM, ®M, UM u OFDM
MOAYJSIUUSAMH U UX CIIEKTPAJIbHbIE INIOTHOCTH MOLIHOCTH

— BJagerb MeTogamMH KOMIBIOTEPHOTO MOJEIMPOBAHUS COBPEMEHHBIX W MEPCIEKTHUBHBIX
CUCTEM PaJIOCBA3H, a TAKXKE FJIEMEHTaMU IPOEKTUPOBAHUS TAKUX CHCTEM.

4. O0bemM AUCHHMILVIMHBI M BUJbI y4eOHOH padoThl
OOmast TpyOeMKOCTh IUCHUIUIMHBI COCTaBsieT 5.0 3a4eTHBIX €AMHUIBI M TIPE/ICTaBJICHA B
tabmuie 4.1.
Tabnuna 4.1 — Tpy10eMKOCTb JUCITUIIMHBI

Bunbl yueOHOI nesTeIbHOCTH Bcero gacos CemecTpbl
2 ceMmecTp
AyIUTOpHBIE 3aHATHUS (BCETO) 76 76
Jlexmun 36 36
[IpakTnyeckue 3aHATHA 24 24
JlaGopaTopHbie pabOThI 16 16
CamocTtosTenpHas padora (Bcero) 68 68
Odopmienune oTueToB 1o 1aOOpaTOPHBIM paboTam 16 16
[IpopaboTka JIeKIIMOHHOTO MaTepuana 18 18
CamocTosiTeTbHOE U3YUYEeHHE TeM (BOIIPOCOB) TEOPETHUECKOM 10 10
4acTH Kypca
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[ToaroTOBKA K MPAKTUYECKUM 3aHITHSIM, CEMUHApaM 24 24
Bcero (6e3 ax3ameHa) 144 144
IToxaroroBka u caya 3K3aMeHa 36 36
OO01mast TpyA0eMKOCTb, 4 180 180
3ayerHble EnuHUIbB 5.0 5.0

5. Conepskanue QM CHUATINHbBI

5.1. Pa3nesnsl JUCHUILIMHBI 1 BUALI 3aHATHHI
Pazensr qUCIMIUTMHBI U BUBI 3aHATUN TPUBEICHBI B TabmuIe S.1.
Tadmuua 5.1 — Pa3aensl IUCHUIUINHEBL U BUIBI 3aHATHA

o) o 2 a § % §
b o o () = 9
=n jas (o) O 8 2 [0} o
) S ] < 5o > 0
HazBanus pasznenoB AUCITUTUIHHBI & ) a = o 8 &5
= g = = 5 O s E
= | & & 28 5d
= e & =
2 cemecTp
1 Monynsuusi. CieKTpajabHBII COCTaB. 2 3 4 8 17 | OIIK-4, T1IK-4,
I1K-5
2 ®opMHUpPYIOLIUHI U COTITIACOBAHHBIIN 3 4 0 ) 12 | OIIK-4, I1IK-4,
bunsTpel. X posb. ITK-5
3 YactoTHast MAaHUMYJISIIUS C 0 0 4 4 8 11IK-4, TIK-5
HeIpepbIBHOU (pa3oil.
4 DKOHOMHBIE (C)KUMAIOITUE) KOJIBI. 2 4 0 5 11 | OIIK-4, T1K-4,
I1K-5
5 IIpomyckHasi cmocOOHOCTH KaHAJIOB 1 2 0 3 6 OIIK-4, TIK-4,
CBSI3H. TIK-5
6 YacToTHas U SHEpreTuyecKas 2 2 0 3 7 OIIK-4, TIK-4,
3 PEKTUBHOCTD CUCTEM PATUOCBSI3H. [K-5
7 Konpt Xap¢pmana u llennona-Paxo. 1 OIIK-4, TIK-4
8 Koner Jlemnens-3usa u Jlemnens-3usa- 1 OIIK-4, IIK-4
Vanua.
9 KoaupoBaHue peun B CHCTEMax 0 0 0 4 4 OIIK-4, I1IK-5
pPaZUOCBSI3H.
10 [TpuHIUTIBI CHHXPOHHU3AIIUU B 2 0 0 1 3 OIIK-4, IIK-4
CUCTEMax PaTUuOCBSI3U.
11 IlpuHLKIIBI pacIIUPEHUS CIIEKTPa B 2 3 0 4 9 OIIK-4, [1K-4,
CUCTEMax PaTUuOCBSI3U. I1K-5
12 ABTOMaTHyeckas peryjaupoBKa 1 0 0 1 2 OIIK-4, [IK-4
YCHJICHUS B CUCTEMAaX PaTUOCBSI3U.
13 Tpunatunsr Moayisiian OFDM. 3 3 0 4 10 |OIIK-4, I1IK-4,
I1K-5
14 TTpuanunser MIMO. OIIK-4, TIK-4
15 JIuneiinoie OJIOYHEBIE KOJBI. 2 4 OIIK-4, T1IK-4,
I1K-5
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16 Luknmnaeckre KOabI 2 0 4 5 11 OIIK-4, T1IK-4,
IK-5
17 Konsr Puna-Conomona 2 0 0 1 OIIK-4, TIK-4
18 Koap! boy3a-Hoynxypu-XokBUHIeMa. 0 0 0 6 OIIK-4, [IK-5
19 HuzkomnotnoctHbie (LDPC) kompr. 2 0 0 1 OIIK-4, I1K-4
20 CBepTOYHBIEC KOJIBI. 3 0 4 5 12 OIIK-4, I1K-4,
[1K-5
21 CursajbHO-KO/10BbI€ KOHCTPYKLIUH. 2 0 0 1 3 OIIK-4, [IK-4
Hroro 3a cemectp 36 24 16 68 144
Hroro 36 24 16 68 144
5.2. Conep:xanue pa3ie10B JMCUMILIAHBI (110 JIEKIUSIM)
Copneprxanue pas3ieiaoB AUCUUILINH (IO JEKIHSIM) PUBEACHO B Tabuie 5.2.
Tabmmma 5.2 — Coneprkanue pas3ieoB JUCIUILUIAH (I10 JICKITUSIM)
3 z £
2 = =
2 X
HasBanus paszaenos Coneprkanue pasiesoB JUCIHUILUIMHBI (TI0 JIEKIIHSIM) g S5
o
=t Z 5
2 o 2
= S
2 cemecTp
1 Monynsuus. Pose Monynsuuu B cucremax nepenadu 2 OIIK-4,
CrekTpanbHbIi cocTaB. | mHpopMaruu. Paznmune ananorooii u muppoBoi [1IK-4
Moaynsauuu. TpeOoBaHUS K CIIEKTPaM CUTHAJIOB B
COBPEMEHHBIX CUCTEMaX Tepeadn
nnpopmanuu. Ternosoii mrym.CriekTpanbHast
IJIOTHOCTHh MOIIHOCTH curHaIa. CIIeKTPhI CUTHAJIOB C
AM, ©M, UM u OFDM mopaynauusmu. Tpu
TTOKOJICHUS ITU(POBBIX CUCTEM CBSI3U: aHAIOTOBBIE,
ruOpuIHbIE U HU(DPOBBIE.
Hroro 2
2 ®opmMupyromuii u CrnektpanbHas JIOTHOCTb CIy4YaitHON 3 OIIK-4,
COTJIACOBaHHBIM MOCIIE0BATEIHHOCTH UMITYJIHCOB MPSMOYTOIBHON [1K-4

¢unbTpel. X pob.

(hopmbl. CKOPOCTH CIajja MOIIHOCTH B 3aBUCUMOCTH
oT yacToTel. HeoOxonumocTs criaxuBanus (poHTOB
nMmiynbcoB.OuneTp "mpunoansroro”
KocuHyca.OCOOCHHOCTH peanu3anuu GuiIbTpa B
un(dpoBOM BUJE: BIUSIHUE HA GOPMUPYEMBIH CIIEKTP
(akTOpPOB JUCKPETHOCTH U OTPAaHUYEHHOCTH I10
BPEMEHH UMITYJIbCHON XapaKTEPUCTUKU; BIUSHUE
u¢po-aHanoroBoro npeodpasosarens. TemnnoBoi
IIYM KaK OrpaHUYHUTENh IPOU3BOJUTENLHOCTH CUCTEM
cBs13u.CornacoBaHHbIM QUIBTP KaK QUIBTP,
JOCTaBJISIOUINI MAKCUMYM OTHOIICHUIO CUTHAJI-IITYM
[P HATMYUU A JTUTUBHOTO OEnoro
uryma.Heo0xoqumocTh corinacoBaHust aMILUIUTYIHO-
gacToTHOMU Xxapaktepuctuku (AUX) hopmupyromiero
¢unbTpa ¢ AUX cornacoBanHoro.@uibTp "KopeHsn"
13 "TIPUNIOAHATOr0" KOCHUHYCA.
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Htoro

4 DKOHOMHBIE CobcTBeHHas nHGoOpMaNU. IHTPOIHS OIIK-4,
(ckuMaronme) Koabl. ucroynuka.l30srrounocts. B3anmuas [1K-4

uHpopmanus. [ [pHHIHITEI BEKTOPHOTO KBAHTOBAHHUS

HCTOYHUKA.

Hroro
5 IlponyckHas CkopocTts niepeaaun nadopmaruu. IIpomycknas OIIK-4,
CIIOCOOHOCTH KaHAJIOB criocobHoCTh. I IponyckHast ciocOOHOCTH TBOMYHOTO [K-4
CBSI3H. CUMMETpPUYHOro KaHana cBsi3u. lIpomyckHas

CIOCOOHOCTh KaHajla CO CTUPAHUSIMH.

Hroro
6 YacToTHas u CBs3bp Mexy "ananoroBbiM" u "nndpoBbM" OIIK-4,
JHEepreTHyecKas OTHOIICHUAMHU cUTrHaN-1rymMm. HopmupoBanHas [1K-4
3¢ (HEeKTUBHOCTh CHCTEM | IPOITYCKHAsI CIOCOOHOCTH KaHana.CKOpOCTh
PaIUOCBSI3HU. koaupoBaHud. Teopema lllenHoHa, ee

wimoctpanus. [ Ipenen llenHona, npeaen IBOUYHOTO

KaHaja CBSI3U: KECTKUE PEHICHUS U MATKUE PELICHHUS.

Hroro
7 Koger Xahdmana u [Toctpoenne kogoBOTO AepeBa koaa Xaddmana mo OIIK-4,
[[lennona-®ano. BEPOATHOCTSIM CUMBOJIOB.IlocTpoeHne Ko10BOM I1K-4

tabmump! koaa lllenHona-daHo O BEPOSTHOCTSIM

cumBonoB.IIpedukcHoe cBoiicTBO Kom0B.Pacyer

CpelHel IIMHBI KOJAOBOI'O CJIOBA MOJIYYEHHOIO

koja.PacueT u30bITOUHOCTH A0 U TIOCTIE

KoupoBaHus. [ [puHIIUTTEI MHOTOOYKBEHHOTO

KOJUPOBAHUSI.

Hroro
8 Konpr Jlemmniensi-3uBa u | CoctaBieHue TabIuIbI-clioBaps koaa Jlemmens- OIIK-4,
Jlemmensa-3uBa-Yoiya. 3uBa./[0cTOMHCTBA M HEIOCTATKX KoJMa Jlemmens- TIK-4

3uBa.CocraBieHue TabnuibI-coBaps koaa Jlemmens-

3uBa-Yamnua.

Hroro
10 ITpuHnMIIBI KorepenTHocTh pu nnpueme u o0padboTke OIIK-4,
CUHXPOHHU3AIUH B curtaina.Boccranosnenue Hecynieit yactotel.llerns [1K-4
CHCTEMax PaJMOCBSI3H. Kocraca.BoccranoBineHne TakTOBBIX

nMItynbcoB.Jlerektop I'apauepa.

Hroro
11 ITpuHLIMATIBI JIOCTOMHCTBA CUTHAJIOB C PaCIIUPEHHBIM OIIK-4,
pacuipenus crektpa B | cnektpom.lIceBnocinydaitnpie mocinea0BaTENbHOCTH [K-4
CHUCTEMax paJInOCBA3H. (M-nocnenoBarenbHocTH ). Konbt ['onaa.

Hroro
12 ABTOMaTuyeckas Kackaapl cxeM aBTOMaTH4YECKON PEerylIpOBKU OIIK-4,
pEerylupoBKa yCUJICHUS B | YCUJICHUS B CUCTEMaX paJloCBI3U. AHAJIOroBast [1K-4

CUCTCMaAX paJuOCBA3U.

perynupoBka 1 nuppoas. CTpyKTypHbBIE CXEMbI
neTenb Hu(PoBON aBTOMATUYECKOM PErylIupOBKU
YCUJICHHUS: JIMHEHHas U jorapudmMudeckas neTiu.

Hroro
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13 IpuHIMIBI
moayisinuu OFDM.

Wnmroctpanus HeocTaTka YaCTOTHOTO pa3eIeHUs
kaHasoB.MiurocTpanus OpTOroHaIbHOCTH HECYIINX
MIPH BBITIOJIHEHUH OIEPaLUU JUCKPETHOTO
npeodpazoBanus Oypre (AI1D).HeobxonumocTs
LIUKINYECKOTro MpeduKca sl CHUXKEHUS BPEAHOTO
BIIUSHUS MHOTOJTyuyeBoCTH.[lapameTprl MoaYISIMI
OFDM B cuctemax cBsizu 4G LTE.CtpykTypHble
CXeMblI nepeaaTyuka u npueMHuka ¢ OFDM.

Htoro

OIIK-4,
[1IK-4

14 [punuunsr MIMO.

Knaccudpukanus MIMO: SISO (knaccuueckuid
BapuaHTt), SIMO (pa3zHecennsiit npuem), MISO
(pazuecennas nepenada), SU-MIMO
(OIHOTIOIB30BATEIBCKOE MMPOCTPAHCTBEHHOE
ymotHenue), MU-MIMO (MHOronosab30BaTeNIbCKOE
MPOCTPAHCTBEHHOE yIUIOTHeHHE). CTPYKTYpHBIC
cxembl MIMO coracHo KinaccuuKaIim.

Htoro

OIIK-4,
[1K-4

15 JIuueiiusie OJI0UYHBIE
KOJIBI.

[Hopoxnatomas marpuna.Konosas tabnuna.Konosoe
paccrosiHue. KpatHocTs 0OHapyX eHHUs, UCIIPABICHHUS
1 BOCCTAHOBJIEHUSI CTEPTHIX CUMBOJIOB.OnpeieneHne
KOJIOBOT'O PACCTOSIHUSA 110 KOJIOBOM
tabmune.CrucremaTraeckas popma moposkIaronei
Mmatpuisl.IIpoBepounas
Matpuua.Cuspom.Paznoxxenne BEKTOpHOTO
IIPOCTPAHCTBA Ha CMEXHBIE Kiacchl. OnpeesneHue
KOJIOBOI'O PACCTOSIHUS 110 IPOBEPOYHON MaTpHUIIE.

Hroro

OIIK-4,
[1K-4

16 L{uknndeckue KOabl

@yH/1aMEHTAIIbHOE CBOMCTBO LIUKINYECKUX
ko210B.HyJb-11onuHoM 1 ero
¢dakropuzanus.Ilopoxaaromuii TOTUHOM U €ro
€IMHCTBEHHOCTb IS 331aHHOTO K0/1a.CBs3b
MIOPOXKIAIOLIErO MOIMHOMA U ITOPOKAAOLIEH
Matpullbl. [ IpoBepoUHbI IOJIMHOM, €T0 CBA3B C
MpOBEPOYHOI MaTpulieil. CucTeMaTuyecKuii
nuKIMueckuit koa.CucteMaTudecKuid Kojiep Ha
ocHoBe 1u¢poBoro ¢puiabTpa.Pons octatka oT
JIEJIEHUS IBYX IOJIMHOMOB./leKOAMpPOBaHUE C
WCIpaBlIeHuEM OITNOKU./[ekoaupoBaHue ¢
BOCCTAHOBJICHUEM CTEPTBIX CUMBOJIOB.

Hroro

OIIK-4,
[IK-4

17 Koasl Puna-Conomona

Onementsl notist ["anya GF(p”q), e p - mpoctoe
gucno (2, 3,5, 7, 11...) kak q-MepHbIe BEKTOpa U3 p-
3HAYHBIX CUMBOJIOB.Onepaniuu yMHOKECHUS U
cnoxxenus.[lopoxaaromuii noJMHOM KoAoB Puna-
Conomona.I'pannna Cunrirona.llpoBepounslii
nonuHoM koJ10B Puia-Conomona.Crioco6
KOJMPOBaHUs Yepe3 AUCKPETHOE NMpeoOpa3oBaHue
®ypoe (JI1dD).Criocod oOpaiieHns MaTpUIbI

JI®. J[lekonupoBanue koaa Puma-Conomona ¢
WCIIPaBIIEHUEM OLITHOOK.

OIIK-4,
[1K-4
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Hroro 2
19 HuzkomotHoctHeie | [IpuHImm noctpoeHus mpoBepouHbIX MaTpuil.Criocod 2 OIIK-4,
(LDPC) xonupr. BBIYMCIICHHS TIOPOXKIAFOIIECH MaTPHUIIBI TIO [1K-4
IpoBepoYHOM. I IpuHIMI UTEpaTUBHOTO
JEKOJUPOBAHUS C MATKUMU PELICHUSIMHU.
Hroro 2
20 CBepTOYHBIE KOJIBI. [Topoxaatoiue noJuHOMbL. CXeMa KOJAUPYIOIIETO 3 OIIK-4,
ycTpoiicTBa./luarpamMma COCTOSIHUM [1IK-4
Kojiepa.Pa3perniennbie Ko10BbIE
nociuenoBarenbHOCTH.CBOOOIHOE paccTOsHUE
koza.lloporoBoe nekoaupoBanue koaa.Pemerka
KoJa. AJITOPUTM JIEKOANPOBaHwMs 1o Butepou.
Uroro 3
21 CurnanpHO-KO/10BbIE | MiImrocTpaliys BHIMTPBIIIA, JTaBAEMOI0 CUTHAJIBHO- 2 OIIK-4,
KOHCTPYKIUH. KOJIOBBIMU KOHCTPYKIUSIMU, HA IIPUMEpax. [1K-4
Hroro 7
Hroro 3a cemectp 36

5.3. Pa3nesibl AMCHMILNIMHBI M MEKIMCUMILIMHAPHBIE CBSA3H ¢ 00ecneYnBaIMMU (MPeabIyMM)
U o0ecneynBaeMbIMHU (MOCJIeTYOIMMH) I CHUILTHHAMMA
Paznenbl AUCIUIITMHBI U MEXIUCUUIUIMHAPHBIE CBA3H C 00ECIEUMBAIONIMMHU (IIPEIBIAYIIAMHU) H

o0ecrnieurBaeMbIMH (ITOCIECAYIOIIMMHI ) TUCHUIUIMHAMU MIPeICTaBIeHbI B Ta0auIe 5.3.

Tabnuna 5.3 — Pa3aensl JUCIUIUIMHBI U MEXIUCHUIUIMHAPHBIE CBSA3H

HanmenoBanue

Ne paznienoB naHHOW JUCHMILIMHBL, J11 KOTOPBIX HEOOXOAMMO U3yueHUE
obecneynBaromuX U 00eceYBaEMBbIX TUCIUILINH

JTUCIUILINH

2/ 34 5/6|7/8|9/1011/12/13/14|15

16

17

18

19120

21

[IpenmecTByronme qUCHUILTMHBI

1 YerpoiicTBa
TeHEPUPOBAHUS U
dbopmupoBaHus +
1 poBbIX
CUTHAJIOB

2 YcerpoiicTBa
npuema u
00paboTku
JMCKPETHBIX U
AaHaJIOT'OBBIX
CUTHAJIOB

3 Hudposoe +
TeJEeBUICHUE

1 MaTemarnueckoe
MOJICTUPOBAHUE
PaANOTEXHUYECKUX | +
YCTPOWCTB U
CHCTEM

2 IIpoexTupoBanue
3JIEMEHTOB U
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YCTPOICTB
paanocBA3u

3 CUCTEMEI U CETHU
repenadyu JaHHbIX

+

+ 4+ |+ +

5.4. CooTBeTCcTBHE KOMIIETeHUIMIH, GOPMHUPYEMBIX NPU U3YyYEeHHH THCHMIJIMHBI, 1 BU/I0B 3aHATHH
CooTBeTcTBHE KOMIIETEHIMHA, (OPMHUPYEMBIX NpPU H3YYEHHHM TUCHUIUIMHBL, U BUJIOB 3aHATHA
MPEACTaBICHO B Tabnwuie 5.4.
Tabmuna 5.4 — CooTBeTCcTBHE KOMIETEHIUH, (HOPMUPYEMBbIX NpU H3YyYEHHH JUCLUUIUIMHBL, ¥ BHJOB

3aHATHI

§ Bunrer 3angTuit

=l .

= ; § S S DopMBI KOHTPOJIS

2 8 ; = = b b

2 = 2 'S 2

< = = Q

OIIK-4 + + KoHCIIeKT caMoIToAr0OTOBKH,
CobOecenoBanue, Tect
[1IK-4 + + + + Jomamaee 3amanue, OTyer
o 1abopaTtopHoi padore,
Tect, OTuer no
MPaKTUYECKOMY 3aHATHIO
[1IK-5 + + + JlomalirHee 3agaHue,
KoHCIIEKT cCaMOIIOATOTOBKH,
CobecenoBanune, OTYeT MO
nabopaTtopHoit pabdote, Tecr,
OT4er 1o MPaKTUIECKOMY
3aHSATHIO
6. UnTepakTuBHBIE MeTOABI M (POPMBI OPraHU3ANMU 00ydeHU s
He npenycmorpeno PYIL

7. JIaGopaTopHbIie padoThI

HanmenoBaHue 1a60paTopHBIX paboT npuBeieHo B Tabnuue 7.1.
Tabnuna 7.1 — HaumeHoBaHue 1a00paTOPHBIX padoT
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HazBanus paznenos HaumeHnoBaHue 1a60paToOpHBIX paboT 5 S5
2 : ¢
S 2,
e e 2
= S}
2 cemecTp
1 Mopaynsuus. N3ydeHue CrieKTpoB CUTHAIIOB C JIMHEMHOMN 4 11IK-4, T1K-
CrniexTpanbHblil cocTaB. | Moayisuuel. [lokassiBaeTcs BausiHue (OpMBI 5
UMITYJIbCA-HOCUTENS U QYHKIIUU KOPPENIALNN
OUTOBOM MOCIIEOBATEILHOCTH HA CIIEKTP
hopMupyeMoro curHaa.
Hroro
3 YacroTHas N3yuenne Simulink-moaenu HeKOrepeHTHOTO [1IK-4, T1K-
MaHUIYJISIHS C JIEMOYJISITOpa YaCTOTHO-MaHUITYIMPOBAHHOTO 5)
HETpepbIBHOMN (a3oi. CHTHAJIa C HeNPEepbIBHON (ha30ii.
10




Htoro

16 L{ukandeckue KOapbl

N3yuenune nuknmnueckux konoB (7, 4).
CucremaTrdeckoe KOJIUPOBaHUE U JCKOAUPOBAHHE C
WCIIPABIIEHUEM OJTHOKPATHBIX OIIHUOOK.
MopenupoBaHre JBOUYHOTO CHMMETPUYHOTO KaHala
C He3aBUCUMBIMHU OIMOKaMu. OTICHKA BEPOSTHOCTU
OIIMOKH TOCTIE ACKOAUPOBAHUS.

Hroro

[1K-4, TIK-

20 CBepTOYHBIC KOJIBI.

N3ydeHnue cBepTOYHBIX KOJIOB CO CKOPOCTHIO
KOJupoBaHus 1/2: KogupoBaHHe, TOPOTOBOEC
JIEKOIUPOBAaHKE U JAeKoIupoBaHue o Burepou.

Hroro

I1K-4, IIK-

Uroro 3a cemecTp

16

8. IIpakTHyeckue 3aHATHUSA (CEMUHAPDI)

HanMeHoBaHME MPaKTUYECKUX 3aHATUN (CEMUHAPOB) MPUBEACHO B Ta0mIe 8.1.
Tabnuna 8.1 — HaumeHoBaHUE NPAaKTUYECKUX 3aHITHH (CEMUHApPOB)

HasBanus paszaenos

HanMeHnoBanue mpakTUYECKUX 3aHATUN (CEMUHAPOB)

Q
]

@
=

Q
]

M
bIC
KO

2 cemecTp

1 Monynsuus.
CrekTpanbHblid COCTaB.

Pacuer cnekTpaibHOM TIIOTHOCTH UMITYJIBCOB
TpeyroibHON (hOPMbI HA OCHOBE U3BECTHOI
CHEKTPAILHOU IJIOTHOCTH UMITYJIECOB
psMOYTOIbHON (hopMbl.PacueT KkoppensinoHHbIX
(GYHKIUH 7151 HEKOTOPBIX BHJIOB MOTYJISIIUU: C
TUHEIHBIM IpeoOpazoBaHueM OUTOB (cymMMa U
Pa3HOCTh), C UepegoBaHueM NoJIIpHOCTH (AMI,
UIIN), ¢ uuknumaeckuM npeodpazoBanuem (MLT-
3).Pacuer cnekTpaibHBIX IUIOTHOCTEH MO
KoppesuoHHbIM QyHknusM.[ToctpoeHme
COOTBETCTBYIOIIUX IPaQUKOB, UX aHAIIU3.

Hroro

TIK-4, TTK-

2 ®opmMupyomui u
COTVIACOBAHHBIN
¢mibTphl. X posb.

Beluncnenue npeneabHbIX 3HaYEHUH 4aCTOTHOU
xapakrepuctuku (UX) dunbptpa "npunogusaroro”
KOCHHYca /i ocoOeHHbIX yacToT.IToctpoenue "ot
pyku" rpadukoB aMMTyAHONH YX 1 UMIyIbCHON
xapakrepuctuku (UX) ¢punsrpa.Pacuer Ha
KOMIIBIOTEPE C MMOMOLIBIO JUCKPETHOTO
npeobpaszoBanus Oypre ammautyanoi YX ¢punbrpa
0 TUCKpeTHOU u puHuTHOM X
¢unbrpa.lloctpoenue "oT pyku" oTKIMKa
dhopmupyromiero GuibTpa (10 UPpPO-aHATOTOBOTO
npeoOpa3oBaresns) Ha 3aJaHHYI0 OUTOBYIO
nocieaoBaTenbHOCTh. Pacuer mpenenbHbIX 3HaUeHU !
gacToTHOM Xapakrepuctuku (UX) ¢punprpa Tuna
"KopeHb" U3 "IPUNOIHATOrO" KOCUHYyca s
0COOEHHBIX YacTOT C MOMOUIbIO MPOTPAMMBI
KoMmbroTepHOU anredbpsl SymPy.Iloctpoenue "ot
pyku" rpadukoB amruTyiHOM YX M UMITYJILCHOM
xapakrepuctuku (UX) ¢punsrpa.Pacuer Ha
KOMIIBIOTEPE C MTOMOLIBIO JUCKPETHOTO

I1IK-4, TIK-
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npeobpazoBanus Oypre ammutyaHoi UX dunbrpa
1o JUCKpeTHOH U punuTHON NX
¢unsrpa.lloctpoenue "ot pyku" oTKINKA
coryiacoBanHoro ¢puibTpa (B uudpoBom BHIIE) HA
3aJaHHBII BXOJHOW CUTHAJI.

Hroro

4 DKOHOMHEIE
(cxUMaronIMe) KoJbl.

Omnpenenenne coOCTBEHHOM

nHpopmanuu. OnpeeneHne YHTPOIHH
ncroyHnka.OnpeeeHne n30bITOYHOCTH
ucrounuka.Omnpezenenre B3auMHON
nHpopmanuu. M3ydyeHne mpuHIMIIOB BEKTOPHOTO
KBAaHTOBAaHMS HCTOYHHKA.

Htoro

I1K-4, I1K-

5 IIponyckHas
CIOCOOHOCTh KaHAJIOB
CBSI3H.

Brruuciienue npomyckHO#M crmocOOHOCTH Pa3TUUHBIX
KAaHAJIOB CBSI3H.

Hroro

TIK-4, TTK-

6 YacroTHas u
SHEepreTHYeCKast
3(PEKTUBHOCTD CUCTEM
PaIHOCBSI3H.

[TocTpoenue ¢ TOMOIIbIO KOMIIBIOTEPA IpaUKOB
3aBUCUMOCTH IIPEIEIBHON YHEPTreTUYECKON

s dexTuBHOCTH KOM1a (1B) OT CKOPOCTH KOJUPOBAHUS
(ot 0 mo 1) myist ABOMYHON MOAYJSIIUU (KECTKUE
pElIeHUs U MSTKUE PELICHHs]) U TIPU OTCYTCTBHH
MOAYJISIUU KaK TaKoBOU. MutrocTpanus ¢ moMOIIbIO
KOMITBIOTEpA MPEAECTBLHOT0 SHEPTeTUIECKOTO
BBIUTPBIIIA OT KOJAHUPOBAHUS.

Hroro

I1K-4, TIK-

11 IpunHIumns
pacuIMpeHus CekTpa B
CHUCTEMax PaJInOCBS3H.

I'eneparus nceBaoCIydaiiHbIX MOCIEA0BATEIHHOCTEM
(M-mocnenoBaTenbHOCTEH) ¢ TOMOIIBIO IU(PPOBBIX
¢bunpTpoB.CBolicTBa M-niocinenoBarenbHOCTeR. Kob
TI'onma.PacdyeT moaockl 4acTOT CHCTEM C
PaCUIMPEHHBIM CIIEKTPOM.

Hroro

I1K-4, TIK-

13 [IpuHUUIIBI
moyisiiun OFDM.

HeranpHas "ot pyku" nmpopucoska cursana ¢ OFDM
JUISL MAJIOTO YHCJIa HECYIUX: OTPUCOBKA OT/IEIbHBIX
HECYIIMX U PEe3yNIbTaTa UX

cymmupoBanust. KoMnbroTepHoe MOIETMPOBaHNE
curHasia ¢ OFDM ¢ noMonipo JuCKpeTHOTO
npeobOpazoBanus Oypre. O6Cyx)aeHne 0COOEHHOCTEMN
Takoro curnana.MogenupoBanue 3pdexra ot
MHOTOJTy4€BOCTH JJISI IBYX Jydeil. BcraBka
LUKIMYECKOTro npeduKca; 00CyxIeHne
MOJIOKUTEITBHOTO Y deKTa.

Hroro

I1K-4, TIK-

15 JIuuetiubie OJIOUYHBIE
KOJBI.

Cocranenue ko10Bo# Tadauiel. OnpenencHue
KOJIOBOT'O PACCTOSIHUS 1O KOAOBOM
tabnuue.Onpeenenne KpaTHOCTH FrapaHTHPOBAHHOTO
OoOHapyKEeHHUsI, UCTIPABIICHUS U BOCCTAHOBJICHUS
cTepThIX cuMBOJIOB.IIprBeeHue nopoxaaromen
MaTpHIlbl K cucrematuyeckoit popme.CBsi3b
MTOPOXKIAIOIIEH MATPHIII C TPOBEPOUHON. CHHIPOM.

TIK-4, TIK-
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JleKoupoBaHUe C UCIPABICHUEM OAHOKPATHBIX
omnOok.Pa3noxxeHne BEKTOPHOTO MPOCTPAHCTBA HA
CMEXKHBIE KJIACCHl.

Hroro 3

Hroro 3a cemectp 24

9. CamocrosiTesibHast padoTa
Bunael camocTosTenbHON paboThl, TPYAOEMKOCTh U (hOpMUPYEMbIe KOMIIETEHIIUU MTPE/ICTABICHbI B
tabmuie 9.1.
Ta6mmma 9.1 — Bunbl camocToaTenbHON paboThl, TPYI0EMKOCTh U (HOPMUPYEMBIE KOMIIETEHIIUN

) LN
=) a X
s | 53
Bunrr camocTosITEILHON E . 29
Hazpanus paznenos 5 S5 DopMbI KOHTPOJIS
paboThI S S E
=3 &z
e e 2
~ S
2 cemecTp
1 Monynsuus. IToarorosxka x 3 I1K-4, JlomamHee 3agaHue,
CrexTpanbHblid COCTaB. MIPAKTUYECKUM 3aHATHUSIM, [1K-5, OTuer no 1abopaTopHOit
ceMHHapaMm OIIK-4  |pabore, Tect
[TpopaboTka JEKIIMOHHOTO 1
Marepuaia
OdopmneHre 0T4€TOB MO 4
nabopaTopHBIM paboTaM
Hroro
2 Gopmupyromuii u IToaroroBka k 4 [1K-4, Jomamnee 3amanue, TecT
COTJIACOBAHHBINA (DMIIBTPHI. | IPAKTUYECKUM 3aHITHSM, I1K-5,
HX poib. ceMHHapam OIIK-4
[TpopaboTka JEKIIMOHHOTO 1
MaTtepuana
Hroro
3 YacroTHas OdopmiieHre 0TYETOB O 4  |TIK-4, Otuet no naboparopHOU
MaHUIYJISIHS C 71a00paTopHBIM paboTaM ITK-5 pabote, TecT
HEIIPEPBIBHOU (Pa3ou.
eNpepLIBHOH daso Hroro
4 DKOHOMHEIE IloaroroBka x 4 I1K-4, Jlomarmuee 3aianue, Tect
(CKUMaroIme) KOoIbl. MPAKTUYECKUM 3aHATHUSIM, [1K-5,
ceMHHapam OIIK-4
[IpopaboTka JTeKIIMOHHOTO 1
Marepuaia
Hroro
5 TlpomyckHas IToaroroBka x 2 [1K-4, Jomarmuee 3amanue, TecT
CIIOCOOHOCTH KaHAJIOB MPAKTUYECKUM 3aHATHM, [1K-5,
CBSI3U. CEMUHapam OIIK-4
[TpopaboTka JEKIIMOHHOTO 1
MaTtepuana
Hroro 3
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6 YactoTHasa u

IloaroroBka x

[1K-4,

OTuer Mo NpakTUYECKOMY

JHEpreTUYecKast MIPAaKTUYECKUM 3aHATHSM, I1K-5, 3aHATHIO, TecT
() PEKTUBHOCTD CUCTEM | CEMHHApaM OIIK-4
aJIMOCBSI3H.
pal [IpopaboTka JIEKIIHOHHOTO
Marepuana
Hroro
7 Konpr Xabdmana u [TpopaboTKka JEKIIMOHHOTO OIIK-4, |Tecr
[ITenHoHa-daHo. Marepuaia [1K-4
Hroro
8 Konpt Jlemniens-3uBa u | [IpopaboTka JEKIIMOHHOTO OIIK-4, |Tecr
Jlemnens-3uBa-Yamnua. Marepuaia I1K-4
Hroro
9 KoaupoBaHue peun B CaMoCTOSTEIBHOE OIIK-4, Koucnekr
CHUCTEMaXxX PAJHOCBSI3H. H3y4yeHue TeM (BOpOoCcoB) IIK-5 CaMOIIOJArOTOBKH, TecT
TEOPETUYECKON 4acTu
Kypca
Hroro
10 ITpunHIUIIB [TpopaboTka JEKIIMOHHOTO OI1K-4, Tect
CUHXPOHH3AaLUH B Marepuaia [1K-4
CUCTEMax PaJUuOCBSI3U.
paln Hroro
11 [puHume IloaroroBka k I1K-4, Jomaruee 3ananue, TecT
pacuIMpeHust CrieKTpa B MPAKTUYECKUM 3aHATHM, [1K-5,
CHUCTEMAax PaJnOCBA3H. CEMHUHapaMm OIIK-4
[IpopaboTka JTeKIIMOHHOTO
Marepuaia
Hroro
12 ABTOMaTuyeckas [IpopaboTka JIeKIIMOHHOTO OIIK-4, |Tecr
pEeryIMpoBKa YCUJIEHUS B | MaTepuania [1K-4
HCTEMax paJInOCBS3H.
CUCTEMAaX PaJUuOCBI3 Wroro
13 [IpuHUUIIBI [Toxroroska k [1K-4, OTyeT no NpakTHYECKOMY
moayssiiun OFDM. MPAKTUYECKUM 3aHATHSIM, [1IK-5, 3aHATHIO, TecT
ceMHHapaM OIIK-4
[IpopaboTka JIeKIIMOHHOTO
Marepuaia
Hroro
14 Ipunuunst MIMO. [IpopaboTka JIeKIIMOHHOTO OIIK-4, |Tecr
Marepuaia [1K-4
Hroro
15 Jlunelinpie O04YHBIE [Toaroroska k [1K-4, Homainee 3ananue, Tect
KOJIBI. MPAKTUYECKUM 3aHATHSIM, [1K-5,
ceMHHapaM OIIK-4

[IpopaboTka JIeKIIMOHHOTO
MaTepuana

Hroro
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16 [{uknraeckue KObl [TpopaboTka JEKIIMOHHOTO 1 | OIIK-4, |Otuer no mabopaTopHOit
Marepuana I1K-4, pabore, Tect
OdopMIIEHHE OTYETOB 110 4 |HKS
nabopaTopHBIM paboTaM
Uroro 5
17 Koxbr Puna-Conomona | I[IpopaboTka IEeKIIMOHHOTO 1 OIIK-4, |Tecr
Marepuaia I1K-4
Utoro 1
18 Koast boyza- CaMoCTOSTEIBHOE 6 OI1K-4, Koucnekr
Yoynaxypu-XoKBUHIE€Ma. |HM3y4€HHE TeM (BOIIPOCOB) IK-5 CaMOIIOITOTOBKH,
TEOPETUYECKOMN YacTh CobecenoBanue, Tect
Kypca
Utoro 6
19 Huzkomnotaoctueie | [IpopaboTka JIeKIMOHHOTO 1 |OIIK-4, |Tect
(LDPC) konupr. Marepuaia I1K-4
HUroro 1
20 CBepTOUYHBIE KOJIBI. [IpopaboTka JIEKIHOHHOTO 1 |OIIK-4, |Oruyer no mabopatopHOi
Marepuaia I1K-4, pab6ore, Tect
O¢opmiIeHHE OTYETOB TI0 4 |[HKS
nabopaToOpHBIM paboTam
Utoro S5
21 CurnanbHo-koq0BbIe | [IpopaboTKa JEKIIMOHHOTO OI1K-4, Tect
KOHCTPYKIHU. Marepuaia [1K-4
Htoro 1
Hroro 3a cemectp 68
[ToaroroBka u cnaya 36 DK3aMeH
JK3aMeHa
Hroro 104
10. Kypcosoii npoexT / KypcoBasi padora
He mpenycmorpeno PYIL

11. PeiiTunroBasi cucreMa jJisl OLEHKHU YCIeBAeMOCTH 00y4aI0 M XCH

11.1. BajibHbIe OLEHKH IS 3J1eMEHTOB KOHTPOJIS
Tabnuna 11.1 — banibpHbIE OLIEHKH JJIsI 9TIEMEHTOB KOHTPOJISI

MaxkcumanbHBbIH

MaxkcumanbHbIH

MaxkcuManbHBIN

CornacoeaHa Ha noptane N2 36799

DOnemMeHThl yueOHOI 0as 3a nepuos Bcero 3a
6amn Ha 1-yro KT ¢ | 6ainn 3a mepuon
JeSTeNbHOCTH mexay 2KT u Ha CeMecTp
Hayana cemectpa | mexay 1KT u 2KT
KOHEII ceMecTpa
2 cemecTp
JlomamrHee 3amaHne 4 12
Koncnekr 8
CaMOTIOJITOTOBKH
OTueT o mabopaTopHOi 8 8 16
pabote
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OT4YeT Mo MpakTUIECKOMY 5 5 6 16
3aHITHIO
CobecenoBanue 6
Tect 4 12
Hrtoro makcumyM 3a 13 28 29 70
epUOL
DKk3aMeH 30
Hapacraromum utorom 13 41 70 100
11.2. IlepecueT 0a/1710B B OLIEHKH 32 KOHTPOJIbHbIE TOYKH
[TepecueT OaIOB B OLIEHKH 32 KOHTPOJIbHBIC TOUKU MPEICTaBICH B Tabmuie 11.2.
Tabmuma 11.2 — Ilepecuer 6aJy10B B OIIEHKH 32 KOHTPOJIBHBIE TOYKH
bamnibl Ha 1aTy KOHTPOJIBLHOM TOYKU OrneHka
> 90% oT MakcuManbHOM cyMMbl OayutoB Ha gaty KT 5)
Ot 70% no 89% ot makcumaibHOM cyMMbI O6ayioB Ha naty KT 4
Ot 60% 10 69% OT MakcuMabHOM cyMMbI OayutoB Ha naty KT 3
< 60% oT MakcuMalibHOI cyMMBbl 6aiioB Ha gaty KT 2

11.3. IlepecueT cyMMBbI 02/1710B B TPAAUIIHOHHYIO M MEKIYHAPOAHYIO OLIEHKY
[Tepecuer cymmbl 0aJIOB B TPAJAUIIMOHHYIO U MEXIYHAPOTHYIO OLIEHKY MPEICTAaBICH B TaliHIe

11.3.

Tabmuma 11.3 — [lepecueT cymMBbl 0aJIJI0B B TPAAULIMOHHYIO U MEXKTYHAPOIAHYIO OILIEHKY

HroroBas cymma 6auios,

Onenka (I'OC) YUUTBIBAET YCIEIIHO CIAHHBIN Ouenka (ECTS)
9K3aMeH
5 (oTnMyHO) (3aYTEHO) 90 -100 A (OTIMYHO)
85 -89 B (ouens xopormio)
4 (xopori10) (3a4TEHO) 75-84 C (xoporo)
70-74
D (ynoBnerBoputeiabHO)
3 (YAOBIETBOPUTEINIBHO) 65 - 69
(3a4TeHO) 60 - 64 E (nmocpencTBenHo)

2 (Hey10BJIETBOPUTEINILHO) (HE
3a4TEHO)

Hwuxe 60 6aiuios

F (HeynoBneTBOpUTENBHO)

12. Yueb6HO-MeTOAMYECKOE M HH(POPMALIMOHHOE 00ecTieyeHue JUCIUNINHBI

12.1. OcHoBHas JuTEpaTypa

1. Tankun, BsuecnaB AnekcanapoBud. [ludposas moOunbHas paanocBssb [Tekct| : yueOHOE

nocobue a1 By30B / B. A. I'ankuH. - 2-e u3a., nepepad. u gon. - M. : ['opsiuas nunus - Tenexkom, 2012. -
592 c. : un. - (Yuyebnoe moco6ue. CrienaibHOCTh 711 BBICIITUX y4eOHBIX 3aBefeHuid). - bubmmorp.: c.
580-581. - Ilpeam. ykas.: c. 582-585. - ISBN 978-5-9912-0185-8 : 774.40 p. (Hanuuue B OMOIHOTEKE
TYCVYP - 40 3k3.)

2. BonkoB, Jles HuxomnaeBuu. Cucremsl uudpoBoil panuocBssu. ba3oBele Meroabl u
XapaKTepUCTHKH : YuebHoe mocobue 11t By3os / JI. H. Bonkos, M. C. Hemuposckuii, 1O. C. llunakos. -
M. : Dxorpenns, 2005. - 390[2] c. : wn., Tabn., moptp. - (bubnuoreka MTC & GSM). - bubmuorp.: c.
388-390. - ISBN 5-88405-071-2 : 269.01 p. (mammuue B 6udmmoreke TYCVYP - 42 3k3.)

12.2. lonoiHuTEIBHAS TUTEPATYPA
1. Puxrep, C.I'. KogupoBanue u nepegada pedu B HUPPOBBIX CUCTEMAX MOABIKHON PaOCBA3U
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[DnekTpoHHEIH pecype] : yueOHnoe mocobue / C.I'. Puxtep. — Dnekrpon. man. — Mocksa : ['opsuas
munaus-Tenekom,  2011. — 304 c¢. [OnekrtpoHHbli  pecypc] - Pexum  goctyna:
https://e.lanbook.com/book/76502 (nara obpamenus: 04.07.2018).

2. @®opMupoBaHWE M T€HEPHUPOBAHHE CUTHAJIOB B IUGPOBOM paawocBsa3u: YdeOHOoe mocodue /
B.T. Ilepmmmn. - M.: HUL] UHO®PA-M; MH.: Hos. 3nanwue, 2013. - 614 c.: un.; 60x90 1/16. - (Bsicmiee
obOpasoBanme: bakanaspuar). (mepemier) ISBN 978-5-16-006703-2, 600 sk3. [DneKTpoHHBIN pecypce] -
Pexxum noctyna: http://znanium.com/catalog/product/405030 (nata oopamenus: 04.07.2018).

3. MeToapl TOBBINICHUS HYHEPreTUYECKOH U  CHEKTPaIbHON APPeKTHBHOCTH 1HU(POBOI
paguocBszu: Yuebnoe nocobue / Bapraysun B.A., Hukua N.A. - CI16:BXB-IletepOypr, 2013. - 352 c.
ISBN 978-5-9775-0878-0 [DneKTpOHHBIT pecypc] - Pexum JOCTYTIA:
http://znanium.com/catalog/product/943520 (nara obpamenus: 04.07.2018).

4, Teopus sneKkTpuyeckor cBs3u: YuebHoe nmocooue / AxymuandeB 0. I1., beparapar A. C. -
2015. 196 c. [DnextponHsli pecypc] - Pexxmm moctyma: https://edu.tusur.ru/publications/5858 (mara
obpamenus: 04.07.2018).

12.3. YueOHO-MeTOAMYECKHE MMOCOOH

12.3.1. Obs3aTe/ibHBbIE Y4e0OHO-MeTOAUYECKHE MOCOOUS
1. COOpHHMK KOMIBIOTEPHBIX JIAOOPATOPHBIX pPA0OT MO CHUCTEMaM CBs3M: Meroandeckue
yKa3aHus K JabopatopHbsiM pabotam / HoBukoB A. B. - 2018. 151 c. [Dnekrponnslii pecypce]| - Pexum
nocryma: https://edu.tusur.ru/publications/7149 (nata oopamenus: 04.07.2018).
2. Jemonynauus 1udpoBbix curHaioB. CTaTUCTHUECKUW M CUTHAIBHBIA TOIXOIbI: YueOHOe

nmocoome / HosukoB A. B. - 2018. 51 c. [DnekrpoHHblii pecypc] - Pexum gocryma:
https://edu.tusur.ru/publications/7150 (nata oopamenwus: 04.07.2018).
3. Teopust smekTpuveckold CBs3u: YYeOHO - METOIWYECKOe TMocoOue JUisi TIPOBEICHHS

IPAKTUYECKUX 3aHATUH M CaMOCTOATENBbHOM paboTsl cryneHTtoB / Axkymunuyes 1O. I1. - 2012. 202 c.
[DmexkTpoHHBI pecypc] - Pexxmm noctyma: https://edu.tusur.ru/publications/1758 (mata oOpamieHwus:
04.07.2018).

12.3.2. YyeOHO-MeTOAMYECKHE IIOCOOMS IJIsl JIML C OTPAHMYEHHBIMH BO3MOKHOCTSIMH 3/10POBbS M
HHBAJIU/10B

YueOHO-MeTOMUECKHE MaTepHalbl Uil CaMOCTOSATENILHOM U ayJUTOPHON PabOTHl 00yUJarOIINXCs
U3 YMCIIA JIUI C OTPAaHMYEHHBIMH BO3MOXKHOCTSIMH 3JI0POBbSI 1 MHBAIHUJIOB MPEAOCTABISIOTCS B (hopMax,
aJlalITHPOBAHHBIX K OTPaHUYCHUSM UX 3[J0POBBS U BOCHPUATHS HHOOpMALIUY.

JI1s1 IM1 ¢ HAPYILIEHUSIMH 3PeHHUs:

- B (hopMe IIEKTPOHHOTO JJOKYMEHTA;

- B IIeYaTHOH (opMe yBETUUEHHBIM MIPUPTOM.

JI1s1 1M1 ¢ HAPYLIEHUSIMH CJIyXa:

- B (hopMe IIEKTPOHHOTO JJOKYMEHTA;

- B IIeyaTHOH (opme.

JI1s1 IMI ¢ HAapyLIeHUsIMM ONIOPHO-ABUIaTeIbHOIO aNnapara:

- B (hopMe IIEKTPOHHOTO JJOKYMEHTA;

— B I1e4aTHOM opme.

12.4. IIpodeccuonaibHbIe Ha3bl JaHHBIX U MH(POPMAIHOHHBIE CIPABOYHbIE CHCTEMbI

1. [lpu u3ydyeHun TUCHUIUIMHBI PEKOMEHIYETCsl UCIOJIb30BaTh 0a3bl JAHHBIX, HH()OPMALIMOHHO-
CIIpaBOYHBIE M IIOMCKOBBIE  CHCTEMBEI, Kk koroppiMm y TYCYPa ectp  pocryn
https://lib.tusur.ru/ru/resursy/bazy-dannyh.

13. MaTepuajibHO-TeXHHYeCKOe o0ecneyeHne JUCHUILIMHBI U TpedyeMoe NporpaMMHoe
obecrneuenue

13.1. O6mue TpeGoBaHus K MaTePHATbHO-TEXHUYECKOMY M IPOrPAMMHOMY 00ecre4eHHuI0
AUCHUTINHBI

13.1.1. MaTepuaJibHO-TeXHMYECKOE U IPOrPaAaMMHOe oOecriedeHue IS JJeKIUOHHBIX 3aHATHI
Jnst mpoBenieHUst 3aHATUN JICKIIMOHHOTO THIA, TPYIIOBBIX M MHIAWBUAYAIbHBIX KOHCYJIbTAIUH,
TEKYIIETO KOHTPOJS U MPOMEKYTOUHOM aTTeCTAIllMN MCIOJIb3yeTCs yueOHasi ayTUTOPHUS C KOJTUYECTBOM
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MOCaZOYHbIX MECT He MeHee 22-24, o0opyaoBaHHas JOCKOW M CTaHAAPTHOH y4eOHOW MeOensblo.
NmeroTcsi AeMOHCTpallMOHHOE O0OpyJAOBaHHUE U y4eOHO-HATJSIHBIE IMOCOOWS, OOeCIeYnBaIOIINe
TEMaTUYECKHE UIUTFOCTPAIUH 110 JICKIIMOHHBIM pa3zesiaM JUCIUILTUHBL.

13.1.2. MaTepuajbHO-TeXHHYECKOE U MPOrpaMMHOe ofecrneyeHne 1Jisl MPAKTHYECKHUX 3aHATHH

VYuebnas nabopatopus HHPOPMALMOHHBIX TEXHOIOTUN

yueOHasi ayAuTOpus AJs MPOBEIEHUS 3aHATHH MPaKTHUYECKOTO TUIMA, yuyeOHas ayJuTopus Ui
MIPOBEJICHUS 3aHSATUH JIAOOPATOPHOTO THUIIA, IOMEIICHUE JJIsI KYPCOBOTO MPOSKTUPOBAHUS (BBIMOJHCHUS
KYPCOBBIX paboT)

634034, Tomckas obnacTs, r. Tomck, Bepmmnuna ynuua, 1. 47, 423 ayn.

Ornucanune UMerOIIErocs 000pyI0BaHUs:

- locka marautHo-MapkepHass BRAUBERG;

- LMC-100103 Dkpan ¢ anekrporpuBogom Master Control Matte 203*203 cm White FiberGlass,
YepHasi KaliMa 110 IIEPUMETPY;

- [Ipoextop NEC «M361X»;

- CucremMHsIit 6710k (16 mmIT.);

- Monurops! (16 mrt.);

- Kommnerorep;

- KomrmekT cnenunanu3zupoBanHoi yueOHo# mebe;

- PaGouee mecTo npemnogaBates.

[TporpammHoe obecrieueHue:

— Adobe Acrobat Reader

— Google Chrome

— LibreOffice

— Mozilla Firefox

— OpenOffice

— PTC Mathcad13, 14

— Scilab

13.1.3. MaTepuajbHO-TeXHHYeCKOe 1 IPOrpaMMHoOe odecriedeHne 1Jis1 JJaO0paTOPHbIX padoT

Y4yeOHast mabopatopust HHHOPMAMOHHBIX TEXHOJIOTHI

yueOHasi ayluTOpHs AJISl MPOBEACHUS 3aHATUM MPAKTUYECKOTo THIA, yyeOHas ayIuTOpHs s
MIPOBE/ICHUS 3aHATHN JTAOOPATOPHOTO THIIA, TIOMENIEHHE TSI KYPCOBOTO MPOEKTUPOBAHUS (BBIIOJHEHUS
KypCOBBIX paloT)

634034, Tomckas obnacts, r. Tomck, Bepmmauna ynuna, 1. 47, 423 ay.

Onucanue UMeronIerocs 000pya0BaHUS:

- locka marautHo-MapkepHas BRAUBERG;

- LMC-100103 Dkpan ¢ anexrponpuogoM Master Control Matte 203*203 cm White FiberGlass,
YepHasl KaliMa I10 IEPUMETPY;

- [Ipoexktop NEC «M361X»;

- CucreMHbIit 010k (16 mmT.);

- Monwutops! (16 mT.);

- Komnsrorep;

- KommnekT cnienmanusupoBaHHoi yueOHON Mebenu;

- PaGouee mecTo mpermogaBaters.

[TporpammMHoe oOecrieueHue:

— Adobe Acrobat Reader

— Google Chrome

— LibreOffice

— OpenOffice

— PTC Mathcad13, 14

— Scilab
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13.1.4. MaTepuaibHO-TeXHHMYECKOE U POrPpaMMHOe oOecriedeHue ISl CAMOCTOSITeJIbHOH padoThl
Jnst caMOCTOSITENIbHOW pabOThl MCTOJIB3YIOTCS yueOHbIE ayIUTOPUU (KOMITBIOTEPHBIE KJIACCHI),
pacmooKeHHBIE TIO aJpecam:
- 634050, Tomckas obmactb, T. ToMck, Jlennna npocmexr, a. 40, 233 ayn.;
- 634045, Tomckas obnactb, r. ToMmck, yi. Kpacnoapmetickas, 1. 146, 201 ayxn.;
- 634034, Tomckas obsactb, T. ToMck, Bepmnauna ynwuia, 1. 47, 126 ayn.;
- 634034, Tomckas obsactp, r. Tomck, Bepuinauna ynuna, 1. 74, 207 ayn.

CocrtaB 000py10BaHUS:

- yueOHast meberb;

- komnbroTepsl kinacca He Hike IIDBM INTEL Celeron D336 2.81T. - 5 mit.;

- KOMITBIOTEpPBl TOAKIIOYEHBl K ceTd «MHTepHeT» M o0ecreunBaroT IOCTYI B AJIEKTPOHHYIO
MH(POPMAIIMOHHO-00pa30BaTENbHYIO CPEly YHUBEPCUTETA.

[TepeueHs MPOTPaMMHOTO 0OECIICUCHHS:

- Microsoft Windows;

- OpenOffice;

- Kaspersky Endpoint Security 10 mis Windows;
- 7-Zip;

- Google Chrome.

13.2. MaTepuajibHO-TEXHUYECKOE o0ecnevyeHne JUCUMIIIMHBI JJIS JIMI ¢ OTPAaHUYEeHHbIMH
BO3MO’KHOCTSIMHU 310POBbSI H HHBAJIH/I0B

OcBocHME TUCLUIUIMHBI JMLAMHU C OIPAaHUYEHHBIMH BO3MOYKHOCTSMM 3/10pPOBbS U HWHBaJIUIaMU
OCYIIECTBISIETCS C MCIIOJIb30BAaHUEM CPECTB 00YyUEHUS O0IEro v CeraIbHOr0 Ha3HAYCHHUS.

[Tpu 3aHATHAX ¢ OOy4arOIIMMHUCS € HAPYMIEHHWSIMHM CJyXa IPEAyCMOTPEHO HCIOJIb30BaHUE
3BYKOYCWJIMBAIOLLIEH amnmapaTypbl, MYJbTUMEAMMHBIX CPEICTB U JAPYrUX TEXHUYECKUX CpPEICTB
npuema/nepenaun yueOHoil uHpopManuu B AOCTYMHBIX (hopMax, MOOMIIBHOM CHUCTEMBI IPENoiaBaHUs
U1l 00Y4YaIOUIMXCSl ¢ WHBAIMIHOCTBIO, TIOPTAaTUBHOM WHAYKIIMOHHOW CHUCTEMBI. Y4eOHas ayauTOpHs, B
KOTOPOHM 3aHUMaroTCs O0Oydaroluecs ¢ HapylIeHHEM cllyxa, 00OpyAoBaHa KOMIIBIOTEPHON TEXHHKOH,
ayIMOTEXHUKOM, BUJEOTEXHUKOU, IIEKTPOHHON JOCKOM, MYJIbTUMEIUMHON CUCTEMOM.

[Tpu 3aHATHAX ¢ 00YUYAIOIIMMUCS ¢ HAPYLIEHUSIMHM 3PEHHUSIMH IIPEYCMOTPEHO HCIIOJIb30BAaHKE B
JEKUMOHHBIX M Y4YEOHBIX ayJUTOPHUSAX BO3MOXHOCTH IPOCMOTpa YAAJEHHBIX OOBEKTOB (Hampumep,
TEeKCTa Ha JOCKe WIM claila Ha dKpaHe) MpH TOMOIIM BUACOYBEIMUYUTENEH ayi1 KOM(OPTHOrO
IIPOCMOTpA.

[Ipu 3aHATHSAX C OOy4arOUIMMHCS € HapyLIeHWSIMH OINOPHO-ABHUIaTe/]bLHOI0 amnmnapara
UCMOJB3YIOTCS aJbTEPHATUBHBIE YCTPOWCTBAa BBOJAa MHGOpMAIMKM M JApPYrHe TEXHUYECKHE CPeJCTBa
npuema/nepeaayn yueOHoH MHPOpManuu B JAOCTYMHBIX (hopMax, MOOWJIBHON cHCTeMBbl OOydeHUs JUis
JIOJEHN ¢ NHBAJIUIHOCTBIO.

14. OneHovHble MaTepHaJIbl U METOAUIECCKUE PEKOMCHAALUH 110 OPraHU3allui U3Yy4YCHUS
AUCHHUITIJIMHbI

14.1. Conepmaﬂue OLHCHOYHBIX MAaTCPHUAJTOB U METOAUYCCKUE PEKOMECH AU
I[J'IH OLCHKH CTCIICHH C(bOpMHpOBaHHOCTH U YPOBHA OCBOCHHA 3aKPCIJICHHBIX 3a JUCLIUTIMHOMN
KOMIICTCHITUHN HCIIOJIB3YIOTCA OLICHOYHBIC MAaTCPHAJIbI B COCTABE!

14.1.1. TecToBbIC 320aHUA

CornacoBaHHbIH GUIABTP 0OECTIEUNBACT:

- MuHuManbHO KOPOTKUIN IO BpEMEHH OTKIIMK Ha CBOEM BBIXOJIE

- MakcumallbHOE OTHOIIIEHHE CUTHAJI-IIYM HAa CBOEM BBIXOJIE B ONPEAEIECHHBI MOMEHT BPEMEHH,
IIPH YCIIOBUH, UTO LIyM — OeJbIil

- CHsATHE 3aKOHA MOJYJISIIIUU (IEMOYIISLINIO)

- MakcuMyM 1IeHHOHOBCKOW MH(GOpMaIlMU Ha CBOEM BBIXOJIE

dopmupyroumii GuIbTp 00eCreunBaeT:

- ®opMHUpOBaHUE KBaIpaTYPHBIX CUTHAJIOB C 33JaHHON (POPMOI1 CIIEKTPaIbHOMN MIIOTHOCTH
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- ®opMHUPOBAHKE Y3KOIOJOCHOIO CUTHAJIA HA HEKOTOPOM HECYILEH YaCTOTe

- ®opMuUpOBaHKNE OPTOTOHAIBHBIX IO BPEMEHH KBAaJPAaTYPHBIX CUTHAJIOB

- QOpMHUPOBAHNE TAKTOBBIX UMITYJIbCOB JUIsl CHMBOJIBHOW CUHXPOHU3ALNH

CornacoBaHHBIA (PHIIBTP SBIISETCS:

- JInuHe#HBIM PUIBTPOM C TIOCTOSIHHBIMU TTapaMeTpaMu

- HenuneitnbiM GuiIbTpOM ¢ TOCTOSTHHBIMU MTapaMeTpamMu

- JIuHeitHbIM PUIBTPOM C IEPEMEHHBIMU ITapaMeTPaMH

- HenuneitnbiM GuibTpoM ¢ IEpeMEeHHBIMU ITapaMeTpaMu

Dopmupyroumii GUIbTp ABISETCA:

- JIuneitHbIM GUIBTPOM C IOCTOSTHHBIMU MTapaMeTpamMu

- HennueitHbIM pUIBTPOM C MTOCTOSTHHBIMH MapaMeTpaMu

- JInuneitHbpIM GUIBTPOM C IEPEMEHHBIMU ITapaMeTpaMu

- HenuueitHpIM UIBTPOM C IepeMEeHHBIMU TapaMeTpaMu

[Tapametp Roll-off factor hopmupyromero ¢punpTpa THIIA "TIPUTIOIHATHIN" KOCHHYC TTO3BOJISET:

- I3MeHUTh ypOBEeHb MEXCUMBOJIBHON MHTEP(PEPEHIINN Ha CBOEM BBIXOJIE

- I3menuts mmpuny criekrpa GopMUpyeMOro curHaia

- I3MeHUTh CKOPOCTH CIaJia MOIIIHOCTH BHE OCHOBHOM MOJIOCH! (DOPMUPYEMOTO CUTHATIA

- U3menuts aMmntyay GopMUpyeMoro cUrHaia

MesxcumBOIIbHasE UHTEPHEPEHIUS — ITO:

- Korpa Bpemst mpuxo/a UMITyJibca SBIISIETCS CIIy4allHOM BEIMYMHOM C HEHYJIEBOW JUCTIEpCUEit

- Koraa umnynbc BAMsieT Ha COCETHUE UMITYIIbChI, HAKJIAIbIBAsICh HA HUX CBOMMH "XBOCTaMH"

- Korga ayiMtenbsHOCTh UMITYJIbCA ABIISIETCS CIIy4alHOM BEJITMYMHON C HEHYJIEBOW JUCIIEpCUEN

- [Iponiecc hopmupoBaHus TPYIIIOBOrO CUTHANIA B CUCTEMAaX C KOJOBBIM pa3JIeICHUEM KaHAIOB

MesxcuMBOJIbHAsE UHTEPPEPEHIINS SABISETCS:

- Bpennon

- [lone3noit

- 3aBHCHUT OT crtoco6a (POpMUPOBAHHS CUTHAIA

- HeliTpanbHoit

CornacoBaHHbBIN QUIBTP, OBIBACT, 3aMEHSIOT:

- OUIbTPOM HMIKHHUX YacTOT

- Koppensaropom

- Koppenstopom ¢ GpunbTpoM HUKHUX YaCTOT

- QUIBTPOM BEPXHHUX 4aCTOT

Koppensitop — 3T0 yCTpoiicTBO, KOTOPOE BBIUUCIISIET:

- UHTerpain o BpeMeHu OT BXOJIHOTO CUTHAJIa

- [IpousBeneHne OOPHOro CUTHANIA U BXOAHOTO

- NHTerpan no BpeMeHu OT MPOU3BEIEHUS ONIOPHOTO CUTHAJIA U BXOJIHOTO

- CBEpTKY OIOPHOI'O CUTHAJIA C BXOIHBIM

KorepenTHslii mpueM 00s3aTeNbHO BKIIOYAET B CeOsI:

- AMIUIUTYAHBIN 1ETEKTOP

- Cxemy BBIJICICHUS] CUTHAJIA "MIIOT-TOH"

- KonTyp (hazoBoii aBTONOICTPONKH YaCTOTHI

- Ilpouecc gopmupoBaHusi OMOPHOrO KoJieOaHUsI ¢ TOYHOCTBIO 10 (hasbl JUIsl MOCIETYIOIIEro
CHSITHS 3aKOHA MOIYJISLIUN

HexkorepeTHslii mprieM 00s13aTENIbHO BKIIIOYAET B ceOsl:

- IIpouecc GpopmMHpOBaHUs OMOPHOTO KOJEOAHUS C TOYHOCTHIO JIO YACTOTHI VIS MOCIEAYIOIIErO
CHSITHS 3aKOHA MOIYJISIIUN

- Cxemy BbIJICJICHUS] CUTHAJIA "MUIIOT-TOH"

- Kontyp ¢azoBoii aBTONMOACTPONKH 4aCTOTHI

- HacTOTHBIN JETEKTOP

[Tetna Kocraca npeanasHaueHa amsi:

- ABTOMaTHYECKOW MOJICTPOMKH 4acTOThI (POPMUPYEMOTO OITOPHOTO KOJIeOaHUs

- Custus nuddepeHaibHOr0 KOIMPOBAHUS CHMBOJIOB

- ABTOMAaTHUYECKOM MOJCTPOWKH YacTOThI (HOPMUPYEMOT0 OMOPHOTO KOJEOAHUSI ¢ TOYHOCTHIO JI0
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¢azsr

- Y1BoeHust 4acTOThl (HOPMUPYEMOT0 KoJIeOaHus

Mopynsuust QPSK no3Bosisier nepeaars:

- 1.5 6urta Ha cuMBOI

- 4 OuTa Ha CUMBOJ

- 1 Out Ha CUMBOJ

- 2 OuTa Ha CUMBOJ

Monynsinua GMSK no3BosisieT nepenars:

- 1.5 6urta Ha cuMBOI

- 4 OuTa Ha CUMBOJI

- 1 Out HA cUMBOJ

- 2 OuTa Ha CUMBOJI

Monynsauust QAM-16 no3BosisieT nepenars:

- 1.5 6urta Ha cuMBOI

- 4 OuTa Ha CUMBOJ

- 1 Out Ha cCUMBOJ

- 2 OuTa Ha CUMBOJ

bonee TpeGoBaTenbHa K OTHOIICHUIO CUTHAJI-ITYM MOJTYJISLIUS:

- GMSK

- QPSK

- QAM-16

- BPSK

bonee TpeboBaTenbHa K TMHEMHOCTH BBIXOJHOTO YCUIIUTEIIS MOILIHOCTH MOIYJISILIUSL:

- QAM-16

- OQPSK

- GMSK

- QPSK-pi/4

VYceunuTenu MOLIHOCTH MO CTENEHU JTUHEHHOCTH JIEATCS Ha KIIACChI:

-AB,C

-AB,C; D,E,F

-1, 01

-0,1,2

MoIHOCTh TEIUIOBOTO [IyMa Ha BXOJE€ MAaJOIIYMSIIEro YCHWIMTENS TpPUEMHHUKA MPSMO
IIPONOPLIUOHAIIBHA!

- Koappunmenty nryma ManonryMsIero yCuianTens

- [Tosoce yacTOT NPUHUMAEMOTr0 paAOCUTrHAlIA

- Hecymeit vacrore npyHUMaeMoro pajiocurHana

- CymiecTByeT cama 1o ce0e ¥ HM OT 4ero He 3aBUCUT

Koad¢uimenT nryma MaaouryMsImero yCuiIuTeNs 3To:

- OTHOLIEHNE CUTHAI-IIYM Ha BXOJAE YCUJIMTENS, JEJIIEHHOE Ha OTHOIIECHUE CUTHAI-IIYM Ha €ro
BBIXOJIE

- YpoBeHb COOCTBEHHOTO IIyMa ycuiuTens, B dBm

- Benuuuna kT, rne T — temnepatypa okpy»katouieit cpesl, k — nocrosiHHas bonbiiMana

- Pasnuna xosddunmentoB ycunenus ycunutens (B dB), m3aMepeHHBIX AN JBYX ONOPHBIX
TeMIeparyp

Kogs! I'onja npuMeyaTenbHsl:

- UneanbHO# aBTOKOPPEISAIIMOHHON QyHKIINEH

- Tpex3HauHOW (yHKIKEH B3aUMHOM KOppesauuu

- CBO€I OPTOrOHATBHOCTHIO

- Tem, uto ux uzobpen mucrep 'onn

M-niocie10BaTeIbHOCTH IPUMEYATEIbHBI:

- MakcuManabHbBIM IEPUOAOM

- XOpoWKMH B3aMHO KOPPEJISLIMOHHBIMU CBOMCTBAMHA

- CBO€l OpPTOTOHATILHOCTHIO
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- PaBeHCTBOM KOJIMUECTBA HYJIEN U €IUHHULL

Konpl Yonma npumeyaTenbHbl:

- neanbHOI aBTOKOPPEISAIIMOHHON (PYHKITUEH

- Hannumem nocnenoBarenbHOCTH TUNA "MeaHIp"

- CBoeil abCONMIOTHOI HE3aBUCUMOCTBIO

- CBO€1 OPTOrOHATIBLHOCTBHIO

Jl1s cucteM pagrocBs3U C pacIIiPEHHBIM CIIEKTPOM XapaKTepHa:

- JIydas 3amura oT HenpeIHaMEePEHHBIX IOMEX U MHOTOJIy4€BOT0 PACIIPOCTPAHEHUS CUTHAJIA

- Bosee BIcOKast GMTOBast CKOPOCTH Mepeaadn HHPpOpMaIuu

- bosp1asi I0THOCTH MOIIHOCTH U3JIy4aeMOr0 CUTHAJIA

- 3aMeTHOCTH B paguoddupe

Cuctemsl ¢ KOJOBBIM pa3/IeICHUEM KaHAJIOB:

- BolTecHWIN Apyryue TEXHOJIOTUU pa3/ielieHus] KaHaJIO0B BBUlY CBOEH UCKIHOYUTEIbHOCTH

- [IpuMeHsI0TCA OAHOBPEMEHHO € APYTMMU TEXHOJIOTUAMHU pa3/ielICHNs KaHAJIOB

- [IpakT4ecKy HEe IPUMEHSIOTCS BBULY CBOCH CIIOKHOCTH

- OTnanu "ko3bIpHYI0 MacTh'" TexHosorun OFDM

KoaddurmenT pacmmpenns cekTpa B coBpeMeHHBIX (4G) crucTeMax pajMoCBsI3H BapbUPYeTCs B
npeaesnax:

- (4-512)

- (256-1024)

- (4-64)

- (32-128)

Koadduiment pacmmpenus crektpa paBeH 256. OTHOIICHHE CHTHAI-IIYM IOCIE CKaTus (110
BPEMEHH) CUTHAJIA C PACIIMPEHHBIM CIIEKTPOM YBEJIUYUTCS Ha:

-110dB

-48 dB

-24dB

-55dB

ITomexoycTOMYHBOE KOIUPOBAHNUE OCHOBAHO HA:

- Iy6nupoBaHuy CHMBOJIOB

- BBereHnu n30BITOYHOCTH 110 OIPEIETICHHBIM IIPaBUIaM

- CkpeMOIMpoBaHUU COOOIIEHUH MCEBIOCTYIalHBIMH KOJIAMU

- BBenennu n30bITOYHOCTH TIO CIYYaHBIM MTpaBUJIaM

KoaunpoBanue NCTOYHUKA OCHOBAHO Ha:

- CkpeMOIMpOBaHUH COOOIIIEHU MTCEBAOCTYyYalHBIMU KOJJaMU

- Meroaax mudpoBaHus

- CymecTBoBaHUU HM30BITOYHOCTH, Me€pa KOTOPOM MOXKET OBbITh BBIpa)K€HA IIIEHHOHOBCKOM
SHTPOINUEU

- HepaBHOBEpOSATHOCTH CUMBOJIOB COOOLICHUS

JIunelinble OJ0YHBIE KOJBI IPUMEUYATENbHbI TEM, UTO MOJHOCTHIO OMPEIEIISIOTCS:

- HaGopom noposxaronux noaimHoOMOB

- [Topoxnaro1um NOoIMHOMOM

- [Topoxnaromieit MaTpuieit

- KogoBoii Tabnuuei

OHTpOINHUS HEKOTOPOTO UCTOUYHUKA HH(OPMALIUU OTIPEAEIIAETCS KaK:

- CpenHee 3HaYeHHE COOCTBEHHOW MH(POPMALIUU

- MakcumManbHOE 3HaYeHUe COOCTBEHHON MH(pOpMaIuu

- MuHMMaIbHOE 3HaYeHHE COOCTBEHHOW HH(pOpMaLuu

- MeaunanHoe 3Ha4eHre cOOCTBEHHOM HHpOpMaIu

[TomexoycToW4YMBBIE KOJIBI OBIBAIOT:

- briouHBIMH ¥ TOTOKOBBIMU

- PerynsipubIMU U HEeperyasipHbIMU

- OTHOPOTHBIMU U HEOTHOPOJAHBIMU

- CTaTUYECKUMHU U JTUHAMUYECKUMHU
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HNudopmanus no K. IlleHHOHY BBIpaxaeTcst Kakx:

- Jlorapudm o6paTHOI BEpOSTHOCTH

- Bermuuna 00paTHO# BEpOSTHOCTH

- Jlorapudm BeposiTHOCTH

- Jlorapudm MoTyJisi BEpOSITHOCTH

CBepTOYHBIE KOJIbI IPUMEYATEIbHbI TEM, YTO IOJHOCTBIO OMPEIEIAIOTCS:

- HaGopom nopozxaronux noaMHoMoB

- KonoBoii Tadbnuuei

- [Topoxnaromieit MaTpuieit

- [lopoxaaromum noaImHOMOM

CTpoku NOpOoXKAAIOIIeH MAaTPHUIIBI IMHEHHOTO OJIOYHOTO KOJa JOJDKHBI OBITh:

- HenyneBbimu

- Pa3HpiMu

- JInHelHO-HEe3aBUCUMBIMU

- JInHENHO-3aBUCUMBIMU

Yucno cTpoK MPOBEPOUHON MATPUIIbI TMHEWHOTO OJIOYHOTO KOJIa ONpeAeseTCs:

- KonnuecTBoM npoBEpOYHBIX CUMBOJIOB

- KonnuectBoM MHPOpPMAIIMOHHBIX CUMBOJIOB

- 3aBUCHUT OT JIOIIOJHUTENBHBIX YCIOBUM

- KonoBbeIM paccrosiHrEM Koaa

CpoiicTBo mpedukca HekoTOporo koma (Hampumep, konoB Xaddmana mumu llennona-®dano)
3aKJII0YAETCs B TOM, UTO:

- Hu oziHa mpucTaBka HEKOTOPOTO KOJIOBOT'O CJIOBA HE SIBJISIETCS] KOJIOBBIM CJIOBOM

- Bce npucTaBku SBISIIOTCA KOJIOBBIMU CIIOBAMU

- KonoBble ciioBa UMEIOT OJJUHAKOBYIO JUIMHY

- KozoBble cii0Ba UMEIOT pa3HyIO JJIUHY

Kon Jlemnens-3uBa (Lempel-Ziv) sBnsercs:

- CJI0BapHBIM KOJOM

- JIpeBOBHIHBIM KOJIOM 10/100HO Koay XaddhmaHa

- Konowm ¢ xem-ta6immmeit (hash table)

- KozoM ¢ nmuHEHBIM NpecKka3aHueM

Kozapl Puna-CosnioMoHa npuMmeyaTeabHbl TEM, YTO OHU:

- JlatoT MaKCUMaJIbHO BO3MOKHOE KOJIOBOE PACCTOSTHUE U ABJIIOTCS HEBOMUYHBIMU

- SIBNsAIOTCSI HEIBOMUHBIMU

- IMeroT nopoKIarniui MOJIMHOM, KOTOPBIM HE pACKIIAbIBAETCS HA MHOKUATEIIH

- IMeroT K010BO€ pacCcTOSTHUE, paBHOE KOJIMYECTBY IIPOBEPOYHBIX CUMBOJIOB

Cton0116I TPOBEPOYHON MATPHUIIBI JIMHEMHOTO OJIOYHOTO KOJa (PaKTHYECKH SBIISIOTCS:

- 3anpenieHHbIMA KOJIOBBIMU CIIOBAMH

- Pa3pemeHHpIMU KOJIOBBIMU CIIOBAMHU

- CunpoMamMu Ui OTHOKPATHBIX OIMIHOOK

- BexTOopamu 0HOKpaTHBIX OIINOOK

KonoBoe pacctosiHMe JMHEHHOrO GJOYHOTrO KOJIa MOXKHO ONPEAETIUTh MO MPOBEPOYHON MaTpHIle
KOJa KaK:

- KonndecTBo HEHynEeBBIX CTONIOIIOB

- MakcuManbHOE KOJIMYECTBO JIMHEHHO-HE3aBUCUMBIX CTOJIOIIOB MaTPHIIbl MUHYC €IMHHUIIA

- MakcuManbHOE KOJTHYECTBO JTUHEHHO-HE3aBUCUMBIX CTOJIOIIOB MaTPHIIBI

- MakcuManbHOE KOJIMYECTBO JIMHEHHO-HE3aBUCUMBIX CTOJIOIIOB MaTPHIIbI TUIIOC €UHHIIA

Benuunna B3aumuoii undopmanuu no K. IllenHony ompenensiercs kak jorapudM OTHOIICHHS
BEpPOSITHOCTEM:

- P(xly) I P(x)

- P(x) / P(xly)

- P(xly) I P(x,y)

- P(x,y) / P(x)
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14.1.2. Dx3aMeHaIIMOHHBIE BONIPOCHI

JIMHEMHBIE BJIOYHBIE KOJIbI:

[Topoxnatomast marpuna. Kogosas tabnuma. KogoBoe paccrosinue. KpatHocTs oOHapyskeHUs,
WCIIPABIIEHUSI U BOCCTAaHOBJIEHUS CTEPTHIX CUMBOJIOB. OmpeneneHne KOJ0BOTO PACCTOSHUS MO KOJIOBOM
tabmune. Cucremarnyeckas ¢opma nopoxaatomeir matpuupl. [IpoBepounas marpuma. CHUHAPOM.
Omnpenenenre KOAOBOIO PACCTOSIHUS 110 IPOBEPOYHON MaTpHUIIE.

[MUKJIMYECKHUE KO/BbI:

@DyHIaMEHTaTbHOE CBOMCTBO LHMKIWYECKUX KoA0B. Hynbp-monmmHoM u ero ¢akropusarus.
[Toposxaronuii HOJIMHOM U €r0 €IMHCTBEHHOCTD JUIsl 331aHHOr0 KoJa. CBsA3b MOPOXKAAIOILErO MTOJIMHOMA
U Topoxjawomiendn Martpuipl. [IpoBepodHBI MOIMHOM, €ro CBSI3b C IPOBEPOYHOM MATPHULICH.
Cucrematndeckuii UKIMYecKuid ko, CucreMaTudeckuii Kojep Ha ocHoBe IudpoBoro ¢uibtpa. Pomb
ocTaTka OT JIeJeHMs ByX MOJMHOMOB. JleKkoJIuMpoBaHHE C UCIpaBlieHHEeM olunoOku. [lekoaupoBanue c
BOCCTAHOBJIEHHEM CTEPTHIX CHMBOJIOB.

OKOHOMHBIE KO/IbI:

CobctBennas wHpopMmanus. DHTponus HcToyHHMKA. M30bITouHOCTh. B3ammuas wundopmarms.
[TpuHIMIIBI BEKTOPHOTO KBAHTOBAHMSI HCTOUHUKA.

Koxast Xadpmana, [llennona-dano u Jlemnens-3usa.

YACTOTHAA U SHEPTETUYECKAS DOOEKTUBHOCTD CUCTEM CBA3U:

Ces3p Mexay "aHanoroBeiM" M "HUGPOBBIM" OTHOLICHHSAMH CHUTHAI-IIyM. HopmupoBaHHas
MpoIycKHas crmocoOHOCTh kaHana. CkopocTh koaupoBanus. Teopema IllenHoHa, ee wiuTrOCTparus.
[Ipenen lllennona, npeaen ABOUYHOTO KaHaJIa CBS3M: JKECTKUE PELICHUS] U MATKHE PELLICHUS.

KO/JIbI PUIA-COJIOMOHA:

Onementsl nojs ['anya GF(p”q), raoe p - mpocroe uucno (2, 3, 5, 7, 11...) kak q-MepHBIE BEKTOpa
U3 p-3HAYHBIX CUMBOJIOB. Onepanuyu YMHOXKEHUs U cioxkeHus. [lopoxaaromuid moimHom kojoB Puma-
Conomona. [I'panmna Cunratona. [IpoBepounbrii  momuHoM konoB Puma-Conomona. Croco6
KOJMpOBaHUs yepe3 auckpeTHoe npeodpazoanne Dypove (AIID). Cnocobd obpamenus marpuiisl JI1O.
Hexonuposanue koga Puna-ConomoHa ¢ ucnpapieHHUEM OLIHOOK.

LDPC KO/IbI:

[TpuHIMN mOCTpOSHHUS MPOBEPOUYHBIX MaTpull. Criocod BEIMUCICHHS MOPOXKIAIOIICH MATPHIIBI O
npoBepoyHOi. [IpyHIINIT UTEPAaTUBHOTO AEKOIUPOBAHUS C MSITKHUMH PEIICHUSMU.

MOJVJISLMS. CIIEKTPAJIbHBIA COCTAB:

Ponp Moaynanuu B cuctemMax nepeaayd nHGOOpMaIuu.

Paznuune ananoroBoi U HUPPOBOI MOTYIISIIIH.

TpeboBaHMs K CIIEKTpaM CUTHAJIOB B COBPEMEHHBIX CUCTEMax Nepeaadyd MHQOpMaIiH.

TernmoBol mrym.

CrnexTpanbHasi IIIOTHOCTh MOIIIHOCTH CUTHAJIA.

Crnextpsl curHaioB ¢ AM, ®M, UM u OFDM monynsiiusimu.

Tpu nokosieHust LUQPOBBIX CUCTEM CBSA3H: aHAJIIOTOBbIE, THOPHUIHBIE U LI POBHIE.

®OPMUPVIOIINN ®UIJILTP. ET'O POJIb:

CrniekTpanbHas IVIOTHOCTh CITy4aifHOW MOCIe10BaTEIbHOCTH UMITYJIBCOB NMPSAMOYTOJIBHON (DOPMBI.

CxopocTh crazia MOIIIHOCTH B 3aBUCUMOCTH OT YacTOTBHI.

Heo6xonuMocTs criakuBaHus (pOHTOB UMITYJIBCOB.

OuibTp "IPUNOAHATOr0" KOCHHYCA.

OcobeHHocTH peanu3anuu GuiIbTpa B HU(GPOBOM BUAE: BIUSHUE HA (OPMHUPYEMBIH CHEKTp
(aKkTOpOB AMCKPETHOCTH U OTPAHUYEHHOCTU IO BPEMEHU MMITYJIbCHOM XapaKTepUCTUKHU; BIUSHUE LU(-
PO-aHaJIOrOBOTO NMpeodpa3zoBaTes.

COI'JTACOBAHHBIN ®UJIBTP. ET'O POJIb:

TemioBoii IyM Kak OrpaHUYUTENb TPOU3BOJUTEIBHOCTH CUCTEM CBSI3H.

CornacoBaHHbI GUIBTP Kak (PUIBTpP, JOCTABISIOUINI MAKCUMYM OTHOIIEHHIO CUTHANI-IIYM MPHU
HAINYUU JTUTUBHOTO OENIoro nryma.

HeoOxonumocTtsb COTJIaCOBaHUSA aMIUTATYIHO-4YaCTOTHOM XapaKTEPUCTUKH (AUX)
dopmupyromero puiabtpa ¢ AUX corimacoBaHHOTO.

®unbTp "KOpeHs'" U3 "MPUITOAHATOr0" KOCHHYCA.

IMPUHIUIIBI CHHXPOHU3ALIMN B CUCTEMAX CBA3U:
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KorepentHocTh npu nprieMe 1 06paboTKe CUTrHazA.

BoccranoBneHne HECYIEe 4acTOTHI.

ITeTna Kocraca.

BoccTranoBneHre TaKTOBBIX UMITYJIbCOB.

Herexrop ["apauepa.

[MPUHIUIIBI PACHIMPEHMA CIIEKTPA CUTHAJIOB B CUCTEMAX CBA3U:

JlocToMHCTBa CUTHAJIOB C PAaCIIMPEHHBIM CIIEKTPOM.

[IceBnocnyyaitnbie nocneaoBarenbHOCTH (M-TI0CIE10BaTEIBHOCTH).

Konel ['onpa.

[MPUHIUIIBI MO YJIALIUN OFDM:

Wnmoctpanyst HeI0CTaTKa YaCTOTHOTO pa3/iesIeHUsl KaHaJIOB.

Wnmoctpanyisi OpTOTOHANBHOCTH — HECYIIMX MpPHU  BBINOJIHEHUHM ONEPAlUUd  JTUCKPETHOIO
npeobpaszoBanusi Oypwe (AI1D).

Heo0xoaumMocTh NUKINYECKOTr0 peduKca s CHUKEHUS. BPEIHOTO BIMSIHUSL MHOTOJTY4€BOCTH.

[Tapametpst Moayssitun OFDM B cuctemax cBsizu 4G LTE.

CTpyKTypHBIE€ CXEMBbI NepenaTunka u npuemHuka ¢ OFDM.

[MTPUHIUITBI MIMO:

Knaccudukanuss MIMO: SISO (knaccuueckuii Bapuant), SIMO (pasnecennsiii mpuem), MISO
(pazHecennas nepenauda), SU-MIMO (oaHONoJB30BaTENbCKOE MPOCTPAHCTBEHHOE YIUIOTHEHHE), MU-
MIMO (MHOTOIIONB30BATENIBCKOE TPOCTPAHCTBEHHOE YIUIOTHEHHE).

Crpyxrypasle cxembl MIMO coracHo kiaccuukanuu.

CBEPTOUYHBLIE KO/IbI:

[Topoxnaroye moJIuHOMBI.

Cxema KOoJIMpYIOLIEro yCTPOMCTBA.

JnarpaMmma coCTOSIHUI KOZepa.

Paspeniennbie K0/10BbIE OCIEA0BATEIHHOCTH.

CB00O0HOE paccTosTHUE KOJa.

[ToporoBoe nekoarpOBaHUE KOJIA.

Pewerka xona.

Anroput™ JexoaupoBaHus no Butep6ou.

CUTHAJIbBHO-KOIOBBIE KOHCTPYKIINU:

Wnmroctpatiys BBIMTPHIIIA, 1aBA€MOT0 CUTHAIBHO-KOJOBBIMU KOHCTPYKIUSIMU, HA TIPUMEPaXx.

14.1.3. Bonipocsl Ha coGeceoBaHue
B uem ocobennocts k0110B boy3a-Hoyaxypu-XokBuHrema?
SBnsroTcs mu konbl boy3a-Hoynxypu-XoKkBUHIeMa HUKINYECKUMU?
SBnsercsa mu muknuyeckuit kox Xemmunra (7, 4) konom bBUX?

14.1.4. TeMBbI TOMANIHUX 3aaHAN

3amaHa (QyHKIUS KOppelsuuud OWTOBOM MoOcieNoBaTeNbHOCTH. ONpenenuTb CIEKTPaTbHYIO
IJIOTHOCTH MOIIIHOCTH U IOCTPOUTH €€ TpaduK Ha OJHOM HEPUOJE.

Koz I'onpa 3anan aByMs nosimHOMamu. 3anucarh JBa POU3BOJIBHBIX KOJOBBIX clloBa koja I'onja.

Jlana uMmmnynbcHas xapakTepucTuka ¢popmupyrouiero ¢puiabTpa. Paccunrars 1 moCTpOUTh OTKIIMK
3TOro GUIBTPa Ha BXOJHYIO OUTOBYIO MOCIIE0BATEIBHOCTb.

Jana ¢yHkuus Koppensuud OWUTOBOM TOCIENOBAaTENbHOCTH. PaccuuTaTh CHEKTpaibHYIO
IUIOTHOCTh MOIITHOCTH U TIOCTPOUTH €€ rpaduk.

C moMmoIIb0 KOMITbIOTEpPA MPOMOJEIUPOBaTh Moayisiiuio MLT-3 ¢ omeHkoi u mocTpoeHuEM
CIEKTPAIBLHON MJIOTHOCTH MOIIHOCTH.

3amana moposKIaroIas MaTpuIla HEKOTOPOTO JIMHEHHOTO 0JI09HOTO KoAa. OnpenennThb, COCTABIISISA
KO/IOBYIO TabIuIly, mapameTpsl (n, k, d) kona, a Taxke H30BITOYHOCTD.

3amana mopoXKaaroas MaTpHIila JUHEHHOTo OJIogHOTO Kojaa. [IpuBecTn ee K cHUCTEMaTHYECKOM
¢dbopme 1 HATH TPOBEPOYHYIO MATPHILY.

JlaH mOpOXKAArOIMIMI MMOTMHOM HHUKJIMYECKOr0 KOJa. 3amucaTh MOPOXKIAIIIYI0 U IPOBEPOYHYIO
MaTpHIIbl COOTBETCTBYIOILIETO JMHEHHOTO OJIOUHOTO KO/,

TpouuHbIii HCTOYHWUK 3aJaH BEPOATHOCTSAMU CHUMBOJIOB. [loctpouts kon Xaddwmana mms
OJTHOOYKBEHHBIX COUETaHH, a TAKXKe JUIs IBYXOYKBEHHBIX COUETAHUN CUMBOJIOB.
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14.1.5. Bonipochbl Ha caMONOATOTOBKY

UYem konpl Puna-Conomona otnnyaroTces ot koj1oB boysza-Hoyaxypu-XokBuHrema?

B 1yeM 0cOGEHHOCTH KO/IOB ¢ HU3KOW IJIOTHOCTHIO MpoBepok Ha yeTHocTh (LDPC)? [Touemy mpu
UX UCIIOJIb30BAHUU OTIMAJaeT HaJOOHOCTh B UHTEPJIMBUHTE?

B gem ocoGennocts koxa Jlemens-3uBa-Yamua (LZW) no cpaBHenuto ¢ kogom Jlemmens-3uBa
(LZ77, LZ78)?

[Touemy texuuka OFDM He Oblna peann3oBaHa cpasy IMOCIE €€ TEOPETHIEeCKOro 000CHOBaHHUS?
Kakoii "Tprok" mo3BoJyinii cienaTh 3TO B HACTOSIIEE BpeMs?

[Touemy mponyckHasi CHOCOOHOCTh KaHaja ¢ MATKUMU PEIICHUSIMH BBIIIE (HE HIDKE) IPOIYyCKHON
CIOCOOHOCTH KaHaJla C KeCTKUMHU PelIeHUsIMU?

UeMm miataT 3a TMOBBIIIEHHE 4YacTOTHOM A(P(EeKTHBHOCTH (MEPEUUCITIUTE W3BECTHBIC BaM
napameTpbl)?

[lepeuncnure N3BECTHBIC BaM CITIOCOOBI BOCCTAHOBJICHHS HECYIIIEH YaCTOTHI B IPHEMHHUKE.

Pacckaxxute o nmpupoie HeogHO3HAYHOCTH padboThl ety KocTtaca Ha mpumepe moayisiniuun BPSK
(OMn)?

3aueM BOCCTaHaBIWBaTh (Pa3y TAaKTOBBIX HMIIYJIbCOB W YeM OTIM4YaeTcs (a3a OT YacTOThI
CJIeJOBaHUs?

Haiite dopmyny nperektopa [apauepa. I'paduuecku 0O0BSICHUTE NPUHLUI PabOTHl 3TOTO
NETEKTOopa.

Kakwue nerexropsl, kpome neTektopa ['apiHepa, BaM U3BECTHBI?

[Tepeuncnure OCHOBHBIE JOCTOMHCTBA U HeAocTaTKu Moy sinuu OFDM.

14.1.6. Bonipochl 11l MOATOTOBKH K MPAKTUYECKUM 3aHATHSAM, CEMUHApPaM

[TocTpoeHre ¢ MOMONIBIO KOMITbIOTEpPa TpaUMKOB 3aBHCUMOCTH MPEIENbHON HEPreTUYecKoi
s dexruBHOCTH Kona (nb) ot ckopocTn komupoBanus (ot 0 go 1) A ABOMYHOW MOAYISAIHMH (3KECTKHE
pEIIeHUs U MSATKUE PEIICHUs]) U TIPU OTCYTCTBUH MOAYJISIIIMH KaK TAaKOBOM.

Wnmoctpaniist ¢ MOMOIIBIO  KOMIIBIOTEpA MPEAEIBHOTO JHEPreTUYECKOrO0 BBIUIPHIINIA OT
KOJMPOBAHUSI.

JeranpHas "ot pyku" npopucoBka curtasa ¢ OFDM ans manoro umcia HeCyHIMX: OTPUCOBKA
OTJENbHBIX HECYIIUX U Pe3yJbTaTa UX CYMMHUPOBAHHUS.

Komnreioreproe monenuposanue curiaia ¢ OFDM ¢ nomoribio TUCKPETHOro IpeoOpa3oBaHus
dypre. O6Cy)aeHHe 0COOEHHOCTEN TAaKOTO CUTHAIA.

MopnenupoBanue 3¢@deKkra OT MHOTOJIY4E€BOCTH Ul JBYX Jiyded. BcTaBka NIHMKIMYECKOTO
npedukca; o0CyKICHHE MON0KUTETbHOTO Y dexTa.

14.1.7. Tembl 1a00paTOPHBIX PadOT

W3ydyeHne CHEKTpPOB CHUTHAJIOB C JMHEWHOM Moaymsiuuvei. IlokaspiBaeTcst BiusiHuE (QOPMBI
UMIIYJIbCAa-HOCUTENS U (PYHKIIMU KOPPeNsUr OMTOBOM MOCIEI0BATENbHOCTH Ha CHEKTP (GOPMHUPYEMOTO
CUTHaJa.

N3zyuenne Simulink-mMozienu HEKOTepeHTHOTO JEMOJYJIATOpa YacTOTHO-MAaHUIYJIHMPOBAHHOTO
CUTHAJIa C HeMpePBIBHOU (pa3oil.

N3yuyenne nmxnuueckux konos (7, 4). CucremMarndeckoe KOAWPOBAHME M JAEKOJUPOBAHUE C
HCIPABIIEHUEM OJHOKPAaTHBIX OMMOOK. MojennpoBaHue JBOMYHOTO CHMMETPUYHOTO KaHajla C
HEe3aBUCUMbIMH oInOKkamMu. O1ieHKa BEpOSTHOCTH OIIMOKH MOCIE IEKOAUPOBAHMS.

W3ydyeHrne CBEpPTOYHBIX KOJOB CO CKOPOCTbIO KOAMpoBaHMs 1/2: KoaMpoOBaHHE, MOPOTOBOE
JeKOJMPOBaHKE U JIEKOIMpoBaHue o Butepou.

14.2. TpeGoBaHKs K OLEHOYHBIM MAaTEPHAJIAM /ISl JIML ¢ OTPAHMYECHHBIMHU BO3MOKHOCTAMHU
310POBbS U HHBAJIN/I0B
Jns num ¢ OrpaHUYEHHBIMM  BO3MOXKHOCTSIMM  37J0POBbSI W WMHBAJINJOB IPEIYCMOTPEHBI
JIOTIOJTHUTENbHbIE OIICHOUHBIE MaTepHalbl, IepeueHb KOTOPBIX yKa3aH B Tabnuie 14.
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Tabmuma 14 — [lomonHuTENbHBIE MaTEpUaIbl OIICHUBAHUS IS

3I0POBBSI 1 HMHBAIIUIOB

JiaL ¢ OrpaHUYCHHBIMHA BO3MOYKHOCTAMU

Kareropun
o0yJaromuxcst

Buapl 4OMOIHUTENBHBIX OIEHOYHBIX
MaTepuaioB

@®opMBI KOHTPOJISI ¥ OIICHKH
PE3yIbTaTOB O0YUYCHHUS

C HapyleHus MU
ciyxa

TecTbl, MUCHEMEHHBIE CAMOCTOSTEIIEHBIC
paboThl, BOIPOCHI K 3a4ETY,
KOHTPOJIbHBIE PabOTHI

[IpenMymecTBEHHO MUCHMEHHAS
poBepKa

C HapylieHusIMu
3peHHS

CobecenoBaHue 110 BOIIpOCaM K 3a4eTy,
OIIPOC IO TEPMHUHAM

[TpenmyIIeCTBEHHO yCTHAs TIPOBEPKa
(MHAWBUIYATBHO)

C HapylIeHUsIMU
OTIOPHO-
JIBUTATEITLHOTO
amnrmapara

Pemenune nucTaHIIMOHHBIX TECTOB,
KOHTPOJIbHbIE pabOThI, TUCbMEHHBIE
CaMOCTOSITENIbHBIE paOOTHI, BOIIPOCHI K
3ayery

[Ipenmy1iiieCTBEHHO TUCTAaHIIMOHHBIMU
METOJaMHU

C orpaHvyYeHUSIMH 11O
00IIeMeTUIINHCKUM
MOKAa3aHUSM

TecTpl, MUCbMEHHBIE CAMOCTOSITEIILHBIC
paboThl, BOMPOCHI K 3a4ETY,
KOHTPOJIbHBIE PA0OTHI, YCTHBIE OTBETHI

[IpeuMy1iecTBEHHO IPOBEpPKA
METOJAaMH UCXOJs U3 COCTOSHUSA
00y4aroIIerocst Ha MOMEHT IIPOBEPKU

14.3. MeToanueckue peKOMeHAAIMH 110 OIEHOYHBIM MaTepuajiaM JIfl JIUIl ¢ OTPaHUYeHHbIMH
BO3MOKHOCTSIMM 310POBbSI 1 HHBAJIU/I0B

Jns nui ¢ orpaHMYEHHBIMH BO3MOXKHOCTSIMH 3JI0pOBbS. M WHBAJIUAOB MpeIyCMaTpHUBAeTCA
noctymHas popma MpeIoCcTaBICHHS 3a/IaHUi OIICHOYHBIX CPEJICTB, & IMEHHO:

B MIEYaTHOI Qopme;

B MIEYaTHOH QopMe ¢ yBEIHMUEHHBIM HIPpU(TOM;
B (hopMe€ FIIEKTPOHHOI'O JOKYMEHTA;

METOJIOM YTEHMS ACCUCTEHTOM 3aJIaHUs BCIIYX;
IIPEIOCTABIIEHUE 3aJJaHHs C UCIIOJIB30BaHUEM CYPA0OIEPEBOIA.

Jlutiam ¢ orpaHMYEHHBIMH BO3MOXKHOCTSIMHU 3/I0POBbSl U MHBAJIUAAM YBEIHMYMBACTCS BpeMs Ha
MOATOTOBKY OTBETOB Ha KOHTPOJBHBIE BOMpPOCHL. [l Takux oOydaromuxcsi MpeaycMaTpuBaeTcs
nocTymHas popma MpeIoCTaBICHUS OTBETOB Ha 3aJaHUs, 2 UMEHHO:

INMCHbMCHHO Ha 6YM8.F€;

Ha6op OTBCTOB Ha KOMIIBIOTEPEC,
Ha6op OTBCTOB C UCIIOJIb30OBAHUEM YCIIYI' aCCUCTCHTA,
MMpeaACTaBJICHUE OTBETOB YCTHO.

[Tpouenaypa oueHHMBaHMSI pPE3yIbTATOB OOYUYEHUS JIMI C OrPAaHUYEHHBIMH BO3MOXHOCTSMU
3I0pOBbsI U MHBAJIMJIOB 0 AMCLUIUIMHE MPEIycMaTpUBAET NpeAocTaBlieHue MH(opManuu B ¢Gopmax,
a/IalITHPOBAHHBIX K OTPAaHUYEHHUSAM UX 3/10POBbs U BOCIPUATHS HH(POPMALIUU:

J1s1 1ML ¢ HApYIIEHUAMH 3PEHUS:

B (hopMe€ FIIEKTPOHHOTO JOKYMEHTA;
B [I€YaTHOHN popMe YBEIUUEHHBIM LIPUPTOM.

JLst M1 ¢ HApYIIeHUusIMH cJIyXa:

B (hopMe INIEKTPOHHOTO JJOKYMEHTA;
B IIeyaTHOH (opme.

JI1s1 IM1 ¢ HAapyLIeHUsIMM ONIOPHO-ABUIaTeIbHOI0 aNnapara:

B (hopMe FIIEKTPOHHOTO JOKYMEHTA;
B MIEYaTHOH (opme.

[Tpn HEoOXOMUMOCTH MJI JIMI C OTPAaHUYCHHBIMH BO3MOXKHOCTSMH 3[I0POBBS M HHBAIUIOB
MpoIieIypa OIEHUBAHUS PE3yJIbTaTOB 00YUEHUS MOXKET MPOBOJAUTHCS B HECKOJIBKO ITATOB.
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