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PilCC.\l()TpCH&l 151 ()ﬂ()(’)pCHLl Ha 3aCCJaHuM Kil(t)ﬁ;{pbl
nporokot Ne 11 ot « 26 » 6 2018 r
JINCT COI'JTACOBAHUA

PabGouass mporpaMMa IUCHUIUIMHBI COCTaBJieHa C y4deToM TpeOoBaHui (denepanbHOTO
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.

PCC A. B. ®arees
OKCIEPTHI:

JlotieHT Kadeapbl pagioTeXHHUYECKUX
cuctem (PTC) B. A. I'pomoB

Crapuuuii npenoaaBaresnb Kadeapbl
Pasno3JEKTPOHUKU U CUCTEM CBS3U
(PCC) 1O. B. 3enenenxkas
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1. lean u 3aa49u TUCUMILJIUHBI

1.1. Heau TUCHUNIHHBI
dopMHupOBaHUE TPEIACTABICHUNH 00 OCOOCHHOCTSIX COBPEMEHHBIX M TICPCIIEKTUBHBIX CHCTEM
PaguoOCBsI3H.

1.2. 3agauy JUCHUIIIMHBI
— H3ydeHue METOJ0B MOAYJISALUU U KOAMPOBAHUS, UCIIONB3YEMBIX B COBPEMEHHBIX CHCTEMax
PaZMOCBSI3H, a TAKXKE CIIOCOO0B POPMHUPOBAHUS U 00OPAOOTKH CUTHAJIOB B CUCTEMAaX PaOCBSI3H.
— IIpnoOpereHre HABHIKOB KOMITBIOTEPHOTO MOJICIIMPOBAHUS CHCTEM PaIMOCBSI3H.
— OsnajieHue HaBBIKAMU YTCHUSI CHPABOYHOM TOKYMEHTAIlMW, B TOM YHUCIE Ha aHTIHICKOM
SI3BIKE.

2. Mecto aucunminnsl B ctpykrype OIIOIT
Hucunnmna «Teopust paguocsszn» (b1.B./1B.3.2) otHocuTcs k 610Ky 1 (BapuaTuBHAas 4acTh).
[TpenmecTByromMMyU ~ TUCUMIIMHAMH, (QOPMHUPYIOIIMMH  HayaJbHble 3HAHUA, SBISIOTCS:
[TpoexTHpoBaHKE 3IEMEHTOB M YCTPOMCTB PAJMOCBS3U, YCTPOHUCTBA T€HEPUPOBAHUS U (POPMUPOBAHUS
U(POBBIX CUTHAJIOB, Y CTPOICTBA IpreMa U 00pabOTKU JUCKPETHBIX U aHAJIOTOBBIX CUTHAJIOB.
[Tocnenyrommmu JUCLUILIMHAMU SBJISIOTCA: MaremaTnueckoe MOJIEJINPOBAHUE
PaIMOTEXHUYECKUX YCTPOMCTB U CUCTEM.

3. TpeGoBaHus K pe3yJibTaTaM OCBOCHHS TUCHUIIIHHBI

[Tponecc n3yueHust JUCUUIUIMHBI HallpaBjeH Ha (OpMUPOBAaHHUE CIIEIYIOUINX KOMIIETEHIIMHI:

— OIIK-4 cnocoOHOCTBIO CaMOCTOSITENTFHO MPUOOpETaTh W HCIOJB30BaTh B MPAKTUYECKON
NeSTeTbHOCTH HOBBIE 3HAHUS M YMEHUS B CBOEH MpeIMETHOI 001acTu;

— IIK-4 cnocoGHOCTBIO K OpraHM3alyy U MPOBEACHUIO SKCIEPUMEHTAIbHBIX UCCIIEIOBAaHUH C
IIPUMEHEHUEM COBPEMEHHBIX CPEICTB U METO/IOB;

— IIK-5 roTroBHOCTBIO K COCTaBJIEHHIO O030pOB M OTYETOB IO peE3yjbTaTaM IPOBOJUMBIX
UCCIIEIOBaHUM, NOJArOTOBKE Hay4YHbIX MyOJIMKaluMid M 3adBOK Ha H300peTeHus, pazpaboTke
PEKOMEHIalUi 110 TPAKTUYECKOMY HUCIIOJIB30BAHUIO IOJTYYEHHBIX PE3YJIbTATOB;

B pe3ynbrare n3yueHuss AMCUUIIIIMHBI 00 yYaIOLIUICS T0JIKEH:

— 3HaTb Poib MOAyIsALUM B cUCTEMax nepeadyn nHpopmanuu. Pazianune Mex 1y aHaJIOroBoi U
udpoBoii Mmoaymsinuei. Ponb hopmupyromux GUIBTPOB U BIUSHHE MEKCUMBOJIBHON HHTEp(EpeHIINH.
CMBICT  CHEKTpaJbHOM IJIOTHOCTM MOINHOCTH Oenoro 1mryma. ba3oBble MeTOObl MOIYJISLMU:
ammntyaayio (AM), daszoByto (PM) u yactotHyo (UM). CrekrpanbHbIi COCTaB CHUTHAJIOB JUIS
OCHOBHBIX METOJIOB MOJYJSALMHM: aMIUTUTYAHOM, uacToTHOM u a3oBoil. OcobenHoctn UM ¢
HenpepbIBHOH (ha3oil. B3anMocBsa3b METO10B MOYJISLIMHU C KIACCAMU BBIXOAHBIX YCUIIUTENIEH MOIIIHOCTH.
[TpuHIMIIBI MOIYISIIUU MHOXKECTBa OpTOroHaNbHBIX noaHecymux (OFDM). Pons OFDM npu Hanuuuu
MHOT'OJYy4€BOCTH. BnusiHue ¢a3zoBoro myma Ha MPOUM3BOAUTENBHOCTh CUCTEM CBs3U. OTHOIIEHUE
CUTHAJI-IIYM JJIsl HMPPOBBIX crucTeM cBs3H. [Ipo sHepreTnyeckyro U 4acTOTHYIO 3P(EKTUBHOCTh CUCTEM
cBs3u. [IpuHuMnel cuHxpoHM3auuu B cuctemax cBs3u. Ilermio Kocraca. Jlerekrop I'apanepa. O6
YXYALLIEHUU CTENEeHU OHO3HAYHOCTU (pa3bl BOCCTAHOBJIEHHOW HECYHIEH C pOCTOM OMTOBOM CKOPOCTH
nepenaud. IIpuHIMIBI pacmMpeHusl CIEKTpa CUTHAJIOB B cUCTeMax CBA3H. CTPYKTYpHBIE CXEMBI U
OCOOCHHOCTH TpeX IOKOJIEHUH IU(PPOBBIX CUCTEM CBSI3U MO MeTojgaM (OpMHpOBaHHUS U 00pabOTKH
CUTHAJIOB: aHAJIOTOBbIE, THOpUAHBIE M LU(ppoBble. CXeMbl aBTOMAaTHUECKOW HU(PPOBON pErylInpOBKH
ycuiieHusi. yHnaMeHTaabHOE CBOMCTBO JIMHEHHBIX OJ0YHBIX KOJOB. [IpaBuiio KogupoBaHus JIMHEHHBIM
650uHBIM KOAOM. CTPYKTYpy MOPOKIAIOIMX M MPOBEPOUYHBIX MAaTpHUIl JUHEHHOro OJOYHOTO KOjAa B
cucremaruyeckoil popme. [IpaBuso BeIYMCIEHUS CHHAPOMA JIMHEHHOTo 0J0YHOr0 KOJ1a IO MPOBEPOYHOM
Mmatpuiie. Poib cunapomMa rpu oOHapyKEHUH/UCIPABICHUN OMIMOOK, a TaK)Ke BOCCTAHOBJIEHUHU CTEPTHIX
cumBoJioB. Crioco0 pacrmpeneneHus CHUHIPOMOB IO KiaccaM cMexHocTu. I[lpaBuno omnpenenenus
KOJIOBOTO PpACCTOSIHMS JIMHEHMHOTo OJOYHOro KoAa Mo KojaoBod Tabmume. Crnoco0 ompeneneHus
KpaTHOCTEH TrapaHTUPOBAHHO OOHAPY)KMBA€MbIX, TAPAHTHUPOBAHHO MHCIIPABIIAEMBIX OMIMOOK, a TakKxke
rapaHTUPOBAHHO BOCCTAHABIMBAEMBIX CTEPTBIX CHUMBOJIOB. ['panuubsl CuHratoHa, XeMMHMHra H
HepaBeHCTBO ['mnbepra 1uist KoppeKTupyroumx koaoB. yHaaMeHTaabHOEe CBOMCTBO HUKIMYECKUX KOOB.
IIpaBmiio cocTaBiieHHs MOPOXKAAIOIIMX IIOJIMHOMOB LUKINYECKMX KOMOB. [IpaBmio koaupoBaHus
LIUKIMYECKMM KOJOM B CHCTEMAaTH4ecKol M HecucTeMaTudeckoi ¢opmax. CBs3b MOPOXKIAIOUIUX U
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IIPOBEPOYHBIX TMOJIMHOMOB LHKJIWYECKOTO KOJa € MOPOKIAIOIIMMHM M IPOBEPOYHBIMH MaTpHUIIAMU
COOTBETCTBYIOILIET0 JUHEHHOro 6s104HOr0 KoAa. Criocol neneHrs U YMHOXKEHHS TTOJTMHOMOB € TOMOIIbIO
U(POBBIX (UIBTPOB, COOTBETCTBEHHO, PEKYPCUBHBIX U TpaHCBEpCATbHBIX. PONb OCTaTKa OT JeneHust
pU JEKOAMPOBAHUM LUKINYECKUX KoAoB. Croco0 ¢hopMUpOBaHUS MOPOKIAIOUINX MOJIUHOMOB KOJOB
boy3a-Hoyaxypu-XokBunrema (b4X). Cssa3p Mexny kogamu bUX u kogmamu Pupa-Conomona (PC).
Cnioco6 xkomupoBanus kojgoM PC ¢ momoIpio MaTpHIlsl TUCKPEeTHOTO npeodpa3zoBanus Dypee (JII1D).
Crnioco6 Beruncnenus odparHoit mMarpunsl 11D nax monem ['amya. OcoOEHHOCTH CBEPTOYHBIX KOJOB.
AnroputM Burtepbu nexoaupoBaHHs CBEPTOYHBIX KOAOB. OCOOEHHOCTH KOJOB C pa3pe’KeHHBIMU
npoepkamMu Ha 4eTHOCTb (LDPC). Cnoco0 msrkoro urepaTuBHOIrO jaekoaupoBaHus konoB LDPC.
Omnpenenenue SHTponUUM HUCTOYHHMKA. CrnocoObl BBIYMCICHHS SHTPONUM HCTOYHUKA. CBA3b MEXAY
B3alMHON 3aBUCHUMOCTBIO CHMBOJIOB M 3HTPOIMEH HCTOYHMKA. [IpUHLMIIBI BEKTOPHOTO KBaHTOBAaHUS
coobmenuit. Crnoco6 nmocrpoenus kona Xapdmana. Crocod nmoctpoenus koaa [llennona-dano. Criocod
noctpoenus kona Jlemnens-3uBa. Criocod pacuera HYKHEH TpaHHLbI AJ1s cpeaHel umHbl koga. Crocob
BBIYHCIICHHS U30BITOYHOCTH A0 U nocie KofaupoBaHus. Criocod BHIYMCICHUS MPOIMYCKHON CIOCOOHOCTH
KaHaJIOB.

— ymerb CocCTaBisiTh KOJOBYIO TaOJMIly JHMHEHHOro OJOYHOrOo KoJa MO €ro MaTpule.
[IpuBOIUTE MaTPUIBl JIMHEHHBIX OJOYHBIX KOJIOB K cHUcTeMaTHueckod Qopme. OmnpeneisTb KOJ0BOE
paccTosiHiEe JTMHEHHOTO OJIOYHOTO KOJia MO €ro MPOBEPOYHOM MaTpHIle, a TaKKe M0 KOJOBOW TabIHIIe.
JlenuTe U yMHOXaTh moivHOMBI Han moneM [amya GF(p) nByms crmocoOamu: ainreOpandeckd U C
noMOIIbI0 IH(POBEIX GuIbTPoB. DaKTOPU30BATh MOJIMHOMBI C IMOMOIIBIO MPOTPAMMBI KOMITBIOTEPHOM
anrebpsl SymPy. Haxonute 00paTHy0 MaTpHIly JUCKpPETHOTO mpeodpazoBanus Oypre Haja monem [amya
GF(p). CocraBnsiTh AuarpaMMmy COCTOSSHUW M PEIIETKY CBEpTOYHOro koaa. CocTaBisiTh JEpPEBO KoOja
Xaddmana. CocraBmsare kon lllennona-®ano. CoctaBnarh Tabnuiy koja Jlemmnens-3uBa. Beraucisats
SHTPOIHUIO 33JaHHOTO MCTOYHUKA. BBIUHCIATH M30BITOYHOCTH /IO M TIOCIE KOAWPOBAHUS CKUMAIOIIUM
KOZIOM. BBIYHCIIATH MPOMYCKHYIO CIIOCOOHOCTh JBOMYHOI'O CUMMETPHUYHOTO KaHaja CBSA3M M KaHaja Co
ctupaHusMu. Ha KkauecTBEHHOM YpOBHE M300pa)kaTh CIEKTpPAJIbHBIE JAMArpaMMbl CUTHAJIOB C
MOAYJIALUSIMH: aMIuTyaHoi (AM), dazooii (PM), wacrotHo (UM) u OFDM. Breruucnars
CIEKTPAIIbHYIO TUIOTHOCTH MOIIHOCTH 10 3aJaHHONH (YHKIMK KOppelmsiuud IH(POBOro IMOTOKA.
Omnpenensth ypoBeHb OOKOBBIX JIETIECTKOB B CIIEKTPE CUTHANA. AHAIM3UPOBAThH '"TJIa3KOBBIE" IHAarpaMMBbl
U CHUTHAJbHBIC CO3BE31Us. BriOmpars BuJ Momymsauuu. BeiOmparh Kiacc BBIXOIHOTO YCHUIIHTEINS
MOIIHOCTH HCXOAs M3 BHJIa MoAyisuuu. MopgenupoBath curHaiel ¢ AM, ®M, UM u OFDM
MOJYJIALIUSIMU U UX CIIEKTPAJIbHBIE INIOTHOCTH MOIIIHOCTH

— BJagerb MeTogamMM KOMIBIOTEPHOTO MOJEIMPOBAHUS COBPEMEHHBIX U IEPCIEKTHUBHBIX
CHCTEM PaJMOCBSA3H, a TAKXKE IJIEMEHTaMU IIPOEKTUPOBAHUS TAKUX CHCTEM.

4. O0beM AUCHMILIMHBI U BUJbI Y4eOHOH padoThl
OOmast TpylOeMKOCTh JUCHUIUIMHBI cocTaBisieT 5.0 3a4eTHBIX €AMHHUIBI U TpEeACTaBlIeHA B
Tabmuie 4.1.
Tabnuua 4.1 — Tpy10eMKOCTb TUCIUITIIMHBI

Bunp! yueGHOM esTenbHOCTH Bcero gacos CemecTpbl
2 cemecTp
AyIuTOpHBIE 3aHATHUS (BCETO) 70 70
Jlexum 36 36
[IpakTHyeckue 3aHATUS 18 18
JlaGopatopHbie paboThI 16 16
CamocrositenpHas paboTa (Bcero) 74 74
OdopmiteHre 0TYETOB TIO J1aOOPATOPHBIM paboTam 16 16
[IpopaboTka JEKIIMOHHOTO MaTepuasa 18 18
CaMocCTOATENbHOE U3YUYEHUE TEM (BOIIPOCOB) TEOPETUUECKON 14 14
94acTu Kypca
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Hamnucanue pedepaton 8 8

[ToaroroBka K MpakTUYECKUM 3aHATUSAM, CEMUHApaM 18 18
Bcero (0e3 sx3amena) 144 144
[MonroroBka u cnava sK3aMeHa 36 36
OO0mmas Tpya0eMKOCTb, U 180 180
3aueTHbie EnuHULIBI 5.0 5.0

5. Conep:xkanme QyCHUNTHHBI

5.1. Pa3nennl IMCHHUILIMHBI 1 BUABI 3aHATHIA
Pazensr qUCIMIUTMHBI U BUBI 3aHATUN TPUBEICHBI B TabmuIe S.1.

Tadmuua 5.1 — Pa3aensl IUCHUIUINHEBL U BUIBI 3aHITHHA

B =y <y a E = =
= 2 4 ¢ g% 5 2
- g < < 7o a ]
Hazpanus pa3nenoB AUCHUILTUHBI % ) e, = o g 5
= =g 2 | 83 2 s
= = ) A8 s ¢
2 cemecTp
1 Monynsuusi. CieKTpajabHBII COCTaB. 2 3 4 8 17 | OIIK-4, T1IK-4,
[IK-5
2 ®opMHUpYIOLIUHI U COTITIACOBAHHBII 3 4 0 ) 12 | OIIK-4, I1IK-4,
bunsTpel. X posb. IIK-5
3 YacTtoTHast MAaHUMYJISIIUS C 0 0 4 4 8 11IK-4, TIK-5
HeIpepbIBHOU (pa3oil.
4 DKOHOMHBIE (C)KUMAIOITUE) KOJIBI. 2 2 0 3 7 OIIK-4, T1K-4,
[IK-5
5 IIponyckHasi cmocOOHOCTh KaHAJIOB 1 2 0 3 6 OIIK-4, TTIK-4,
CBSI3H. [K-5
6 YacToTHas 1 sHEpreTHyYecKas 2 2 0 3 7 OIIK-4, [1K-4,
3¢ (EeKTUBHOCTh CUCTEM PaUOCBS3H. IK-5
7 Konpr Xadhdmana u [llennona-dano. 2 1 OIIK-4, I1K-4
8 Koner Jlemnens-3usa u Jlemnens-3usa- 2 1 OIIK-4, IIK-4
VYamnua.
9 KogupoBaHue peuu B cCTEMax 0 0 0 4 4 OIIK-4, [IK-5
pauoCBs3H.
10 [TpuHIUTIBI CHHXPOHHU3AIIUU B 2 0 0 1 3 OIIK-4, IIK-4
CUCTEMax PaTUuOCBsI3U.
11 ITpuHLIKIIBI pacIIUPEHUS CIIEKTPa B 2 0 0 1 3 OIIK-4, [1K-4
cucTeMax paJroCBs3H.
12 ABTOMaTH4eckas peryaupoBKa 1 0 0 1 2 OIIK-4, [IK-4
YCHJICHUS B CUCTEMAaX PaTUOCBSI3H.
13 Ipuntumne moaymnsiiuu OFDM. 3 2 0 3 8 OIIK-4, TIK-4,
[K-5
14 Ipuniuner MIMO. 1 0 0 1 2 OIIK-4, TIK-4
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15 JIuneiinbpie OJIOYHBIE KOIEL. 2 3 0 4 9 OIIK-4, T1IK-4,
IK-5
16 [{ukauyeckue KOoJIbl 2 0 4 5 11 OIIK-4, TIK-4,
IK-5
17 Koxel Puna-Conomona OIIK-4, TIK-4
18 Koasl boy3a-Hoynxypu-XokBuHrema. 0 0 0 6 OIIK-4, I1K-5
19 HuzkomnotnoctHeie (LDPC) kompl. 2 0 0 9 11 OIIK-4, TIK-4,
IK-5
20 CBepTOYHBIC KOJIBI. 3 0 4 5 12 OIIK-4, I1K-4,
[K-5
21 CurHaJibHO-KOJIOBbI€ KOHCTPYKIIUH. 2 0 0 5 7 OIIK-4, TIK-4,
IK-5
Hroro 3a cemectp 36 18 16 74 144
Utoro 36 18 16 74 144
5.2. Conep:xanue pa3iesioB JUCUMILIMHBI (110 JEKIMAM)
CopepxaHue pa3esioB JUCIUILINH (IT0 JISKIHSIM) TIPUBEICHO B Tadymie 5.2.
Tabnuna 5.2 — Coznepkanue pa3enoB TUCHUIUIMH (TI0 JEKIUSIM)
g L =
= Z
3 S E
Z > &
HasBanus paszaenos Coneprkanue pa3iesoB AUCIUIUTHHBI (TI0 JISKIIUSIM) g S5
o =
< 22
a o 2
= S
2 cemecTp
1 Monynsuus. Pose Monynsuuu B cucremax nepenadu 2 OIIK-4,
CrekTpanbHbIi cocTaB. | mHpopMaruu. Paznmune ananorooii u mudpoBoi [1IK-4
Moaynsauuu. TpeGoBaHUS K CLIEKTPaM CUTHAJIOB B
COBPEMEHHBIX CUCTEMAaX TepeIaun
nnpopmanuu. Ternosoii mrym.CriekTpanbHast
MJIOTHOCTh MOITHOCTH curHaia.CreKTpbl CUTHAJIOB C
AM, ©M, UM u OFDM monaynauusmu. Tpu
MOKOJICHUS ITU(POBBIX CUCTEM CBSI3U: aHAJIOTOBEIE,
ruOpuIHbIE U HU(DPOBBIE.
Hroro 7
2 ®opmMupyomui u CrnektpanbHas MJIOTHOCT CIy4aiiHON 3 OIIK-4,
COTJIACOBAHHBIN IIOCJIEI0BATEILHOCTH UMITYJIbCOB MPSIMOYTOJIBHON [IK-4
¢bunbTpel. VX ponb. (hopMb1. CKOPOCTH CIajia MOITHOCTH B 3aBUCUMOCTH
oT yacToThl. Heo0XxoquMocCTh criaxuBaHus pOHTOB
nMiysbcoB.@uneTp "punoansroro”
KocuHyca.Oco0eHHOCTH peanu3aunu GuibTpa B
1M(poBOM BUJE: BIUSIHUE HA (POPMUPYEMBIN CIIEKTP
(haKTOPOB AUCKPETHOCTH U OTPAHUUYEHHOCTH TIO
BPEMEHH UMITYJIbCHON XapaKTEPUCTUKU; BIUSHUE
uudpo-aHanoroBoro npeodpazonarens. TennoBoit
ITYM KaK OTPaHUYUTENh POU3BOJUTEILHOCTA CUCTEM
cBs3u.CornacoBaHHbId QUIBTP Kak QUIBTD,
JOCTaBJISIONINI MAKCUMYM OTHOIICHUIO CUTHAII-IITYM
TIPY HAJTMYIHH aJJTATUBHOTO OeJI0ro
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uryma.Heo0xoqumocTh corinacoBaHust aMILUIUTYIHO-

gacToTHOMU XapaktepucTtuku (AUX) hopmupyromero
¢bunpTpa ¢ AUX cornmacoBanHOTO. DUILTp "KOpPEeHB"

13 "TpUNIOAHATOr0" KOCHUHYCA.

Hroro
4 DKOHOMHBIE CobcTBennas nHpopManus. JHTPOIHS OIIK-4,
(CXKUMaroIIUe) KOJIBI. ucroyuuka.lM30errounocts. B3anmuas [1K-4

nHpopmanus. [ I[pHHIHITEI BEKTOPHOTO KBAHTOBAHUS

HMCTOYHHKA.

Hroro
5 IlponyckHas CxkopocTts niepeaaun nadopmaruu. IIpomycknas OIIK-4,
CIIOCOOHOCTH KaHAJIOB criocobHocTh. I IponyckHast ciocOOHOCTH TBOMYHOTO [K-4
CBSI3U. CUMMETPUYHOro KaHaza cBsi3u.lIponyckHas

CIOCOOHOCTh KaHajla CO CTUPAHUSIMH.

Hroro
6 YacroTHas u CBs13p Mexy "aHanoroBeiM" u "nudpoBbM" OIIK-4,
SHEpreTuyecKas OTHOLLUEHUAMH cUrHaji-mryM. HopmupoBannas [1K-4
3¢ (HEKTHBHOCTh CHCTEM | IIPOITYCKHAsI CIOCOOHOCTH KaHaina.CKOpOCTh
paInOCBSI3H. konupoBanus. Teopema llleHHOHa, ee

wimoctpanus. [Ipenen lllenHona, mpeaen IBOMYHOTO

KaHaJla CBSI3U: KECTKHUE PEUICHUS U MATKHE PEUICHUSI.

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

tabmump! koga lllenHona-daHo O BEPOSTHOCTSIM

cumBoJioB.IIpedukcHoe cBoiicTBO Kom0B.Pacuer

CpeHel IIMHBI KOJAOBOI'O CJIOBA MOJIYYEHHOIO

koja.PacueT u30bITOYHOCTH A0 U TIOCTIE

KospoBaHus. [ [pUHIIUTIEI MHOTOOYKBEHHOTO

KOJIMPOBAHUSI.

Hroro
8 Kogst Jlemnens-3uBa u | CocraBieHue TabnuIbI-coBaps koaa Jlemmens- OIIK-4,
Jlemmensa-3uBa-Yoiya. 3uBa./[0cTOMHCTBA M HEIOCTATKX KoJaa Jlemmens- TIK-4

3uBa.CocraBieHue TadnuibI-coBaps koaa Jlemmens-

3uBa-Yamnua.

Hroro
10 ITpuHLMIIBI KorepentHocTh npu nnpueme u o0padboTke OIIK-4,
CUHXPOHHU3AIUH B curtana.Boccranosnenue Hecynieit yactotel.llerns [1K-4
CHCTEMax PaJMOCBS3H. Kocraca.BoccranoBieHne TakTOBBIX

nMItynbcoB.Jlerektop ['apaHepa.

Hroro
11 ITpuHuMIIBI JIOCTOMHCTBA CUTHAJIOB C PACIIUPEHHBIM OIIK-4,
pacimipenus criektpa B | cnektpom.lIceBnocinydaitHpie mociea0BaTENbHOCTH [1K-4
CHUCTEMax paJInOCBS3H. (M-nocnenoBarensHocTH ). Konbt [Nonaa.

Hroro
12 ABToMaTHnueckas Kackaapl cxem aBTOMaTH4E€CKON PEryJIUPOBKU OIIK-4,
PETrYIMpPOBKA YCUJICHUS B | yCHJICHHS B CUCTEMAX PaguOCBs3U. AHAIOroBas [K-4
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CUCTEMAX paJuOCBA3H.

perynupoBka 1 nuppoas. CTpyKTypHBIE CXEMBbI
neTensb U(POBOI ABTOMATUYECKOH PETryTUPOBKU
YCUJICHHUS: JIMHEHHas U jorapudmMudeckas neTiu.

Hroro

13 IpuHIMIBI
monyssiuuu OFDM.

Wnmroctpanus HerocTaTka YaCTOTHOTO pa3eieHUs
kaHasoB.MiutrocTpanus OpTOroHaJIbHOCTH HECYIINX
IIPH BBITIOJIHEHUH OIEPaLUU JUCKPETHOTO
npeobpazoBanus Oypre (AI1D).HeodbxonumocTs
LIUKINYECKOTro MpeduKca sl CHUXKEHUS BPEIHOTO
BIUSHUS MHOTOJTyuyeBoCTH.[TapameTprl MoaYISAIMI
OFDM B cuctemax cBsizu 4G LTE.CtpykTypHbIe
CXeMblI nepeaaryuka u npueMHuka ¢ OFDM.

Htoro

OIIK-4,
[IK-4

14 [punuunsr MIMO.

Knaccudpukanus MIMO: SISO (knaccuueckuid
BapuaHTt), SIMO (pa3zHecennsiit npuem), MISO
(pazuecennas nepenada), SU-MIMO
(0IHOTIONIB30BATENBCKOE MMPOCTPAHCTBEHHOE
ymnotHenue), MU-MIMO (MHOronosabs30BaTelIbCKOE
MIPOCTPAHCTBEHHOE YIUIOTHEHUE). CTPYKTYpHBIE
cxembl MIMO coriacHo KiaccuuKaIim.

Hroro

OIIK-4,
[1K-4

15 JIuueiiusie OJI0UYHBIE
KOJIBI.

[Topoxnatomas marpuna.Konosas tabnuna.Konosoe
paccrosiHue. KpatHocTs 0OHapyXKeHUs, UCIIPABICHHUS
1 BOCCTAHOBJIEHUSI CTEPTHIX CUMBOJIOB.Onpeienenne
KOJIOBOT'O PACCTOSIHUSA 11O KOJIOBOM
tabmune.CrucremaTraeckas popma moposkIaronei
Marpuusl.lIpoBepounas

Mmatpuna. Cunpom. PaznoxkeHre BeKTOpHOTO
MIPOCTPAHCTBA HA CMEKHBIE Ki1acchl. OnpeseneHue
KOJZIOBOT'O PACCTOSIHUSA 110 IPOBEPOYHON MaTpPHIIE.

Hroro

OIIK-4,
[1K-4

16 L{uknndeckue KOabl

DyHIaMEHTAIIBHOE CBOMCTBO LIUKJINYECKUX
ko210B.Hyib-rmonuHoMm u ero
¢dakropuzanus.Ilopoxaaromuii TOTUHOM U €ro
€IMHCTBEHHOCTb IS 331aHHOTO K0/1a.CBs3b
MIOPOXKAAIOLIErO MOJIMHOMA U ITOPOKAAOLIEH
Matpullbl. [ IpoBepoUHbI IOJIMHOM, €0 CBA3B C
MPOBEPOYHOI MaTpulieil. CucteMaTuyecKuii
nuKIMYeckuit koa.CucteMaTudecKuid Kosiep Ha
ocHoBe 1u¢poBoro ¢puiabTpa.Pons octatka oT
JIEJIEHUS IBYX NOJIMHOMOB.JleKOAMpPOBaHUE C
WCIpaBlIeHuEM OLINOKU./[ekoarpoBaHue ¢
BOCCTAHOBJIEHUEM CTEPTHIX CUMBOJIOB.

Hroro

OIIK-4,
[IK-4

17 Konel Puna-ConomMmona

Onementsl nois ['anya GF(p”q), rae p - mpoctoe
gucno (2, 3,5, 7, 11...) kak q-MepHbIe BEKTOpa U3 p-
3HAYHBIX CUMBOJIOB.Omnepaiu YMHOKEHUS U
cnoxxenus.[lopoxaaromuii noJMHOM KofoB Puna-
Conomona.l'panuna Cunrnrona.llpoBepounslii
nonuHoM ko710B Puna-Conomona.Crioco6

OIIK-4,
[1K-4
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KOJIMPOBAHUS Yepe3 TUCKPETHOE MpeoOpa3zoBaHme
®ypoe (I1D).Criocod oOpatieHnss MaTpUIIbI
HI1®D. /lekonqupoBanue koaa Puna-ConomoHa ¢
UCIPABJICHUEM OIINOOK.

Htoro

19 Hu3komioTHOCTHBIE
(LDPC) konpr.

[TpuHIMT OCTpOEHUS MPOBEPOUHbIX MaTpuIl.Criocoo
BBIYHCIICHUS MIOPOXKAAIOIIEH MAaTPULIBI 110
IpoBepOoYHOM. I IpuHIMI UTEpaTUBHOTO
JNEKOJUPOBAHMSI C MATKAMU PELICHUSAMMU.

Hroro

OIIK-4,
[1K-4

20 CBepTOYHBIE KOJIBI.

[Toposxnatoiue noauHOMbI.CXeMa KOAUPYIOIIETO
ycTpoiicTBa./luarpamMma COCTOSIHUM
Kojiepa.Pasperniennble KoJ0BbIE
nociuenoBarenbHOCTH.CBOOOIHOE paccTOsHUE
koza.lloporoBoe nekoaupoBanue koaa.Pemerka
KOAa.AJNTOPUTM JAEKOJMPOBaHuUs 110 Butepou.

Hroro

OIIK-4,
[IK-4

21 CurHajbsHO-KOJOBBIE
KOHCTPYKIUH.

I/IJIJHOCTpaIII/IH BBIMI'PbIIIA, 1aBaA€MOI'0 CUT'HaJIbHO-
KOJOBBIMH KOHCTPYKIUAMU, Ha ITPUMEPAX.

Hroro

2

OIIK-4,
[1K-4

Hroro 3a cemectp

36

5.3. Pa3esbl AUCHMILVIMHBI U MEKIMCHUIIIMHAPHBIE CBSAI3H ¢ 00eceYHBAKIMMY (NPeAbIIYIHMHU)

U 00ecrneuynBaeMbIMHU (l'[OCJ'Ie)]leIIH/IMH) JAUCHHUIVIMHAMH

Pa3nensl QTUCHUIUIMHBI U MEXIUCIUIUIMHAPHBIE CBA3M C 00eCNeUnBAOIIMMHU (MIPEABIAYIIUMU) U

obecrnieunBaeMbIMH (ITOCIICYIOIIMMH ) TUCIUTIIMHAMH TIPEICTABICHBI B Ta0IHIEe 5.3.

Tabmmma 5.3 — Pa3aenbl AMCHUIUIMHBI U MEXAUCITUIUTMHAPHBIE CBS3U
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Ne paznienoB naHHOW JUCHMILTUHBL, IJ11 KOTOPBIX HEOOXOAMMO U3yUeHUE
Haumenoanue 00eCTICUNBAIOIINX M 00ECTIEYNBAEMBIX TUCIUTIIHH
IACIIATUINH
1 2/ 3/4/5/6|7/8/9/10|11|12|13|14|/15/16|17|18/19|20|21
[TpenmmecTByromue TUCIUATIIHHBI
1 [IpoexTupoBanue
SHeMe?TOBH + | + + |+ | + + 0+ + |+ + |+ +
YCTPOMCTB
PaarOCBS3U
2 YcTpoiicTBa
TeHEPUPOBAHUS U
dbopmupoBaHus + 0+ + + + |+
1 poBbIX
CHUTHAJIOB
3 YcrpoiicTBa
nprema u
00paboTKu + |+ I R R
TUCKPETHBIX U
aHAJIOTOBBIX
CHUTHAJIOB
[Tocnenyromme TUCIUTIITAHBI
1 Maremarnueckoe | + | + | + + | + + |+ +
9




MOJIeTUPOBaHUE
PAAUOTCXHUYCCKUX
YCTPOMCTB U
CUCTEM

5.4. CooTBeTCcTBHME KOMIIETeHUIMIH, GOPMHUPYEMBIX NPU U3YYEeHHH THCHMIJIMHBI, 1 BU/I0B 3aHATHH
CooTBeTcTBHE KOMIIETEHIMHA, (OPMHUPYEMBIX HpPU H3YYEHHHM IUCHUIUIMHBL, U BUIOB 3aHATHA
MPEACTaBICHO B Tabnwuie 5.4.
Tabmuna 5.4 — CooTBeTcTBHE KOMIETEHIUH, (HOPMUPYEMBbIX NpU H3YyYEHHH JUCLUUIUIMHBL, ¥ BHJOB

3aHATHI

& Buner 3austuit

=l .

= ; § S S DopMBI KOHTPOJIS

2 8 ; = = b b

2 = 2 'S 2

< = = Q

OIIK-4 + + KoHCcIIeKkT caMoIroiroTOBKH,
CobecenoBanue,
Brictymnenue (noknan) Ha
3aHATHH, TecT
[1IK-4 + + + + Jomamuee 3amanue, OTyer
o 1abopaTtopHoi padore,
Tect, OTuer no
MPaAKTUYECKOMY 3aHATHIO
[1IK-5 + + + JlomalirHee 3agaHue,
KoHCIIEKT cCaMOIIOATOTOBKHU,
CobecenoBanune, OTYeT MO
nmabopaTopHoO# pabdoTe,
Brictymenue (noknan) Ha
3angaTun, Tect, OTUeT 11O
MPAKTUYECKOMY 3aHSITHIO
6. NuTepakTUBHBbIE MeTOBI U (OPMBI OPraHu3alUM 00yUYeHUs!
He mpenycmorpeno PYIL

7. JlabopaTopHbie padoThl

HaumenoBanue nabopatopHbsix padboT npuBeaeHo B Tadbaune 7.1.
Tabnuua 7.1 — HaumeHoBaHue 1a00paToOpHBIX paboT
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8 @
5 2 5
2 =
Z 2 5
HazBanus paznenos HaumenoBanue nabopatopHbix padboT 5 F S5
2 : &
S a2
e S 2
= S}
2 cemecTp
1 Monynsuusi. N3ydeHue CrieKTpoB CUTHAIIOB C IMHEWMHOMN 4 [1K-4, T1K-
CriexTpanbHblil coctaB. | Moayisinuet. [lokassiBaeTcs BiausiHue (OpMBI 5
UMIYJTbCAa-HOCUTENS U (QYHKIIMH KOPPEISIIUH
OUTOBOM MOCIIE0BATEILHOCTH HA CHIEKTP
hopmMupyeMoro curHaa.
Hroro
3 YacroTtHas N3yuenne Simulink-moaenu HeKorepeHTHOTO [1IK-4, T1K-
10




MaHUITYJISILUS C
HETpEepbIBHOH (a3oi.

JIEMOYJIATOPA YaCTOTHO-MaHHUITYTUPOBAHHOTO
CUTHAJIa ¢ HEMPEePBIBHON (hazoil.

Htoro

16 Luknuaeckre Koabl

Nzyuenue nuknmnueckux koqoB (7, 4).
CucreMaTHYeCKOE KOJAUPOBAHKE U JCKOJIUPOBAHHE C
WCIIPABIIEHUEM OJTHOKPATHBIX OIIUOOK.
MoienpoBaHue TBOMYHOIO CUMMETPUIHOTO KaHaja
C He3aBUCUMBIMHU OIMOKaMu. OTICHKA BEPOSTHOCTU
OIIMOKH TIOCTIC IEKOUPOBAHUS.

Hroro

TIK-4, TTK-

20 CBepTOYHBIE KOJIBI.

N3ydeHnue cBepTOYHBIX KOJIOB CO CKOPOCTHIO
KoJupoBaHus 1/2: kogupoBaHHe, TOPOTOBOEC
JIEKOIUPOBAHKE U JAeKoIupoBaHue o Burepou.

Hroro

I1K-4, IIK-

Uroro 3a cemecTp

16

8. IIpakTHyeckue 3aHATHUSA (CEMUHAPDI)

HanmeHoBaHne IPaKTUYECKUX 3aHATUI (CEMUHAPOB) MPUBEACHO B Tadmuue 8.1.
Tabnuna 8.1 — HaumeHoBaHUE NPAKTUYECKUX 3aHITHH (CEMUHApPOB)

Hazpanus pas3aciioB

HaumeHoBaHMe MpakTUYECKUX 3aHATUHN (CEMUHAPOB)

TpynoeMKoCTb,

q

dopmupyemsbie
KOMITETCHITH

2 cemecTp

1 Monynsuus.

CrexTpaibHbIid COCTAB.

Pacyer criekTpalbHOM TNIOTHOCTH UMITYJIBCOB
TPEYroibHON (hOPMBI HA OCHOBE U3BECTHOM
CIEKTPAJIBbHOM IIJIOTHOCTH UMITYJIbCOB
npsiMOyTosibHOU (hopMbl.PacueT koppensinoHHbIX
(GyHKIMN 1715 HEKOTOPBIX BUJIOB MOJTYJISILIMM: C
JMHENHBIM IpeoOpazoBaHueM OUTOB (cymma U
Pa3HOCTh), C uepenoBaHuem nousipuoctu (AMI,
UIIN), c uuxnuyeckuM npeodpazoanuem (MLT-
3).Pacuer cnekTpanbHbIX INIOTHOCTEH 110
KOppesiuoHHbIM QyHKuusM.[locTpoenne
COOTBETCTBYIOLINX TPapUKOB, UX aHAIIH3.

Hroro

I1K-4, TIK-

2 ®opMupyomui u
COTVIACOBAHHBIN
¢mibTphl. X poib.

Beluncnenue npeaeabHbIX 3HaYEHUH 4aCTOTHOU
xapakrepuctuku (UX) dunptpa "npunogusaroro”
KOCHHYca /i ocoOeHHbIX yacToT.IToctpoenue "ot
pyku" rpadukoB aMMTYAHONH YX 1 UMIyIbCHON
xapakrepuctuku (UX) ¢punprpa.Pacuer Ha
KOMITBIOTEPE C MMOMOIUIBIO JUCKPETHOTO
npeobpaszoBanus Oypre ammautyaHoi YX ¢puibtpa
1o AucKpeTHOoM U puauTHOU UX
¢unbrpa.lloctpoenue "oT pyku" oTKIMKa
hopmupyromiero GpuibTpa (10 MUPpPO-aHATOTOBOTO
npeoOpa3oBaresns) Ha 3aJaHHYI0 OUTOBYIO
nociieoBaTenbHOCTh. Pacuer mpeenbHbIX 3HaUeHU I

I1IK-4, TIK-
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yacToTHOU xapaktepuctuku (UX) puibrpa THna
"KopeHb" U3 "PUNOIHATOrO" KOCUHYyCca st
OCOOEHHBIX YaCTOT C MOMOIIBIO TPOTPAMMBI
KoMITbtoTepHOU anredpsl SymPy. Iloctpoenue "ot
pyku" rpadukoB aMIUTUTYTHON UX 1 UMITYJIBCHOM
xapakrepuctuku (UX) ¢punbrpa.Pacuer na
KOMITBIOTEPE C MTOMOLIBIO JUCKPETHOTO
npeobpazoBanus Oypre ammuryanoi YX ¢puibrpa
1o AucKpeTHOM u puaUTHON X
¢unbrpa.lloctpoenne "oT pyku" oTKIMKA
corjacoBaHHOTO (uibTpa (B (G POBOM BHJIC) Ha
3aJaHHbBII BXOJAHOM CUTHAII.

Htoro

4 DKOHOMHEIE
(CXKUMaroIIMe) KOJIBI.

Omnpenenenrne cOOCTBEHHOM
uHpopmarmu.OnpeaesieHue SHTPOITUH
uctoyHuka.OnpezaencHue N30bI TOYHOCTH
ucrounuka.OnpeeneHie B3auMHOM HH(opMaIuu.

Hroro

[1K-4, TIK-

5 IlponyckHas
CIIOCOOHOCTh KaHAJIOB
CBSI3H.

Brruucnenue HpOHYCKHOﬁ CIIOCOOHOCTH Pa3JINIHbIX
KaHaJIOB CBA3U.

Hroro

I1K-4, TIK-

6 YactoTHas u
JHEepreTuvecKas

3¢ (HEKTHBHOCTH CHCTEM
panoCBsI3H.

[TocTpoenue ¢ mOMOIIbIO KOMIIBIOTEPA I'PpahUKOB
3aBUCUMOCTH NPENIENbHOM SHEPreTHYecKoi

s dexTuBHOCTH Koz (1B) OT CKOPOCTH KOJMPOBAHUS
(ot 0 mo 1) mist TBOMYHOM MOIYISAIUU (KECTKUE
peILIeHHSI ¥ MSTKHE PELICHUS) U TPH OTCYTCTBUH
MOAYJISIUU KaK TaKoBOU.MutrocTpanus ¢ moMOIIbIO
KOMIIbIOTEpA MPEJIIbHOTO YHEPIeTUYECKOTO
BBIMTPHIIIA OT KOJUPOBAHHSL.

Hroro

[1K-4, TIK-

13 [puHIUIIEI
moayisiuuu OFDM.

HeranpHas "oT pyku" nmpopucoBka curHana ¢ OFDM
JUI MQJIOTO YHCiIa HECYLIUX: OTPUCOBKA OTAEIbHBIX
HECYIINX H pe3yiibTaTa ux

cymmupoBaHusa. KomnbroTepHOE MOIETMpPOBaHNE
curdaia ¢ OFDM c noMomibto 11CKpeTHOTo
npeobpazoBanus Oypre. OOcyxaeHNEe 0cOOeHHOCTEN
TaKOT'O CUTHAJIA.

Hroro

TIK-4, TTK-

15 JIuuetiupie OJIOUYHBIE
KOJIBI.

CocraBnenune koa0Bo# Tabnuubl.Onpenenenne
KOJIOBOT'O PACCTOSIHUS 110 KOJIOBOM
tabnuue.Onpenenenne KpaTHOCTH FrapaHTHPOBAHHOTO
OOHapy>KeHHsI, UCTIPABJICHUSI M BOCCTAHOBIICHUS
cTepThIX cuMBOJIOB.[IprBeeHIE TTOPOXK TATOTIICH
MaTpHIIBI K cUcTeMaTudeckoit popme.CBsi3b
MTOPOKIAIOIIEN MAaTPHULBI ¢ TPOBEPOYHON. CHHIIPOM.
JlekopoBaHue C UCIPABICHUEM OJHOKPATHBIX
ommOoK.Pa3nokeHne BEKTOPHOTO MPOCTPAHCTBA HA
CMEXKHBIE KJIACCHI.

Hroro

TTK-4, TTK-
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Nroro 3a cemecTp

18

9. CamocrosiTesibHast padoTa
Bunel camocTosTenbHONU paboThl, TPYAOEMKOCTh U (hOpMUpYEMble KOMIETEHIINH MPEACTABICHBI B

tabmuie 9.1.
Tabmmma 9.1 — Bunbl camocToATenbHON paboThI, TPYI0EMKOCTh U (HOPMUPYEMBIE KOMIIETEHIIUN
3 [&]
= z E
Q P=a=
o S o=z
Bunel camocrosiTenbHOM = 2 O
HasBanus pasznenos s 7 £ 5 DOopMBI KOHTPOJIA
paboThI ) S =
53 &z
e Q2
~ S
2 cemecTp
1 Monynsuus. IToarorosxka k 3 I1K-4, JlomaiHee 3aganue,
CnekTpalIbHBIN COCTaB. MPAKTUYECKUM 3aHATHUSIM, ITK-5, Otyer o abopaTopHOit
CeMHUHapaM OIIK-4  |pabote, Tect
[IpopaboTka JTeKITMOHHOTO 1
MaTtepuana
OdopmieHre OTIETOB TIO 4
nabopaTOpHBIM paboTam
Hroro
2 ®opmupyromuii u IToaroroBka x [1K-4, Jomamnee 3amanue, TecT
COTJIACOBAHHBINA (DMIIBTPHI. | IPAKTUYECKUM 3aHSITHSM, I1K-5,
Hx poib. ceMHHapam OIIK-4
[IpopaboTka JIeKITMOHHOTO 1
MaTtepuana
Hroro
3 YacroTHas OdopmneHre 0T4€TOB MO [1K-4, OTuer no 1abopaTopHOit
MaHUIYJISIHS C 71ab0paTopHBIM paboTaM ITK-5 pabote, TecT
HEINIPEPBIBHOU (Pa3ou.
enpepbIBHOH (a3o Viroro
4 DKOHOMHEIE IToaroroBka x I1K-4, Jlomarmuee 3aianue, Tect
(CKUMaroIme) KOoIbl. MPAKTUYECKUM 3aHATHUSIM, [1K-5,
ceMHHapam OIIK-4
[TpopaboTka JEKIIMOHHOTO 1
Marepuaia
Hroro
5 IIpomycknas IToaroroska k [1K-4, Homamnee 3ananue, Tect
CIIOCOOHOCTH KaHAJIOB MPAKTUYECKUM 3aHATHSIM, [1IK-5,
CBS3U. CceMUHapaMm OIIK-4
[TpopaboTka JEKIIMOHHOTO 1
Marepuaia
Hroro
6 YactoTHas u [ToaroroBka k [1K-4, OTyeT o NpakTUYECKOMY
JHEpreTuyecKas MIPAKTUYECKUM 3aHATHUAM, I1K-5, 3aHATHUIO, TecT
3¢ (EeKTUBHOCTh CUCTEM | CEMUHapam OIIK-4
aJIMOCBS3H.
paln [TpopaboTka JEKIIMOHHOTO 1
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MaTepuaa

Hroro
7 Konpr Xabdmana u [TpopaboTka JEKIIMOHHOTO OIIK-4, |Tect
[IlenHoHa-daHo. Marepuaia [1K-4
Hroro
8 Kogpt Jlemniensi-3uBa u | [IpopaboTka IEKIIMOHHOTO OIIK-4, |Tect
Jlemnens-3uBa-Yamnya. Marepuaia I1K-4
Hroro
9 KonupoBanue peun B CaMoCTOITEIBHOE OI1K-4, Koucnekr
CHUCTEMaxX PAJHOCBSI3H. M3y4yeHue TeM (BOIpOCcOB) IK-5 CaMOIIOJArOTOBKH, TecT
TEOPETUYECKON 4acTu
Kypca
Hroro
10 IMpuHIMIBI [TpopaboTKka JEKIIMOHHOTO OIIK-4, Tect
CUHXPOHHU3ALUU B Marepuaia I1K-4
CUCTEMax PaTuOCBsI3U. Vroro
11 ITpuHnumnst [IpopaboTka JIEKIMOHHOTO OIIK-4, |Tecr
pacuIMpeHHust CIieKTpa B MaTtepuana [1K-4
CHUCTEMax paJInOCBS3H. Viroro
12 ABToMaTHhyecKas [TpopaboTKa JEKIIMOHHOTO OI1K-4, Tect
pPETYINPOBKA YCUJIEHHS B | MaTepuaia [1K-4
CUCTEMax PaTuOCBsI3U. Vroro
13 [puHIUIIBI IloaroroBka k I1K-4, Jomaruee 3amanue, TecT
moayisiuuu OFDM. MPAKTUYECKUM 3aHATUSIM, [1K-5,
CeMHHapam OIIK-4
[IpopaboTka JTeKITMOHHOTO
Marepuaia
Hroro
14 Ipunuunst MIMO. [IpopaboTka JIeKIIMOHHOTO OIIK-4, |Tecr
Marepuaia [1K-4
Hroro
15 JIunerinnie OJIOYHBIE ITonroroBka K I1K-4, Jlomarmuee 3aianue, Tect
KOJIBL. MIPAKTUYECKUM 3aHATHM, [1K-5,
ceMHHapam OIIK-4
[IpopaboTka JTeKITMOHHOTO
Marepuaia
Hroro
16 [uxknraeckue KObI [TpopaboTka JEKIIMOHHOTO OIIK-4, |Otuer mo mabopaTopHO
Marepuana [1K-4, pabore, Tect
O¢opmIIeHHE OTYETOB TIO TIK-5
nabopaTopHBIM paboTam
Hroro
17 Koast Puna-Conomona |IIpopaGoTka JeKIIMOHHOTO OIIK-4, |Tecr
Marepuaia [1K-4
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Hroro 1
18 Koawt boy3a- CamocrosiTenpHOe 6 |OIIK-4, |KoncmekT
Yoyaxypu-XOKBUHIEMa. |HM3y4CHHE TeM (BOIIPOCOB) ITK-5 CaMOTIO/ITOTOBKH,
TEOPETUUECKOU YacTu CobGecenoBanue, Tect
Kypca
Hroro 6
19 Hu3KOmI0THOCTHBIE Hammcanue pedeparon 8 |OIIK-4, | Beicrymienue (okaam) Ha
(LDPC) kozpt. TIpopaBoTka AEKIHOHHOTO 1 I1K-5, 3aHsaTHH, Tect
[1K-4
Martepuana
Hroro 9
20 CBepTOYHBIE KOJIBI. [TpopaboTKka JEKIIMOHHOTO OIIK-4, |Ortuer no 1abopaTopHOM
MaTtepuana [1K-4, pabote, Tect
OdopmieHune oT4eTOB 1O 4 IIK-5
nabopaTopHBIM paboTaM
Hroro
21 CurnampHO-K00BEIEe | CaMOCTOSATEIIHLHOE OI1K-4, Koncnekr
KOHCTPYKIHU. U3Yy4eHHE TEM (BOIIPOCOB) I1K-5, €caMonoAroToBkH, Tect
TEOPETUYECKOMN YacTh I1K-4
Kypca
[TpopaboTKa JEKIIMOHHOTO 1
Marepuaia
Htoro 5
Hroro 3a cemectp 74
ITonroroska u crmaua 36 DK3aMeH
JK3aMeHa
Hroro 110
10. KypcogBoii npoexT / KypcoBasi padora
He mpenycmorpeno PYIL

11. PeiiTuHroBasi cucreMa jJisl OLEHKHU YCIeBAeMOCTH 00y4aI0 M XCH

11.1. BaanbHbIe OLEHKH IS 3J1eMEHTOB KOHTPOJIS
Tabnuna 11.1 — banibpHbIe OLIEHKH JUIsSI 2JIEMEHTOB KOHTPOJIS
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. N MaxkcumanbHbIN
. MaxkcumanbHbIA MaxkcumanbHbIA
DOnemMeHThl yueOHOH 0asu 3a nepuos Bcero 3a
Oamn Ha 1-yto KT ¢ | 0Gasn 3a nepuon
JesTeNbHOCTH mexay 2KT u Ha CeMecTp
Hayana cemectpa | mexny KT u 2KT
KOHEI[ ceMecTpa
2 cemecTp
JlomamtHee 3amaHue 4 12
Koncnekr 8
CaMOIIOATOTOBKH
Otuer no nabopaTopHOi 8 8 16
pabore
OTt4er 1o NpakTUYECKOMY 5 5 6 16
3aHATHIO
CobecenoBanue 3 3 6
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Tect 4 4 4 12
Htoro makcumym 3a 13 28 29 70
TIEPHOJT

OK3aMeH 30
Hapacraronum ntorom 13 41 70 100

11.2. IlepecueT 0a/U10B B OLIEHKH 32 KOHTPOJIbHbIE TOYKH
[Tepecuer 6aIOB B OIEHKH 32 KOHTPOJIbHBIC TOUKH MpeCcTaBiieH B Tadymie 11.2.
Tabmuna 11.2 — IlepecueT 0ayijIOB B OLIEHKHU 32 KOHTPOJIbHBIE TOYKH

bainel Ha 1aTy KOHTPOJIBHOM TOYKH Onenka

>90% oT MakcuMalbHOM cymMbl 6ayioB Ha aaty KT 5

Ot 70% 10 89% oT MakcuManbHOM cyMMbI OayutoB Ha gaty KT

4
Ot 60% 1o 69% oT MakcuMabHOM cyMMBbI O6amioB Ha naty KT 3
2

< 60% ot MakcuManbHOI cymMMbl OaisioB Ha naty KT

11.3. IlepecueT cyMMBbI 02/1710B B TPAAHIIHOHHYIO M MEKAYHAPOAHYIO OLIEHKY
[lepecueT cymmbl OaJIJI0B B TPAJIULIHUOHHYIO M MEXIYHAPOJIHYIO OLEHKY NpEACTaBIEH B Ta0IMIe
11.3.
Tabmuma 11.3 — [lepecueT cymMbl 6aJIJI0B B TPAAULIMOHHYIO U MEXIYHAPOIAHYIO OILIEHKY

HroroBas cymma 6asuios,

Onenka (I'OC) YUUTBIBAET YCIEIIHO CIAHHBIN Ouenka (ECTS)
9K3aMeH
5 (oTMyHO) (3aYTEHO) 90 -100 A (OTIIMYHO)
85 -89 B (o4enp xopor1o)
4 (xopo1o) (3a4TEHO) 75 -84 C (xopomo)
70-74
D (ynoBneTrBoputTeiabHO)
3 (yOBIETBOPUTEIHHO) 65 - 69
(3a4TeHO) 60 - 64 E (mocpencTBeHHO)
2 (HEYROBIICTBOPUTENLHO) (1 Hwxe 60 Ganos F (Hey1oBIeTBOPUTEIHHO)
3a4TEHO)

12. YueOHO-MeTOAMYECKOEe M HH(POPMALMOHHOE o0ecneyeHne JUCIUIIMHBI

12.1. OcHoBHas JuTEpaTypa

1. Tankun, BauecnaB Anexcanaposud. Iludpposas moOunbHas paauocBsass [Tekcr] : yueOHOe
nocodue a7 By30B / B. A. I'ankuH. - 2-e u3a., nepepad. u gon. - M. : ['opsiuas nunus - Tenexkom, 2012. -
592 c. : un. - (Yuyebnoe moco6ue. CriennMaibHOCTh 711 BBICIITUX y4eOHBIX 3aBefeHuil). - bubmuorp.: c.
580-581. - Ilpeam. ykas.: c. 582-585. - ISBN 978-5-9912-0185-8 : 774.40 p. (Hanuuue B OGMOIMOTEKE
TYCVYP - 40 sk3.)

2. BonkoB, Jles HuxomnaeBnu. Cucremsl nudpoBoil panumocsssu. ba3oBele Meroabl U
XapaKTepUCTHUKH : YueOHoe nocobue /i By3os / JI. H. Bonkos, M. C. Hemuposckuii, FO. 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. (mamnuue B 6udmmoreke TYCVYP - 42 3k3.)

12.2. lonoiHuTEIBHAS TUTEPATYPA
1. Puxtep, C.I'. KogupoBanue u nepenaya peur B HU(PPOBBIX CUCTEMAaX MOIBUKHON PaIiOCBSI3U
[DnexTponHbIit pecype] : yuebHoe mocobue / C.I'. Puxtep. — DnektpoH. maHn. — Mocksa : ['opsigas
muaus-Tenexom, 2011. — 304 c. — Pexum moctyna: https://e.lanbook.com/book/76502. — 3arm. ¢
9KpaHa. [DNeKTpoHHBIN pecypc]| - Pexxum moctyma: https://e.lanbook.com/book/76502 (nara oOpareHus:
04.07.2018).
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2. ©®opMHpOBaHUE U T€HEPHUPOBAHWE CUTHAJIOB B IU(PPOBOU paanocBs3u: YueOHoe mocobue /
B.T. Ilepmmwmn. - M.: HUIl UH®PA-M; M#.: Hos. 3nanue, 2013. - 614 c.: un.; 60x90 1/16. - (Bricmiee
obpazoBanue: bakanaspuar). (neperer) ISBN 978-5-16-006703-2, 600 3k3. [DnekrpoHHBIN pecypce] -
Pexxum moctyma: http://znanium.com/catalog/product/405030 (nata o6pamenus: 04.07.2018).

3. Meroapl TOBBIMIEHUS DJHEPIETUYECKOM U  CHEKTpaibHOH dddexTuBHOCTH HHPPOBOIA
panuocBszu: YueoHoe nocooue / Bapraysun B.A., [lukun U.A. - CI16:bXB-IletepOypr, 2013. - 352 c.
ISBN 978-5-9775-0878-0 [DneKkTpOHHBII pecypc] - Pexum JIOCTYyTIA:
http://znanium.com/catalog/product/943520 (nara oopamenus: 04.07.2018).

4. Teopus snexTpuueckoit csizu: Yuebnoe nocodue / Axymuanues 0. I1., beprarapar A. C. -
2015. 196 c. [DnekTponHbIii pecypc] - Pexxum pocryna: https://edu.tusur.ru/publications/5858 (mara
obpamenus: 04.07.2018).

12.3. YueOHO-MeTOAMYECKHE ITOCOOH S

12.3.1. O6s13aTesibHbIE Y4eOHO-METOAMYECKHE TT0COOUA
1. COopHHMK KOMIIBIOTEPHBIX JIA0OPATOPHBIX pPabOT MO cuUcTeMaM CBs3U: MeToauueckue
yKa3zaHus K jabopatopHbiM padboram / HoBukoB A. B. - 2018. 151 c. [DnekrponHsiii pecypc] - Pexxum
nocryna: https://edu.tusur.ru/publications/7149 (nara obpamenus: 04.07.2018).
2. Jemonymsuusi nu(ppoBbIX cCUTHANOB. CTaTUCTUYECKMH M CHTHAJIBHBIA MOAXOJbI: YdeOHOe

nocoone / HosukoB A. B. - 2018. 51 c. [DOnekrponHbiii pecypc] - Pexum pgocryma:
https://edu.tusur.ru/publications/7150 (mata oopamenwus: 04.07.2018).
3. Teopust osnmexkTpuueckoid cBsi3u: Y4yeOHO - MeToaWYeckoe MmocoOue [Uisi TPOBEICHHS

MPAKTUYECKUX 3aHATUH M CaMOCTOATENBbHOW paboThl cryneHtoB / AkymuuaudeB 1O. I1. - 2012. 202 c.
[DnexTpoHHbIl pecypc] - Pexum noctyma: https://edu.tusur.ru/publications/1758 (mata oOGparieHus:
04.07.2018).

12.3.2. Y4yeOHO-MeTOANYECKHE OCOOMS /IJIs1 JIUI] ¢ OTPAHUYEHHBIMHM BO3MOKHOCTSIMH 310POBbSI M
HHBAJIN/I0OB

Y4eOHO-METOAMYECKHE MAaTePUAITBI JIJISI CAMOCTOSTEILHOW U ayIUTOPHON pabOThl 00YyJarOIIUXCs
U3 YHCIia JIUI C OTPAHMYEHHBIMUA BO3MOKHOCTSIMH 3/10POBbSI U MHBAJIUIOB MPEIOCTABIAIOTCS B (hopmax,
aJanTUPOBAHHBIX K OTPAHUYCHUSIM UX 3JI0POBbSI U BOCTIPUATHS UHPOPMALIUH.

JIst i1 ¢ HAPYIIEeHUsIMU 3PeHust:

- B (popMe 2JIEeKTPOHHOTO JOKYMEHTA;

- B [I€YaTHOH (popMe YBEIUUEHHBIM LIPUPTOM.

JLJ1s1 JINI ¢ HAPYIICHUSIMHU CJIyXa:

- B (popMe 2JIEeKTPOHHOTO JOKYMEHTA;

— B I1e4aTHOM dopme.

JlJis1 M1 ¢ HAPYLIEHUSIMU OTIOPHO-IBUTaTEJIbHOIO anmnapara:

— B (hopMe AIEKTPOHHOTO JOKYMEHTA;

- B IIeyaTHOH (opme.

12.4. IIpodeccuonabHbIe 0a3bl JaHHBIX U HHPOPMALIHOHHBIE CIPABOYHbIC CHCTEMbI

1. Tlpu nzyueHUH ITUCHUIIMHBI PEKOMEHIyeTCsl HCIIOJIb30BaTh 0a3bl JAHHBIX, MH()OPMALIMOHHO-
CIIPABOYHBIE 3 MMOUCKOBBIE CHCTEMBI, K KOTOPBIM y TYCVPa €CTh JIOCTYII
https://lib.tusur.ru/ru/resursy/bazy-dannyh.

13. MaTepuajbHO-TeXHUYECKOE o0ecnevyeHne JUCHUIIMHBI U TpedyeMoe MporpaMMHoe
odecrneyeHHue

13.1. O0uue TpeOGOBaAHUA K MATEPUATBHO-TEXHUYECKOMY U IIPOrPAMMHOMY O0ecreYeHH 0
AMCHMILINHBI

13.1.1. MaTepuaJbHO-TeXHMYECKOE M IPOrpaMMHOe ofecrnedeHne 1Jisl JJeKIIMOHHbIX 3aHATHH
Jis mpoBenieHus 3aHATUI JICKIIMOHHOTO THIIA, PYNIOBBIX U MHIUBUAYAJIBHBIX KOHCYJIbTAIUM,
TEKYIIETO KOHTPOJIA U HpOMe)KYTOT-IHOI\/'I aTTeCTal UCIIOJIB3YyCTCA yqe6Ha${ aAyauTopus ¢ KOJIMYECTBOM
MOCaZ0YHbIX MECT He MeHee 22-24, o0opyaoBaHHas JOCKOW M CTaHAApTHOH y4eOHOW MeOensblo.
NwmeroTcsi aeMOHCTpaliMOHHOE O0OpyJOBaHWE U y4eOHO-HATJSAHBIE TMOCOOWS, OOeCrneYnBarOIINe
TeMaTUYeCKHe WILTIOCTPALIMH M0 JEKIIMOHHBIM pa3zesiaM JUCIUILIHHBIL.
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13.1.2. MaTepuaibHO-TeXHHYECKOE U POrpaMMHOe o0ecriedeHue sl MPAKTHYECKUX 3aHATUI

VYuebHas maboparopust HHOOPMAITMOHHBIX TEXHOIOTHMA

yueOHasi ayauTOpUs AJisl MPOBEIEHUS 3aHATHH MPAKTHUYECKOTO THUMA, yueOHas ayauTOpus JUIs
MIPOBEJICHUS 3aHATUH JIaOOPATOPHOIrO THUIIA, MOMEIIEHUE JJIi KYpCOBOTO MPOEKTUPOBAHUS (BBIOJIHEHUS
KypCOBBIX paboT)

634034, Tomckas obnacTs, . Tomck, Bepmuauna ynuna, 1. 47, 423 ayg.

Omnucanue UMEIONIErocs 000PYIOBaHUS:

- Jlocka maruutHo-mapkepHas BRAUBERG;

- LMC-100103 Dkpan ¢ anexrponpuogoM Master Control Matte 203*203 cm White FiberGlass,
yepHas KaiiMa o [epuMeTpy;

- [Ipoextop NEC «M361X»;

- CucremusbIit 6110k (16 1T.);

- Monwuropst (16 mirt.);

- Komnbrorep;

- Kommiext crienmanusupoBanHoi yueOHOU Mebenu;

- PaGouee mecto npemnoaasaress.

[TporpammMHuoe obecrieueHue:

— Adobe Acrobat Reader

— Google Chrome

— LibreOffice

— Mozilla Firefox

— OpenOffice

— PTC Mathcad13, 14

— Scilab

13.1.3. MaTepuaibHO-TeXHHYECKOE U POrpaMMHOe o0ecriedeHue 1Jisl JJadoOpaTOPHBIX padoT

YueOHas 1abopaTopusi HHGOPMAITMOHHBIX TEXHOJIOTHIA

yueOHasi ayIuTOpHs JJIsi NMPOBEACHUS 3aHATHI MPAKTUYECKOTO THIIA, ydeOHas ayIuTOpHs s
MIPOBEJICHUS 3aHATUH JIaOOPATOPHOIO THUIIA, TOMEIIEHUE JJIsi KYPCOBOTO MPOEKTUPOBAHUS (BBIMOJIHEHUS
KYpCOBBIX paboT)

634034, Tomckas obnacts, r. Tomck, Bepunnuna ynuia, 1. 47, 423 ayxa.

Onucanue uMeromerocs 000py10BaHus:

- locka marautHO-MapkepHass BRAUBERG;

- LMC-100103 Dkpan ¢ anexrpornpuBogoM Master Control Matte 203*203 cm White FiberGlass,
YyepHasi KaiiMa 1o epuMeTpy;

- [Ipoextop NEC «M361X»;

- CucremHsIit 6710k (16 1mT.);

- Monwurops! (16 mrT.);

- Komnsrotep;

- KommuiexT cnenmanun3upoBaHHo# yueOHOM MeOenu;

- PabGouee mecTo npenogaBates.

[TporpamMHuoe obOecrieueHme:

— Adobe Acrobat Reader

— Google Chrome

— LibreOffice

— OpenOffice

— PTC Mathcad13, 14

— Scilab

13.1.4. MaTepuaJbHO-TeXHHYECKOE W IPOrPaAMMHOE o0ecnedeHne JJIsi CaMOCTOATEIbHOM padoThl
Jis caMoCTOATENbHOM paboThl UCMONB3YIOTCS ydeOHble ayTUTOpUH (KOMIIBIOTEPHBIE KIIACCHhI),

CornacosaHa Ha noprane Ne 36715 18



PaCIOJIOKEHHBIE 110 aJpecam:
- 634050, Tomckas obsacth, T. ToMck, JIennna npocmexr, a. 40, 233 ayn.;
- 634045, Tomckas obnacts, r. Tomck, yi. Kpacnoapmeiickas, 1. 146, 201 ayn.;
- 634034, Tomckas obnactb, T. Tomck, Bepmmauna ynwuma, 1. 47, 126 ayn.;
- 634034, Tomckas obisactb, r. Tomck, Bepuinauna ynuna, 1. 74, 207 ayn.

CocrtaB 000py10BaHUS:

- yueOHast meberb;

- komnbroTepsl kKinacca He Hke IIDBM INTEL Celeron D336 2.81T. - 5 mit.;

- KOMITBIOTEpPBl TOAKIIOYEHBl K ceTH «MHTepHeT» M 00ecreunBaroT IOCTYI B AJIEKTPOHHYIO
MH(POPMAIMOHHO-00pa30BaTENbHYIO CPElY YHUBEPCUTETA.

[TepeueHs MpOrpaMMHOTO 0OECIICUCHHS:

- Microsoft Windows;

- OpenOffice;

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

- Google Chrome.

13.2. MaTepuajibHO-TEXHUYECKOE o0ecnevyeHre JUCUMIIIMHBI JJIS JIMI ¢ OTPAaHUYEeHHbIMH
BO3MO’KHOCTSIMHU 3/10POBbSI U HHBAJIH/I0B

OcBocHME IUCLUIUIMHBI JMLIAMH C OIPAaHUYEHHBIMH BO3MOKHOCTSIMH 370pPOBbsl M MHBAJIUIAMU
OCYIIECTBISIETCS C MCIIOJIb30BAaHUEM CPECTB 00yUeHHs 0OIIETO U CIeNHATbHOTO Ha3HAYCHUSI.

[Tpu 3aHATHAX ¢ OOy4arOIIMMHUCS € HAPYMIEHHWSIMHM CJyXa IPEAyCMOTPEHO HCIOJIb30BaHUE
3BYKOYCWJIMBAIOLLIEH amnmapaTypbl, MYJbTUMEAUMHBIX CPEACTB U JPYTUX TEXHUYECKUX CPEACTB
npuema/nepenaun yueOHoil uHdopManuu B JOCTYHHBIX (hopMax, MOOMIIBHOM CHUCTEMBI IPENoiaBaHUs
Uil 00Y4YaIOUIMXCSl ¢ WHBAIMIHOCTBIO, TIOPTAaTUBHON WHAYKIIMOHHOW CHUCTEMBI. Y4eOHas ayauTOpHs, B
KOTOPOHM 3aHUMalOTCA O0Oydaroluecs C HapylIeHUEM cllyxa, 00OpyaoBaHa KOMIIbIOTEPHOW TEXHUKOM,
ayIMOTEXHUKOM, BUJICOTEXHUKOU, IJIEKTPOHHON TOCKOM, MYJIbTUMEIUNHON CUCTEMOM.

ITpu 3aHATHAX ¢ 00YUYAIOIIMMUCS ¢ HAPYILIEHUSIMHM 3PEHUSIMH [IPEYCMOTPEHO HCII0JIb30BAaHKE B
JEKUMOHHBIX U YYEOHBIX ayJUTOPHUSAX BO3MOXHOCTU IPOCMOTpa YyAaJEHHBIX OOBEKTOB (Hampumep,
TEeKCTa Ha JOCKe WIM claila Ha 3SKpaHe) MpH IOMOLIM BHUIACOYBEIMUYUTENCH a1 KOMGOPTHOTrO
IIPOCMOTpA.

[Tpu 3aHATHSX ¢ OOyyarOIIMMHUCS € HApYLWIEHUWSIMH ONOPHO-ABUIaTeJIbHOI0 anmnapara
HCIOJIb3YIOTCSl aJIbTEPHATUBHBIE YCTPOMNCTBA BBOJAa MH(pOpPMAlMU U APYyrue TEXHUYECKUE CpelCTBa
npuema/nepeaayn yuyeOHo MHpoOpManuu B JAOCTYMHBIX (OopMax, MOOMIIBHOM CHUCTEMbI OOy4YeHUS s
JIOJEHN C NHBAJIUIHOCTBIO.

14. OneHovHble MaTepHaJIbl U METOAUIECCKUE PEKOMCHAAIUH 110 OPraHU3allui U3YyYCHUSA
AUCHUITIJIMHBI

14.1. Conepmaﬂue OLHCHOYHBIX MAaTCPHUAJTOB U METOANYECCKHUE PEKOMECHAAUH
I[J'IH OLICHKH CTCIICHH C(bOpMHpOBaHHOCTH " YpPOBHA OCBOCHHA 3aKPCIVICHHBIX 3a JUCIIUTUITMHOM
KOMIICTCHITUHN HCIIOJIB3YIOTCA OLICHOYHBIC MAaTCPHAJIbI B COCTABE!

14.1.1. TecToBBI€ 3agaHuSA

CornacoBaHHbIH GUIBTp 0OEecHEUnBacT:

- MuHMMaNbHO KOPOTKHI ITO0 BPEMEHU OTKJIMK Ha CBOEM BBIXO/JIE

- MakcuMallbHOE OTHOLIECHUE CUTHAJI-IIIYM Ha CBOEM BBIXOJI€ B OIIPEIEICHHBI MOMEHT BPEMEHH,
IIPH YCIIOBUH, UTO LIyM — OeJbIil

- CHATHE 3aKOHA MOAYJIALMH (AEMOIYIISILIHIO)

- MakcuMyM 1I€HHOHOBCKOW MH(GOpMaIlMU Ha CBOEM BBIXOJIE

dopmupyrouuii GuiIbTp 00ecreynBacT:

- ®opMHUpOBaHUE KBaIpaTYyPHBIX CUTHAJIOB C 33JaHHON (POPMOI1 CIIEKTPaIbHOMN MIIOTHOCTH

- ®opMHUPOBAHKE Y3KOIOJIOCHOIO CUTHAJIA HA HEKOTOPOU HECYILEH YacTOTe

- opMupOBaHNE OPTOTOHAIBHBIX IO BPEMEHH KBaJPaTYPHBIX CUTHAJIOB
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- QOpMHUPOBAHNE TAKTOBBIX UMITYJIbCOB JUIsl CHMBOJIBHOW CUHXPOHU3ALNH

CornacoBaHHBIA (PHIIBTP SBIISETCS:

- JInHe#HBIM PUIBTPOM C TIOCTOSIHHBIMU TTapaMeTpaMu

- HenuneitnpiM GUIBTPOM € TOCTOSTHHBIMU ITapaMeTpaMu

- JIuHeiHbIM PUIBTPOM C IEPEMEHHBIMU ITapaMeTpaMu

- HenuneitnbiM GuibTpoM ¢ IEpeMEeHHBIMU ITapaMeTpaMu

Dopmupyroumii GUIbTp ABISETCA:

- JInuneiHbpIM GUIBTPOM C TOCTOSTHHBIMU MTapaMeTpamMu

- HenmueitHBIM pUIBTPOM C MOCTOSTHHBIMH MTapaMeTpaMu

- JInuneitHbIM GUIBTPOM C IEPEMEHHBIMU ITapaMeTpaMu

- HenuueitHpM pUIBTPOM C IepeMEeHHBIMU TapaMeTpaMu

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

- I3MeHUTh ypOBeHb MEXCUMBOJIBHON HHTEP(PEPEHIINN Ha CBOEM BBIXOJIE

- U3menuts mmpuny criekrpa GopMUpyeMOro curHaia

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

- U3menuts aMmntyay GopMUpyeMoro cUrHaia

MesxcuMBOIIbHasE UHTEPHEPEHIUS — ITO:

- Korza Bpems npuxoja uMmysbca sIBISETCS CIIy4ailHOW BEJIMYMHOM C HEHYJIEBOU UCTIEpCUEr

- Korga ummynbc BIMsieT Ha COCEHUE UMITYJIbCHI, HAKJIAbIBAsICh HA HUX CBOMMH "XBOocTamu'"

- Korga ayiMtenbHOCTh UMITYJIbCA ABIISIETCS CIIyYalHON BEJIMYMHON C HEHYJIEBOU JUCIIEpCUEN

- [Iponiecc hopmupoBanHus TPYIIIOBOrO CUTHAJNIA B CHCTEMAaX C KOJOBBIM pa3JIeICHUEM KaHAIOB

MesxcuMBOJIbHasE HHTEPPEPEHIINS SABISETCS:

- Bpennon

- [lone3noit

- 3aBHCHUT OT crtoco6a (OpMUPOBAHHS CUTHAIIA

- HeliTpanbHoit

CornacoBaHHbBIN GUIBTP, OBIBACT, 3aMCHSIOT:

- OUIbTPOM HMIKHHUX YacTOT

- Koppensaropom

- Koppenstopom ¢ GpunbTpoM HUKHUX YaCTOT

- QUIbTPOM BEPXHHUX YaCTOT

Koppenarop — 3T0 ycTpoiCTBO, KOTOPOE BBIUUCISET:

- NHTerpain 1o BpeMeHu OT BXOJIHOTO CUTHAJIa

- [IpousBeaeHne 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:

- AMIUTUTYAHBIA JETEKTOP

- Cxemy BBIJICICHUS] CUTHAJIA "MIIIOT-TOH"

- KonTyp (hazoBoii aBTONMOCTPONKH YaCTOTHI

- Ilpouecc gopmupoBaHusi OMOPHOrO KoJieOaHHsI ¢ TOYHOCTBIO 10 (hasbl JUIsl MOCIETYIOIIEro
CHSITHA 3aKOHA MOIYJISILIUU

HexkorepeTHslii mpriem 00s13aTENIbHO BKIIIOYAET B ceOsI:

- IIpouecc GpopmMHpOBaHUs OMOPHOTO KOJEOAHUS C TOYHOCTHIO JIO YACTOTHI Ul MOCIEAYIOIIEro
CHSITHS 3aKOHA MOIYJISIIUN

- Cxemy BbIJICICHUS] CUTHAJIA "MUIOT-TOH"

- Kontyp ¢azoBoii aBTONMOACTPONKH YaCTOTHI

- HacTOTHBIN JETEKTOP

[Tetna Kocraca npeanasHaueHa amsi:

- ABTOMaTHUYECKOW MOJICTPOMKH 4acTOThI (POPMUPYEMOTO OITOPHOTO KOJIeOAHUs

- Custus nuddepeHaibHOr0 KOJAUPOBAHUS CHMBOJIOB

- ABTOMaTHUYECKOM MOJICTPOWKH 4acTOThl (HOPMUPYEMOT0 OMOPHOTO KOJEOAHUS ¢ TOYHOCTHIO 110
¢azbl

- Y1BOeHHsI 4acTOThl (POPMUPYEMOT0 KoJIeOaHus
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Mopynsuust QPSK no3Bosisier nepeaars:

- 1.5 6urta Ha cuMBOI

- 4 OuTa Ha CUMBOJI

- 1 Out Ha cUMBOJ

- 2 OuTa Ha CUMBOJ

Monynsiua GMSK no3BosisieT nepenars:

- 1.5 6urta Ha cuMBOI

- 4 OuTa Ha CUMBOJI

- 1 Out HA cUMBOT

- 2 OuTa Ha CUMBOJI

Monynsauust QAM-16 no3BosisieT nepenars:

- 1.5 6urta Ha cuMBOI

- 4 OuTa Ha CUMBOJI

- 1 Out Ha CUMBOJ

- 2 OuTa Ha CUMBOJ

bonee TpeGoBaTenbHa K OTHOIICHUIO CUTHAJI-ITYM MOJTYJISLIUS:

- GMSK

- QPSK

- QAM-16

- BPSK

bonee TpeboBaTenbHa K TMHEMHOCTH BBIXOJHOTO YCUIIUTEIS MOILIHOCTH MOIYJISILIUSL:

- QAM-16

- OQPSK

- GMSK

- QPSK-pi/4

VYceunurenu MOLUHOCTH MO CTENEHU JTMHEHHOCTH JIEATCS Ha KIIACChI:

-AB,C

-AB,C; D,E,F

-1, 01

-0,1,2

MoOIHOCTh TEIUIOBOTO IIyMa Ha BXOJE€ MAaJOLIYMSIIEro YCHWIMTENS IPUEMHUKA MPSAMO
MPONOPLUMOHAIIbHA:

- Koappunmenty nryma ManonyMsInero yCuianTens

- [Tosoce yacTOT NPUHUMAEMOTro paAuOCUTrHala

- Hecymeit vacrore npyHUMaeMoro pajiocurHana

- CymiecTByeT cama 1o ce0e ¥ HA OT Yero He 3aBUCUT

Koad¢uimenT nryma MaaouryMsImero yCuauTeNs 3To:

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

- YpoBeHb COOCTBEHHOTO IIyMa ycuiuTens, B dBm

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

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

Kogp! I'ona npuMeyaTenbHsl:

- UneanbHON aBTOKOPPEISAIMOHHON QyHKIINEH

- Tpex3HauHoOW (yHKIKEH B3aUMHOM KOppesauuu

- CBO€M OPTOrOHAIBHOCTHIO

- Tem, uto ux uzodpen mucrep 'onn

M-niocie10BaTeIbHOCTH IPUMEYATEIbHBI:

- MakcuManbHBIM IEPUOAOM

- XOpOWKMH B3aNMHO KOPPEJISLIMOHHBIMU CBOMCTBAMHU

- CBO€l OpPTOTOHATIBLHOCTBIO

- PaBeHCTBOM KoJIMUECTBA HYJIEH U €UHHUILL

Kozs! Yomia npumeyaTenbHbl:
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- neanbHOM aBTOKOPPEISIIMOHHON (PYHKITUEH

- HannumeMm nocnegoBarenbHOCTH TUNA "MeaHIp"

- CBoeil aOCOMIOTHOM HE3aBUCUMOCTHIO

- CBO€ OPTOrOHAIBHOCTHIO

Jl1 cucteM paarocBs3U C pacIIiPEHHBIM CIIEKTPOM XapaKTepHa:

- JIydmast 3a1uTa OT HelpeAHaMEPEHHbIX IOMEX U MHOT'OJIYy4€BOI0 paclpOCTPAHEHUS CUTHAJIa

- Bosee BrIcOKast GMTOBast CKOPOCTH Mepeaadn HHPpOpMaIuu

- bosb11ast IIOTHOCTH MOIIHOCTH M3JIy4aeMOI'0 CUTHaJIa

- 3aMeTHOCTH B paguoddupe

CucteMsbl ¢ KOJI0BBIM pa3/IelIeHUEM KaHaJIOB:

- BolTecHWIN Jpyrue TEXHOJIOTUU pa3/ielieHusl KaHaJIO0B BBUlY CBOEH UCKIOYUTEIbHOCTH

- [IpuMeHSI0TCSI OAHOBPEMEHHO C JPYTUMU TEXHOJIIOTUSAMU pa3/ielIeHHs KaHaJIOB

- [IpakT4ecku He IPUMEHSIOTCS BBUY CBOEH CI0KHOCTH

- OTnanu "ko3bIpHYIO MacTh'" TexHosorun OFDM

KoadduimenT pacmmpenns cektpa B coBpeMeHHBIX (4G) crucTeMax pajiMoCBs3H BapbUPYeTCs B
npenenax:

- (4-512)

- (256-1024)

- (4-64)

- (32-128)

Koaddurment pacmmpenus crnektpa paBeH 256. OTHOIICHHE CHTHAI-IIYM IOCHE CKaTus (1o
BPEMEHH) CUTHANA C PACIIUPEHHBIM CIIEKTPOM YBEJIHMYUTCS Ha:

-110dB

-48 dB

-24dB

-55dB

ITomexoyCcTOMYHBOE KOIUPOBAHNUE OCHOBAHO HA:

- yOnupoBaHUM CUMBOJIOB

- BBereHnu n30BITOYHOCTH 110 OIPEIEICHHBIM IIPaBUIIaM

- CkpeMOIMpoBaHUU COOOIIEHUH M1CEBIOCITYYaiiHBIMU KOJIaMU

- Benennu n30bITOYHOCTH IO CIYYaHBIM MTpaBUJIaM

KoanpoBanue nCTOYHMKA OCHOBAHO Ha:

- CkpeMOIMpOBaHUH COOOIIIEHU MCEBIOCTyUYalHBIMU KOJJaMU

- Metoaax mudpoBaHus

- CymiecTBoBaHMU HM30BITOYHOCTH, Me€pa KOTOPOM MOXKET OBbITh BBIpAa)KEHAa IIEHHOHOBCKOW
SHTPOINUEU

- HepaBHOBEpOATHOCTH CUMBOJIOB COOOLICHUS

JIuneliHble OJ0YHBIE KOJBI IPUMEUATEIbHbI TEM, UTO MOJTHOCTHIO OMPEIEIISIOTCS:

- HaGopom noposxiaronyx noaimHoOMOB

- [Topoxnaro1um NoIMHOMOM

- [Topoxnaromieit MaTpuiei

- KogoBoii Tabnuueit

OHTpOINHUS HEKOTOPOTO UCTOUYHUKA HH(OPMALIUU OTIPEAEIIAETCS KaK:

- CpenHee 3HaYeHHE COOCTBEHHOW MH(POPMALIUU

- MakcumManbHOE 3HaUYeHUEe COOCTBEHHON MH(pOpMaIuu

- MuHMMaibHOE 3HaYeHHE COOCTBEHHOW HH(POpMaLUU

- MeaunanHoe 3HadeHre cOOCTBEHHOM HHpOpMaIiu

[TomexoycToWUYMBBIE KOJIBI OBIBAIOT:

- briouHBIMH ¥ TOTOKOBBIMU

- PerynspHbIMu 1 HEperyIspHbBIMU

- OTHOPOTHBIMU U HEOJTHOPOAHBIMU

- CTaTU4YeCKUMU U TMHAMUYECKUMHU

HNndpopmanus no K. llleHHOHY BbIpaxaeTcs Kak:

- Jlorapudm oOpaTHOI BEpOSATHOCTH
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- Bernuuna 00paTHOi BEpOSTHOCTH

- Jlorapudm BeposiTHOCTH

- Jlorapudm MO1ynsi BEpOSITHOCTH

CBepTOYHBIE KOJIBI IPUMEYATEIbHbI TEM, YTO IMOJHOCTBIO OMPEIEIAIOTCS:

- HaGopom nopozxaronux noamHoMoB

- KonoBoii Tadbnuuei

- [Topoxnaromieit MaTpuieit

- [Topoxaaromum noImHOMOM

CTpoku NOpOXKIAIOIIEH MATPHUIIBI IMHEHHOTO OJIOYHOTO KOAA JOJKHBI OBITh:

- HenyneBbimMu

- Pa3HpiMu

- JInHelHO-HEe3aBUCUMBIMU

- JInHENHO-3aBUCUMBIMU

Yucno cTpOK MPOBEPOUHOM MATPUIIGI TMHEWHOTO OJIOYHOTO KOJIa ONpeAesSeTCs:

- KonnuecTBoM npoBEpOYHBIX CUMBOJIOB

- KonnuectBoM MHPOpPMAIIIOHHBIX CUMBOJIOB

- 3aBUCHUT OT JIOIIOJHUTENBHBIX YCIOBUM

- KonoBeIM paccrosiHHEM Koaa

CpoiicTBo mpedukca HekoTOporo koxa (Hampumep, kKonoB Xaddmana umu lllennona-dano)
3aKJII0YAETCs B TOM, UTO:

- Hu oniHa mpucTaBka HEKOTOPOTO KOJIOBOTO CJIOBA HE SIBJISIETCS] KOJIOBBIM CJIOBOM

- Bce npucTaBku SBISIIOTCSA KOJOBBIMHU CIIOBAMU

- KonoBble ciioBa UMEIOT OJJUHAKOBYIO JUIMHY

- KozoBble cii0Ba UMEIOT pa3HYIO JJIUHY

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

- CJI0BapHBIM KOJOM

- IpeBOBHIHBIM KOJIOM M0/100HO Koay XaddhmaHa

- Konowm ¢ xem-ta6ymmmeit (hash table)

- KozoM ¢ nmuHEHBIM NpecKka3aHueM

Kozapl Puna-ConioMoHa npumeyaTeabHbl TEM, YTO OHU:

- JlatoT MaKCUMaJIbHO BO3MOKHOE KOJIOBOE PACCTOSHUE U ABJIAIOTCS HEBOMUHBIMU

- SIBNSIOTCSI HEIBOMYHBIMU

- MeroT nopoKaaroniui MOJIMHOM, KOTOPBIM HE PaCKIIaIbIBAETCS HA MHOKHUTEIN

- IMeroT K0Z10BO€ pacCTOSIHUE, PpAaBHOE KOJIMYECTBY IIPOBEPOYHBIX CHUMBOJIOB

Cton0116l TPOBEPOYHON MATPHUIIBI JIMHEMHOTO OJIOYHOTO KOJ1a (PaKTHUECKH SBIISIOTCS:

- 3anpenieHHbBIMU KOJOBBIMH CJIOBAMHU

- Pa3pemieHHBIMU KOJOBBIMH CIIOBaMH

- CuHApOMaMu 11 OTHOKPATHBIX OMIMOOK

- BexTopamu oHOKpaTHBIX OIIMOOK

KonoBoe paccTosiHre JMHEHHOro GJOYHOTrO KOJIa MOXKHO ONPEAETIUTh MO MPOBEPOYHON MaTpHIle
KOJa KaK:

- KonnyecTBo HeHyEBBIX CTOIOLIOB

- MakcuManbHOE KOJIMYECTBO JIMHEHHO-HE3aBUCUMBIX CTOJIOIIOB MaTPHIIbl MUHYC €IMHHULIA

- MakcumanbHOe KOJMYECTBO JIMHEHHO-HE3aBUCUMBIX CTOJIOIIOB MaTPHIIbI

- MakcuManbHOE KOJIMYECTBO JIMHEHHO-HE3aBUCUMBIX CTOJIOIIOB MaTPHIIbI TUIIOC €MHUIIA

Bennuuna B3aumuoil unpopmanmu no K. llleHHOHY ompenensercss Kak Jorapu@m OTHOIIEHUS
BEpPOSITHOCTEM:

- P(xly) I P(x)

- P(x) / P(xly)

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

- P(xy) / P(x)

14.1.2. Jxk3aMeHallMOHHbIE BONPOCHI
JIMHEWHBIE BJIOYHBIE KOJIbI:
[Topoxxnaromass matpuna. Konosas tabmuna. KonoBoe paccrosnue. KpatHocth oOHapyxeHwHs,
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WCIIPABJICHUSI U BOCCTaHOBJIEHUS CTEPTHIX CUMBOJIOB. OIpeseseHre KOJIOBOTO PACCTOSHUS MO0 KOJOBOU
tabmuie. Cucrematudeckas Qopma mopoknaromeid martpuibl. [IpoBepounas wmatpuma. CuHHIpPOM.
Omnpenenenne KOAOBOIO PACCTOSIHUS 110 IPOBEPOYHON MaTpPHUIIE.

HUKIIMYECKUE KO/IBI:

DyHIAMEHTATbHOE CBOMCTBO IUKIWYECKUX KOJOB. Hymb-mmommHOM u ero (akropusarusi.
[Topoknaromuii MOJIMHOM U €0 €IMHCTBEHHOCTb /IS 3aIaHHOr0 Ko/1a. CBsA3b OPOXKAAIOIIET0 OJIMHOMA
U TOpoXJawuendn Marpuipl. [IpoBEpOUHBIM ITOIMHOM, €ro CBSI3b C NPOBEPOYHOM MATPHULIEH.
Cucremarnueckuii mUKIMYeckuil koa. CucreMaTnyecKuii KoJep Ha ocHoBe mudposoro ¢uistpa. Ponb
ocTaTKa OT JIJIEHUS JIByX MOJMHOMOB. JleKoaMpOBaHHE C HCIpaBIeHUEM OIIMOKH. JleKoaupoBaHueE C
BOCCTAHOBJIEHUEM CTEPTHIX CUMBOJIOB.

OKOHOMHBLIE KOJbI:

Cob6ctBenHass uHpopmanus. DHTpOINUs UCTOYHHMKA. M30bITouHOCTH. B3aummuas undopmarnms.
[IpuHUHMITBI BEKTOPHOTO KBAHTOBAHUS MCTOUYHUKA.

Konper Xaddmana, lllennona-dano u Jlemnens-3uBa.

YACTOTHASA U DSQHEPTETUYECKAA DOPEKTUBHOCTH CUCTEM CBA3U:

CBs3p Mexay "aHamoroBbiM" W "HM(PPOBBIM" OTHOMICHHSMH CUTHaI-myM. HopmupoBanHas
IIpoIycKHasi crnocoOHOCTh KaHana. CkopocTh konupoBaHus. Teopema IlleHHoHa, ee wuiumOCTpanus.
[Ipenen lllenHnona, npeaen JBOMYHOrO KaHaja CBA3U: KECTKUE PEILICHHS U MATKUE PELLICHHUS.

KOJbI PUIA-COJIOMOHA:

Onementsl nonst ["anmya GF(p”q), raoe p - mpoctoe uucio (2, 3, 5, 7, 11...) kak q-MepHbIE BEeKTOpa
U3 p-3HaYHBIX CUMBOJIOB. Onepauuu yMHOXKeHUs U cioxeHus. [lopoxxaaromumii moauHoM kojaoB Pupna-
Conomona. [I'panmmma Cunrarona. [Ipoepounbiii momuHoM komoB Puma-Comomona.  Croco0
KOJIMpOBaHUs uepe3 auckperHoe npeodpazopanne dypre (AIID). Criocod obpamenust matpuiisl JI1D.
HexonupoBanue koaa Puna-Conomona ¢ ucnpaBieHUEM OLITHOOK.

LDPC KO/JIbI:

[TpuHIMI TOCTPOEHUS MPOBEPOUHBIX MaTpull. Crioco® BHIYHUCICHHS MOPOXKIAIOIIEH MAaTPHUIIBI IO
npoBepoyHOM. [IpUHIINIT UTEPATUBHOTO JEKOIUPOBAHUS C MATKUMU PEIICHUSMHU.

MOIYJISALINA. CIIEKTPAJIBHBIM COCTAB:

Postb Mmogynsiinu B cuctemMax nepeiadu nH(GOpMAaIIHH.

Pasnuyne ananoroBoit U uuGpoBOl MOAYISIIUH.

TpeboBaHMs K CIIEKTpaM CHTHAJIOB B COBPEMEHHBIX CUCTEMax Nepeaadd HH)OpMaIIHH.

TennoBoi mrym.

CrnexTpanbHasi IJIOTHOCTh MOIIIHOCTH CUTHAJIA.

Crnextpsl curHainoB ¢ AM, ®M, UM u OFDM monynsuusmu.

Tpu nokosieHus: HUPPOBBIX CUCTEM CBSI3U: aHAJIIOTOBbIE, THOPUAHbBIE U LIU(POBHIE.

®OPMUPYIOIINI ®UJIHTP. ET'O POJIb:

CrnekTpanbHasl IJIOTHOCTh CIy4YailHON MOCIeA0BATEIbHOCTH UMITYIBCOB MPSAMOYTOJIbHON (hOPMBI.

CKopOoCTh crajja MOIIHOCTH B 3aBUCUMOCTH OT YacTOTHI.

HeobOxonumocTs criaxxuBaHusi GpOHTOB UMITYJIbCOB.

@uibTp "IPUNOAHATOr0" KOCHHYCA.

OcoOenHocTy peanu3anuu (uibTpa B HU(GPOBOM BHJE: BIHUSIHME HAa (OPMUPYEMBIH CIEKTP
(hakTOpOB AMCKPETHOCTH U OTPAHMUYEHHOCTH TIO0 BPEMEHHM UMITYJILCHOW XapaKTepUCTUKU; BIUSHUE U-
PO-aHaJI0roBOro IpeodpazoBaTes.

COI'JTACOBAHHBIM ®UJIHTP. ET'O POJIb:

TemnoBoi IyM Kak OrpaHUYUTENb IPOU3BOJUTENILHOCTH CUCTEM CBSI3H.

CornacoBaHHbIi GUIBTP KaK (PUIBTP, JOCTABISIONINI MAaKCUMYM OTHOIICHHIO CUTHAI-IIYM MPHU
HaJU4IUH aJITATUBHOTO OEJI0T0 IIyma.

Heo6xoaumocthb COIIaCOBaHUsA aMIUTUTYAHO-4YaCTOTHOM XapaKTEePUCTUKH (AUX)
dhopmupyromiero guibTpa ¢ AUX coriracoBaHHOTO.

®wibTp "KOpeHs" U3 "MPUNOIHATOr0" KOCHUHYCA.

[MPUHIUITBI CUHXPOHU3AILIMU B CUCTEMAX CBA3U:

KorepenTHoCTh IpH nprieMe 1 00paboTKe CUTrHaIA.

BoccraHoBieHne Hecylel 4acTOTBHI.

ITerns Kocraca.

CornacosaHa Ha noprane Ne 36715 24



BoccranoBiieHre TaKTOBBIX UMITYJIBCOB.

Herexrop ["apauepa.

[MPUHINIIBI PACIHMPEHUSA CITEKTPA CUT'HAJIOB B CUCTEMAX CBA3U:

JlocTOMHCTBa CUTHAJIOB C PACIIUPEHHBIM CIIEKTPOM.

[lceBnocnyuaiinbie nocneaoBaTenbHOCTH (M-TIOCIIEIOBATEILHOCTH).

Konp! I'onna.

[MPUHIUITBI MOAYJIALMU OFDM:

Wnmroctpanyst HeIocTaTka YaCTOTHOTO pa3/iesieHusl KaHaJIoB.

Wnmoctpaniyist  OpTOTOHAJBHOCTH  HECYIIMX HPU  BBINOJIHEHWH ONEPALUU  JTUCKPETHOIO
npeobpazoBanus Oypwe (II1D).

Heo06xoanMocTh UKINYECKOTO MpeduKca Uit CHIYKEHUS BPEAHOTO BIUSHUS MHOTOTyYEBOCTH.

[TapameTpst moaysiuun OFDM B cuctemax cBsasu 4G LTE.

CrtpyKTypHBIE CXEMBI NTepeaaTurKa U npueMHuka ¢ OFDM.

[MTPUHIUIIBI MIMO:

Knaccugpukamus MIMO: SISO (knaccuyeckuii Bapuant), SIMO (pa3necennsiii mpuem), MISO
(pa3necennas mepemada), SU-MIMO (oaHOMOJIB30BaTENBCKOE MPOCTPAHCTBEHHOE YIUIOTHeHUE), MU-
MIMO (MHOTOIOJIB30BATENHCKOE TPOCTPAHCTBEHHOE YILIOTHEHUE).

Crpykrypable cxembl MIMO cornacHo KiaccupuKaIuy.

CBEPTOYHLIE KOJbI:

[Toposxaaroriye moJIMHOMBI.

Cxema KoIMpYIOLIEro yCTpoucTBa.

Jnarpamma cOCTOSIHUN KOJAEpa.

Pa3peniennble K010BbIE 110CIIEOBATEIBLHOCTH.

CBo0OoIHOE paccTOsHUE KO/A.

[ToporoBoe nekoarpoOBaHUE KOJA.

Pemetka xona.

Anroput™m aexonrpoBanus 1o Butepou.

CUTI'HAJIBHO-KOJJOBBIE KOHCTPYKIHNU:

NnmrocTpanust BEIMTPHIIIA, JaBAEMOTO CUTHAIBHO-KOIOBBIMU KOHCTPYKITUSIMU, HA TTpUMEpax.

14.1.3. TeMmbI D0KJIa10B
Huskomnotnoctusie (LDPC) kozpl.

14.1.4. Bonpocsl Ha coGeceoBaHue
B uem ocobennocts k0110B boy3a-Hoyaxypu-XokBuHrema?
SBnsroTcs mu konbl boy3a-Hoynxypu-XokBUHIeMa HUKINYECKUMU?
SBnsercsa mu nuknyeckuit kox Xemmudra (7, 4) konom bUX?

14.1.5. TeMBI TOMAaNIHUX 3aJaHANH

3amaHa (QYHKIUS KOppelsuu OWTOBOM MoOCIeNoBaTeNbHOCTH. ONpenenuTh CIEKTPabHYIO
IJIOTHOCTh MOIIIHOCTH U IOCTPOUTH €€ rpaduK Ha OJHOM IEPUOJE.

Kog I'onpa 3anan aByMs nonuHoMamu. 3anucarh JBa IPOU3BOJIBHBIX KOJOBBIX ClIoBa koja I'onna.

Jlana uMmmnynbcHas xapakTepucTuka ¢opmupyromuiero ¢puiabTpa. PaccunraTts U HOCTPOUTH OTKIIMK
3TOro GUJIbTpa Ha BXOJHYIO OUTOBYIO MOCIIE0BATEIBHOCTb.

Jana ¢yHkuus Koppensuuu OWUTOBOM TOCIENOBAaTENIbHOCTH. PaccuuTaTh CHEKTpaibHYIO
IUIOTHOCTHh MOIITHOCTH U TIOCTPOUTD €€ Irpa UK.

C momoIp0 KOMITbIOTEpa MpoMoenupoBath moayisiuio MLT-3 ¢ omenkoit u moctpoeHueM
CIEKTPAIBLHON MJIOTHOCTH MOIIHOCTH.

3amana moposKIaoIas MaTpuIla HEKOTOPOTO JIMHEHHOTO 0JI09HOTO KoAa. OnpenennTs, COCTABIISISA
KO/IOBYIO TabmuIly, mapameTpsl (n, k, d) koaa, a Takke H30BITOYHOCTD.

3amana MopoXKIaroas MaTpHIla JUHEWHOTro OJIOYHOro Koja. [IpuBecTu ee K cucTeMaTHYeCKOM
¢dbopme 1 HAMTH TPOBEPOYHYIO MATPHILY.

JlaH mOpOXKIArOIMIMI MMOTMHOM HHUKJIMYECKOr0 KOJa. 3amucaTh MOPOKAAIIIYI0 U IPOBEPOYHYIO
MaTpHIIbl COOTBETCTBYIOLIETO JMHEHHOTO OJIOUHOTO KO/,

TpouuHbIii HCTOYHWUK 3aJaH BEPOSATHOCTAMU CUMBOJIOB. [loctpouts koa Xaddmana st
OJTHOOYKBEHHBIX COUETaHH, a TAKXKe JUIs IBYXOYKBEHHBIX COUETAHUN CUMBOJIOB.
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14.1.6. Bonipocbl Ha caMONIOATOTOBKY

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 Obuia peanu3oBaHa Cpasy IMOCIE €€ TEOPETHIEeCKOro 000CHOBaHUS?
Kakoii "Tprok" mo3BoJyinii cienaTh 3TO B HACTOSIIEE BpeMs?

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

UeMm miatarT 3a TMOBBIIICGHWE YacTOTHOM J(P(eKTHBHOCTH (NIEPEUUCIUTE 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 BOCCTaHaBIMBaTh (a3y TAaKTOBBIX MMIIYJIbCOB M YeM OTIMYaeTcs (pasa 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 HeJocTaTku Moaysiuun OFDM.

14.1.7. Bonipochl Uil MOATOTOBKH K MPAKTUYECKUM 3aHATHAM, CEMUHApPaM

[TocTpoeHre ¢ MOMONIBIO KOMITbIOTEpPa TpaUMKOB 3aBHCUMOCTH MPEIENbHON HEPreTUYecKoi
s dexruBHOCTH Kona (nb) ot ckopocTn komupoBanus (oT 0 g0 1) mis ABOMYHONW MOIYISAINN (KECTKHE
pEIIeHUs U MSATKUE PEIICHUs]) U TIPU OTCYTCTBUH MOAYJISIIIMH KaK TAaKOBOM.

Wnmoctpaniist ¢ MOMOIIBIO KOMIIBIOTEpA IIPEIENIBHOIO JIHEPreTUYECKOTr0 BBIUIPBINIA OT
KOJMPOBAHUSI.

Heranphas "ot pyku" npopucoBka curtana ¢ OFDM nans manoro umcia HeCcylMX: OTPUCOBKA
OTJENbHBIX HECYIIUX U Pe3yJbTaTa UX CYMMHUPOBAHHUS.

Kommproreproe monenupoBanue curtana ¢ OFDM ¢ momompio JUCKpPETHOro MpeoOpa3oBaHUs
dypre. O6Cy)aeHHe 0COOEHHOCTEN TAaKOTO CUTHAIA.

14.1.8. Tembl 1a00paTOPHBIX PadOT

W3ydyeHue CHEKTpPOB CHUTHAJIOB C JHMHEWHOM Moxaymsiuvei. IlokaspiBaeTcst BiausiHuE (QOPMBI
UMIIYJIbCa-HOCUTENS U (DYHKIIMU KOPpeNIsuu OMTOBOM MOCEI0BATENbHOCTH Ha CHEKTp (popMupyemoro
CUTHaJa.

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

N3yuyenne nmxnuueckux konos (7, 4). CucremMatndyeckoe KOAWPOBAHME M JAEKOJUPOBAHUE C
HCIPABIIEHUEM OJHOKPATHBIX OMMOOK. MojennpoBaHue JABOWYHOIO CHUMMETPUYHOIO KaHajla C
HEe3aBUCUMbIMH oInOKkamMu. O1leHKa BEpOSTHOCTH OIIMOKH MOCIE IEKOAUPOBAHMSL.

N3ydyeHrne CBEpPTOYHBIX KOJOB CO CKOPOCTbIO KoOAMpoBaHMs 1/2: KoaMpOBaHHE, MOPOTOBOE
JeKOJJMPOBaHKE U JIEKOIMpoBaHue o Butepou.

14.2. Tpeﬁona}mﬂ K OCHOYHBIM MaTepuajgamM Jisl JUll ¢ OrpaHH4Y€HHBIMHA BO3MOKHOCTAMMU
3A0POBbLA U HHBAJIUI0B
21.]'[5[ Jaln; ¢ OrpaHUYCHHBIMHM BO3MOXXHOCTAMHU 3A0POBbA W HWHBAJIMAOB TIPCAYCMOTPCHBI
AOMNOJHHUTCIBHBIC OIICHOYHBIC MATCPpHUAJIbI, ICPCUYCHL KOTOPBIX YKA3aH B Ta6J'II/II_Ie 14.
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Tabmuma 14 — [lomonHUTENbHBIE MAaTEPUAIbl OIICHUBAHUS IS

3I0POBBSI 1 HMHBAIIUIOB

JiiL ¢ OTrpaHUYCHHBIMU BO3MOKHOCTSIMU

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 CAMOCTOSITEIbHBIC
paboThl, BOMPOCHI K 3a4ETY,
KOHTPOJIbHBIE PA0OTHI, YCTHBIE OTBETHI

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

14.3. Meroanueckue peKOMeHAAIMN 110 OLEHOYHBIM MaTepUAaJIaM JIsl JIUI ¢ OTPAHUYEeHHbIMH
BO3MOKHOCTSIMM 310POBbSI 1 HHBAJIN/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.

[Tpouenypa oueHMBaHMSI pPE3yJAbTAaTOB OOYUEHHUs JIML C OrPAaHMYEHHBIMU BO3MOKHOCTSIMHU
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 3PEHM:

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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