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PilCC.\l()TpCH&l 151 ()ﬂ()(’)pCHLl Ha 3aCCJaHuM Kil(i)ﬁ,:[pbl
nporokot Ne 12 or« 4 » 7 2018 1
JINCT COI'TTACOBAHU A

Pabouas mporpamma AUCIUIUIMHBI COCTaBJICHA C y4eTOM TpeOoBaHUHU (enepaabHOTO Trocynap-
CTBEHHOTO 00pa3oBaTeNbHOTO cTaHaapTa Bhiciiero oopazoBanus (CPI'OC BO) no HampaBiieHHIO MOATO-
toBkH (cnermanbHocTH) 11.03.01 Pagnorexnuka, yreepxkaeanoro 06.03.2015 roma, paccMoTpeHa u of0-

OpeHa Ha 3acenanuu kapeapsl PTC « _ » 20 rona, mpoTtokon Ne
PazpaboTunk:
noueHt kag. PTC A. B. HoBukos

3aBenyromuii odecrieunBaroien kag.
PTC C. B. Menuxosn

Pabouast mporpaMMa TUCIUIIIMHBI COTJIacOBaHa ¢ (paKkyJIbTETOM U BBITyCKarolel kadenpoii:

Hexan PT® K. 1O. Ilomoga
3aBenyromnuii BeITycKaroten kag.

TOP A. A. Tenbuep
OKCIEPTHI:

I[OLICHT Ka(l)eﬂpbl PAAUOTCXHUICCKUX

cucteMm (PTC) B. A. I'pomoB
JlonieHT Kadenpsbl TeIeKOMMYHHKA-
Ui 1 ocHOB paguotrexHuku (TOP) C. U. boromornos
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1. lean u 3aga4n AUCHUTLIHMHBI

1.1. lleau TUCUMIIAHBI
dopmHUpoBaHUE NPEACTaBICHUNH 00 OCOOEHHOCTSAX COBPEMEHHBIX U MEPCHEKTHUBHBIX CHUCTEM pa-
JUOCBSI3U.

1.2. 3agaun IMCHMIIINHBI
— H3yueHue MeTONOB MOAYISILIMM U KOIWPOBAHUS, UCIOJIB3YEMBIX B COBPEMEHHBIX CHCTEMAax
PagMOCBS3H, a TAKXKE CIIOCOOOB (POpMUPOBAHUS U 0OPAOOTKH CHTHAJIOB B CUCTEMAX PaTHOCBS3H.
— IlpuobpereHrie HaBBIKOB KOMITBIOTEPHOTO MOJICIIMPOBAHUSI CUCTEM PAJHOCBSI3H.
— OsnnaneHue HaBbIKAMHU YTCHHS CIIPABOYHOM JTOKYMEHTAIIMU, B TOM YHCJIEC HA aHTJIUHCKOM SI3bI-
Ke.

2. Mecto mucuuniuebl B ctpykrype OIIOII

Hucuunnuna «O6was teopus paguocsszn» (b1.B.JIB.3.1) otHocurcsa x Onoky 1 (BapuatuBHas
YacTh).

[TpenmecTByOUMMHI JUCHUILUIMHAMY, (POPMUPYIOIIMMHU Ha4yalbHbIE 3HaHUS, sBisA0TCsS: WHbop-
MaThka, OCHOBBI ITOCTPOEHUS KOMIIBIOTEPHBIX ceTel, Teopusi BEpOATHOCTEW M MaTeMaTHdecKasl CTaTH-
ctuka, Lludposas 06paboTka CUrHAIIOB.

[Tocnenyomumu AUCHUIUIMHAMU SBISIIOTCS: MHOTOKaHajibHble IM(POBBIE CHCTEMBI NEpeayH,
MogenupoBanue 35eMeHToB U ycTpoiicTB paguocsszu (I'TIO-3), OcHoBbl IUPPOBOTO TENEBUACHUS U BU-
JICOTeXHHKa, YCTpOCTBA reHepUpOBaHUs U (POPMHUPOBAHUS CUTHAJIOB, YCTPOUCTBA MpUeMa U 00paboTKH
CUTHAJIOB.

3. TpeOoBaHus K pe3yJbTaTaM OCBOCHHS THCHUIINHBI

[Tpouecc n3yueHus: AUCUUILIMHBI HapaBjieH Ha (JOPMUPOBAHUE CIEAYIOIUX KOMIIETEHIU:

— IIK-6 roToBHOCTBIO BBINOJHATH PAacdyeT U MPOEKTUPOBAHUE JI€TAJIEH, y3JI0B U YCTPOUCTB pa-
JUOTEXHUYECKHUX CUCTEM B COOTBETCTBUU C TEXHMUYECKHUM 33JaHUEM C MCIIOJI30BAHUEM CPEJICTB aBTOMA-
TU3aLUY IPOEKTUPOBAHUS;

B pesynpTrare u3ydeHus IMCIHUIIIMHBI 00YyJatOMIUNACS TO0JIKEH:

— 3HaTh Ponb Moaymsauuu B cucteMax nepefaud nHpopmaruu. Paznuuue Mexay aHaIOroBou
mdpoBoit Moxynsaiuei. Poibs GopMupyromux GUIbTPOB U BIAMSHUE MEKCHUMBOJIBHOM MHTEp(hEpEHIIUH.
CMBICHT CHEKTPaJIbHOM MJIOTHOCTH MOLIHOCTU Oenoro myma. ba3oBble METOABI MOAYISLUU: AMILTUTY/I-
Hy0 (AM), dazoByro (PM) u yactotHyto (UM). CriekTpanbHbBIi COCTaB CUTHAJIOB ISl OCHOBHBIX METO-
JIOB MOJTYJISILIMM: aMIUIUTYIHOM, 4acTOTHOH U (a3oBoii. Ocobennoctn UM c HenpepbiBHOM ¢a3oil. B3au-
MOCBSI3b METOZOB MOJYJILIMU C KJIACCAMHU BBIXOJHBIX YCWJIMTENEH MOIIHOCTH. [IpuMHIMIBI Moaymsuuu
MHO>KeCTBa opToroHaiabHbIX noaHecyumux (OFDM). Poinrs OFDM npu Hanumuuu MHOromydeBoctu. Bius-
HHUe ($a30BOro IIyMa Ha MPOM3BOJUTEIBHOCTh CHCTEM CBS3U. OTHOIIEHHE CUTHAJN-IIYM JUIS IU(POBBIX
cucteM cBs3u. [Ipo sHepreTnyeckyro U 4acTOTHYIO 3(PPEKTUBHOCTh CHUCTEM CBSA3H. [IpUHIMIBI CHHXPO-
Hu3amu B cuctemax cBssu. [lemmo Kocraca. Jlerexktop 'apnnepa. OO yxyniieHuu cTerneHl OAHO3HAYHO-
CTH (a3bl BOCCTAHOBJIEHHOW HECYIEH ¢ pocTOM OUTOBOI cKOpocTH mepeaadu. [IpuHIuIbl pacmypeHus
CIIEKTpa CUTHAJIOB B CUCTeMax CBs3U. CTPYKTYpHbIE CXEMbl U OCOOEHHOCTH TPEX MOKOJCHUH IHU(POBBIX
CUCTEM CBSI3U 0 MeToaaM (popMUpoBaHUS U 00paOOTKMU CHUTHAJIOB: aHAJIOTOBble, THOpUAHBIE U LU(PO-
Bble. CxeMbl aBTOMAaTH4eCKoi HU(pPOBOM peryaupoBku ycuieHus. OyHIaMEeHTaIbHOE CBOMCTBO JIMHEH -
HBIX OJOYHBIX KOJOB. [IpaBuio komupoBaHUs JTUHEHHBIM OJOYHBIM KOAOM. CTPYKTYpy MOPOXKIAIOUINX U
IPOBEPOYHBIX MaTPUI[ JIMHEHHOro OJ0YHOro Koga B cucTeMartuueckoi (opme. IlpaBuiio BeUMCIEHHS
CUH/IpOMa JINHEHHOTO OJ0YHOTO KOJa Mo MpOBEpOYHOM Marpulle. Ponb cuHapoMa npu oOHapyXeHuH/uc-
NpaBJICHUU OMIMOOK, a TaKXKe BOCCTAHOBJICHUU CTEPTHIX CUMBOJIOB. Crioco0 pacmpeneneHust CHHIPOMOB
o Kj1accaMm cMeKHOCTH. [IpaBuiio onpenenenus KoIoBOrO pacCTOSHUS JIMHEHHOTO OJ0YHOTO KoAa 10 KO-
noBoit Tabnuiie. Crioco6 omnpenaeneHust KpaTHOCTEH rapaHTUPOBAHHO OOHAPYKUBAEMBbIX, TAPAHTUPOBAHHO
HCIPABISIEMBIX OIIMOOK, a TaK)Ke rapaHTUPOBAHHO BOCCTAHABIIMBAEMBIX CTEPTHIX CHMBOJIOB. ['paHMIIbI
Cunrnrona, XeMMUHTa 1 HepaBeHCTBO [ miibepTa /Ui KOppeKTUpYyoIuX KofaoB. dyH1aMeHTaIbHOEe CBOM -
CTBO IIMKJIMYECKHUX KOJOB. [IpaBuiio cocraBieHus HOPOKAAIOIINX TOJTUHOMOB UKINYEeCKUX KoaoB. [pa-
BIJIO KOJTMPOBAHUS IIMKJINYECKUM KOJOM B CHCTEMAaTHYECKOW M HecucTeMaTrndeckoil (popmax. CBsi3b 1o-
POXKAAIOIINX U IPOBEPOYHBIX MOJTMHOMOB IUKJIMYECKOTO KO/Ia € MOPOXKIAIOUIMMH M IPOBEPOYHBIMH Mart-
pHIIaMU COOTBETCTBYIOLIETO JUHEHHOro OnouHoro kofa. Crioco0 JeseHust U YMHOXKEHHUs TTOJIMHOMOB C
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MOMOIIBIO ITM(POBHIX (HUIBTPOB, COOTBETCTBEHHO, PEKYPCUBHBIX U TpaHCBepcasbHBIX. Polb ocTaTka OT
JIeNIeHHsI TP AEKOJMPOBAHUYU LIUKIMYECKUX KOJOB. Crioco0 (popMHpOBaHUS MOPOKAAIOUINX TOJIMHOMOB
ko710B boy3za-Uoynxypu-Xoksunrema (bBUX). Ces3p Mmexay kogamu bBUX u xogamu Puna-Conomona (PC).
Cnoco6 koaupoBanus komoMm PC ¢ momompio MaTtpuilbl TUCKpeTHOTro mpeodpazoBanust Oypre (AI1D).
Crioco6 Beruncienus: ooparaoit marpuisl 11D Han nonem ['anya. OcOGEHHOCTH CBEPTOYHBIX KOAOB. AJl-
roput™ BurepOu nexoaupoBaHusi cBepTOUHBIX K0AOB. OCOOCHHOCTH KOIOB C Pa3peKEHHBIMU MPOBEPKa-
mu Ha yeTHOCTh (LDPC). Croco6 msrkoro urepatuBHoro naexoaupoBanust kogoB LDPC. Onpenenenue
SHTPONUU UCTOYHUKA. CrIOCOOBI BEIUMCICHHS SHTPOIIUU UCTOUHHMKA. CBsA3b MEXAy B3aUMHON 3aBUCHMO-
CTBIO CUMBOJIOB U SHTpOIHKEH HCTOYHUKA. [[pUHIMITBEI BEKTOPHOTO KBaHTOBaHMS cooOmeHuid. Criocob mno-
crpoenus koaa Xaddmana. Crnocod noctpoenus kona [llennona-dano. Criocod moctpoeHus koxa Jlem-
nens-3uBa. Crioco6 pacuera HIDKHEH TpaHMLbI s cpeaHed JUMHBI Koga. CrocoO BeIMUCICHHUS H30bI-
TOYHOCTH JI0 U 1ocie koaupoBaHus. Crioco0 BBIYHUCIEHUS IPOIYCKHON CIIOCOOHOCTH KaHAJIOB.

— yMerh CoCTaBJATh KOIOBYIO TaONHMIly JIMHEHHOTO OJ0YHOTrO KoAa mo ero marpuue. IlpuBo-
JUTh MATPHUIII TIMHEHHBIX OJIOYHBIX KOJOB K CUCTeMaTH4eckor opme. OmpenensiTh KOAOBOE PACCTOSTHUC
JMHENHHOro 0J04YHOTr0 KO/ IO €ro MPOBEPOYHO MaTpHUIIE, a TAKXKe [0 KOJOBOH Tabauue. JlenuTs 1 yMHO-
*ath nonuHoMbl Haja nojeM ["amya GF(p) aByms cnocobamu: anreOpandecku U ¢ MOMOIIBIO IH(PPOBHIX
¢uibTpoB. DAKTOPU30BATH MOJUHOMBI C IOMOILIBIO POrpaMMbl KOMIIbIOTEpHOM anreOpsr SymPy. Haxo-
JTUTh OOpaTHYIO MaTpUIly AMCKpeTHOro mpeoOpaszoBanusi Oypee Hax nonem [Mamya GF(p). CocraBnsith
JMarpaMMy COCTOSIHMM M penieTky cBepTodyHoro koxa. CoctaBiaTh aepeBo koga Xaddmana. CocTaBiasaTh
kop Illennona-®ano. CocraBiare Tabnumy koxa Jlemmens-3uBa. BeruucisaTe SHTPONHIO 3a1aHHOTO UC-
TOYHHKA. BBIYMCIATE M30BITOYHOCTH 10 U MOCJE KOAWPOBAHMS COKUMAIOIIMM KOIOM. Bbrumcisars mpo-
IIYCKHYIO CIIOCOOHOCTH JIBOMYHOI'O CUMMETPHUYHOIO KaHajla CBSI3U M KaHajla co ctupaHusMmu. Ha kaue-
CTBEHHOM YPOBHE HM300pa)kaThb CIIEKTpaJbHbIE JUArpaMMbl CUTHAJIOB C MOIYIALMUSAMH: aMIUIUTYAHOH
(AM), dazoBoii (PM), yacrotnoii (HM) u OFDM. Bbaucnare crekTpaibHylO IOTHOCTh MOLTHOCTH 1O
3aJJaHHOM (DyHKLIMU KOppeasiuuu HUppoBoro noroka. OnpenesnsaTs ypoBeHb OOKOBBIX JICMIECTKOB B CIIEK-
Tpe CHrHaJla. AHAIM3UPOBATH "TJIA3KOBbIE" TUarpaMMbl U CUTHAJIbHbBIE CO3Be3/Ms. BriOupars BUII MOy -
My, Bei6uparts kiacc BBIXOJHOTO YCHIIMTEINSI MOLTHOCTH UCXOZs U3 BUJA MOAy/IALuu. MozaenupoBarh
curdaisl ¢ AM, ®M, UM u OFDM monynsuusMu U UX CIIEKTPaJIbHBIE INIOTHOCTH MOLTHOCTHU

— BJaJeTh MeToJaMu KOMIIBIOTEPHOTO MOJEIUPOBAHUS COBPEMEHHBIX M MEPCHEKTUBHBIX CHU-
CTEM PAJHOCBSI3H, a TAKXKE JIEMEHTAMU IIPOEKTUPOBAHMSI TAKMX CUCTEM.

4. O6beM IMCUMIJIMHBI M BU/ABI Y4e0HOI padoThI
OO01ast TpyI0€MKOCTb JUCHUIUINHBI cOCTaBIseT 6.0 3aUeTHBIX eIMHMILIBI U IIPECTaBIeHa B Ta0OIu -

%Zgﬁ;ﬁa 4.1 — TpyaoeMKOCTb JUCHUILINHBI

Bunbl yueOHOI nesTENbHOCTH Bcero yacos CemecTpsl

6 cemecTp

AynuTtopHble 3aHATUSA (BCETO) 102 102
Jlexnuu 34 34
[IpakTnueckue 3aHATHS 34 34
JlaboparopHbie pabOTHI 34 34
CamocrosTenbHas paboTa (BCero) 114 114
OdopmiieHre 0T4ETOB 110 JIA0OPATOPHBIM paboTam 34 34
IIpopaboTKa JTEeKIMOHHOTO MaTepuana 17 17
CamocTosTenpHOe H3ydeHne TeM (BOIIPOCOB) 29 29
TEOPETUYECKON YaCTH Kypca
[ToaroroBka Kk MpakTUYECKUM 3aHATUAM, CEMUHApAM 34 34
Bcero (0e3 ax3amena) 216 216
OO01mas Tpy10eMKOCTb, 4 216 216
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3auernble EauHub! 6.0 6.0

5. Coneprxanue QTMCUMILTHHBI

5.1. Pa3znesnl JUCHUIIMHELI 1 BUALI 3AHATHI
Pa3znenbl nMCUMIUIMHBL U BUJBI 3aHATUN TTPUBECHBI B Ta0uIe 5.1.
Tabmuna 5.1 — Pasgensl AUCHUIUIMHEL U BUIBI 3aHATUH

= = = 2 '<§ 3 =
: o o 5} = 5
=2 jas] O O % s (O] s
? s < < P 2 U
HazBanus pa3aenoB IUCHUIUIMHBL < ® o, o, o 2 &5
S 5 G s g 0 ==
= = @) m 38 @ S
6 cemecTp
1 Monynsuus. CrieKTpaiabHbINH COCTaB. 2 3 6 10 21 I1IK-6
2 ®opmMupyrOLUI U COITIACOBAaHHBIN 3 4 0 5 12 |IIK-6
¢unsTpsl. X poss.
3 YacToTHass MAaHUITYJIALHS C HETIPEPHIB- 0 0 6 6 12 |TIK-6
HOM (ha3oi.
4 DKOHOMHBIE (C)KUMAIOITUE) KOBI. 2 3 0 4 9 ITK-6
5 IlpomyckHasi ctoCOOHOCThH KaHAJIOB 1 2 0 3 6 ITK-6
CBSI3H.
6 YacTtoTHas u sHepreTudeckas ppex- 2 4 0 5 11 |IIK-6
TUBHOCTb CHCTEM PATUOCBSI3U.
7 Koner Xadhdpmana u [llennona-dano. 2 0 0 1 3 [TK-6
8 Koxpl JIemnensa-3usa u Jlemnens-3uBa- 2 0 0 1 3 [1K-6
VYanua.
9 KoaupoBaHue peur B CUCTEMAX PaJIio- 0 0 4 12 16 |IIK-6
CBSI3H.
10 ITpyHINIIBI CHHXPOHU3ALUU B CUCTE- 2 0 0 1 3 ITK-6
Max paJiuoCBS3H.
11 IlpuHIMOBI paclIupeHus CeKkTpa B 2 3 0 4 9 I1K-6
CUCTEMaXx PaguoOCBsI3U.
12 ABTOMaTHuecKas peryJarupoBKa ycuie- 1 0 0 1 2 ITK-6
HUS B CHCTEMax PaJlOCBsI3U.
13 IMpunmuner moxynsiiuu OFDM. 3 4 0 5 12 I1IK-6
14 IIpunuunsr MIMO. 1 0 0 1 2 I1IK-6
15 JIuuetlinble OJI0YHBIE KOBI. 2 4 0 5 11 [1K-6
16 Luknnaeckue KOabl 2 3 8 12 25 |IIK-6
17 Koxsl Puga-ConomoHa 2 4 4 9 19 I1IK-6
18 Konp! boy3za-Hoynxypu-XokBuHrema. 0 0 0 8 8 I1IK-6
19 HuzkomnotnoctHbie (LDPC) kompl. 2 0 0 6 8 I1K-6
20 CBepTOYHbBIE KOJIBI. 3 0 6 7 16 [1K-6
21 CurHanbHO-KOJOBBIE KOHCTPYKIIUH. 0 0 0 8 8 I1K-6
Hroro 3a cemectp 34 34 34 114 216
Hroro 34 34 34 114 216
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5.2. Conep:xanue pa3aejioB IMCHUILIHHBI (110 JTEKIIASIM)

CopeprkaHue pa3aesioB TUCIUTIINH (TI0 JIEKIUSIM) PUBEICHO B TabmuIie 5.2.

Tabmuua 5.2 — ComepkaHue pa3AenaoB TUCIUILIKH (TI0 JICKITHSIM)

HasBanus pasnenos

Copeprkanue pa3aesnoB JUCHUILTUHBI (110 JIEKIUSM)

TpynoeMKocCTsb,

q

dopMupyembie

KOMIICTCHIIUU

6 cemecTp

1 Monynsiuusi.
CrniekTpanbHbli COCTaB.

Ponp Monynauuu B cuctemax nepefaur MHGopmanu-
u.Paznuune aHamoroBoi u nuppoBoOi MOTYISAIINH. -
TpeboBanus K CIEKTpaM CUTHAJIOB B COBPEMEHHBIX
cucreMax nepeaaun nHpGopmarmu. TernoBoi
myMm.CrekTpanbHas IJIOTHOCTh MOITHOCTH CUTHA-
na.Cnextpsl curHanos ¢ AM, ®M, UM u OFDM wmo-
OyaauusMy. Tpu OKoNeHus! UPPOBBIX CUCTEM CBSI3H:
aHAJIOTOBBIC, THOPHUIHBIC U ITU(POBHIE.

[\

HUroro

I1IK-6

2 ®opmupyromuit 1
COIIACOBAHHBIM
¢ubTpeL. X poss.

CriektpanbHas IIJIOTHOCTh CITy4alHOM MOCiIe10Ba-
TEJIbHOCTH UMITYJILCOB IPSMOYTobHOM popmbl.Cko-
POCTb cIajja MOUTHOCTH B 3aBUCUMOCTH OT 4acTo-
Thl.HeoOXomumMocTh criiaxuBaHust POHTOB UMITYIIb-
coB.OwibTp "npunoaHaToro” kocunyca.OcoOeHHOCTH
peanuzanuu GuUIbTpa B HUPPOBOM BHJIE: BIUSHUE HA
dbopmupyemblii CTIEKTp (PaKTOPOB TUCKPETHOCTH H
OTPaHUYEHHOCTH 10 BPEMEHH UMITYJIbCHON XapaKTe-
PUCTUKH; BIHsHUE NHU(PO-aHATIOTOBOTO IIpeoOpa3oBa-
tens. TernoBoi myM Kak OrpaHU4YUTENb IPOU3BOIH-
TEJBHOCTH cUCTEM CBsI3U.COTTIaCOBaHHBIN (UITBTP KaK
(GUIBTP, TOCTABISAIOMINNA MAKCUMYM OTHOLIEHHUIO CUT-
HaJI-1IyM [IPYU HAJIUYUU aJJIATUBHOTO OENIOoro 1Iy-
Ma.Heo0xoqMMoCTh coriacoBaHUs aMIUTUTYAHO-
9aCTOTHOH XapakTepucTuku (AUX) ¢popmupyroriero
¢unbTpa ¢ AUX cormacoBanHOro.@UIbTp "KOpeHb" U3
"NpUNOAHSTOr0" KOCUHYCA.

Htoro

[1IK-6

4 DKOHOMHEIE
(cxuMaroIMe) KOJbl.

CobcTBenHas nH(popMaIys. DHTPOIUS UCTOUYHUKA. 13-
ObITOuHOCTh. B3anMuas unpopmanms. [IpuHune: Bex-
TOPHOTO KBaHTOBAHHS UCTOYHUKA.

Hroro

I1IK-6

5 IlpomyckHas
CIIOCOOHOCTDH KaHAJIOB
CBSI3H.

CxopocTts nepegaun uaopmanuu. IIpomycknas
criocobHocTh. [IponyckHas crmocoOHOCTh IBOUYHOTO
CUMMETpPUYHOTO KaHana cBs3u.lIponmyckHas crnoco0-
HOCTb KaHaJla CO CTUPAHUSIMHU.

Htoro

[1IK-6

6 YacTtoTHas n
JHEpreTHYecKast

3¢ PEeKTUBHOCTB CHUCTEM
pPaarOCBS3H.

Ces3p Mex 1y "aHamoroBeIM" 1 "I POBBIM" OTHOIIIE-
HUAMH cUrHal-1ryM.HopMmupoBaHnHas npomnyckHas
criocobHoCcTh KaHaia.CkopocTh kKomupoBanus. Teope-
Mma [IlennoHa, ee mwiumoctpauus.lIpenen lllennona,

I1IK-6
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npeaci IBOMYHOI'O KaHalla CBA3U: JKCCTKUC PCIICHUSA
" MATKUC PCIICHMUS.

Htoro

7 Konetl Xaddmana u
Iennona-dano.

[Toctpoenue komoBoro aepesa kogaa Xaddmana mo Be-
posiTHOCTSIM cuMBOJIOB.ITocTpoeHne KomoBo TabIu-
ubl koaa [llennona-daHo Mo BEPOATHOCTSIM CHUMBO-
noB.IIpedukcHoe cBoiicTBO KOJOB.Pacuer cpenneit
JUIMHBI KOJIOBOTO CJIOBA MOJMy4YeHHOro kofa.Pacuer us3-
OBITOYHOCTH JI0 M TOCie KoaupoBaHus. [ [puHIMITBI
MHOTOOYKBEHHOTO KOJMPOBAHUSI.

Hroro

[IK-6

8 Koxpl Jlemnensa-3uBa u
Jlemnensa-3uBa-Yoamaua.

Cocrasiienne TabaHIBI-cI0Baps Koaa Jlemmens-
3uBa./locToMHCTBA M HEOCTATKH Kona Jlemriens-
3uBa.CocraBiieHre TaOIHIIbI-CIoBaps kona Jlemmens-
3uBa-Yamua.

Htoro

I1IK-6

10 IIpuHIHMIIEL
CUHXPOHU3ALINU B
CUCTEMAaX PaJUOCBSI3H.

KorepenTHocTs ipu mprueMe u 00pabOTKe CUTHA-
na.Boccranosnenue Hecymeit yacrtorsl.Iletna Kocra-
ca.BoccraHoBieHHE TaKTOBBIX UMITYJILCOB. J{eTeKTOp
I'apanepa.

Hroro

[1IK-6

11 IMpuHIMIBL
pacIIMpeHUs CTIEKTpa B
CHUCTEMax paguOCBS3H.

JIOCTOMHCTBA CUTHAJIOB C PACIIUPEHHBIM CIICK-
tpom.IIceBnocmydaitaple mocnenoBaTebHOCTH (M-
nocnenoBareabHOCTH ). Komer [oma.

Htoro

[1IK-6

12 ABromaTuueckas
peryJIMpOBKa YCUJICHUS B
CHUCTEMaxX paJIuOCBSI3H.

Kackanpl cxem aBTOMaTHYECKOM PETYITMPOBKU YCHTIE-
HUS B CUCTEMAX PaguOCBsI3U. AHAJIOTOBasi pEryJIMpOB-
Ka U udpoBas. CTpyKTypHbIE CXEMBI NeTeNb HU(po-
BOI aBTOMAaTU4ECKON PEryINPOBKU YCUJICHUS: INHEH-
Has ¥ JIorapupMUIecKas MeTiu.

Hroro

[1IK-6

13 ITpuHIUIBI
moxysauuu OFDM.

Nnmroctpanus HetocTaTka 4aCTOTHOTO pa3/ieieHUs
kaHasoB.MutrocTpaliys OpTOroHaIbHOCTH HECYLIUX
MIPH BBITIOTHEHUH OTNEPALUU AUCKPETHOTO MPeodpas3o-
BaHus @ypse ([AI1dD).HeobxoqumocTh HUKINIECKOTO
npeduKca Al CHIKEHUS! BPETHOTO BIUSHUS MHOTO-
nyaeBoctu.llapamerprr moxynsiiuun OFDM B cucte-
Max cBs3u 4G LTE.CTpyKkTypHbIE€ CXEMBI IEpeaaTiuKa
u npueMHuka ¢ OFDM.

Htoro

I1IK-6

14 ITpuanunsr MIMO.

Knaccudukanus MIMO: SISO (knaccuueckuii Bapu-
anT), SIMO (pa3uecennsrii mpuem), MISO (pa3neceH-
Has nepenaya), SU-MIMO (ogHOIO0/Ib30BaTENbCKOE
IIPOCTPAaHCTBEHHOE yIIoTHeHue), MU-MIMO
(MHOTOIOJIL30BATEILCKOE MPOCTPAHCTBEHHOE YIIJIOT-
HeHue).CtpykTypHble cxembl MIMO cornacHo kiac-
cuduKauu.

Hroro

[1IK-6
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15 Jluneitawie 6nounsle | [lopoxknaromas marpuria.Komosas tabmmma.Komosoe 2 T1K-6
KOZBI. paccrostaue. KpatHOCTh 0OHapyKEHHUsI, UCTIPABIICHUS
1 BOCCTAHOBJICHUS CTEPTHIX CUMBOJIOB.OTIpeieieHHne
KOJIOBOTO pacCTOsTHUS IO KoA0BOM Tabnuie.Cuctema-
THYecKas opMa nmopoxaaronieit marpuiisl.[IpoBepou-
Has marpuna.Cunyapom.PaznoxkeHue BEKTOPHOTO MPO-
CTpPaHCTBa Ha CMEXHBIC Ki1acchl.OTpeesieHne Koio-
BOT'O PACCTOSIHUSA 110 TPOBEPOUYHON MaTpPHIIE.

Htoro

16 Llukmuaeckue Koabl DOyHIaMEHTAIBbHOE CBOMCTBO IIUKJINYECKHUX KO- 2 TIK-6
noB.Hyne-nionuHOM 1 ero ¢akropusanus.[lopoxaaro-
M MOJIMHOM U €r0 €IMHCTBEHHOCTH ISl 3aJTAaHHOTO
koz1a.CBsi3b MOPOKAAIOLIET0 OJMHOMA U TIOPOKIAI0-
mied maTpunbl. I IpoBepodHbI OIMHOM, €T0 CBS3b C
npoBepoyHor MaTpuneil. CucTeMaTnyecKuil UKInye-
ckuit koa.CuctemMaTH4ecKuid Koep Ha OCHOBE udpo-
Boro ¢gunsTpa.Ponk octatka ot AeneHus AByX MOIH-
HOMOB.J[exoarpoBaHue ¢ ucmpasieHruem omuoku. [le-
KOZAMPOBAHUE C BOCCTAHOBJIEHUEM CTEPTBIX CUMBO-

JIOB.
Hroro 2
17 Konet Puna-Comomona | Onementsl nosst ["amya GF(p”q), rie p - mpoctoe duc- 2 [1K-6

mo (2,3, 5,7, 11...) kak q-MepHbIE BEKTOpa U3 pP-3HAU-
HBIX CUMBOJIOB.Omiepaiiyl YMHOXKEHHUS U CI0KEHHU -
s.[lopoxnaronuii monnuom konoB Puna-Conomona.-
I'panuinia Cunrnrona.lIlpoBepoyHbIi MOJIUHOM KOJOB
Puna-Conomona.Crioco6 KoaupoBaHUs Yepe3 JIUC-
kpeTHoe nipeodpazoBanue Dypoe (AI1D).Criocod 06-
pawenus matpuubl 1110, lekonupoBanue kona Puaa-
ConomoHa ¢ HcTpaBIeHUEM OIINOOK.

Hroro 2
19 HuskorutotHoctHele | [IpuHIMD nocTpoeHus nmpoBepouHbIx MaTpuil.Criocod 2 [1IK-6
(LDPC) xonpil. BBIYUCIICHUS TIOPOKIAOIIEN MaTPUIIBI 10 TIPOBEPOU-

HOﬁ.HpHHHHH HUTCPATUBHOI'O ACKOAUPOBAHUA C MST -
KHMHU pCUHICHUAMMU.

Hroro 2

20 CBepTOYHbBIE KOJIBI. [Topoxxnaroniue noamHoMbl.CxeMa KOAUPYIOIIETO 3 T1K-6
ycrporictea./luarpamma cocrosiHuii konepa.Paspe-
IIEHHEIE KOJOBEIE MOCaea0BaTeIbHOCTH. CBOOOIHOE
paccrosinue kona.IloporoBoe nekoarposanue konaa.Pe-
MIeTKa KOo/a. AJITOpUTM JIeKOIUpOBaHUs 1o Butepou.

HUroro 3

Hroro 3a cemectp 34

5.3. Pa3neqbl AMCUMINIMHBI M MEKIMCUMININHAPHBIE CBSA3H ¢ 00eceYnBAKIIMMH (NPeAbITYyLIUMHU)
1 o0ecrieynBaeMbIMHU (IOCTEAYIOIMMH) THCHUTIIHHAMHA
Paznenbl qUCHUIIIUHBL U MEXIUCUUIUIMHAPHBIE CBSI3U C 00€CTIeUMBAIOIIMMHU (TIPEAbIAYIIUMU) U
o0ecrieyrBaeMbIMH (TIOCJIEAYIONIMMHI) TUCIMIUTMHAME MIPE/ICTaBlIeHbI B Tadmuie 5.3.
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Tabmuua 5.3 — Pa3nenbl IUCIUTUTHHBI B MeXKANCIUILTHNHAPHBIC CBSI3U

Ne paznenoB qaHHOM AUCHUIUIMHBL, 17151 KOTOPBIX HEOOXOAUMO U3yUEHHE
o0ecneunBaroLX 1 00eceunBaeMbIX AUCIUIUINH

1123456 7|8]9|10/11]12]13]14/15]16|17]18]19|20/21

HpC,Z[HICCTBYIOIJ_II/IC JAUCITUITIINHBI

Haunmenosann
€ JTUCHUIUINH

1 Uudopmaru-
Ka

- + |+

2 OCHOBHI T10-
CTPOCHHUS
KOMITBIOTEP-
HBIX ceTeit

3 Teopus Be-
pOSAATHOCTEN U
MarteMarude- + +
CKas CTaTH-
CTHKa

4 Iudposas
obOpaboTka +
CUTHAJIOB

1 Mnoroxa-
HaJbHBIE (-
POBEBIE CHCTE-
MBI TIEpeIaun

2 Moaenupo-
BaHUC DJICMCH-
TOB U
YCTPOWCTB pa-
IHAOCBS3H
(I'TIO-3)

3 OcHOBEI
nudposBoro
TEJIIEBUJICHUA + + + | + + | + + |+ + |+
U BUJICOTCXHHU-
Ka

4 VYcrpoiicTBa
reHepHupoBa-
Hus 1 Gop- + |+ |+ + + | +
MHUPOBaHUSA
CHTHAJIOB

5 YcerpoiictBa
npuema 1 00-
paboTKu cur-
HAJIOB

5.4. CooTBeTCTBHE KOMIIETEHIUIi, pOPMHUPYeMbIX TPU U3YYEeHUH TUCHMIIUHBI, 1 BUI10B 3aHATHI
CoOTBeTCTBHE KOMIIETEHIMH, (OPMUPYEMBIX NPH W3yYEHUW IUCHUIUIMHBI, W BUIOB 3aHATHH
IpeJCcTaBIeHo B Ta0nuue 5.4.
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Ta6muia 5.4 — CooTBETCTBHE KOMIIETEHIIMN, (DOPMUPYEMBIX NIPU U3YUYEHUH AUCLUIUIMHBI, U BUOB 3aHS -

THI
§ Bunwl 3austuit
- z ~
© S

] [+~

& < o 8 S DOpMBI KOHTPOJIS

S = = g 3

o & = «©

2 = ©

[1IK-6 + + + + JloMamraee 3aganue,
KoncnekT caMonoaroToBKH,
CobecenoBanne, OTUeT MO
nabopatopHoii pabore, Tecr,
JuddepeHunpoBaHHbIif 3a-
yeT, OTYeT 1o NPaKTUYECKO-
MY 3aHSITHIO
6. UnTepakTBHBIE MeTOABI M (OPMBI OPraHN3aLMU 00yYeHH s
He npenycmorpeno PVYII.

7. JJaGopaTtopHbie padoThI
HanmenoBanue nabopaTopHbIX paboT npuBeaeHO B Tabmmie 7.1.
Tabmuua 7.1 — HaumeHoBaHue 1a00paToOpHBIX padboT

HazBanus paznenos HaunmenoBanue mabopatopHbIX padoT

TpynoeMkocTsb,
q
dopMupyeMbie
KOMIIETEHIIUN

6 cemecTp

(o)

1 Monynsiuust. H3ydeHune cCreKTpoB CUTHAJIOB C TUHEUHOW MOJTYJIsA- I1K-6
CnextpanbHblii cocTaB. | 1ueil. [lokaspiBaeTcs BaMsHUE POPMBI UIMITYIIbCA-
HOCUTENS U QYHKIIUN KOPPEISIIUU OMTOBOM MOCIIEI0-

BaTEJILHOCTH Ha CIEKTP (OPMUPYEMOT'0 CUTHAIA.

Hroro 6

3 YacrotHas Nzyuenne Simulink-mMoien HEKOrepeHTHOTO IEMOTY- 6 [1IK-6
MaHUITYJIALHUSA C JSATOpa 4YaCTOTHO-MAHUIYJIMPOBAHHOTO CUTHAJA C He-
HenpepbIBHOHU (ha3oil. IpepbIBHOMU (ha3oil.

HUroro

9 KonupoBaHue peuu B HccnenoBanue cucteMsl CBSI3M C 1€JIbTa-MOYJISILIUEH, 4 T1K-6
CUCTEMax paguOCBs3H. COCTOSIIEH U3 TeHEPATOPa CUTHAIOB, MOAYJIATOPA,
JIMHUY TIepeaayun, TEMOAYIIATOpA U Ocuusuiorpada-
BOJIETMETpA.

Hroro

16 uxnrueckue KOblI N3yuenune muknnyeckux konoB (7, 4). Cucremaruue- 4 [TK-6
CKO€ KOIUPOBAHUE U JEKOAUPOBAHKE C UCTIPABICHUEM
OJTHOKPATHBIX OIMOOK. MojienupoBaHue ABOMYHOTO

CUMMETPUYHOTO KaHajla ¢ He3aBUCHUMBIMU OLTHOKAMH.
Or1eHKa BEpOSTHOCTH OMIMOKH MOCTIE ACKOIUPOBAHMUS.

N3ydeHne cxeMbl CUCTEMATUYECKOTO Koepa IIHKITH- 4
yeckoro koza (15, 11) Ha ocHOBE peKypCHUBHOTO I (-
poBoro ¢puibTpa. M3ydeHne NpUHIUIIOB ASTICHUS
JIBYX TTOJIMHOMOB C ITOMOIIBIO TaKUX (DUIBTPOB.
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Htoro

17 Konsr Puga-Comomona

Uccnenosanne koga Punga-ConomoHa Haj ojieMm
GF(p), rme p - mpoctoe umncio. M3ydaercs BapuaHT
KomupoBaHus s(X) = a(x)*g(x), a TakKe IeKOTUPOBa-
HUE C UCTIPaBJIICHUEM OIIMOOK 110 CHHIIPOMY - OCTATKY
OT JICJICHHUSI.

Hroro

[1IK-6

20 CBepTOYHBIE KOIIBI.

W3yueHne CBEpPTOYHBIX KOIOB CO CKOPOCTHIO KOJMPO-
BaHUs 1/2: KOAUPOBaHUE, TOPOTOBOE JEKOIUPOBAHHE
U AexonupoBaHue o Burepou.

HUroro

[1IK-6

Hroro 3a CEMCECTP

34

8. IIpakTHyeckue 3aHATHSA (CEMUHAPDHI)

HaumeHoBaHMe MpakTHUECKUX 3aHATUH (CEMUHAPOB) IpuBeneHo B Tabnure 8.1.
Tabmuma 8.1 — HamMmeHoBaHKe MPaKTHYECKUX 3aHATHHA (CEMUHAPOB)

HaszBanwus paznenos

HanMeHnoBanne nMpakTHUECKUX 3aHATHN (CEMHUHAPOR)

TpynoeMKocCTsb,
q

dopmupyembie

KOMIIETCHIIN

6 cemecTp

1 Mopynsuusi.
CnekTpanbHbIi COCTaB.

Pacuer cniexktpanbHON MIIOTHOCTH UMITYJIBCOB TpE-
YTOJIbHOM (POPMBI HA OCHOBE M3BECTHOM CIIEKTPaTh-
HOW MJIOTHOCTH UMITYJILCOB MPSMOYTOJLHOM (hop-
MbI.Pacder KoppensinoHHbIX QYHKIHUHA 7151 HEKOTO-
PBIX BUAOB MOIYJISIIIMN: C TMHEHHBIM peoOpa3oBaHu-
eM OMTOB (CymMMa M pa3HOCTh), C YePEIOBAHUEM I10-
nsipaoctu (AMI, UIIN), ¢ mukiarngeckuM npeoodpaso-
BanneM (MLT-3).PacueT cnekTpanbHBIX MIIOTHOCTEH
o KoppensiuoHHbIM (yHKIMsM.[locTpoeHue cooT-
BETCTBYIOIIMX IPapUKOB, UX aHAIH3.

(98]

Hroro

[1IK-6

2 ®opmupyromuii u
COIIAaCOBAHHBIN
¢unsTpel. X pomb.

Brruucnenue npenenbHbIX 3HAYEHUH YaCTOTHOM Xa-
paxrepuctuku (UX) ¢pmibTpa "mpuUnogHsITOro" Kocu-
Hyca U1 ocobenHbix yactot.IToctpoenue "ot pyku"
rpadukoB ammuTyaHoi UYX 1 uMnynbcHON XxapakTe-
puctuku (MX) dunsrpa.Pacuet Ha koMIproTepe ¢ Mo-
MOIIIBIO TUCKPETHOTO IpeodpazoBanus Oypbe am-
wutyaHoi UYX ¢unbTpa mo AUCKpEeTHON U GUHUTHOM
X ¢unsrpa.lloctpoenune "ot pyku" oTkimka Gopmu-
pytromero ¢unbTpa (10 1 po-aHAIOrOBOTO MPeod-
pasoBaresisl) Ha 3aJaHHYI0 OMTOBYIO IOCIIE0BATEIb-
HocTb.PacueT npenenbHbIX 3HAYEHNH YaCTOTHOM Xa-
paxrepuctuku (UX) ¢pmiptpa Tna "kopens" u3 "npu-
MOJHATOr0" KOCHHYCa [yl 0COOEHHBIX YacToOT C I0-
MOILIBIO POTPAMMBbI KOMIIBIOTEPHOH asireOphbl
SymPy.IToctpoenue "ot pyku" rpapKoB aMIUIUTYA-
Hoit UX u umnynbcHol xapaktepuctuku (MX)
¢wmibTpa.Pacyer Ha KOMITBIOTEpPE C MOMOILBIO AUC-

[1IK-6
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KpeTHOro nipeodpazoBanus ypbe aMmruTyaHOM UX
¢ubTpa o AucKpeTHOM n puHUTHOM NX
¢dunpTpa.llocTpoenue "oT pyku" OTKJIMKA COTJIACO-
BaHHOTO (uibTpa (B M(PPOBOM BHIE) HA 3aJaHHBII
BXOIHOM CUTHAJI.

HUroro

4 DKOHOMHEBIE
(coxuMaroIe) KOJbl.

Omnpenenenue coocTBeHHOU nHGopMaruu.Onpeaene-
HHUC DHTPOIIUHA I/ICTO'-IHI/IKa.OHpe}IeJ'IeHI/Ie N30BITOYHO-
cTH uctouHuka.OnpeneneHue B3auMHOM HH(OpMAIU-
I/I.I/ISy‘—IeHI/Ie IMPUHIUIIOB BEKTOPHOT'O KBAHTOBAHUSA UC-
TOYHHKA.

Hroro

[1IK-6

5 IIponyckHas
CHOCOOHOCTh KaHAJIOB
CBSI3H.

Boruncnenue npomyckHo# ciocOOHOCTH pa3IndHbIX
KaHAJIOB CBSI3U.

HUroro

[1IK-6

6 YacTtoTHas u
JHEpreTHYecKast

3¢ (HEeKTUBHOCTH CHCTEM
PaHOCBSI3H.

ITocTpoeHue ¢ MOMOIIBI0 KOMITbIOTEPA IpaKOB 3a-
BHUCHMOCTH MpeAeIbHON SHepreTuueckoi addexTus-
HocTH Koza (1b) ot ckopoctu koaupoBanus (ot 0 10
1) miga IBOMYHOM MOIYJSIUH (KECTKUE PELICHUS U
MSATKHE PELIEHUS) U IPU OTCYTCTBUU MOAYJISLINU KaK
TakoBOM.MmrocTpanys ¢ moMoIb0 KOMITBIOTEPA
IIPEIENBHOI0 YHEPTETUYECKOIO BBIUIPHIIIA OT KOJIU-
pOBaHMSL.

Hroro

[1IK-6

11 ITpuHUMIBI
pacuIMpeHus CrekTpa B
CHUCTEMaXx pauOCBS3H.

['eneparus nceBaOCITyIaiiHBIX TTOCIIEIOBATEIIBHOCTEH
(M-mocie1oBaTeNbHOCTEN) ¢ TTOMOIIBIO IH(PPOBBIX
¢dbunpTpoB.CBoiicTBa M-niocnenoBarenbHOCTel. Kombt
Tonna.

Htoro

I1IK-6

13 [IpuHUUIIEL
Monysinun OFDM.

HeranbHas "ot pyku" npopucoBka curnaia ¢ OFDM
JUISL MAJIOTO YHCiIa HECYIIMX: OTPUCOBKA OTAEIbHBIX
HECYIIUX U pe3yibTraTa X cyMMupoBaHus.Komrbio-
TepHOE MoJenuposanue curiaina ¢ OFDM c nomo-
1160 TUCKpETHOTO TIpeodpazoBanus Dypee. OOCy-
XKJIeHHEe 0COOCHHOCTE! Takoro curuaia.Mozaenanpona-
Hue 3QeKTa OT MHOTOIY4YE€BOCTHU JJIs ABYX JTy4eH.
BceraBka mukiingeckoro npedukca; o0Cyx1eHue Mmo-
JIOKUTENBHOTO 3 (deKTa.

Hroro

[1IK-6

15 JIuuetinble OJIOYHBIE
KOZBI.

CocraBienne KogoBo# Tadbmuibl. OnpenesaeHue Komao-
BOT'0 pacCTOSIHUS 0 KOJ0BOM Tabiuie.OnpeneneHue
KpaTHOCTH TapaHTHPOBAHHOTO OOHAPYKCHHS, UCTIPAB-
JIEHUS U BOCCTAHOBJICHUS CTEPTHIX cCUMBOJIOB.[IpuBe-
JICHUE TTOPOXKIAIOIIIEH MAaTPHUIIBI K CUCTEMATHIECKOU
(dhopme.CBsI3b TOPOXKIAIOIIEH MATPUIIBI C TIPOBEPOU-
HoU.CuHapoMm. JlekoaupoBaHue ¢ UCTIPABICHUEM O/I-
HOKpPATHBIX OMUO0K.Pa3iioxkeHue BEKTOPHOTO TPO-
CTPaHCTBA Ha CMEXHBIC KJIACCHI.

HUroro

I1IK-6
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16 L{ukanyeckue Koapl Onpenenenre NOPOXKAAIOIIEH MATPUILIBI 1O MTOPOKIA- 3 T1K-6
I011eMy NOJIMHOMY.OTIpe/IeNIeHre POBEPOYHOTO M0~
JMHOMa TI0 TTopoxaaromemy.KonupoBanue cuctema-
THdeckuM Kogom.IIpoBepka GpyHmaMeHTaTHBHOTO
CBOMCTBA IIUKINYeCcKoro koaa. HaxoxaeHue 4acTHOTO
¥ OCTaTKa OT JICJICHUS ABYX MMOJIMHOMOB: anredpande-
CKH U ¢ TToMoIbsto mudposoro ¢unsrpa. Koppekrop:
JIEKOJIMPOBAHKE C UCTIPABIIEHUEM OJTHOKPATHBIX OIIIH-

OOK.

HUroro

17 Konpr Puna-Conomona | Onepaiuu ¢ s3nemMeHTaMu HaJ nosieM ["amya 4 TIK-6
GF(p"q).Onpenenenue nopoxaaroero nojImHoMa
kona Puna-Conomona.Onpenenenre npoBepOYHOro
nonuHoma kona Puaa-Conomona.lIpuBenenne nopo-
JAIOIINX U IPOBEPOUYHBIX MATPHUIL, 3alINCAaHHBIX B
LHUKIn4YecKol dopme, k cuctemaTnyeckoit popme.Ko-
nupoBanue kopoM Puna-ConomoHa yepes MaTpuily
TUCKpeTHOTO TpeodpazoBanust Dypee ([AI1D).Berunc-
nenue obpatHoit matpuisl 11D [lekogupoBanue
kona Puna-ConoMoHa ¢ uCpaBlIeHHMEM OJHOKPATHON

U IBYKpaTHOH OIINOKH.

Hroro 4

Hroro 3a cemectp 34

9. CamocrosiTesibHasi padora
Bunsl camocTosiTenbHOI paboOTHI, TPYAOEMKOCTh U (hOpMUpPYEMbIe KOMIIETECHIIUN MTPEICTABICHEI B
Tabymite 9.1.
Ta6muia 9.1 — Buabsl caMoCTOsITeIbHON paboThl, TPYAOEMKOCTh M (hOpMHUpPYEMbIe KOMIIETEHIHH

Bunpl camocTosTeIsHOM

Ha3zsaunus pazzaenoB
pasA paboThI

@DopMbl KOHTPOJIS

TpynoeMkocTsb,
dopmupyembie
KOMIIETEHIIUN

6 cemecTp

(O8]

1 Monynsiusi. T1K-6

CrexTpalibHbINA COCTaB.

[TonroToBka K mpakTuye-
CKHM 3aHSTHSAM, CEMHHA-
pam

[TpopaboTka JIEKITMOHHOTO
MaTepuana

OdopmiteHre 0TIETOB TIO
nabopaTopHbIM paboTam

Hroro

Homamnee 3aganue, OT-
YeT 1o JabopaTopHoOi pa-
oote, Tect

2 ®opmupyromuii 1
COITIACOBAHHBIN (PUIIBTPHI.
Hx pons.

[ToaroroBka k mpakTuue-
CKHM 3aHSITHSIM, CEMHHA-
pam

[IpopaboTka JIEKIIUOHHOTO
Mmarepuana

Hroro

[1K-6

JlomaiiHee 3aganue, Tect
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peryjimpoBKa YCUJICHUS B

Marcpualia

3 YacroTHas OdopmiteHre 0TIETOB TIO 6 |IIK-6 Otyet mo maboparopHOU
MaHUIYJISALUS C nabopaTopHbBIM paboTam pabore, Tect
HEMpepbIBHOH (a3oil. Wroro 6
4 DKOHOMHBIE [ToaroroBka k mpakTuue- [1K-6 Homaminee 3amganue, Tect
(c’xuMaroIye) Koapl. CKHM 3aHATHUSM, CEMUHA-
pam
[IpopaboTKa JIEKIIUOHHOTO 1
Matepuaina
Hroro
5 IlpomyckHas [ToaroroBka k mpakTuue- I1K-6 Homaminee 3aganue, Tect
CIIOCOOHOCTh KAaHAJIOB CKHUM 3aHSATHUSIM, CEMHHA-
CBSI3U. pam
[TpopaboTka JIEKITMOHHOTO 1
Marepuaia
Hroro
6 YacrotHas u IToaroroBka K nmpaxkTu4e- 4 |TIK-6 OT4er 1o MpaKTUYECKOMY
JHEpreTHYecKast CKUM 3aHATHUSAM, CEMUHA- 3aHATHIO, Tect
3((PEeKTUBHOCTb CUCTEM | paMm
PAIHOCBASH. [TpopaboTka JIEKITMOHHOTO 1
Martepuaia
HUtoro 5
7 Konel Xaddmana u [IpopaboTka JIeKIIHOHHOTO 1 [1K-6 Tect
[ITennona-®PaHo. Marepuaia
Hroro 1
8 Konpl Jlemnens-3uBa u | [IpopaboTka JIEKIIMOHHOTO 1 |IIK-6 Tect
Jlemnens-3uBa-Yoanua. Marepuala
HUtoro 1
9 KoaupoBaHue peuu B CamocrosiTenbHOE U3yye- 8 |IIK-6 Koncnekr camonoaroros-
CUCTEMAaX PaJUOCBsI3U. HUE TeM (BOIPOCOB) Teope- ku, OTuer no Jaboparop-
TUYECKOM 4acTU Kypca Hol pabote, Tect
OdopmiteHre 0TYETOB TIO 4
JabopaToOpHBIM paboTam
Hroro 12
10 IIpuHIHMIIEL [IpopaboTka J1eKIIHOHHOTO 1 [IK-6 Tect
CUHXPOHM3ALINH B MaTepuaita
CUCTEMax PaJuOCBsI3U. Wroro 1
11 IpuHiuns! IToaroroBka K nmpaxkTuye- 3 |IIK-6 JlomamHee 3ananue, Tect
pacuImpeHus CreKkTpa B CKUM 3aHSATHUSAM, CEMUHA-
CUCTEMAaX PaJUOCBsI3U. pam
[TpopaboTka JIEKIIMOHHOTO 1
Martepuana
UTtoro 4
12 ABTOoMaruyeckas [IpopaboTka JIeKIIHOHHOTO 1 [1K-6 Tect
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CUCTCMAX paaruOCBA3H.

Htoro

13 [IpuHUHUITBI MOTYISIIUN
OFDM.

[ToaroroBka Kk mpakTuue-
CKHM 3aHSITHSIM, CEMHHA-
pam

IIpopaboTka JIEeKIIUOHHOTO
Marepuaia

Hroro

I1IK-6

OTuer 1o MPaKTUYECKOMY
3aHATHIO, TecT

14 ITpuniuner MIMO.

[IpopaboTka IeKIIHOHHOTO
MaTepuana

Htoro

I1IK-6

Tect

15 JInuetiubie OJIOYHBIE
KOJEL.

[ToaroroBka k mpakTuue-
CKHMM 3aHSITHSIM, CEMHUHA-
pam

[IpopaboTKa JIEeKIIUOHHOTO
Marepuaia

HUroro

[IK-6

Jomamnaee 3aganue, Tect

16 L{ukauyeckue Koapl

[TonroToBka k npaxkTuye-
CKHM 3aHSTUSAM, CEMHHA-
pam

[IpopaboTka JTeKIIHOHHOTO
Marepuaia

OdopmiieHne 0T4ETOB 1O
nabopaTopHbIM paboTam

Htoro

12

I1IK-6

Homamnee 3aganue, Ot-
4eT 10 J1JabopaTopHOil pa-
oote, Tect

17 Konwr Puga-Comomona

[ToaroroBka Kk mpakTuue-
CKHM 3aHSITHSIM, CEMHHA-
pam

IIpopaboTka JIEKIIHOHHOTO
Marepuaia

OdopmieHre 0T4ETOB IO
n1abopaTOpHBIM paboTam

HUroro

I1IK-6

Otuer no 1aboparopHOn
pabore, TecT

18 Kozapsl boy3a-
Yoynxypu-XoKBUHIEMA.

CamocrosTenbpHOE H3yue-
HHUE TeM (BOIPOCOB) TEOpe-
THYECKOW YacTH Kypca

HUroro

I1IK-6

KoHcIiekT caMommoaroros-
ku, CobecenoBanue, Tect

19 HU3KOIUIOTHOCTHEIE
(LDPC) xonpil.

CaMocTosTenbHOE U3yUe-
HHE TeM (BOIIPOCOB) TEOpE-
TUYECKON 4acTu Kypca

[IpopaboTka ITeKIIHOHHOTO
MaTepuana

Htoro

I1IK-6

Tect

20 CBepTOYHBIE KOIIBI.

[IpopaboTka JTeKIIHOHHOTO
Mmarepuaia

OdopmiieHre 0T4ETOB 1O

[IK-6

Otuer no 1abopaTtopHOH
pabote, Tect
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JabopaTOpHBIM paboTam
Htoro 7
21 CurHasibHO-KO/I0BbIEe | CaMOCTOATENbHOE U3y4e- [IK-6 Tect
KOHCTPYKITHH. HHE TeM (BOIIPOCOB) TEOpE-
TUYECKOM YacTu Kypca
Hroro 8
Hroro 3a cemectp 114
Hroro 114
10. KypcoBoii npoekT / KypcoBasi padora
He npenycmorpeno PVYII.

11. PeiiTunroBas cucremMa JJisi OlleHKH YCIIeBAeMOCTH 00y4YaloIIUXCs

11.1. baajbHble OLEHKH JJIS 3JIeMEHTOB KOHTPOJISI
Tabmuma 11.1 — banipHbIe OLIEHKH JUTSI JIEMEHTOB KOHTPOJISI

. . MakcumanbHbIN
o MaxkcuMalbHbIN MaxkcuManbHBIN
DOneMeHTHI yueOHOH 6asu1 3a nepuoa Bcero 3a
6amn Ha 1-yto KT ¢ | Gamn 3a mepuon
NESITSIbHOCTH mexny 2KT u na cemMecTp
Hayana ceMectpa | mexay 1KT u 2KT
KOHEI[ ceMecTpa
6 cemecTp
JlomaliHee 3agaHue 8 8 8 24
KoncmekT camomoaroros- 8 8 16
KU
OTuet no nabopaTopHOii 12 12 24
pabore
OTyer 1o NpakTUIECKOMY 5 5 6 16
3aHATHIO
CobecenoBanue 4 4 8
Tect 4 12
Hroro makcumym 3a nepu- 17 41 42 100
on
Hapacratomum urorom 17 58 100 100
11.2. IlepecyeTt 0a/1J10B B OLICHKH 32 KOHTPOJIbHbIE TOYKH
[Tepecuer OanoB B OLIEHKH 32 KOHTPOJIbHBIE TOUKHU IpeAcTaBieH B Tabumne 11.2.
Ta6muma 11.2 — IlepecueT 0anioB B OLIEHKU 32 KOHTPOJIbHBIE TOUKH
banel Ha 1aTy KOHTPOIBHOW TOUYKH Onenka
> 90% ot MakcuManbHOU cyMMBbI OamioB Ha gaty KT 5
Ot 70% o 89% ot makcuManbHOM CyMMBI OaiioB Ha aaty KT 4
Ot 60% 10 69% OoT MakcUMaIbHOM cyMMbl OaisioB Ha naty KT 3
< 60% oT MakcuManbHON cymMMbl O6atoB Ha aaty KT 2

11.3. Ilepecyet cyMMbI 02/1710B B TPAAULHNOHHYIO M MEKTYHAPOIHYIO OLIEHKY
[Tepecuer cymMMBI 0aJIOB B TPaIUIMOHHYIO M MEXIYHAPOAHYIO OLIEHKY TPEACTaBICH B TaOmuIle
11.3.
Tabmuua 11.3 — Ilepecuer cyMMBbl OaJIOB B TPaIMIMOHHYIO M MEXIYHAPOIHYIO OLICHKY

Ornenka (I'OC) Hrorosas cymma 6aios, Ornenka (ECTS)
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YUUTBIBACT YCIICIITHO CIAaHHBIH

9K3aMeH

5 (OTIMYHO) (3a4TEHO) 90 -100 A (0TIIMYHO)
85-89 B (o4enp xoporiio)

4 (xopor1o) (3a4TeHO) 75 - 84 C (xoporo)
70 - 74
65 - 69 D (ynoBrneTBOpUTEIBHO)

3 (YZIOBJIETBOPUTEIHHO) (3a4TEHO) 60 - 64 E (Hocpercraenio)
2 (seynOBICTBOPHTENSHO) (HE Hwxe 60 6aioB F (Hey1oBIETBOPUTENBHO)
3a4TEHO)

12. YueOHO-MeTOnMYecKkOe M HHPOPMALMOHHOE 00ecTeYeHre I CIHIIIMHbI

12.1. OcHoBHas1 JIMTEpaTypa

1. Tankun, BsuecnaB Anexkcanaposud. L{upposas mobunbHas paauocsssb [Tekct] : yueOHoe
nocobue /s By3oB / B. A. lNankuH. - 2-e uzz., nepepa0. u gon. - M. : I'opsiuas nmunus - Tenexom, 2012. -
592 c. : un. - (Yuebnoe nmocodbue. CrienuaabHOCTh ISl BBICIIMX YYEOHBIX 3aBefeHHi). - bubmuorp.: c.
580-581. - IIpenm. ykas.: c¢. 582-585. - ISBN 978-5-9912-0185-8 : 774.40 p. (nanuuue B 6ubnmuorexe TY -
CVYP -40 5k3.)

2. Bomnkos, Jles HukonaeBuu. Cucremsl uppoBoii paanocss3u. bazoBbsle METO/IBI M XapaKTepH -
ctukd : Ydyebnoe nmocoodue st By3oB / JI. H. Bonkos, M. C. Hemuposckuii, 0. C. llunakos. - M. : Oko-
Tpenas, 2005. - 390[2] c. : un., Tabmn., noptp. - (budbmorexka MTC & GSM). - bubawuorp.: c. 388-390. -
ISBN 5-88405-071-2 : 269.01 p. (mHanuuue B 6ubmuorexe TYCVYP - 42 3k3.)

12.2. lonosiHUTEIbHAS JIUTEPATYpPa

1. Puxrep, C.I'. KogupoBanue u nepegaya peds B HU(GPOBBIX CHCTEMaxX MOJBIKHONW PajinOCBsI3U
[DnexkTpoHHBIN pecypc] [DnekTpoHHBINA pecypc]: yaebHoe mocodbue / C.I'. Puxtep. — DnekTpoH. gaH. —
Mockga I'opsiaast muaus-Tenekom, 2011. — 304 c. - Pexxum noctyna: https://e.lanbook.com/book/76502
(mara ob6pamenus: 09.07.2018).

2. ®opmupoBaHHE U T€HEPUPOBAHHE CHUTHAJIOB B LU(PPOBOW pPaaAMOCBI3U [DNEKTPOHHBINA pe-
cypc]: Yueonoe nocobue / B.T. Ilepmun. - M. HUL] UH®PA-M; M#u. Hos. 3nanue, 2013. - 614 c. un.;
60x90 1/16. - (Beiciiee oOpazoBanue bakanaspuar). (nepemiet) ISBN 978-5-16-006703-2, 600 k3. - Pe-
kUM noctyna: http://znanium.com/catalog/product/405030 (nara oopamenus: 09.07.2018).

3. Meroapl MOBBIICHUS YHEPTETUYECKON U CIEKTPAIbHON dPPeKkTUBHOCTH TUPPOBON paaro-
cBs3U [DeKkTpoHHBIN pecypc]: YuebHoe mocodue / Bapraysun B.A., lukun U.A. - CII6bXB-IlerepOypr,
2013. - 352 c. ISBN 978-5-9775-0878-0 - Pexxum noctyma: http://znanium.com/catalog/product/943520
(mara ob6pamenus: 09.07.2018).

4. Teopus >MeKTPUUECKON CBsI3M [DNEeKTpOHHBIN pecype]: YueOHoe mocobue / Akynmunuues FO.
I1., bepurapar A. C. - 2015. 196 c. - Pexxum mocrtyna: https://edu.tusur.ru/publications/5858 (mata 06-
pamenusi: 09.07.2018).

12.3. YueOHO-MeTOAHYECKHE MTOCOOUS

12.3.1. O6s3aTe/ibHbIE Y4eOHO-METOAMYECKHE MOCOOUs

1. COOpHHK KOMITBIOTEPHBIX J1a0OPaTOPHBIX PadOT MO CHCTEMaM CBsI3U [ DJIeKTpOHHBIN pecypc]:
Metonudeckue yka3aHus K JiabopatopHeiM padoram / HoBukoB A. B. - 2018. 151 c. - Pexxum nocryma:
https://edu.tusur.ru/publications/7149 (nara oopamenus: 09.07.2018).

2. Jlemomynsmus nudpoBbIX CUTHAOB. CTaTUCTHUYECKHA M CUTHAIBHBIA MOIXOMBI [DIIEKTPOH-
HeIl pecypc]: VYueOHoe mocobome / HoBukoB A. B. - 2018. 51 c¢. - Pexum gocryma:
https://edu.tusur.ru/publications/7150 (mara o6pamenus: 09.07.2018).

3. Teopwus ayeKTpUUECKOl CBI3U [DIEKTPOHHBIN pecypc]: YueOHO - MeToanyecKoe mocooue s
MPOBENEHHS MPAKTUYECKUX 3aHATHIA U CAMOCTOSATENBbHON paboThl cTyaenToB / Akymuuudes HO. I1. - 2012.
202 c. - Pexxum noctyma: https://edu.tusur.ru/publications/1758 (nata oopamenus: 09.07.2018).
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12.3.2. YueOHO-MeTOAMYECKHE MIOCOOMS IJIs1 JIMI € OTPAHMYECHHBIMH BO3MOKHOCTSIMH 3/10POBbS H
HHBAJIMI0B

Y4eOHO-MeTOqYECKHe MaTeprabl ISl CAMOCTOSTEIBHON U ayTUTOPHOM paboThl 0Oydaromumxcs
U3 YHCiIa JIUI ¢ OTPAaHNYCHHBIMU BO3MO)KHOCTSIMU 3/I10POBbSl 1 MHBAINAOB MIPEAOCTABISIOTCS B (opMax,
aIalITUPOBAHHBIX K OTPAaHMYCHUSIM UX 3/I0POBbS M BOCIIPUATHUS HH(DOPMAITHH.

JI1s1 JIMI ¢ HAPYIIEeHUSIMH 3PeHust:

- B (hopMe INIEKTPOHHOTO TIOKYMEHTA;

- B IIeYaTHOW (hopMe YBEITMUECHHBIM HIPHUPTOM.

JIJ1s1 JIMI ¢ HAPYIIEeHUSIMH cJIyXa:

- B (hopMe IIEKTPOHHOTO IOKYMEHTA;

- B Ie4yaTHoOU hopme.

JIJ1s1 JIMI ¢ HAPYLIEHHUSIMH OTIOPHO-ABHIaTeJILHOTO anmapara:

- B (hopMe INIEKTPOHHOTO IOKYMEHTA;

- B Ie4aTHOU opme.

12.4. IIpodeccnonanibHble 6a3bl JAHHBIX U HHGPOPMAIMOHHBbIE CIIPABOYHbIE CHCTEMbI

1. Tlpu u3yyeHHH AUCLUUIUIMHBI PEKOMEHAYETCS UCII0JIb30BaTh 0a3bl JAHHBIX, HH(POPMALIMOHHO-
CIIpaBOYHBIE 51 TIOUCKOBBIE CHUCTEMBI, K KOTOPBIM y TYCYPa €CThb OCTYII
https://lib.tusur.ru/ru/resursy/bazy-dannyh.

13. MaTtepuaibHO-TEXHMYECKOE 00ecreyeHue TUCIUILJIMHBI U TpedyeMoe MPorpaMMHoe
ol0ecreueHue

13.1. O0uue TpeOOBaAHUA K MATEPUAIBLHO-TEXHUYECKOMY U IPOrPAMMHOMY 00ecrie4eHnIo
AUCHUIJIMHBI

13.1.1. MaTepuaJibHO-TeXHHUYECKOE U POrPAMMHOe o0ecneyeHue sl JIEKIIMOHHbIX 3aHATHH
Jlist ipoBeieHus 3aHATUH JICKIIMOHHOTO TUTIA, TPYIIIIOBBIX M MHIWBUYyaTbHBIX KOHCYJABTALIUH, T€-
KYIIIETO KOHTPOJISI ¥ MPOMEKYTOYHOW aTTECTAI[UU HCITONIb3YeTCs yueOHas ayTUuTOPHUS ¢ KOJTMYECTBOM TI0-
CaZIOYHBIX MeCT He MeHee 22-24, 006opyIoBaHHAs JOCKOW M CTaHAApTHOH y4ueOHOI mebenpro. MMeroTes
JIEMOHCTPAIIMOHHOE 000pPYIOBAaHUE U YU4€OHO-HATIIATHBIE TTOCOOMsI, 00€CTIEUNBAIOIINE TEMATHUECCKUE HJI-
JIOCTPAIIMHU TI0 JIEKIIMOHHBIM pa3/ielaM TUCIUTUINHEI.

13.1.2. MaTepuaabHO-TEXHHYECKOE U MPOrpaMMHoOe ofecrevyeHne A1 NPAKTUYEeCKUX 3aHATHI

VYyebHast 1aboparopust HHOOPMAIIMOHHBIX TEXHOIOTUN

ydeOHast ayuTOpHs JIsl POBECHHSI 3aHITHI PAKTUIECKOTO THIA, yueOHast ayuTOpHs IS TIPO -
BE/ICHUS 3aHATHH J1JaOOPAaTOPHOTO TUIIA, TIOMEIEHHE JUIsl KypCOBOTO MPOEKTUPOBAHUS (BBIMOJIHEHHS KYyp-
COBBIX padoT)

634034, Tomckas o6macts, T. Tomck, Bepmnnuna ynuua, a. 47, 423 ayn.

Onucanune uMeroIerocs 000py10BaHus:

- locka marautHOo-MapkepHass BRAUBERG;

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

- [Ipoextop NEC «M361X»;

- CucreMHbIit 0710k (16 mT.);

- Mounutops! (16 mirt.);

- Komnetorep;

- Kommutekt crienmanusupoBanHoi yueOHOW Mebenu;

- Pabouee mecTo mpemnoaBares.

[IporpamMMHoOe obecrieueHue:

— Adobe Acrobat Reader

— Google Chrome

— LibreOftice

— Mozilla Firefox

— OpenOftice
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PTC Mathcad13, 14
Scilab

13.1.3. MaTepuabHO-TEXHHYECKOE M IIPOrpaMMHOe olecriedeHue 1JIs J1a00paTopHbIX pador

VYuebHas naboparopust HHOOPMAITMOHHBIX TEXHOIOTUN

ydeOHast ayuTOpHs JJIsl IPOBENICHHSI 3aHITHH PAKTUIECKOTO THIIA, ydeOHast ayIuTOpHs IS TIPO -
BE/ICHUS 3aHATHH 1TaOOPAaTOPHOTO TUIIA, TIOMEIIEHHE JUIsI KyPCOBOTO MPOEKTUPOBAHUS (BBIMOJIHEHHS KYyp-
COBBIX padoT)

634034, Tomckas ob6macts, T. Tomck, Bepmnnuna ynuua, a. 47, 423 ayn.

Onucanune UMeroIerocs 000pyI0BaHUs:

- locka marautHO-MapkepHass BRAUBERG;

- LMC-100103 Dxkpan ¢ snextponpusogom Master Control Matte 203*203 cm White FiberGlass,
yepHast KaiiMa 110 IepuMeTpy;

- [Ipoextop NEC «M361X»;

- CucreMHblit 610k (16 mT.);

- Mounutops! (16 mrt.);

- Komnsrotep;

- Kommnekr cnennanuzupoBanHol yueOHoOI mebenu;

- Pabouee mecTo mpermnoaBares.

[TporpamMmmMHoe obecrieueHue:

Adobe Acrobat Reader
Google Chrome
LibreOffice
OpenOffice

PTC Mathcad13, 14
Scilab

13.1.4. MaTrepuaJibHO-TEXHHYECKOE H MIPOrPaMMHOe o0ecredyeHne JJIs1 CAMOCTOSITe IbHON padoThl
st camocTosTeNnbHOM paboThl HCTONB3YIOTCA y4eOHblE ayAUTOPUHU (KOMIIbIOTEPHBIE KJIacchl),
PacIOJI0KEHHBIE 10 a/Ipecam:
- 634050, Tomckast o6macTs, r. Tomck, Jlennna mpocnexr, a. 40, 233 ayn.;
- 634045, Tomckas obnacts, T. Tomck, yi. KpacHoapmeiickas, a. 146, 201 ayx.;
- 634034, Tomckast o6macTh, 1. Tomck, Bepmmanna ynuna, 1. 47, 126 ayn.;
- 634034, Tomckast o6nacTb, . Tomck, Bepmanna ynua, 1. 74, 207 aya.

CocTtaB 060pyI0BaHMS:

- yueOHast Mmebeb;

- koMnbroTeps! ki1acca He Huke [IDBM INTEL Celeron D336 2.8 T1. - 5 mwiT.;

- KOMITBIOTEPHI TIOAKIIOYEHBI K ceTH «HTepHeT» M 00ecrneunBaT AOCTYI B JIEKTPOHHYIO HH-
(opMarnoHHO-00pa30BaTEIbHYIO CPEAY YHUBEPCUTETA.

[Tepedens nporpaMMHOTo 0beceueHus:

- Microsoft Windows;

- OpenOffice;

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

- Google Chrome.

13.2. MaTepuajJibHO-TeXHUYECKOe o0ecnedeHne TUCHUIITHHBI VISl JIHI ¢ OTPAHHYE€HHBIMU

BO3MOKHOCTSIMHU 310POBbSI H HHBAJIU10B

OcBocHHE JAUCHUIUIMHEBL JIMAaMU € OTpaHUYCHHBIMU BO3MOXHOCTIAMHU 3J0POBbA U MHBAJIIMIaMU
OCYHIECTBIIICTCA C UCIIOJIB30BAHUEM CPEACTB O6y‘lCHI/I$I O6H.[CFO " CIIeuaJIbHOI'O Ha3HA4YCHMUA.
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[Tpu 3aHATHAX ¢ O0YYAIOUIMMHUCS ¢ HAPYIIEHUSAMH CJIYXa MPeyCMOTPEHO UCIIOJIb30BaHUE 3BYKO-
YCUJIMBAIOLLEH anmapaTypbl, MyJIbTUMEAUUHBIX CPEJICTB U APYTUX TEXHUUYECKUX CPEACTB Mpuema/mepesa-
4yi y4yeOHOM nHpOPMALIUU B TOCTYIHBIX (hopMax, MOOMIIBHOM CHCTEMBI MTPEToiaBaHus il 00YJatOLTIXCsI
C MHBAJIMIHOCTHIO, TOPTATUBHON MHIYKIIMOHHON CUCTEMBI. Y4eOHasl aymuTOpUs, B KOTOPOUM 3aHUMAIOTCS
oOyyarolyecsi ¢ HapylIEHHEM CllyXa, 000OpYy/lI0BaHA KOMITBIOTEPHOM TEXHHMKOM, ayAMOTEXHUKOH, BUICO-
TEXHUKOMU, AJIEKTPOHHOM JOCKOH, MYJIbTUMEIUIHON CUCTEMOM.

[Tpu 3aHATHAX C OOYYAIOUIMMHUCS ¢ HAPYILIEHUSIMH 3PEeHUSIMH TIPEIYCMOTPEHO HCIIOJIb30BAHKE B
JICKIMOHHBIX U YU€OHBIX ayJUTOPUAX BO3MOXKHOCTH MPOCMOTPa yAaJIEHHBIX O0BEKTOB (Hampumep, TeKCTa
Ha JIOCKE WM CJIaiiia Ha SKpaHe) P MOMOIIM BUACOYBEINIUTENEH A1 KOM(POPTHOTO IPOCMOTPA.

[Tpu 3aHATHAX C 00YyYaIOIIUMUCS ¢ HAPYLIEHUSIMH ONOPHO-ABUIaTeIbHOIO aNnapara UCIOJb-
3yIOTCS aJbTePHATUBHBIC YCTPOHCTBA BBO/IA MH(OPMAIIMK U IpYTHE TEXHUUECKUE CPENICTBA ITpreMa/epe-
Jnaqnd yaeOHOM MHGOpMaIUKA B JOCTYIHBIX (popmMax, MOOMIIBHOW CUCTEMbI OOYYCHUS JJIs JIFO/ICH C MHBA-
JUIHOCTBIO.

14. OIIeHO‘lHLIe MaTepHuajJabl  METOAUYIECCKUE PEKOMEHIAUHU MO OPraHu3alluv U3yYCHUA
AUCHHUITINHBbI

14.1. Couepmalme OLICHOYHBIX MATCPHAJIOB U METOANIECCKUEC PEKOMECHAAIIUH
I[J'ISI OLCHKHU CTCIICHU C(bOpMI/IpOBaHHOCTI/I N YPOBHs OCBOCHHUA 3aKPCIIJICHHBIX 3a HHCHHHHHHOﬁ
KOMITCTCHITHUM HCIIOJIB3YIOTCA OLCHOYHBIC MaTCpHUaJibl B COCTABE!

14.1.1. TecToBbIe 3a7aHUA

CornacoBaHHbIl (HUIBTP OOECTIEUNBAET:

- MuHuManbHO KOPOTKUN IO BPEMEHU OTKJIMK HA CBOEM BBIXOJIE

- MakcuMalilbHOE OTHOIIIEHHE CUTHAJI-IIYM Ha CBOEM BBIXOZE B ONPECIICHHBII MOMEHT BPEMEHHU,
IpU YCJIOBUH, YTO IIyM — OeJIbIi

- CHsTHE 3aKOHA MOIYJISIIAU (JAEMOTYIISIINIO)

- MakcuMyM IIEHHOHOBCKOI MH(pOpMaluy Ha CBOEM BBIXOJIE

dopmupyromui GUIbTp 0OeCreunBaeT:

- ®opMHpOBaHHE KBAPAaTYPHBIX CUTHAJIOB € 33JJaHHOM (hOpMOH CIIEKTPaJIbHON TNIOTHOCTH

- ®opMupoBaHKE y3KONOJOCHOTO CUTHAJIA HA HEKOTOPOM HECYILEH 4acToTe

- @opMUPOBAaHUE OPTOTOHAIBHBIX 110 BPEMEHU KBAAPAaTYPHBIX CUTHAJIOB

- ®opMUpPOBaHUE TAKTOBBIX UMITYJIbCOB JUIsl CHMBOJIBHOM CUHXPOHU3ALUU

CornacoBaHHBIN (QUIBTP SIBIISETCS:

- JInHeHbIM QUIBTPOM C MOCTOSHHBIMH ITapaMeTpaMu

- HenuueitHbM GUIBTPOM ¢ MOCTOSHHBIMU MapaMeTpaMu

- JInHeHBIM QUIBTPOM C IEPEMEHHBIMU MTapaMeTpaMHu

- HenuueitHbM GUIBTpOM ¢ epeMEeHHBIMH ITapaMeTpaMu

dopmupyromuii GUIBTp ABISAETCS:

- JInHe#HBIM (QUIBTPOM C ITOCTOSIHHBIMU ITapaMeTpamMu

- HenuneiHbIM QMIBTPOM C MOCTOSHHBIMU MTapaMeTpaMu

- JInHeHBIM (QUIBTPOM C NIEPEMEHHBIMH MTapaMeTpaMu

- HenuneitHbiM GUIIBTPOM C IEpeMEHHBIMU TTapaMeTpaMu

[Tapametp Roll-off factor popmupytomero ¢punpTpa THNA "IPUNOJHATHINA" KOCUHYC ITO3BOJISET:

- I3MeHuTh ypoBEeHb MEKCUMBOJILHOM HHTEPPEPEHIINU Ha CBOEM BBIXOJIE

- I3MeHuTh mupHHy criekTpa GopMHUpyeMOro CUrHaia

- 3MeHuTh ckopocTh criajia MOIIHOCTH BHE OCHOBHOM MOJIOCKH! (POPMHUPYEMOTO CUTHAJIA

- 3MennTh amMmmuTyny GopMHpyeMOro CUrHasia

MesxcumBoIIbHAs HHTEPDEPEHIIHS — 3TO:

- Koraa Bpems npuxona uMIynbca sBISETCS CIydailHOM BETMYMHOM C HEHYJIEBOW qucIiepcuei

- Korma umnynbsc BIMSET HA COCETHUE UMITYINIBCHI, HAKJIAAbIBAsICh HA HUX CBOMMH ''XBocTamu'"

- Koraa ayimrensHOCTE MMITyNbCa SIBISETCS CIIy4alilHOM BETMYMHOMN C HEHYJIEBOU aucnepcuei

- [Ipouiecc hopmupoBaHus IrpyNIOBOTroO CUTHAJIa B CUCTEMAaxX C KOJIOBBIM pa3ziefIieHuEM KaHaJlOB

MesxcuMBOIIbHAs HHTEP(EPEHIINS SBIIETCS:

- Bpennoit

- [lonesnon
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- 3aBHCHUT OT crtoco6a (HOpMUPOBAHUS CHUTHAJIA

- HelitpanbHol

CornacoBaHHbBIN (QUIBTP, OBIBACT, 3AMEHSIOT:

- OUIBTPOM HIKHUX YaCTOT

- Koppenaropom

- Koppenaropom ¢ ¢puiabTpoM HUKHHUX 4acTOT

- OUIbTPOM BEPXHUX 4aCTOT

Koppenstop — 3T0 ycTpOCTBO, KOTOPOE BBIYUCIISIET:

- MHTerpan mo BpeMeHu OT BXOJAHOTO CUTHAJIA

- [Ipou3BeneHne onopHOro CUrHana v BXOIHOTO

- MHTerpan mo BpeMeHu OT MPOU3BEICHUS OTMIOPHOTO CUTHAJIA U BXOIHOTO

- CBepTKYy OMOPHOTO CUTHAJIA C BXOTHBIM

KorepeHTHbIii mpuem 00s3aTeIbHO BKIIIOYAET B ce0s:

- AMIITUTYIHBIN JE€TEKTOP

- CxeMy BbIICJIEHHSI CUTHAJA "MHJIOT-TOH"

- KonTyp (ha3oBoii aBTONOICTPONKH YaCTOTHI

- IIpouecc popMupoBaHHs OMOPHOTO KOJIEOAHHs C TOYHOCTHIO 10 (pa3bl I MOCIEAYIOIETO CHS-
TS 3aKOHA MOAYJISIIUU

HexorepeTHslii mprem 00s13aTeIbHO BKIIIOYAET B cEO0s1:

- Ilponiecc popmupoBanusi OIOPHOTO KONEOAHUS C TOYHOCTHIO JO YACTOTHI JJISI MOCIETYIOIIErO
CHSITHUS 3aKOHA MOTYJISIIIAH

- Cxemy BbIJEJICHUS CUTHAJIA "MHIJIOT-TOH"

- Konryp (a3oBoii aBTOMOACTPONKY YaCTOTHI

- YacTOTHBIN AETEKTOP

[Merns Koctaca npennasnadena jis:

- ABTOMaTHYECKON MOJACTPONKH YaCTOThI (POPMUPYEMOTO OTIOPHOTO KOJIeOaHMsI

- Cusatus nuddepeHanbHOro KOMUPOBaHUs CUMBOJIOB

- ABTOMAaTHYECKOM TOJCTPOUKH YaCTOTHI (DOPMHPYEMOTO OMOPHOTO KOJEOAHMS C TOYHOCTBHIO JI0
¢asbl

- YiBoeHHS 9acTOThI (HOPMUPYEMOTO KOIeOaHMsI

Monynsuusa QPSK no3BonsieT nepenats:

- 1.5 6ura Ha cumBON

- 4 ObuTa Ha CUMBOJI

- 1 Out Ha cuMBON

- 2 OuTa Ha CUMBOJI

Monymsaius GMSK no3BosnsieT nepeaars:

- 1.5 6ura Ha cumMBOI

- 4 OuTa Ha CUMBOJI

- 1 Out Ha cUMBOI

- 2 OuTa Ha CUMBOJI

Monynsuusa QAM-16 no3BoisieT nepeaarTh:

- 1.5 6ura Ha cumBON

- 4 ObuTa Ha CUMBOJI

- 1 Out Ha cuMBON

- 2 OuTa Ha CUMBOJI

bonee TpeboBarenbHa K OTHOLIEHUIO CUTHAI-IIIYM MOIYJISIIMS:

- GMSK

- QPSK

- QAM-16

- BPSK

Bonee TpeboBarenpHa K JIMHEHHOCTH BBIXOIHOTO YCHIIUTENSI MOIITHOCTH MOTYJISIINS :

- QAM-16

- OQPSK

- GMSK
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- QPSK-pi/4

YennuTenu MOITHOCTH 110 CTETIEHH JTMHEHHOCTH ENATCS Ha KJIACCHI:

-AB,C

-AB,C; D,E,F

-LIL IO

-0,1,2

MOIIHOCTH TEIUIOBOTO IIyMa Ha BXOJIE MAJOIIYMSIIIETO YCHIIUTENS IPUEMHHUKA TPSMO TIPOTIOPIIH -
OHAJIbHA:

- Koappunmenty nryma ManomymsIero yCuianTes

- [Tonoce 9acTOT MPUHIMAEMOTO PaANOCHTHAIA

- Hecymieli yvactote mpuHUMaeMOro pajinocurHana

- CymecTByeT cama 1o cebe ¥ HU OT Yero He 3aBHUCHT

Koapumment myma ManonryMsInero yCHInTeNs 3To:

- OTHOIIEHNE CUTHAJI-IIYM Ha BXO/E YCWJINTENS, JEICHHOE Ha OTHOIIEHHE CHUTHAN-IIYM Ha €ro

BBIXOJIE

- YpoBeHb COOCTBEHHOTO IIymMa ycuiautensi, B dBm

- Bennuuna kT, rne T — Temmneparypa okpyskatorien cpeabl, k — nocrosuHas boiabsimana

- Paszanma koadgduinmentoB ycuneHus ycwinreds (B dB), u3aMepeHHBIX 115 IBYX OMOPHBIX TEMIIE-
patyp

Konpl ['onga mpuMeyaTeabHBbI:

- neanbHOM aBTOKOPPENSIIMOHHON (PYHKITUEH

- Tpex3nauHo# (pyHKIMEH B3aMMHOU KOPPETSAIIUN

- CBOEH OpPTOrOHAIBHOCTHIO

- Tem, uro ux nzobpen muctep ['ona

M-nocnenoBaTenbHOCTH IPUMEYATEIbHBI:

- MakcumanbHbBIM IEPUOAOM

- XOpOoIKMH B3aMMHO KOPPEIALMOHHBIMU CBOMCTBAMU

- CBO€#1 OPTOTOHAIIBHOCTBIO

- PaBeHCTBOM KOJIMUECTBA HYJIEH U €IMHUL

Koap! Yoniia npuMedarenbHbl:

- neanbHON aBTOKOPPENSIIMOHHON (PYHKITUEH

- HanuuueMm nocnenosarenpbHOCTH THNA "MeaHp"

- CBoeil a0COMIOTHOM HE3aBUCUMOCTBIO

- CBO€1 OPTOTOHAIIBHOCTBIO

Jl1g cucteM paguocBsI3u C pacIIMPEHHBIM CIIEKTPOM XapaKTepHa!

- Jy4mas 3ammra OT HENIpeAHaAMEPEHHBIX IOMEX U MHOTOJIy4€BOI'0 paCIIPOCTPAaHEHMsI CUTHAJIA

- Bornee BbIcOKast OMTOBAsE CKOPOCTH Mepeaayr HHPOPMALUU

- bonbIas mIOTHOCTE MOIHOCTH M3JIy4aeMOI'0 CUTHAJIA

- 3aMeTHOCTh B paanodpupe

CucreMsl ¢ KOIOBBIM Pa3/IEJICHUEM KAHAJIOB:

- BolTecHuM qpyrue TEXHOJIOTUU pa3/ieeHHs KaHAJIOB BBUAY CBOEHM MCKIIOUMTEILHOCTH

- [IpuMeHsI0TCS OMHOBPEMEHHO C IPYTMMH TEXHOIOTHAMU Pa3cIICHUs KaHAJIOB

- [IpakTruecku He IPUMEHSIOTCS BBULY CBOEH CIIOKHOCTH

- Otnanu "Ko3bipHYyI0 MacTh' TexHosoruu OFDM

Koa¢ppumment pacimmpenus crektpa B coBpeMeHHbIX (4G) cucremMax pajnoCBsi3u BapbUpPYyETCs B
npenenax:

- (4-512)

- (256-1024)

- (4-64)

- (32-128)

Koapdumment pacmmpenus criekrpa paBeH 256. OTHOIIEHHE CUTHAT-IIIYM TOcie cxkatus (1o Bpe-
MEHH) CUTHaJIa C PaCIIMPEHHBIM CIIEKTPOM YBEJIMYUTCS Ha:

-110dB

-48 dB
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-24 dB

-55dB

ITomexoycTOMYMBOE KONTUPOBAHUE OCHOBAHO Ha:

- JlybmpoBanny CHMBOJIOB

- BBenennu M30BITOYHOCTH TIO ONPE/ICIICHHBIM MIPaBUIIAM

- CkpeMOMpoOBaHUY COOOIICHUH TICEBIOCTYYaHBIMH KOJaMH

- BBenenuun n30BITOYHOCTH IO CITyYaiHBIM MTPaBUIIAM

KomnpoBanue uctouHMKa OCHOBAHO Ha!

- CkpeMOIMpoBaHUH COOOIICHUN TICEBAOCTYYaitHBIMU KOJAMH

- Meronax mmdpoBaHus

- CyiecTBOBaHUYU M30BITOYHOCTH, ME€pa KOTOPOH MOXKET OBITh BBIpa)K€HA IIEHHOHOBCKOW SHTPO-
nuen

- HepaBHOBEpPOSITHOCTH CHMBOJIOB COOOIICHHUS

Jluneiinple OJ0YHBIE KOBI MPUMEYATENIbHBI TEM, YTO MOJHOCTHIO ONPEAEISIOTCS:

- Habopom nmopoxnaronux moJmHOMOB

- [TopoxaaromuM NOJMHOMOM

- [Topoxpnaromieit maTpuren

- Konosoii Tabmaureit

DHTpOIUS HEKOTOPOTO UCTOYHHUKA HHPOPMALIMK OTIPEACIISAETCS KaK:

- Cpennee 3HaueHHE COOCTBEHHOM MH(POpMAITUN

- MakcumanbHOe 3HaYeHHe cOOCTBEHHON HH(OopMaIu

- MuaMManbpHOE 3HaUYeHHE COOCTBEHHOM MH(pOpMAITUN

- MenuanHoe 3Ha4eHue cOOCTBEHHOI MH(pOpManuu

[TomexoycTOWYMBEIE KOJIbI OBIBAIOT:

- brioyHBIMU ¥ TIOTOKOBBIMH

- PerynspueiMu 1 HEperyIsipHbBIMU

- OTHOPOIHBIMU U HEOAHOPOIHBIMU

- CTaTH4eCKUMU U THHAMUYECKUMU

Wndopmanus no K. IllenHoHy BBIpaxaeTcs Kak:

- Jlorapudm oO6paTHO BEPOSATHOCTH

- Bennuuna oOpaTtHON BEpOSITHOCTH

- Jlorapudm BeposiTHOCTH

- Jlorapudm MoTynst BEpOSITHOCTH

CBepToYHbIE KO/BI PUMEYaTeNIbHbI TEM, YTO MOJHOCTHIO OMPEAEISIOTCS:

- Habopom nmopoxnaronux moJmHOMOB

- Konosoii Tabmureit

- [Topoxparoieit maTpuren

- [TopoxaaromuM NOJIMHOMOM

CTpoKH MOPOXKIAOIIEH MaTPHIIBI JIMHEHHOTO OJIOYHOTO KOJA TOJKHBI OBITH:

- HenyneBbiMu

- PazupiMu

- JInHeliHO-HEe3aBUCUMBIMU

- JInHENHO-3aBUCUMBIMU

Ywucio CTpoK MpOBEPOYHON MATPHUIIBI JIMHEHHOTO OJIOYHOTO KOJIA OTIPECIISICTCS:

- KonmnyecTBOM IpOBEPOYHBIX CHMBOJIOB

- KonnuecTBoM MH(pOpMAIIMIOHHBIX CUMBOJIOB

- 3aBUCHUT OT IOTIOJHUTEIBHBIX YCIOBHIA

- KomoBbIM paccTosinueM kona

CgoiictBo mpedurca HekoToporo koma (Hampumep, konoB Xapdpmana win lllennona-dano) 3a-
KIIIOYaeTCs B TOM, YTO:

- Hu omHa mpucTaBka HEKOTOPOTO KOJOBOTO CIIOBA HE SIBIISIETCS KOAOBBIM CIIOBOM

- Bce npucTaBku SBISIOTCS KOJOBBIMH CIIOBaMH

- KomoBeie ciioBa MMEIOT OIMHAKOBYIO JJIUHY

- KonoBnle cioBa MMEIOT pa3HyIo AJIUHY
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Kon Jlemnens-3uBa (Lempel-Ziv) siBisiercs:

- CnoBapHbIM KOJIOM

- JlpeBOBUIHBIM KOZIOM NOZ00HO Koy Xaddmana

- Kogowm ¢ xem-tabmuneit (hash table)

- Kozom ¢ nnuHelHBIM Npeicka3aHueM

Konpt Puna-ConoMoHa npumedatenbHbl TEM, UTO OHU:

- JlatoT MakCUMaJIbHO BO3MOKHOE KOIOBOE PACCTOSTHUE U SIBJISIOTCS HEABOMYHBIMU

- SIBnsrOTCS HEIBOMYHBIMU

- ImeroT nopok1aro1uii OJIMHOM, KOTOPBIN HE PACKIAAbIBACTCS HA MHOXKHUTEIIN

- ImeroT Ko0BOE pacCTOsIHUE, PABHOE KOJIMYECTBY MPOBEPOUYHBIX CHMBOJIOB

Cronl1pl IPOBEPOYHOI MAaTPUIIBI IMHEHHOTO OJIOYHOTO KoJla (PAKTUYECKH SBIISIOTCS:

- 3anpeleHHbIMA KOIOBBIMH CIIOBAMHU

- Pa3penieHHbIMU KOZOBBIMH CIIOBaMU

- CuHIpOMamu IJisi OJHOKPATHBIX OIIMOOK

- BekTopamu 0THOKpaTHBIX OIIMOOK

KomoBoe paccTosiHue JTMHEHHOTO OJI0YHOTO KOJa MOXKHO OIPENETUTH IO MPOBEPOYHOM MaTpPHIIC
KOJla KaK:

- KonnuecTBo HEHYNEBBIX CTONOLIOB

- MakcuManbHOE KOJIMYECTBO JTMHEHHO-HE3aBUCHUMBIX CTOJIOIIOB MaTPHIIbl MUHYC €AWHUIIA

- MakcuManbHOE KOJTMYECTBO JIMHEHHO-HE3aBUCUMBIX CTOJIOII0B MaTPUIIBI

- MakcuManbHOE KOTMYECTBO JTMHEHHO-HE3aBUCHMBIX CTOJIOIIOB MAaTPHIIbI IUTIOC €AMHUIA

Bennuuna B3aumuoi nadopmaruu o K. [llenHony onpenensercs kak jiorapudm OTHOIIICHUS Be-
POSITHOCTEM:

- P(x/y) / P(x)

- P(x) / P(x/y)

- P(x/y) / P(x,y)

- P(x,y) / P(x)

14.1.2. Bonipocsl Ha co0eceroBaHue
B uem ocobennocth konoB boyza-Hoynxypu-XokBunrema?
SABmnsirores nu koap! boysa-Hoynxypu-XokBUHIeMa HUKIMYECKUMU?
SBnsiercsa mu mukudeckuit kog Xemmunra (7, 4) komom bBUX?

14.1.3. TeMbl JOMANIHHUX 3aJaAHUI

3amana GyHKUIUS KOppEsIUuH OMTOBON MOCienoBaTeIbHOCTH. ONpeaeauTh CIEKTPAIbHYIO IIO0T-
HOCTb MOIIHOCTH M MOCTPOUTH €€ rpaduK Ha OJHOM MEPUO/IE.

Kon I'onpa 3anan aAByms noiavHoMamu. 3anucath ABa IPOU3BOJIbHBIX KOAOBBIX cioBa koaa ['omnna.

Jana umnynbcHasi xapakTepucTuka Gopmupymoiero ¢puinstpa. PaccuntaTth 1 HOCTPOUTH OTKIIMK
3TOTO (DPUIBTPA HA BXOAHYIO OUTOBYIO OCIIEIOBATEIEHOCTb.

Jana ¢dbyHKIus Koppensuuu OUTOBOM MOCIENOBATENILHOCTH. PaccuMTaTh CHEKTpalIbHYIO IUIOT-
HOCTh MOUIHOCTH U IOCTPOUTH €€ TpaduK.

C nomolbl0 KOMIIbIOTEpPA IpoMojenupoBaTh Moayisinuio MLT-3 ¢ oueHkoil u mocTpoeHuem
CHEKTPaJIbHOM MJIOTHOCTH MOLIHOCTH.

3aaHa nmopoXkaaromas MaTpulla HEKOTOPOTo JIMHEHHOTo O65104yHOro Koza. OnpenenuTb, COCTaBIssA
KOZIOBYIO Tabmmity, mapameTpsl (n, k, d) kona, a Taxke H30bITOUHOCTS.

3amaHa MoOpoXAaolas MaTpula JIMHEWHOro OnodHoro koxa. IIpuBecTu ee K CHCTEMAaTHUECKON
¢dbopmMe 1 HAWTH MPOBEPOUHYIO MATPUILY.

Jan mopoxnaromuii NOJIMHOM IUKINYECKOro Kojaa. 3amucarh MOPOKAAIOIIYI0 U MPOBEPOUYHYIO
MAaTpUIbl COOTBETCTBYIOLIETO JINHEHHOTO OJIOYHOTO KOJa.

TpouyHbIi UCTOYHUK 3a/1aH BEPOATHOCTSIMH cUMBOJIOB. [locTpouts kon Xaddmana miast oqHOOYK-
BEHHBIX COYETaHUH, a TAKKE JJIs1 IBYXOYKBEHHBIX COUYCTAaHUN CUMBOJIOB.

14.1.4. Bonnpocbl Ha CaMONIOATOTOBKY
Yem konpl Puna-ConomoHa omdaroTest oT koo boyza-Hoynxypu-XokBunrema?
B 1yeM 0coOeHHOCTh KOJIOB € HU3KOM INIOTHOCTBIO NpoBepok Ha yeTHocTh (LDPC)? Ilouemy npu
UX HCIOJIb30BaHUU OTIAaeT HaJJ0OHOCTh B MHTEPIUBUHIE?
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B uem ocobennocts koma Jlemens-3uBa-Yamya (LZW) no cpaBHeHuto ¢ komom Jlemmens-3uBa
(LZ77, LZ78)?

[Touemy texuuka OFDM He Oblna peanu3oBaHa cpa3y IMOCIE €€ TEOPETHUYECKOro 00O0CHOBaHMUs?
Kaxkoit "Tprok" mo3Boyini1 cJiesaTh 3TO B HACTOSIIEE BpeMsi?

[Touemy mpormyckHasi ClIOCOOHOCTh KaHaja ¢ MATKUMU PEIIEHUSIMU BBITIE (HEe HIDKE) MPOMYCKHON
CIOCOOHOCTH KaHaja C KECTKUMU PEeLICHUSIMU?

YeM miatsaT 3a MOBBIIICHHE YAaCTOTHOU A((EKTUBHOCTH (IIEPEUUCIIUTE U3BECTHHIC BaM MapamerT-
pe1)?

[TepeuncnuTe N3BECTHBIE BaM CIIOCOOBI BOCCTAHOBIICHUS HECYIIICH YACTOTHI B TPHUEMHHUKE.

Pacckaxkute o mpupojie HeoHO3HAYHOCTH padoThl meTinu Kocraca Ha mpumepe moxymsiiuu BPSK
(®Mn)?

3aueM BOCCTaHABIMBATh (pa3y TAKTOBBIX UMITYJILCOB U YeM OTIMYaeTcs (pasa OT 4acTOThI clie0Ba-
HUS?

Hatite dopmyny nerektopa ['apauepa. ['padmuecku 0ObsICHUTE MPUHIIAIT PAOOTHI 3TOTO JIETEKTO-
pa.

Kaxkue nerexropsl, kpoMe aerektopa ['apiHepa, Bam n3BeCTHBI?

[lepeurcnuTe OCHOBHBIE IOCTOMHCTBA U HeocTaTku Moayisituun OFDM.

14.1.5. Bonipocs! AJ151 NOATOTOBKH K NPAKTHYECKUM 3aHATHAM, CEMHHAPaM

[TocTpoeHue ¢ MOMOILILI0 KOMIIBIOTEPA ITPpaMKOB 3aBUCHUMOCTH Ipe/IeIbHON dHEPreTH4ecKoi 3¢ -
dexTuBHOCTH Koz (ab) oT ckopoctu komupoBaHus (0T 0 1o 1) 11 ABOMUHON MOAYISILIMU (KECTKHUE pe-
HICHUS U MATKUE PEeUIeHMsI) U IPU OTCYTCTBUM MOAYJISIIUN KaK TaKOBOM.

Wnmroctpanys ¢ IOMOILBIO KOMIIBIOTEPA MPEAEIBHOTO SHEPIETUUECKOT0 BBIUIPHIIIA OT KOAUPOBa-
HUSL.

JetanbHasg "or pyku" npopucoBka curtana ¢ OFDM ans manoro umucia HECyluX: OTPUCOBKA
OTJEJIbHBIX HECYIUX U PE3ybTaTa UX CYMMHUPOBAHUSI.

KomnbrorepHoe mozpenupoBanue curtaia ¢ OFDM ¢ momompio JUCKPETHOrO Mpeodpa3oBaHUs
®ypre. O0cyxkaeHre 0cCOOEHHOCTEH TaKOro CUTHAJIA.

MogenupoBanue 3pQeKra 0T MHOTOIYYEBOCTH IS IBYX Jiyyeil. BcTaBka nmukindeckoro npeduk-
ca; o0CyXIeHHE MOJIOKUTENIBHOTO 3 deKTa.

14.1.6. Bonnpocsl n1uddepeHnupoBaHHoOro 3auera

JIMHEWHBIE BJIOYHBIE KOJIBI:

[Topoxknarommast marpunia. Kogosas tabnuua. Konosoe paccrosnue. KpatHocTs 0OHapyxeHUsl, HC-
MpaBJIeHUs] U BOCCTAHOBJICHUS CTEPTHIX CUMBOJIOB. OmpesesieHne KOIOBOTO pacCTOSHUS IO KOIOBOM Ta-
omune. Cucremarnyeckasi ¢popmMa nopoxknaroniein Marpuilsl. [Iposepounas matpuna. Cunapom. Onpene-
JIEHUE KOJIOBOTO PACCTOSIHUS MO MMPOBEPOYHOU MATPHIIE.

HUKIIMYECKUE KO/IbI:

DyHIaMEHTAILHOE CBOMCTBO MHUKJIMYECKUX KomoB. Hymb-monmuoMm u ero dakropusanms. [lopo-
JKIAOLIUI [TOJIMHOM U €r0 €JUHCTBEHHOCTD JUISl 33JaHHOT0 Koja. CBsA3b MOPOXKIAIOIIET0 MOJIMHOMA U T10-
posknaroieid MaTpuilbl. [I[poBepOUYHbIN MOJIMHOM, €r0 CBS3b C MPOBEPOUHOM MaTpuliei. CucTeMaTUueCKui
nukiandeckuii koa. Cucrtemarnyeckuil Kogep Ha ocHoBe HudpoBoro ¢unbTpa. Pons ocratka oT neneHus
JIBYX MOJMHOMOB. J[ekoaupoBaHue ¢ UCIpaBiIeHHEM OMMOKHU. JleKkoqupoBaHre ¢ BOCCTAHOBIICHUEM CTep-
TBIX CUMBOJIOB.

OKOHOMHBLIE KO/IbI:

Cob6ctBeHHas uH(popmanusa. DHTponus HCTOYHHMKA. M30bITouHOCTh. B3aummuas uH(opmanms.
[IpuHIUITEI BEKTOPHOTO KBAHTOBAHUSI HCTOYHHKA.

Koner Xaddmana, [llernona-dano u Jlemmensa-3uBa.

YACTOTHASA 11 SQHEPTETUYECKAA DOOEKTUBHOCTDH CUCTEM CBA3U:

CBs13p Mexy "aHaOTOBBIM" U "IU(POBHIM" OTHOMIEHUSMH CHTHAJI-IIyM. HopMupoBaHHas mpo-
MyCKHast cnocoOHOCTh kaHana. Ckopocth komupoBanus. Teopema Illennona, ee wmoctpanus. [Ipenen
[llenHoHa, mIpenen ABOMYHOIO KaHAJa CBA3M: )KECTKUE PEIICHUS U MATKUE PEILICHMUS.

KOJbI PUIA-COJIOMOHA:

Onementsl nonst [anmya GF(p”q), rae p - mpoctoe uucio (2, 3, 5, 7, 11...) kak q-MepHbIE BEKTOpa
U3 p-3HAYHBIX CUMBOJIOB. Onepanuu yMHOXKEHUs1 U ciioxenus. [lopoxaaromuii moauHoMm konoB Puna-
Conomona. I'panunia Cunrarona. [Iposepounsiii monmHoMm konoB Puga-Comomona. Criocod KomupoBaHMs
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yepes quckpeTroe npeodpazoBanue Oypoe (AI1D). Criocod obpamenus marpuisl JI1D. JlekomupoBanue
kona Puna-ConoMoHa ¢ ucipaBIeHHEM OITHOOK.

LDPC KOJBbI:

[TpuHuMn nocTpoeHus MpoBepoyHbIX MaTpull. Crioco0 BBIYUCIECHUS MOPOXKAAIONIEH MATPHUIIBI 1O
poBepovHOU. [TprHIIMT UTEPATUBHOTO JEKOAUPOBAHUS C MSTKUMU PEIICHUSIMHU.

MOJIYJIALMS. CIIEKTPAJIbHBIN COCTAB:

Pons Monynsiiinu B cuctemMax nepenadr HHpopMaIuu.

Paznmuune ananoroBoit u mudpoBoi MOIYISAIINN.

TpeboBaHus K CIEKTPaM CUTHAJIOB B COBPEMEHHBIX CHCTEMax Mepeaadn nH(opMaIiu.

TennoBoil mrym.

CrekTpasibHasi TNIOTHOCTh MOILIHOCTH CUTHAJIA.

Cnekrtpsbl curHainoB ¢ AM, ®M, UM u OFDM monynsauusimMu.

Tpu noxoneHust TUPPOBBIX CUCTEM CBS3M: aHAJIOTOBbIE, THOPUIHBIE U ITU(PPOBHIE.

®OPMUPYIOIIUN ®GUJILTP. ETO POJIb:

CriektpanbHasi IIOTHOCTH CIy4aiHOM MOCIIeI0BATEILHOCTA UMITYIHCOB MPSIMOYTOIBHON (DOPMBI.

CKOpOCTh crajia MOITHOCTH B 3aBUCUIMOCTH OT YacTOTBHI.

HeoOxomnmocTh criaxuBaHusi PpOHTOB UMITYIIbCOB.

@unbTp "MpUNOIHATOrO" KOCHHYCA.

OcobenHocTy peanu3anuu GUiIbTpa B HUPPOBOM BHJE: BIUSHHE Ha (OPMHUPYEMBIH CIIeKTp (hak-
TOPOB TUCKPETHOCTU M OTPAHMYEHHOCTH MO BPEMEHHM MUMIYJIbCHOMN XapaKTepUCTHUKH; BIUsSHUE LU(PO-
aHaJIOTOBOTO MpeoOpa3oBaTers.

COTI'JIACOBAHHBIM ®UJIBTP. ET'O POJIb:

TenaoBoM 1IyM KaK OTpaHUYUTEINb IPOU3BOJUTEIIBHOCTH CUCTEM CBSI3H.

CornacoBanHblil GUIBTP KaK (QHIBTP, JOCTABIAIOMIUNA MAKCUMyM OTHOUIEHHIO CHUTHAJ-IIYM NPU
HATMYUU I TATUBHOTO OETIOTO ITyMa.

HeoOxoauMocTh coracoBaHusl aMILTUTYJHO-4aCTOTHOM Xapaktepuctuku (AUX) ¢opmupyroriero
¢mpTpa ¢ AUX coracoBaHHOTO.

®unpTp "KOpeHb" 13 "MpUNnoaHATOr0" KOCHuHyca.

[MPUHIUITBI CUHXPOHU3ALINN B CUCTEMAX CBA3U:

KorepenTHOCTh TipH pueMe 1 00paboTKe cUrHaa.

BoccraHoBiieHHE HECYILIEH YaCTOTBI.

ITerns Kocraca.

BoccranoBieHre TaKTOBBIX UMITYJIbCOB.

Herexrop I'apnuepa.

[MPUHIUITIBI PACIHIMPEHUA CITEKTPA CUTHAJIOB B CUCTEMAX CBA3U:

JlocToMHCTBa CUTHAJIOB C PACIIMPEHHBIM CIEKTPOM.

[IceBnocnyuaiinbie nocneaoBaTenbHOCTU (M-TI0CIIEIOBATENBHOCTH).

Koxpr I'onna.

[MPUHIUITBI MOAVIIALIUN OFDM:

Wnmoctpanus He[ocTaTka 4aCTOTHOTO pa3/IeIeHNs KaHaJIoB.

WnnrocTparysi OpTOroHaIbHOCTH HECYIIUX MPH BBHITIOJIHEHUH OINEPalluy AUCKPETHOTO Mpeodpa3o-
Banust Oypre (JAI1D).

Heo0xoanmMocTh UKINYECKOro mpedukca s CHUKEHUS BPEAHOTO BIMSHUS MHOTOTyYEBOCTH.

[TapameTps moaymsiun OFDM B cuctemax cBsaszu 4G LTE.

CrpykTypHBIE CXEMBI NTepeaaTunka u npuemMHuka ¢ OFDM.

[MPUHIUIIBI MIMO:

Knaccudukamus MIMO: SISO (xmaccuyeckuii Bapuant), SIMO (pasHecennsiii mpuem), MISO
(pa3necennas mepenava), SU-MIMO (omHOMOIB30BaTENIbCKOE MPOCTPAHCTBEHHOE YIIOTHEHHE), MU-
MIMO (MHOromnosb30BaTENBCKOE IPOCTPAHCTBEHHOE YIUIOTHEHHE).

CrpykrypHbie cxembl MIMO cornacHo Ki1accu(puKainm.

CBEPTOYHBIE KO/IbI:

[Toposknaroniue moJIMHOMBI.

Cxema KoIupyroUlero yCTponcTBa.

Jwnarpamma cocTosIHME Kozepa.
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Pa3pemeHHHe KOOOBBIC ITOCJICAOBATCIIbHOCTH.
CB00OOIHOE pacCTOsSIHUE KOJIa.

Iloporosoe neKOAMPOBAaHKE KOAA.

PemeTka xona.

Anroput™ eKoaupoBaHus o Butepou.
CUT'HAJIBHO-KOJIOBBIE KOHCTPYKIMU:

I/IJIJIIOCTpaI_II/IH BBIMT'PbIIIA, 1aBACMOI'0 CUTHAJIbHO-KOJAOBBIMH KOHCTPYKIIUAMHU, HA IPUMCEpPAX.

14.1.7. Tembl 1a00paTOpHBIX padoT

W3yueHue cneKkTpoB CUTHANOB ¢ JUHEHHONW Monyssiuei. [lokasbiBaeTcss BiausiHHME (OPMBI UM-
MyJIbCa-HOCUTENS ¥ (PYHKIIMU KOPPEISILIMU OUTOBOM 1OCIIE0BATEIbHOCTH Ha CIIEKTP (OPMUPYEMOT'O CHUT -
Haja.

N3zyyenne Simulink-mMonenn HEKOrepEeHTHOTO AEMOYIATOpA YACTOTHO-MaHUITYIMPOBAHHOTO CHUT-
HaJla ¢ HeNpPEepbIBHOM (a3oil.

N3zyyenne nukandeckux koo (7, 4). Cucrematuueckoe KOAWPOBAHHE M JCKOIUPOBAHUE C HC-
IIPABJIEHUEM OJHOKPATHBIX OMIMOOK. MoJennpoBaHue IBOMYHOIO CUMMETPUYHOTO KaHajla C HE3aBHCH-
MbIMHU onOkamu. OIeHKa BEPOSTHOCTH OIMOKH MOCIIE 1EKOAUPOBAHUSL.

W3yueHune cBEpTOUHBIX KOJIOB CO CKOPOCTHIO KOAUPOBaHMS 1/2: KOMUpOBaHUE, TOPOTOBOE JEKOAU -
poBaHHe U JeKoaupoBaHue 1o BurepOu.

N3ydyeHune cxeMbl CHCTEeMAaTHYECKOro Koaepa IuKiandeckoro koaa (15, 11) Ha ocHOBE peKypCHBHO-
ro mudposoro ¢puiprpa. M3yueHrne NpuHIMIIOB JIEIEHUS IBYX ITOJIMHOMOB C TIOMOIIbIO TAKUX (PHIIBTPOB.

Uccnenosanne xona Puna-Conomona nan nmonem GF(p), rae p - nmpocroe uucno. M3yuyaercs Bapu-
aHT KomupoBaHMA s(X) = a(x)*g(x), a TakkKe JAEKOJUPOBAHUE C UCIPABICHUEM OLIMOOK IO CHHAPOMY -
OCTaTKy OT JEJICHUS.

HccnenoBanue CUCTEMBI CBS3U € AEIbTa-MOAYJISALUEN, COCTOALIEH U3 FEHEpaTOpa CUTHAIOB, MOAY-
JATOpa, TMHUM [Iepe/iauu, IEMOAYISTOpa U OCIIIIorpada-BoiIbTMETPA.

14.2. TpeOoBaHMS K OLIEHOYHBIM MATEPHAJIAM /JIsl JINL C OTPAHNYEHHBIMH BO3MOKHOCTSIMH
310pOBbS1 1 HHBAJIH/I0B
Jnst nui ¢ orpaHUYEHHBIMU BO3MOKHOCTSIMU 3/I0POBbSI M1 MHBAJIMJIOB MPEAYCMOTPEHBI JOMOIHU -
TCIIBHBIC OIICHOYHEBIC MaTepI/IaJ'IBI, HepequL KOTOpBIX YKaSaH B Ta6J'II/III€ 14
Tabmuua 14 — JlonmonHUTENbHBIE MaTepHallbl OLICHUBAHUS ISl JIUIl C OTPAaHUYCHHBIMH BO3MOXKHOCTSIMU
SJIOpOBLSI 1 MHBAJINI0B

Kareropun Bubl TONOTHUTETBHBIX OLIEHOYHBIX ®opMbI KOHTPOJIS M OLIEHKH
00y4JaroLXCs MaTepuaioB pe3ynbTaToB 00y4eHus

TecThl, MICEMEHHBIE CAMOCTOSTEIbHbIE
paloThI, BOTIPOCHI K 3a4eTy,
KOHTPOJIbHBIE Pa0OTHI

C napymeHusMu
cryxa

[Ipenmy1iieCTBEHHO MUCbMEHHAS
MpOBEpKa

C mapymenusamu | CobeceoBaHue 1Mo BOpocam K 3aueTy, | [IperumyiiecTBeHHO yCTHas MTPOBEpKa

3peHHs OTIPOC MO TePMUHAM (MHOUBUYaJIbHO)
C napymeHusMu Pemenue qucTaHIIMOHHBIX TECTOB,
OTIOPHO- KOHTPOJIbHBIE Pa0OTHI, MUCbMEHHbIE | [IpenMylnecTBeHHO AUCTaHIIMOHHBIMU
JIBUTATEJIBHOTO CaMOCTOSITENIbHBIE PadOTHI, BOPOCHI K METOJaMH
ammapata 3a4ery
C orpanunuenusiMu 1o | TecThl, TUCbMEHHBIE CAMOCTOSITENILHBIC [IpenmymiecTBEHHO POBEpKa
00IIEeMEeTUITTHCKIM paboThI, BOTIPOCHI K 3a4eTy, METOJAMM UCXOJS U3 COCTOSTHUS
MOKa3aHUsIM KOHTPOJIbHBIE Pa0O0ThI, YCTHBIE OTBETHI | OOY4alOILIErocsi Ha MOMEHT NMPOBEPKU

14.3. MeTtoauueckne peKoMeHIAMH M0 OIeHOYHBIM MaTepHAaJIaM JIJIsl JIUIl ¢ OTPAaHUYeHHbIMHU
BO3MOKHOCTSIMH 3{0POBbSI H HHBAJIHI0B
I[J'ISI JiiL ¢ OrpaHUYCHHBIMHU BO3MOXHOCTAMHU 3J0POBbA WU HHBAJIWAOB IMPEAYCMATPUBACTCA HO-
cTymnHas Gopma npeaoCcTaBIeHUs 33 JaHNil OIIEHOYHBIX CPE/CTB, & HMEHHO:
- B IIe4aTHOU (hopme;
- B TIEYaTHOM (hopMe C yBETHMUYCHHBIM MIPUPTOM;
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— B (hOpMeE IIIEKTPOHHOTO TIOKYMCHTA;

- METOJIOM YTECHUS aCCUCTCHTOM 3a/IaHuUs BCIYX;

- MPEIOCTABJICHUE 3aJIaHUS C UCTIOIb30BAaHUEM CYPJIOTIEPEBO/IA.

Jlumam ¢ OTrpaHWYEHHBIMH BO3MOXXHOCTSIMH 3JIOPOBbSI M MHBAJIHIAM YBEJIHMUYUBACTCS BpeMs Ha
MOJI'OTOBKY OTBETOB Ha KOHTPOJIbHBIC BONPOCHL. )i TaKMX 00YYarOIIUXCS MPEIyCMaTPUBACTCS TOCTYII -
Hasi popMa MpeTOCTaBICHHS OTBETOB HA 3a/IaHUs, & IMEHHO:

- MUCbMEHHO Ha OyMmare;

- Ha0Op OTBETOB Ha KOMITBIOTEPE;

- Ha0Op OTBETOB C MCIIOJIb30BAHUEM YCIIYT aCCUCTCHTA;

- NPE/ICTaBICHUE OTBETOB YCTHO.

[Tpouenypa oueHUBaHUS Pe3yJIbTATOB OOYUYEHHUS JIUI] C OrPAaHUYEHHBIMU BO3MOXHOCTSIMU 3710PO-
Bbsl 1 MHBAJIMJIOB 10 JUCUHUIUIMHE MPEIyCMaTPUBACT MpeIoCTaBiIeHue HHpopMaluy B popMax, aaarTH -
POBAaHHLIX K OIrpaHUYCHUAM HUX 300POBbA U BOCIIPUATHA I/IH(l)OpMaHI/II/II

JlJ1s1 1ML ¢ HAPYIIEHUSIMH 3PeHusl:

- B ()OpME IJIEKTPOHHOTO IOKYMEHTA;

- B IIeYaTHOM (hOpME YBEIMUCHHBIM HIPUPTOM.

JIJ1s1 JIMI ¢ HAPYIIEHUsSIMH CJIyXa:

- B ()OpMe ITEKTPOHHOTO IOKYMEHTA;

- B Ie4aTHOU opme.

JlJ1s1 TN ¢ HAPYIIEHUSIMHM OTIOPHO-IBUTaTEJLHOT0 anmapara:

- B (hopMe ANIEKTPOHHOTO IOKYMEHTA;

- B Ie4aTHOU hopme.

HpI/I HeO6XOI[I/IMOCTI/I JJIg JIAL € OTrpaHUYCHHBIMUA BO3MOKHOCTAMMU 30J0POBbA U UHBAJIM0B IIPOILC-
Jlypa OIICHUBAHUSI PE3yJIbTaTOB 00yUYCHHUST MOXKET MPOBOIUTHCS B HECKOIBKO ATAIOB.
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