degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXKJAEHO
JupexTop pu3TEeX-IMIKOJIbI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TEeXHOJIOT Ui

J.A. T'agpusion

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: L[H(prBaSI o6pa60TI<a CHUTI'HAJIOB B BOJIOKOHHO-OIITHYCCKHX JIMHHUAX CBA3HU
0 HANIPaBJICHUIO: HH(bOKOMMYHHKaHHOHHBIe TCXHOJIOTHH U CUCTEMBI CBA3HU
IIpO(l)I(IJIb MnoATrOTOBKMU: TGJ'ICKOMMYHI/IKaI_H/IOHHLIC CCTHU U CUCTCMbI

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadempa MyJTbTUMEIUHHBIX TEXHOJIOTUN U TEIIEKOMMYHUKAITUH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMbI IPOMEXKYTOUHOM arTecTanuu: 1 (ocenuuit) - JluddepeHpoBanHbiii 3a4eT

AynuTOpPHBIX YacoB: 45 BCero, B TOM YHCIIE:
nexuuu: 30 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin: I1.B. ILIOTHUKOB, KaH/. TEXH. HAYK, JTOLEHT

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpbl MyJIbTUMEAUUHBIX TEXHOJIIOTUH U TenekoMMyHuKkanuii 30.03.2023



AHHOTANMA
JlaHHBII KypC O3HAKOMHT CTYAEHTOB C OCHOBHBIMH IPHUHIMIIAMH M AJITOPUTMaMU OOPaOOTKH ONTHYECKUX
CUTHAJIOB, TPUMEHSEMBIX B BOJIOKOHHO-onTHueckux auHuAx cBsizu (BOJIC). B pamkax manHoro Kypca Oyzaer
MpoBeI€H 0030p ONTUYECKUX TEXHOJOTHH, YCTPOWCTB, OCHOBHBIX mNpHHIMIIOB moctpoeHus BOJIC,
paccMoTpeHa CTPyKTypa LU(POBBIX CHCTEM INepenadyd HH(OpMAalM{, METOAbl KOMIEHCALWU HCKAaKECHUH
onruveckoro curHama, nepenasaecmoro B BOJIC. B pesymbrare nmaHHOrO Kypca CTYAeHT OyaeT o0naaaTrh
JOCTAaTOYHBIMU 3HAHUSIMH IS UCCIICIOBAHUSA NIEPCIIEKTUBHBIX METOI0B IM(PPOBOI 0OpaOOTKH CUTHAJIOB.

Kypc npoxonur B ¢dopmare nexumii M ceMuHapoB. J[sl yCHEHIHOTO MpPOXOXKAEHHS KypcOoB HEOOXOIMMO
MoCeleHNe M KOHCIEKTHUPOBAHWE JICKIHUH, BBIIOJHEHWE TMPAKTHUECKUX pPadOT Ha CceMuHapax |
CaMOCTOSITENIbHAS padoTa ¢ JOMOTHUTEIBHOMN TUTEPaTypPO.

1. lean u 3apa4n
Heab qucUMMIMHBI

- U3y4YeHHEe OCHOBHBIX MPUHIIMIIOB U alTOPUTMOB 0OPAOOTKH ONTHYECKUX CUTHAJIOB, IPUMEHSEMBIX B
BOJIOKOHHO-OTITHYecKux JInHUAX cBsizu (BOJIC).

33]13‘[1/[ JAUCHUIIINHBI

- OcBOEHHE CTYJCHTaMU OCHOBHBIX MpuHLMIIOB padotel BOJIC;

- TpUOOpETEeHHE TMPAKTUYECKUX HABBIKOB NPUMCHEHHS COBPEMEHHBIX METOIOB U CTaHIapTOB
g posoii 06padorku curnanos (LIOC).

2. llepedyens popmMupyemMbIX KOMIETeHIMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Koz n HanMeHOBaHKE KOMIIETEHIIUU WHauKaTopbl JOCTUKEHMSI KOMIIETEHIIUN
YK-1 Cnocoben ocymectBnsaTh kputuueckuid  |YK-1.2  OcymiecTBisier MOWCK — BapuUaHTOB  PEUICHUS
aHaJn3 NpOoOJIEeMHBIX CUTyalluii HA OCHOBE MOCTAaBJICHHOH  TpOOJIEMHONW  CHUTyallud Ha  OCHOBE
CHCTEMHOTO TT0JIX0/1a, BEIpAaOaThIBATh JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN
CTpaTeruro AecTBui
YK-4 CriocobGeH mpuMeHsI T COBPEMEHHbBIE VYK-4.4 CrnocobeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
KOMMYHHMKATHBHBIE TEXHOJIOTHH, B TOM YHCI€  |MH(POPMAIMOHHO-KOMMYHHMKAIIHOHHBIX  TEXHOJIOTHMH  JUI
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT aKaJIeMUYECKOTO U MPO(EeCCHOHAIEHOTO B3aUMOJCHCTBUS
aKaJIeMHYECKOT0O M PO(ecCHOHAIBEHOTO
B3aUMOJIEICTBUSA

YK-6.1 Ymeer pemars 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pPa3BUTHS,  ONPENeNiaTh |
peaTn30BBIBATH MIPUOPUTETHI COBEPIIICHCTBOBAHUS
cOOCTBEHHOM AEATENHHOCTH

YK-6 CriocobeH onpeiessITh U peaan30BhIBaTh
MPUOPUTETH COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE
CaMOOILICHKH

VK-6.2 OueHuBaeT CBOIO JI€STE€ILHOCTb, COOTHOCHUT LIE/IH,
CIIOCOOBI WM CPEJICTBA BBITIONHEHUS JACITEIHHOCTH C e
pe3ynbTaraMu

OIIK-1.1 3HaeT W CIOCOOEH  HCHOJIB30BaTb B
npoeCCUOHANBHON JeSITeIbHOCTH (yHJaMEHTAJIbHBIE U
MPUKJIAHBIE HAyYHBIE 3HAHWS B OOJACTH €CTECTBEHHBIX
HayK

OIIK-1 CrtocoOeH npeCcTaBIsITh COBPEMEHHYIO
HAyYHYIO KapTHHY MHpPA, BBISBIATh
€CTECTBEHHOHAYYHYIO CYLIHOCTh MPOOIIeM
cBOEH POQeCCHOHATBEHOM JesITeThHOCTH,
OIIPEACISTh IyTH UX PEIICHHS U OLICHUBATh

3¢ GEKTUBHOCTH CIEITaHHOTO BhIOOpa

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IaCTH
npo(heCCHOHATBHOM ESTENbHOCTH

OIIK-2 CriocoOeH peann30BhIBaTh HOBBIC OIIK-2.2 Bmameer HaBbIKAMU  peaiu3allidl  HOBBIX
TIPUHITUIIBI ¥ METO/IBI HCCIIEA0BaHUS MPUHIIUIIOB M METOJOB MCCIIEAOBAHUS B COBPEMEHHBIX
COBPEMEHHBIX WH()OKOMMYHUKAITMOHHBIX MH()OKOMMYHUKAITMOHHBIX CHCTEMaX U CETAX

CHCTEM U CeTeH pPa3IMYHbIX TUIIOB MepeladH,
pacnpenenenus, 00pabOTKU U XpaHEHHS
nHpopMaIuu




OIIK-3 Cnocoben npuobperarh, 00padaThiBaTh
Y MCIOJIb30BaTh HOBYIO HH(OPMAIIHIO B CBOCH
HpeIMETHOH 001acTH, peIaraTb HOBBIE UICH
U TIOJIXO/IbI K PELICHUIO 3a1a4 CBOCH
npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-3.1 Ymeer HCIONIb30BaTh COBPEMEHHBIE
WH(POPMALIMOHHbIE U KOMIBIOTEPHBIE TEXHOJIIOTUH, CPEACTBA
KOMMYHUKAallMii ~ 0OpH  IIOUCKE  HAYYHO-TEXHUYECKOU
nH(popMaLru B CBOEH NpodeccCuOHaTbHON AEATEIbHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCHUIIMHBI 00y4alOIINeCs JOIKHbI

3HATb:

YMETB:

- O0nIyr0 CTPYKTYpy IUGPOBBIX CUCTEM Tepeauu BUACONH(DOpMAInu;

- OCHOBBI CTaTHCTUYECKOTO (3HTPOIMUITHOTO) KOAUPOBAHUSI;

- METOJIbl YCTPAHEHUS BU3yaJIbHOU N30BITOYHOCTH CTATUYECKUX U TUHAMUYECKUX N300pakeHU;
- CTaH/IapThl KOJUPOBAHUS CTATUYECKUX U TUHAMHYECKUX N300pasKEHH.

-IInpumenarts 3Hanus ocHoB U TexHoioruit LIOC.

BJIAJIETD:

- OCHOBHEIMU METOAAMH KOMIICHCAIIUH HCKAKECHHUI ONTHYSCKOIO CUTHAJIA, IICPCAAOIICTOCA B BO.HC,
- TCEOPETHUYCCKMMU W OSKCIHCPHUMCHTAJIbHbIMU MCETOAAMH HUCCICAOBAHUA C 1CJIIbIO HN3YUYCHUA

nepcekTUBHBIX MeToaoB LIOC.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJEHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpynoeMKoCTh MO BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOThI Camoct.
’ pabora

00630p ONITUYECKUX TEXHOJIOTHH,

1 YCTPOMCTB, OCHOBHBIE MPUHLHIIBI 2 2
noctpoenus BOJIC

) CTpyKkTypa ONTHYECKUX Iepenardyuka U 4 4
[IPUEMHUKA

3 Monysnsust u dbopmupoBaHue 4 4
CUTHAJIBHOTO CO3BE3/IHS

4 Bricokockopoctabsie AITT/ITATL 4 4

5 ANTOpPUTMBI CHHXPOHH3ALNH 4 4
ApanTuBHAs ~JTUHEWHAs — OKBaTU3aLUsL

6 (CMA/MMA/LMS) u  nonuda3zHbie 4 8 12
APXUTEKTYPBI
HenuHeNHOCTh ONTHYECKOTO BOJIOKHA U

7 anroputMel  ee komnencauuu (PBM, 4 4
DBP)

3 KomneHcanmst UCKaXeHWM  yCTpOMCTB 4 7 1
(QDC/QMC, Volterra NLE)

Nroro gacos 30 15 45




[ToaroroBka k sK3aMeHy

0 gac.

Oobmas TpynoEMKOCTb

90 yac., 2 3au.ex.

4.2. Cogep:xaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 1 (Ocennuii)

1. O630p onNTUYECKUX TEXHOJIOTH, YCTPONUCTB, OCHOBHBIE MPUHIUIBI TocTpoeHust BOJIC

O030p COBPEMEHHBIX TEXHOJIOTHI BOJIOKOHHO-ONTHUYECKOW cBsi3u. [IpuHnmmbl noctpoenuss BOJIC,
texnosmorusi DWDM. O0630p ob6opynoBanusi, npumensemoro npu noctpoeann BOJIC, tumbi,
OCHOBHBIE XapaKTEPUCTUKHU.

2. CTpyKTypa ONTUYECKUX MepeaaTyrKa U MpueMHHKa

OCHOBHBIEC XapaKTEPUCTUKHU ONTOBOJIOKOHHBIX CUCTEM CBsi3i. O030p OCHOBHBIX OJIOKOB IepeIaTuiKa
(xananpHBIA KOHEp, moxmymsatop, LIAII, smexrpoontudeckuii mpeoOpaszoBatenb). MaremaTHdecKue
MOZENIM  ONnTHYecKoro kaHana. OO030p OCHOBHBIX OJIOKOB TIpHEMHUKA (ONTOAIEKTPOHHBIN
npeobpazoBatenb, ALIL, GokH CHHXpOHM3AIMH, dKBaJAii3ep, AEMOIYIATOP, KaHAIBHBIN JEKO/IED).
Kputepun 3¢(hekTHBHOCTH ONITHYECKOM CUCTEMBI CBSI3H.

3. Mogynsiuns 1 GOpMHUPOBAHNE CUTHAIBHOTO CO3BE3AUS

KAM wmonynsiuu. KonmmdectBo uHdopmanuu u npenen lllennona. [eomerpuyeckuil mednuHT
co3Be3aus. BepostHocTHBIN mweinuHr co3Be3aus. Hymepaunonnoe xonupoBanue u cxema Kosepa.

4. Bricokockopoctabie ALITI/ITATL

Amnanoro-mudpoBsie U Udppo-aHaiorossie npeodpazoparenu. Buabr AT (mapamnensusiii ALTL,
curma-gensra Allll, AIIl nocnemoBarenbHOro mnpubmmxkeHus, koHBeepHbii ALl ALl c
BpeMeHHbIM yIuioTHeHneM). Buabr [JAIT (IIAIT na ocHoBe pe3uctuBHOM Mmarpuibl, [[AIT c
TOKOBBIMU ~ Kiitouamu, LIAIl ¢ BpeMeHHbBIM WJIM YacTOTHBIM YIUIOTHeHHEM). (OCHOBHBIE
xapaktepuctukn ALTI/ITAIL Tlpumenenne AUII/ITAII B onTudeckux mpuéMonepenaTyukax.
Jluneiinpie u HenuHelHble uckaxenus B ALII/IIAIl ¢ BpeMeHHBIM YIJIOTHEHHEM W METOABI UX
KanuOpoBku. YMeHblenue nryma kpantoBanust AITT/IIATIT (muHamMuyeckoe KBaHTOBaHHE).

5. AJNropUTMBI CUHXPOHU3ALUH

Bpemennass cuHXpoHM3aLuMs: JApOOHAs WHTEPHONALMSA, TAaKTOBas CHHXPOHHM3ALUS, AalrOpUTM
lapnuepa, anroputm logapna; daszoBas/gactorHas cunxponnsauusi: nerist Kocraca, BPS, VV.

6. AnantuBHas auHelHas sxkBanuzanus (CMA/MMA/LMS) u nonudasHbie apXUTEKTypbl

Kpurepuun ajanranmu, cienbie W ymnpapisieMble PEHICHHEM JKBallai3epbl, JTHHEHHBIH dKBasaisep,
decision-feedback skBanaiizep, MIMO skBanaiizep.

7. HenmnHEMHOCTh ONTHYECKOTO BOJIOKHA M aITOpUTMEI ee komnencanuu (PBM, DBP)

MaremaTtudeckass MOJENIb ONTOBOJIOKOHHOTO KaHaja CBSI3U. AJITOPUTM KOMIEHCAIIMHM HEIMHEHHBIX
UCKa)XeHUH Ha ocHoBe Teopuu Bo3MymeHuit (PBM — perturbation based model). Anroputm
KOMIICHCAIlUd HEJIWHEWHBIX HWCKaKEHWH C TIOMONIBI0 TEXHOJOTHMH IH(POBOro 0OpaTHOTO
pacnpoctpanenus (DBP — Digital Back Propagation).



8. Komniencamus uckaxenuit ycrpoiicts (QDC/QMC, Volterra NLE)

OnroaseKTpoHHBIE yCTPOMCTBA: J1a3epbl, JApalBepbl MOIYIATOpa (YCWINTENIH), MOAYJISITOPHI,
npuéMHble ycTpoicTBa, TpaHcumreaancHele ycunutenu (TIA). Tunsl uckaxenuid: nuHeiiHblE (C
namsThio), 1/Q-umbananc, nHenunelnble. ludpoBble Mozenu IS KOMIICHCAIMU HCKaKCHUH:
KUX-¢punsrp, QMC/QDC, MIMO, Volterra NLE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0XMMO AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

Aynutopus ¢ MyJbTUMEIUNHBIM IIPOEKTOPOM U KOMIIBIOTEPOM, ayIUTOPHAs JOCKa.
6.IlepeyeHnb pexoMeHYeMOM JIMTEPATYPHI

OcHoBHas 1uTeparypa

1. CxeMoOTexXHHKa aHAIOTO-IIUPPOBBIX MpeodpazoBareneit [Tekcr] : [yued. mocobue ans By30B] / B. b.
Tomwmbckuit .— M. : Texnocdepa, 2014 .— 288 c.

2. OcHoBbl nu(poBoii 06padotku curnanos [Tekct] : B 3 u. : yueO. mocoOue st By30B / FO. A.
Pomantok ; M-Bo oOpazoBanus u Hayku Poc. @eneparum, Mock. pusnko-TexH. UH-T (TOC. YH-T .— M. :
M®TH, 2005 .— Y. 1 : CpoiicTBa 1 npeobpa3zoBaHus AUCKPETHBIX CUTHAIOB. - 2005. - bubauorp.: c.
326-327. - 700 7x3. - ISBN 5-7417-0144-2.

3. OcHoBsI u(poBoii 00padoTku curHaioB [Texct], yae6. mocobue st By3oB /A. 1. Cononuna [u
ap.]. -CII6., BXB-ITerepOypr, 2005

JomnonHutenbsHas auTeparypa

1. OcHoBHI Teopuu U poBoit 00padoTku curnanos [Texct] / C. B. YMusmikuH -
M. TEXHOC®EPA,2017

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://www.dsplib.ru/— Teopus u nmpakruka HuppOBON CBA3U
2. http://www.edu.ru — penepanbnsrii mopran «Poccuiickoe 00pa3oBaHuE).
3. http://benran.ru — GuONIMOTEKA MO ECTECTBEHHBIM HayKaM Poccuiickoil akajeMiu HayK.

4. http://minsvyaz.ru/ru/documents/ — HOpMaTHBHO-IIPABOBbIE JOKYMEHTH MUHHCTEPCTBA CBSI3U U
MacCOBBIX KOMMYHHKauuii Poccuiickoit @enepanuun

5. http://www.itu.int/pub/T-REC/ — Pekomennaninu Cektopa cTaHAapTU3AIWU TEJICKOMMYHUKAIIMN
MesxayHaponHOTro coro3a 3eKTpocBsazn MCO-T

6. http://www.itu.int/pub/R-REC/ — Pekomennanun Cexropa paarocBs3u MeXIyHapoJHOTO COr03a
anexkrpocsszu MCO-R

7. http://www.etsi.org/standards-search/ — crangapThl EBponelickoro HHCTUTYTa CTaHAapTH3AINN
tenexkoMMmyHukauuid ETSI

8. http://www.ietf.org/rfc.html/ — noxymenTs! uHxeHepHoi padoueii rpymmnsl MaTepaer RFC IETF

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

B mporiecce npakTruecKrX 3aHATHH HCIIONB3YIOTCS MTPOrpaMMHBIe makeTsl Matlab.
9. Metonu4yeckne yKkazaHusi JUIsl 00y4AIOIIMXCH 10 OCBOCHUIO AU CHUILTHHBI (MOXYJI5)

VYenemHoe ocBoeHue kypca «LludpoBas oOpaboTka CHUTHAJIOB B BOJIOKOHHO-ONITHYECKHX JIMHUSIX
CBSI3W» TpeOyeT OONBINONW CaMOCTOSTENILHOW PabOThI CTyJAeHTa. B mporpamMme Kypca MpHUBEICHO
MHUHHAMAIJILHO HE00X0IMMOe BpeMst [Tt paOOThI CTyACHTA HaJl TEMOM.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:



* YTEHHE U KOHCIIEKTHPOBAHUE PEKOMEHIOBAaHHOM JIUTEPATYPBI,

*  mpopaborky ydyeOHOro marepuana (MO KOHCIEKTaM JICKIIMH, CEMHUHApOB, Y4eOHOW W HaydHOW
JUTeparype);

* pelIeHue 3a/1a4, IpeIaraeMbIX CTYJICHTaM Ha JICKIHAX U TPAKTHICCKUX 3aHATHSX,

* BBINOJIHEHNE CAMOCTOSATENBHBIX padot B cpene Octave,

* TOATOTOBKY K KOHTPOJBHBIM, CAMOCTOSITEIILHBIM Pa0OTaM U TECTaM.

PYKOBO):[CTBO U KOHTPOJIb 3a CaMOCTOSTCIIFHOM pa60T0171 CTYACHTA OCYUICCTBJILACTCA B PC3YJIbTATC
aHaJIn3a UTOroOB KOHTPOJIbHBIX, CAMOCTOATCIIbHBIX pa60T, a TaK)XXC MHANBUAYAaJIbHBIX KOHCYJII)TaHI/Iﬁ.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: NHpoKOMMYyHHUKAIMOHHBIC TEXHOJIIOTUN U CUCTEMBI CBS3H
npopuJib NOArOTOBKHU: TeneKOMMYHUKAIIMOHHBIE CETH U CUCTEMBI
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadeapa MyJTbTUMEIUHHBIX TEXHOJIOTUN U TEIIEKOMMYHUKAITUH
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

Pa3paborunk: I1.B. IINOTHUKOB, KaH/I. TEXH. HAYK, JOLICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.2 OcymiecTBisger MNOUCK BapHaHTOB
MOCTAaBJICHHOH  NpoOJIEMHOW  CHUTyalluu Ha
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

peleHus
OCHOBE

YK-4 CriocobGeH mpuMeHSITh COBPEMEHHbBIE
KOMMYHHKATHBHBIE TEXHOJIOTHH, B TOM YHCIIE
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT
aKaJIeMHYECKOTO M PO(eCcCHOHAIBEHOTO
B3aUMOJICHCTBUS

VYK-4.4 CrniocobGeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
MH(QOPMAIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
aKaJIeMUYECKOTO U MPO(EeCCHOHAIEHOTO B3aUMOJCHCTBUS

YK-6 CriocobeH onpeessTh U peaan30BhIBaTh
MPUOPUTETH COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE
CaMOOIICHKH

YK-6.1 Ymeer pemars 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pa3BUTHS,  ONPENeNsTh |
peaTn30BhIBATH MIPUOPUTETHI COBEPIICHCTBOBAHUS
cOOCTBEHHOM AEATENHHOCTH

VK-6.2 OueHuBaeT CBOIO JIESTEIHLHOCTb, COOTHOCHUT LIE/H,
CIIOCOOBI W CPEJICTBA BBITIONHEHUS JACATEILHOCTH C e
pe3ynbTaraMu

OIIK-1 CrtiocoOeH npeaCcTaBIsITh COBPEMEHHYIO
HAy4HYIO KapTHHY MHpPA, BBISBIATh
€CTECTBEHHOHAYYHYIO CYLIHOCTh MPOOIIeM
cBOEH POQeCCHOHATBHOM JesITeTLHOCTH,
OIIPEACISTh MyTH UX PEIICHHS U OLICHUBATh

3¢ GEKTUBHOCTH CIEITaHHOTO BhIOOpa

OIIK-1.1 3HaeT HW  CIOCOOEH  HCHOJB30BaTb B
npoeCCUOHANBHON JeSITeIbHOCTH (YHJAaMEHTaJIbHBIE U
MPUKJIAIHBIE HAyYHBIE 3HAHWS B OOJACTH €CTECTBEHHBIX
HayK

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00JAaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2 CriocobeH peann30BbIBaTb HOBBIE
HPUHINIIBI ¥ METOJBI HCCIIEAOBAHUS
COBPEMEHHBIX HH(OKOMMYHHKAIMOHHBIX
CHCTEM U CeTeH Pa3IMYHbIX TUIIOB MepelayH,
pacnpenenenus, 00pabOTKU U XpaHEHHS
nHpopMaIuu

OIIK-2.2 Bmameer HaBbIKAMU  peajm3allid  HOBBIX
MPUHIIUIIOB M METOJOB MCCIEAOBAHUS B COBPEMEHHBIX
MH()OKOMMYHUKAITMOHHBIX CHCTEMaX U CETAX

OIIK-3 Criocoben npuobperars, 00padaTbIBaTh
Y HCIIONIb30BaTh HOBYIO HH(OPMAIIHIO B CBOCH
IpeJIMETHOM 00J1acTH, MpeaaraTh HOBbIE HICH
U MTOAXOIBI K PEIICHHUIO 33124 CBOCH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-3.1 YMmeer HCITIOJIb30BaTh COBPEMEHHBIE
MH()OPMALMOHHBIE U KOMIIBIOTEPHBIC TEXHOJIOTHH, CPEACTBA
KOMMYHHKAIIMi ~ TpU  TIOMCKE  HAyYHO-TEXHUYECKOH
nHpOpMaInu B CBOeH MpodeccHoHaTLHON AeITETbHOCTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC U3YUCHUA NUCHUTIIAHBI «]_[I/I(prBafI 06pa60TKa CHUTHAJIOB B BOJIOKOHHO-OIITHYCCKHX JIMHUAX

CBSI3W» 00yYarOIIUIACS TOJKEH:

3HATb:

- OOuIyr0 CTPYKTYpy IUGPOBBIX CUCTEM TIepeauu BUACONH(OpMAInu;

- OCHOBBI CTaTHCTUYECKOTO (3HTPOMUITHOTO) KOAUPOBAHUS;

- METOJIbl YCTPAHEHUSI BU3YaJIbHOW N30BITOYHOCTH CTATUYECKUX U TUHAMUYECKUX N300pakeHUN;
- CTaH/IapThl KOJUPOBAHUS CTATUYECKUX U TUHAMHYECKUX N300pasKEHH.

yMeTh:

-IInpumenarts 3Hanus ocHoB U TexHoioruit LIOC.

BJA€Th:




- OCHOBHBIMH METOIaMHU KOMIICHCAIIUU HCKAXCHU ONMTHYECKOTO cUrHana, nepenatomierocs B BOJIC;
- TEOPETUYECKMMH U OKCICPUMCHTAILHBIMH METOJAaMH HCCIICAOBaHUS C I[ENbI0 H3YYCHUS
nepciekTUBHBIX MeToaoB [{OC.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

. Mudopmarmonnas reopema.

. Buzbl craTrcTnyeckoro KOAMpOBaHUsl.

. Buzpl konupoBaHusl curHaia.

. Moaynsauusa onTHYecKoro CUrHana, OCHOBHBIE THIIBI, TpuMeHsaeMble B BOJIC.
. KonmmuectBo nndopmanuu u npeaen Lllennona.

. OCHOBHBIE AJITOPUTMBI CUHXPOHU3ALUH.

. JInneliHas dKBanM3aLMsl, IPUHLUIIBI IOCTPOEHHUS aIallTUBHBIX HKBAJIAN3EPOB.
. Hudpossie moxenn komieHcanuu uckaxenuit B BOJIC.

9. OcHoBHble THIIBI HcKaxeHui B BOJIC.
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10. OnrToameKTpoHHBIE YCTPONUCTBA, UCTIONB3yeMble B TpruéMHOM obopynoBannu BOJIC.
11. OnTosneKTpOHHbBIE YCTPOICTBA, HCIIONB3yeMble B iepeaatoiieM ooopyaosanuu BOJIC
12. OcHOBHBIE XapaKTEPUCTUKH OMTOBOJIOKOHHBIX CHUCTEM CBS3H.

13. MaremMaTuueckue MOJEIH ONTUYECKOTO KaHala.

14. Kputepuu 3 HeKTHBHOCTH ONITUYECKUX CHCTEM CBSI3H.

15. MaremaTuueckast MOZIE€Ib OLITOBOJIOKOHHOIO KaHaJla CBSI3U.

16. AnropuT™m KOMIEHCAIIMN HEMTUHENHBIX HCKa)KEHUH HA OCHOBE TEOPUHU BO3MYIIEHUH.

17. AnTOpuTM KOMIICHCAIIMM HEJIWHEHHBIX HWCKAKEHUH C TOMOIIBI0 IUPPOBOrO 0O0PaTHOTO
pacnpocTpaHeHHUs.

18. IIpMHUHMITEI TOCTPOCHHUS BOJIOKOHHO-ONTUYECKUX CUCTEM CBSI3U. THIIBI Y3JI0B U MX Ha3HAYCHHUE.
19. O630p obopynoBanus DWDM, Ha3HaYeHHE, OCHOBHBIC XapaKTEPUCTUKH.
20. HymepanmoHnHoe koaupoBaHue u cxema Kosepa.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB M TeM JJISI IPOBEAEHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

. CoBpeMeHHbIE TEXHOJIOTHH BOJIOKOHHO-ONITUYECKOH CBA3M.

. Hpunanmmnsr noctpoenuss BOJIC, texnonorus DWDM.

. ObopynoBanus, npuMeHsiemoro npu nocrpoeanu BOJIC, THITbI, 0CHOBHBIE XapaKTEPUCTUKH.
. OCHOBHBIE XapaKTEPUCTHKH ONTOBOJOKOHHBIX CHCTEM CBSI3H.
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OcHoBHBIE OJIOKM Tepenardyuka (KaHaJdbHBIH Komep, Momymsarop, L[AIl, smexkTpoonTudeckuii
mpeodpa3oBarep).

6. Maremarndeckue MOACIHN OIITHYCCKOI'O KaHaja.

7. OcHOBHBIX O0KM pUEMHHKA (OMITO3JIEKTPOHHBIN Mpeodpazosareinb, AL, 610KH CHHXPOHU3ALUH,
JKBaJlaii3ep, NIEMOIYIATOP, KaHAIBHBIN IEKOIED).

8. Kpurepuu 3(hheKTHBHOCTH ONITUYECKON CUCTEMBI CBS3H.

9. KAM monynsmuu. Konmudectso nndopmanmu u npenen lllenHoHa.

10. T'eomeTpryeckuii MIEHIUHT cO3BE3/1MsA. BEepOATHOCTHBIN MIEHITHHT CO3BE3IHUS.
11. HymepannonHoe kogupoBanue u cxema Kosepa

12. Ananoro-uupoBbie U MUQPPO-aHAIOTOBBIE MPEOOPA3OBATEIH.

13. Buast AL (mapamnensusiii AL, curma-nensra AL, AL mocienoBareabHOrO MPUOIMKEHMS,
konBeepHbIil ALILL, AIIII ¢ BpeMEeHHBIM YIUIOTHECHHEM ).

14. Buget LHAII (IJAIl Ha ocHoBe pesuctuBHOU Marpuilsl, [[AIl ¢ TokoBeiMu kmtouamu, [IAIl ¢
BPEMEHHBIM WUJIM YaCTOTHBIM YIUIOTHEHHEM).

15. Ocnosunble xapakrepuctiuku ALTT/IIATI.
16. Ilpumenenue ALITT/LIAIIL B onTHueckuX mpuéMonepenaTynkax.

17. Jlunerinvle u HenuHelnble ckaxenus B ALIIT/LIAII ¢ BpeMEHHBIM yIJIOTHEHHEM W METOIbI MX
KaJMOPOBKH.



18. Ymensbmenue myma kBantoBanus ALII/IIATT (nmHaMuveckoe KBAHTOBAHHUE).

19. BpemeHHast CHHXpPOHHM3AIMA: JIpoOHAas MHTEPIOJSLUS, TAKTOBas CHUHXPOHM3ALMS, aJITOPUTM
lapnuepa, anroputm logapna; daszoBas/gactorHas cunxponnsauusi: nerist Kocraca, BPS, VV.

20. Kputepun agantanu, ciemnble U yIpaBiIseMble PEMICHUEM JKBaJal3epsl, JMHEWHBIN 3KBajaisep,
decision-feedback skBanaiizep, MIMO skBanaiizep

21. Maremarunueckasi MOZI€JIb OTOBOJIOKOHHOTO KaHaJla CBSI3U.

22. AJTOpUTM KOMIIEHCAIIUM HETMHEHHBIX HCKaXEHWH Ha OCHOBE Teopuu Bo3myuleHuit (PBM —
perturbation based model).

23. ANropuTM KOMIICHCAIIMH HEJIMHEHHBIX NCKAKEHUI ¢ TOMOIIBIO TEXHOIOTHH LU(PPOBOro 0OpaTHOTO
pacupoctpanenust (DBP — Digital Back Propagation).

24. OnTodNIEKTPOHHBIC YCTPOMCTBA: Iazepbl, ApadBepbl MoOAyisiTopa (YCHUIHUTENH), MOIYISTOPHI,
npuéMHBIC YCTPONCTBA, TpaHCUMIIeaHCcHbIe ycunutenu (TIA).

25. Tunsl MCKaXKeHMIA: JTUHEHHBIE (¢ TaMsThI0), I/Q-umbananc, HeMMHEHHBIE.

26. lludpoBeie Moxenu mis komneHcaruu uckaxenuit: KUX-dunsrp, QMC/QDC, MIMO, Volterra
NLE.

Kpurepun onennBanus
Onenka otnuuno (10) BbICTaBIsIeTCS CTYAEHTY, TOKa3aBIleMy BCECTOPOHHHE, CUCTEMaTHU3NPOBAaHHbIE,
IyOOKHe 3HaHHUs Y4eOHON MporpaMMbl TUCIUILIMHEI, POSBIISIIOIIEMY HHTEpEC K JaHHOH MpeIMeTHON
obnacty, IPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO W TBOPUECKH MPUMEHATh UX Ha MPAKTHKE MPH
pEIIeHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U NPAaBUIBHOE 000CHOBAHNE PUHSATHIX PEILICHHA.

Ouenka omnuHO (9) BBICTaBISETCS CTYICHTY, IIOKa3aBIIEMY BCECTOPOHHHUE, CUCTEMAaTU3UPOBAHHBIC,
1yOOKHe 3HaHUS y4eOHOM MporpaMMBbl TUCLUILIMHBI 1 YMEHUE YBEPEHHO NPUMEHSTh UX Ha MPAKTHKE
IIPU peIICHUN KOHKPETHBIX 3a]1a4, CBOOOIHOE U IIPAaBMIILHOE 000CHOBAaHHE MPUHATHIX PELICHUI.

Onenka oTIMYHO (8) BBICTABIAETCS CTYACHTY, IOKAa3aBIIEMy CUCTEMaTH3UPOBAHHbIC, ITyOOKME 3HAHUS
y4eOHOW MporpaMMbl AUCHMIUIMHBL U YMEHHE YBEPEHHO NPHMEHATh MX Ha MPAKTHKE MPH PELICHUH
KOHKPETHBIX 3a]a4, IPaBHJIbHOE 000CHOBAaHHUE MPUHSATHIX PELICHUH, C HEKOTOPBIMH HEIOYETaAMH.

Onenka xopomio (7) BBICTaBISIETCS CTYIEHTY, €CIM OH TBEpAO 3HAeT MaTrepuaj, TPaMOTHO U TIO
CYLIECTBY H3JIaraeT €ro, yMeeT IPUMEHSTH IOJy4YCHHbIE 3HAHWA HA NPAKTUKE, HO HEJOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.

OI_IGHKa XOopouro (6) BBICTABJIACTCA CTYACHTY, €CJIM OH TBCPAO 3HACT MaTCpuall, TpaMOTHO U II0
CylI€CTBY U3JIara€t €ro, yMeCT IPUMCEHATD MOJTYUYCHHBIC 3HAHNA Ha IMPAKTUKE, HO JOITYCKACT B OTBCTC
HJIW B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH.

Ornenka xopomio (5) BBICTABISAETCS CTYIEHTY, €CIM OH B OCHOBHOM 3HAaeT MaTepuaj, TPaMOTHO U IO
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 JOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.

OneHka YIOBIETBOPUTEIbHO (4) BBICTABISIETCS  CTYIEHTY, TIOKa3aBIieMy (QparMeHTapHBIMH,
pPa3po3HEHHBIA XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapyLIEHUs JOTHYECKON MOCIeI0BAaTeIbHOCTH B U3JIOKEHUHU IIPOrPaMMHOI0 Marepuaia, HO IPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3ienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE sl AajbHeHmero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OneHka yIOBIETBOPUTETbHO (3) BBICTABISIETCS  CTYIEHTY, TIOKa3aBIIeMy (parMeHTapHBIMH,
Pa3po3HEHHBIH XapakTep 3HaHWW, AOMycKaroulemy omHuOKku B (popMynupoBKax 0a30BbIX NOHSATH,
HapyLIEHUs] JIOTHYECKOM IOCIEeI0BaTEeIbHOCTH B M3JIOKEHHUH IPOTPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3aesiaMu yueOHOM mporpaMMbl, HEOOXOAUMBIMHU JUTSI TajbHEHUIIETO 00yUeHHS U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYallHH.

OueHka HEyIOBIETBOPUTENBHO (2) BBICTABISIETCS CTYJACHTY, KOTOPBI HE 3HaeT OouiblIed YacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUTOBBIX 3a]a4.



Ouenka HeyaoOBIeTBOPUTENBbHO (1) BBICTaBIsSETCA CTYAEHTY, KOTOPHI HE 3HAaeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeilmue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3a/1ad.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHNBAHUS 3HAHUI, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

HuddepeHnupoBanHbsli  3a4eT  NpoOBOAUTCS B ycTHOW  ¢opme. Ilpm  mposemeHuun
T epeHIMPOBaHHOTO 3aueTa oOyyaronmieMycs npegocrasisiercs 20 MUHYT Ha moAarotoBky. Ompoc
00ydJaromerocst mpoBoaUTCs B TedeHne 30 MUHYT.

Bo Bpems mpoBenmeHus 3K3aMeHa M 3adeTa OOydJaromMecs MOTYT IIOJIb30BaThCS MPOTPaAMMOM
TUCITUTUIAHBI.



