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AHHOTANMA

JaHHbI Kypc IpeqHa3sHadeH Uil W3y4YeHHUs] OCHOBHBIX IPHUHUMUIIOB W AJITOPUTMOB IPOCTPAHCTBEHHOM
00pabOTKM CHUTHAJIOB B 3ajayax OECHpOBONHOW Mepeladd JaHHBIX, a TaKKe OCHOBHBIX CTaHIApTOB
(U3MUECKOTO ypOBHS AJISl NMPAKTUYECKOrO NMPHMEHEHUS paccMaTrpuBaeMbIXx MeTonoB B cersax 4G u 5G. B
paMKax JaHHOTO Kypca CTYACHTBI OCBOAT MOJEIBbHOE ONHMCAHME KaHajla paclpocTpaHeHus HH(opManuw,
0011y10 CTPYKTYpy LudpoBbiX cucteM 4G U ocHOBHBIE OTIMYMs 5G, OCHOBBI METOZOB M3MEPEHUs KaHala 1
VAYYIIEHUS! €r0 OLEHKH, OCHOBHI MPOCTPAHCTBEHHO-BPEMEHHOTO KOOUPOBAHMSA, OCOOCHHOCTH YIIPABICHHUS
pecypcamu paguonoctyna B 5G u akryanbHbie pobieMbl MIMO-cuctem B 5G. B pesynbrare mpoxoxkIeHMsI
JAHHOTO Kypca CTYIEHT CMOXKET OBJa/leTh OCHOBHBIMH METOJAaMH MPOCTPAHCTBEHHOTO Pa3/eIecHUs] KAHAJIOB B
peXrMe MHOTOIIOJIb30BAaTENbCKOIO JI0CTYIIA, @ TAKXKE TEOPETUYECKUMH U SKCIEPUMEHTAJIbHBIMU METOAAMHU
HCCIJICAOBAHUSI C LEJIBbI0 U3yUCHHS IEPCIIEKTUBHBIX METOAOB U cucTeM Ha ocHoBe MIMO-nepenaun.

Kypc Oyner mpoBonutbest B popmare JEKIMOHHBIX U CEMHUHAPCKUX 3aHATHH. J{JIs yCIIemHOro NpoXoKIeHus
Kypca HEOOXOOMMO TIOCEIICHWE M KOHCIEKTHPOBAaHUE JICKIHH, BBIIOJHEHHE NPAKTHUYECKHX paboT Ha
CeMHHapax, a TaKKe caMOCTOsATeNIbHAs paboTa C JONMOIHUTEIBHOM IUTEpaTypon.

1. lean u 3apa4n

]_le.]'ll) JAUCHUIIINHBI

* l3yueHue OCHOBHBIX IIPUHIIMIIOB U AJITOPUTMOB MPOCTPAHCTBEHHON 00pa0OTKN CUTHAJIOB B 3aa4ax
OecrpoBOIHOW Nepeavr JaHHBIX;

. W3yueHne OCHOBHBIX CTaHIApTOB (U3WYECKOTO YPOBHS Ul NPAKTUYECKOTO NPUMEHEHHS
paccmarpuBaeMbix MeTozioB B ceTsax 4G u 5G.

3agauu AU CHUILIHHBI

* OCBOCHHME CTYJIEHTaMH MOJEIBHOIO ONWCAHMs KaHajla paclpoCTpaHeHus MH(OpMaIH, a TaKxke
OCBOEHHUE METONOJIOTUM HU3MEPEHUsl IapaMeTpoB KaHaja JJs IOCJEAYIOIIEro HCIOJIb30BaHUSA B
3aJayax IpOCTPaHCTBEHHON 00paboTKy;

. NpUOOpeTeHNEe TPAKTHYCCKUX HABBHIKOB NpuMeHeHHs craHaaproB 4G u 5G B 3agagax
MPOCTPAHCTBEHHON 00paOOTKH CUTHAIIOB;

* npuoOpeTeHne 3HaHU U1 OPUEHTALUH B COBPEMEHHBIX TEXHOJIOTUAX IIU(PPOBO CBS3M.
2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Koz 1 HanMeHOBaHKE KOMIIETEHIIUU WHauKaTopbl JOCTUKEHMSI KOMIIETEHIIUN
YK-1 Cnocoben ocymectBnsaTh kputuueckud  |YK-1.2  OcymiecTBisier MOWCK  BapUaHTOB  PEUICHUS
aHaJn3 NpOoOJIEeMHBIX CUTyalluii HA OCHOBE MOCTAaBJICHHOH  NpOOJIEMHONW  CHUTyallud Ha  OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN
CTpaTeruro AecTBUi
YK-4 CriocobGeH mpuMeHSITh COBPEMEHHbBIE VYK-4.4 CrniocobGeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
KOMMYHHMKATHBHBIE TEXHOJIOTHH, B TOM YHCI€  |MH(POPMAIMOHHO-KOMMYHHMKAIIMOHHBIX  TEXHOJIOTHMH  JUIA
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT aKaJIeMUYECKOTO U PO(EeCCHOHATIEHOTO B3aUMOJCHCTBUS
aKaJIeMHYECKOTO M PO(eCcCHOHAIBEHOTO
B3aUMOJIEICTBUSA

YK-6.1 Ymeer pemare 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pa3BUTHS,  ONPENeNsTb |
peaTn30BhIBATH MIPUOPUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM JESITETLHOCTH

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

VK-6.2 OueHuBaeT CBOIO JIESATEILHOCTb, COOTHOCHUT LU,
CIIOCOOBI WM CPEJICTBA BBITIONHEHUS JACITEIHHOCTH C e
pe3ynbTaraMu

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

OIIK-1 CrtocoOeH npeCcTaBIsITh COBPEMEHHYIO
HAy4HYIO KapTHHY MHpPA, BBISBIIATh
€CTEeCTBEHHOHAYYHYIO CYITHOCTH MPoOIeM




LUBuUCH llpuypciilnvndaJibHun /J1Gx110/JabHUL LN,
OIIPEACISTh IyTH UX PEIICHHS U OLICHUBATh
3¢ GEKTUBHOCTH CIEITaHHOTO BhIOOpa

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIICNOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2 CriocobeH peann30BbIBaTh HOBBIE
HPUHINIBI ¥ METOJBI HCCIIEAOBAHUS
COBPEMEHHBIX HH(OKOMMYHHKAIMOHHBIX
CHCTEM U CeTeH Pa3IMYHbIX TUIIOB MEepeadH,
pacnpenesnenus, 00pabOTKU U XpaHEHHS
nHpOopMaIun

OIIK-2.1 3HaeT UPUHIOMIIBEI W METOMLl HCCICIOBAHUS
COBPEMEHHBIX MH()OKOMMYHUKAITUOHHBIX CHUCTEM U YMEET
OIICHUBATh X JOCTOMHCTBA U HEIOCTATKH

OIIK-3 Cnocoben npuobperars, 00pabaTbIBaTh
Y HCIIOJIb30BaTh HOBYIO HH(OPMAIIHIO B CBOCH
IpeJIMETHOM 00J1acTH, MpeIaraTh HOBbIC HICH
U MTOAXOIBI K PEIICHHUIO 3a]1a4 CBOCH
npodecCHOHAIBHON IS TeTbHOCTH

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

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOXYJII0)
B pesynbsrare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATh!
* 00IIyI0 CTPYKTYpY LU(POBBIX cucTeM OecpoBoaHOM cBsizu 4G u ocHOBHBIE OTHuus SG;
* OCHOBBI METOIOB M3MEPEHUsI KaHaJIa U YITy4IIEHHs €r0 OLEHKH;
* OCHOBBI IIPOCTPAHCTBEHHO-BPEMEHHOTO KOJMPOBAHHUS;
* coBpeMeHHbIe ipobieMbl B MIMO-cucremax 5G;
* OCHOBBI YIIPaBJICHUs pecypcamu paauogoctyna B 5G.
YMETb:
*  TPUMEHATh 3HAHHWS OCHOB MPOCTPAHCTBEHHON 00pabOTKM M cTaHaapToB S5SG mpu pa3paboTke H
MOCTPOSHHUU OSCIPOBOHBIX CHCTEM Tiepenadn JaHHbIX SG.
BIIAJICTh!
. OCHOBHBIMH ~ METOJAMHM  IPOCTPAHCTBEHHOTO  DPA3JeNeHHs KAHAJIOB B  PEXHME
MHOTOIIOJIb30BaTEIbCKOTO JOCTYIIA;
. TECOPETUUECKUMH M OIKCIIEPUMEHTAJbHBIMU METOJaMU HCCIEJOBAaHHUA C LEJIBI0 H3Y4YECHUS

NEPCICKTUBHBIX MCTOJA0B U CUCTECM HAa OCHOBC MIMO nepeaavu.

4. Conep:xanue TUCUMILTUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 BBenenne B cuctembl OeCIpPOBOMHOM 4 4
CBSI3H
Pexxumbl pabor cuctem OecrpoBOTHON
2 CBSI3M C MCIIOJb30BAHUEM aJalTUBHBIX 6 4 14
AHTEHHBIX penieTok: massive-MIMO
Mertonel u3BneueHuss HHGOPMAMH O
3 KaHajie: MWJIOTHbIE CHUTHAJbI, METOJbI 6 4 10
MpeCTaBICHUsT ~ KaHajla  KOAOBBIMHU
KHUTaMH
4 [IpocTpaHCTBEHHO-BpEMEHHOU 4 ’ 6
KOJMPOBAHUE CUTHAJIOB




00630p npooiem JTUHAMAYCCKU
5 A3MEHSIOIIMUXCSA I1apaMeTpoB KaHala B 4 2 5
3a/1a4ax MOABUKHOMU CBSI3H
OcoOeHHOCTH yHpaBieHHUS pecypcamu
6 paanoocTyna B massive-MIMO 6 3 6
cucreMax
Nroro yacos 30 15 45
[loaroroBka k sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh

90 ygac., 2 3ad.em.

4.2. CopaepxaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennuii)

1. BBesieHne B crucTeMbl OECTIPOBOTHON CBSI3U

[TonsTHe TepMHUHA «MH(POPMALKD», METOJOB pacuyeTa OTHOIICHUI CUTHAJ/IIyM Ha OUT U HA CUMBOII,
MOHATUSL UHPOPMALMOHHOM €MKOCTH KaHalla, CIIOCOOBI orpeseneHus NHPOPMAMOHHONW EMKOCTH B
SISO u MIMO cucrtemax, onrcanne MOAEIN KaHajla U €€ JBOJIOLMS 0 Mepe MCIIOIB30BaHUS BCE
OoJiee IPEU3UOHHBIX CHCTEM.

2. Pexwumbl pabor cucteM OCSCIpPOBOJHON CBSI3M C HCIONB30BAHUEM aJallTUBHBIX AHTCHHBIX
pemrerok: massive-MIMO

PexxuMbl paboTBHl CHUCTEM CBSI3M C HCIOJIB30BaHWEM aHTEHHBIX penrerok (SISO, SIMO, MISO,
MIMO), a Taxxe peKUMbI IPOCTPAHCTBEHHOTO MyJbTuIuiekcupoBanus (SU, MU), 6a30oBbie METOABI
MPOCTPAHCTBEHHONH OOpa0OTKM CHTHAJIOB, TOHSATHE KaHAIBHOM MaTpHUIlbl, €€ CBOHCTBA W
3¢ GEKTUBHBIN KaHAI;, METOIbI IOCTPOCHHUE JIMHEHHBIX MPOCTPAHCTBEHHBIX (QUIBTPOB (IIPEKOACPOB),
OCHOBBI ITPOCTPAHCTBEHHON 00PaOOTKH CUTHAIIOB B YIIIOBOM 0Oaswuce.

3. MeTopl U3BICYCHUS I/IH(bOpMa]_[I/II/I 0 KaHaJIC: MNJIOTHBIC CUI'HAJIbl, MCTOABI IIPCACTABJICHH A KaHaJla
KOAOBBIMH KHUTaMH

Kparkoe BBenenue B 3GPP crannmapt ¢pusnveckoro ypoBHsl, BUJbl IMJIOTHBIX CUMBOJIOB M KOJIOBBIX
KHUT ]IS W3BJICYCHHUS WHGPOpPMAIMM O KaHaje, METOABl OIICHKM KaHalla (CHUCXOJSIIMKA KaHa,
BOCXOISIITUI KaHa).

4. TIpocTpaHCTBEHHO-BPEMEHHOM KOAUPOBAHKUE CUTHAJIOB

CaoiicTBa 3((EKTHBHOIO KaHajla IO Mepe pOCTa YWClia aHTEHH B CUCTEME CBS3H, IMPOOIEMBI
KamuOpOBKH, MPOOJIEMBbl yCTapeBaHWs KaHaJIbHOH WHQPOpPMAIMU, TNPOOIEMbl HHTEPIIOISAIUH
MOJTYYEHHBIX H3MEPEHUH, BEIYHCIIUTENLHAS CII0KHOCTb.

5. O630p Hp06J'ICM JAUHAMHUYCCKU USMCHAIOMIUXCA ITapaMCTPOB KaHAJIa B 3a/ja4ax HO,Z[BI/I)KHOﬁ CBsA3HU

CpoiictBa 3((eKkTHBHOTO KaHala MO Mepe pOCTa YWClia aHTEHH B CHUCTEME CBSI3H, MPOOIEMBI
KaJIMOPOBKH, TPOOJIEMBI YCTapeBaHUS KaHAIBHOW WH(OpMANWU, MPOOIEMBbl WHTEPIOISIHN
HOJIyYSHHBIX M3MEPECHUI, BBIYUCIUTEIbHAS CII0KHOCTb.

6. OCOOCHHOCTH yTpaBIICHUS pecypcamu pajauoocTtyna B massive-MIMO cucremax



BBeznenne B TeOpHIO pacmpesielieHUs pecypcoB, KPUTEpUM IUIAHUPOBAHUS M LieseBas (QyHKIUS,
pacnpe/eseHIe pecypcoB 110 BpEMEHH M 4acTOTe, IIePEUCIIONb30BaHHE PECYPCOB B IPOCTPAHCTBE 32
CYET MPOCTPAHCTBEHHOTO MYJIBTHIUIEKCHPOBAHMS, 3a7a4a KOOpAWHALMU HHTep(hEepeHInn |
COBMECTHOM (KOT€pEHTHOM) mepeadn, mpodiaemMa oleHKH 3QPEeKTHBHOTO OTHOIICHUSI CUTHAJ/IIYM U
omnpezaeneHus: TpancnoptHoro Omoka B cucremax 4G m 5G. CBsi3p «IUTAHUPOBIIMKA» C PACICTOM
MPOCTPAHCTBEHHBIX (PHUIIBTPOB B crcTeMax massive-MIMO.

5. Onucanue MaTepuaJbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYylIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

AynuTtopus ¢ MyJIbTHMEAUWHBIM TPOEKTOPOM M KOMITBIOTEPOM, ayAUTOPHAs! JOCKA.
[Iporpammuslit maket Octave.

6.IlepeyeHnb pekoMeHyeMOii TUTEPaATyPbI

OcHoBHas nuTeparypa

1. Lludposas cBa3b : TeopeTnueckne 0CHOBHI U MpakTHUeckoe mpuMeHeHue[ Teket] : [yue0. mocodue
st By3oB| / b. Ckisip ; [mep. ¢ anrin. E. I. I'po3st [u np.] ; mon pea. A. B. Hazapenko] .— 2-e u3n.,
uctp. — M. : Buneamc, 2007 .— 1104 c.

2. Brenenne B cmapt-anteHHsl [Teker]/K. A. bananuc, [1. . Moanuaec , -M., Texnocdepa, 2012

JomnonHurenbpHas auTeparypa

1. Kommprotepusie cetu [Tekcr] = Computer Networks /9. Tanenbaym, JI. Yazepomr ; ep. ¢ ann. A.
I'pebenbkoBa, [yueOHuK ams By30B]. -CI10, [Tutep, 2015

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

1. http://lib.mipt.ru — s3nexTponnas 6ubnmorexka dusrexa
2. http://www.edu.ru — penepanbnsrii mopran «Poccuiickoe 00pa3oBaHuE).
3. http://benran.ru — GuONIMOTEKA MO €CTECTBEHHBIM HayKaM Poccuiickoii akajeMiu HayK.

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

5. http://www.itu.int/pub/T-REC/ — Pekomennaninu Cektopa cTaHAapTU3AIUU TEJICKOMMYHUKAIIUN
MesxayHaponHOTo coro3a eKTpocBszn MCO-T

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

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

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

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJIIOYasi epeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

B nmponiecce npakTryeckux 3aHATHN UCTIOIB3YIOTCS MpOoTrpaMMHBIi makeT Octave.
[Tpumeps! pacueToB TUIOBBIX 3a4a4 Takxke pusoxarcs B cpene Octave.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

VYenemHoe ocBoeHue Kypea «IIpocTpaHcTBeHHass 00pabOTKa CHTHAJOB B COBPEMEHHBIX CHCTEMax
0ecIpoBOTHON CBSI3W» TPeOyeT OOJBIION CaMOCTOATENBHON paboThl cTymeHTa. B mporpamme kypca
NPUBEICHO MUHUMAJIBHO HEOOXOMMOE BpeMsl JIIsl padOTHI CTY/IEHTa HaJl TEMOH.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:
* YTEHHE U KOHCIIEKTHUPOBAHHUE PEKOMEHIOBAHHOM JINTEPATYPHI,

*  mpopaborKy ydyeOHOro marepuana (MO KOHCIEKTaM JIEKIMH, CEMUHApOB, Y4eOHOW M Hay4HOU
JTUTEpPaType);



* pelIeHue 3a/1a4, IpeAIaraéMblX CTYICHTaM Ha JICKIUAX U MPAKTUIECKUX 3aHATHSX,
* BbINONHEHKE pabort B cpeze Octave,
* TOATOTOBKY K KOHTPOJbHBIM, CAMOCTOSATENILHBIM Pa0OTaM U TECTaM.

PyKkoBOJACTBO M KOHTpPOJIb 32 CaMOCTOSTENLHOH pPabOTOW CTy/IEHTa OCYIIECTBIISIETCS B PE3yNIbTare
aHaJln3a UTOTOB KOHTPOJIBHBIX, CAMOCTOSTENILHBIX padoT, a TAaK)Ke MHANBUIYAIbHBIX KOHCYJIBTALNH.



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

PaszpatGoTunk: B.A. JIsmeB, KaHI. TEXH. HAYK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Koz 1 HanMeHOBaHKE KOMIIETEHIIUU WHauKaTopbl JOCTUKEHMSI KOMIIETEHIIUN
YK-1 Cnocoben ocymectBnsaTh kputuueckud  |YK-1.2  OcymiecTBisier MOWCK — BapuUaHTOB  PEUICHUS
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE MOCTAaBJICHHOH  TpOOJIEMHONW  CUTyallud Ha  OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN
CTpaTeruro AecTBUi
YK-4 CriocobGeH mpuMeHSITh COBPEMEHHbBIE VYK-4.4 CrniocobGeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
KOMMYHHMKATHBHBIE TEXHOJIOTHH, B TOM YHCI€  |MH(POPMAIMOHHO-KOMMYHHMKAIIMOHHBIX  TEXHOJIOTHMH  JUIA
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT aKaJIeMUYECKOTO U MPO(EeCCHOHAIEHOTO B3aUMOJCHCTBUS
aKaJIeMHYECKOTO M PO(eCcCHOHAIBEHOTO
B3aUMOJIEICTBUSA

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

YK-6 CriocobeH onpeessTh U peaan30BhIBaTh
MPUOPUTETH COOCTBEHHOMN AEATENBHOCTH U

CIIOCOOBI €e COBCPLICHCTBOBAHMUS Ha OCHOBE

VK-6.2 OueHuBaeT CBOIO JIESTEIHLHOCTb, COOTHOCHUT LIE/H,
CaMOOIICHKH

crocoObl M CpPEACTBa BBIMOJHEHUS JESTENBHOCTH C €€
pe3ynbTaraMu

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

OIIK-1 CrtiocoOeH npeaCcTaBIsITh COBPEMEHHYIO
HAy4HYIO KapTHHY MHpPA, BBISBIATh
€CTEeCTBEHHOHAYYHYIO CYITHOCTH MPoOIeM

cBOEH POQeCCHOHATBHOM JesITeTLHOCTH,
OTIPEIeNIATh IYTH UX PELICHUS U OLICHUBATD
3¢ GEKTUBHOCTH CIEITaHHOTO BhIOOpa

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

OIIK-2 CriocoOeH peann30BhIBaTh HOBBIC OIIK-2.1 3HaeTr UPWHIMIBEI W METOMABl HCCICIOBAHUS
MPHUHIIUTIBI ¥ METOJIbI UCCIIEIOBAHUS COBPEMEHHBIX MH()OKOMMYHUKAITUOHHBIX CHUCTEM U YMEET
COBPEMEHHBIX WH()OKOMMYHUKAITMOHHBIX OLIEHMBATh UX JOCTOMHCTBA U HEAOCTATKHU

CHCTEM U CeTeH Pa3IMYHbIX TUIIOB MepelayH,
pacnpenenenus, 00pabOTKU U XpaHEHHS
nHpopMaIuu

OIIK-3 Cniocoben npuobperars, obpadarsiBare |OIIK-3.1 Ymeet KCIIO0Ib30BaTh COBPEMCHHBIC
Y UCTIOJIb30BaTh HOBYIO HH(MOPMAIIHIO B CBOCH  |MH(OpPMAIIMOHHBIE U KOMITLIOTEPHBIC TEXHOJIOTHUH, CPEICTBA
MpEeIMETHOM 00acTy, mpeyiararh HOBbIE UJeH |KOMMYHHKAalMA ~ [pU  TMOUCKE  HAyYHO-TEXHHYECKON
U MOAXOJBI K PELICHUIO 33]1a4 CBOEH nHpOpMaInu B CBOeH MpodeccHoHaTLHON AeITETbHOCTH

npo¢ecCHOHANBHON eI TeNbHOCTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare nszydenus: aucuuiuinHbl «IIpocTpaHcTBeHHass 00pabOTKa CUTHAIOB B COBPEMEHHBIX CHCTEMax
0ecIpOBOTHON CBSI3W» 00YUAIOIIUNCS JIOJIKEH:

3HATh:
* 00IIyI0 CTPYKTYpY HUPPOBBIX CUCTEM OeCIPOBOAHOM cBsizu 4G M 0OCHOBHBIE OTIHUUs SG;
* OCHOBBI METOJIOB H3MEPEHUsI KaHAJla U YITy4YIICHHS €r0 OLCHKH;
* OCHOBBI IIPOCTPAHCTBEHHO-BPEMEHHOTO KOJMPOBAHHUS;
* coBpeMeHHbIe pobiembl B MIMO-cucremax 5G;
* OCHOBBI YIIPaBJIEHUs pecypcamu paauonocrtyna B 5G.
yMeThb:
* TNPUMEHSTHh 3HAHHS OCHOB NPOCTPAHCTBEHHOH 00paboTKM W craHmaproB 5G mpu pa3paboTke U
MOCTPOCHUHU OECIPOBOJHBIX CUCTEM Iiepenadn AaHHbIX SG.

BJIaJd€Th:
° OCHOBHBIMH METOAaMH OpOCTPAHCTBECHHOT'O pasaciICHUA KaHaJIOB B peKUMe
MHOT'OIIOJIB30BAaTECJILCKOI'O JOCTYTIA,
° TCOPCTUUCCKUMHU UM OKCIHCPUMCHTAJIBHBIMHU MCTOAAMU HCCICAOBAHUA C MLCJIbKHO H3YUCHUA

MEePCIEKTUBHBIX METOAOB U cUcTeM Ha ocHoBe MIMO nepenauu.




3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJIIO
[TepeueHb TUIIOBBIX BOIIPOCOB, 3aJaHUM, TEM IS IIOATOTOBKH K TEKYIIEMY KOHTPOJIIO:

[MousTHsa «uHGOPMAIHA», «OTHOLICHNE CUTHAJ/ITYM» M eMKOCTb KaHaja.

CgoiictBa nmpeobpazoBanust Oypee.

Codepuueckne 1 INIOCKHE PAIMOBOJIHBL.

MIMO cucteMbl: eMKOCTh KaHajla Tiepejadi JaHHbIX B TAKHX CUCTEMaXx.

Buas! cucrem GecipoBoHOI Mepeiauy JaHHBIX HA OCHOBE AHTEHHBIX PELIETOK.

Pexxumel paboter: SU-MIMO u MU-MIMO B cuctemax 6ecripoBOJHOM CBSI3H.

ITonsTue >3¢hexTrBHOrO KaHaa, 6a30Bble MPUHIMITBI IPOCTPAHCTBEHHOTO pa3/elICHHs KaHAJIOB.

e AN N M

. MeTtoznsl pacueTa BecoBbIX KO (UIIMEHTOB IpeKoiepa Ha OCHOBE PA3IMUHBIX KPUTEPUEB B PEKUME
SU-MIMO.

9. Mertozpl pacuera BeCOBBIX KO3()(OUIIMEHTOB NPEKOAEpa HA OCHOBE PA3JIMUHBIX KPUTEPHUEB B PEKUME
SU-MIMO.

10. Metonsl pacuera BECOBBIX KOI(PQUIMEHTOB IpeKoJiepa Ha OCHOBE pA3JIMYHBIX KPHTEPHEB B
pexxume MU-MIMO.

11. IIpocTpancTBeHHass 00pabOTKa CUTHAJIOB B YITIOBOM Oa3Hmce.

12. MeTonb! n3MepeHus kKaHaJlbHOM nHpopManuu B HUCXoseM kanane LTE/5G.

13. MeTonb! u3Mepenus KaHabHOM nHpopMannu B BocxomsiieM kanaie LTE/SG.

14. MeTonpl yay4ieHUs] KaHAJbHBIX OLICHOK (yAaJleHHs 1IyMa, Yay4llIeHUe pa3pelieHns).
15. IIpocTpaHCTBEHHO-BPEMEHHOE KOAUPOBAHNE: IPUHIIMIIBI, METO/IBI, TPHIIOKEHUS.

16. CoticTBa 3(()eKTUBHOTO KaHaJla 10 MEpE POCTa YKCIIa aHTCHH B CUCTEME CBSI3H.

17. Oddexr Honmnepa, nonsitue cuekrpa Jonmiepa u mopaxaaeMas IMH HHTep(GEPEHIUS B CHCTEMax
MIMO.

18. TIpuHIHUITEL yTIpaBIeHUs paano pecypcamu 0a30Boil craniuu. [IoHATHE «IUIAHUPOBIINKY.

19. Kpurepuu nuianupoBanus (BBIICICHUS ) PECYPCOB U MPUOPETU3ALINH TIOJIb30BaTelneil. OCOOEHHOCTH
pabotsl manuposyKa B pexxume MU-MIMO.

20. Cucrema OeClpOBOJHOW CBS3M KAk CHCTeMa C OOpaTHOM  CBS3BIO:  ajanTaius
MOJYJILIMOHHO-KOJJOBOM CXEMBI, 3alpoChl Ha MOBTOPHYIO Mepenady, YCTOHUYMBOCTH CHUCTEMBI K
omuOKaM B OlIEHKaX MapaMeTpoB KaHama cs3u B MIMO-cucreme.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB IS cAa4u AU PepeHIMPOBAHHOTO 3aueTa B 9-oM cemecTpe:

1. IloasTue TCpMHHA «I/IH(i)OpMaL[I/ISI», MCTOJOB pacyecTa OTHOIIICHUM CI/IFHaJ'I/IHYM Ha OWT U HA CHMBOJI.

2. TlonsTus nHMOPMAIMOHHONW EMKOCTH KaHaJa, CIOCOOBI OIpe/IeIeHIs] HH(POPMAIIMOHHON €MKOCTH B
SISO u MIMO cucremax.

3. Omnumcanue MoIeNy KaHAJla M €€ IBONIONHS M0 MEpe UCIOJIb30BaHMs Bce Oosiee MPErU3UOHHBIX
CHCTEM.

4. Pexumbl paOOTHI CHCTEM CBS3W C HCIIOJNB30BAHMEM aHTEHHBIX perieTok (SISO, SIMO, MISO,
MIMO), a Takxke pexuMBbl IPOCTpaHCTBEHHOTO MyabTuIiekcupoBanus (SU, MU).

5. Ba3oBble MEeTO/BI IPOCTPAHCTBEHHOW 00PabOTKH CUTHAJIOB.
6. TlonsiTHE KaHAIBHOM MaTPHUIBI, €€ CBOMCTBA 1 AP GEKTUBHBIN KaHAI.

7. Mertonbl MOCTPOCHHE JHHEWHBIX TPOCTPAHCTBEHHBIX (MIBTPOB (TPEKOAEPOB), OCHOBBI
MPOCTPAHCTBEHHON 00paOOTKM CUTHAJIOB B YIIIOBOM Oasuce.

8. Beenenue B 3GPP crangapT ¢usnueckoro ypoBHs, BUABI MHUJIOTHBIX CUMBOJIOB M KOJJOBBIX KHUT IS
M3BJIeUYEHHs HHPOPMALINH O KaHaJe.

9. MeTonpl OLIEHKH KaHaJla (CHUCXOASIIUI KaHajl, BOCXOISILIUH KaHa).

10. Obmast cxema MPOCTPaHCTBEHHO-BpeMEHHOTro KoampoBaHusi, MIMO-cuctemsbl c¢/6e3 oOpaTHOMH
CBSI3M.

11. OproroHajapbHOE MPOCTPAHCTBEHHO-BPEMEHHOE KOAMPOBAHME, DPEIICTYATHIC KOIbI, BEPOSTHOCTD
OUTOBOM OIMMOKY U crieKTpaibHast 3(H(HEKTUBHOCTh TAKUX METOJIOB.



12. CgoticTBa 3((eKTHBHOTO KaHajla MO MEpPe pOCTa YHCIa aHTCHH B CHCTEME CBSI3H, NPOOJIEMBI
KamuOpOBKH, TpoONEeMbl ycTapeBaHWs KaHAJIbHOW WHQPOPMAIUU, MPOOJIEMBl HHTEPIIOSIUH
MOJTYYEHHBIX H3MEPEHUH, BEIYHCIIUTENLHAS CII0KHOCTb.

13. BBezieHre B TEOPHIO pacIipeaeIeHUs] peCypCoB, KpUTEPUH TUIAHMPOBAHUS U 1ieseBas pyHKIus.

14. Pacnipenenenue pecypcoB IO BPEMEHH M YacTOTE, MEPEUCIIONb30BaHHE PECYPCOB B POCTPAHCTBE
3a CYET NPOCTPAHCTBEHHOTO MYJIBTHILICKCHPOBAHHSI.

15. 3amada koopAMHAIMY UHTEPHEPECHIIMU U COBMECTHOM (KOTePEHTHOM) mepeiayu.

16. Ilpobnema onenkn 3(pHeKTUBHOTO OTHONICHUS! CUTHAJ/IIYM M ONPECIICHHs TPAHCIIOPTHOTO OJloKa
B cucremax 4G u 5G.

17. CBsI3b «IUTAHUPOBIIMKA)» C PACYETOM IPOCTPAHCTBEHHBIX (PMIBTPOB B cucTeMax massive-MIMO

Kpurepuu onieHuBanus
Ouenka otmmyHo (10) BeICTaBISETCS CTYACHTY, MIOKa3aBIIeMy BCECTOPOHHHE, CHCTEMaTH3UPOBAHHBIC,
nry0okue 3HaHUs y4eOHOM NMporpaMMBbl AUCIUIIIIMHEL, TPOSBIIAIONIEMY HHTEpEC K JaHHON MpeIMeTHON
o0nacT, NPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUECKHU MPUMEHATh UX Ha MPAKTHKE IPH
pelLIeHNN KOHKPETHBIX 3aJ1a4, CBOOOHOE U IPaBIIbHOE 000CHOBAHNE IPUHATHIX PEIICHHH.
Ouenka ommnyHO (9) BBICTABISETCS CTYIACHTY, IIOKA3aBIIEMY BCECTOPOHHHUE, CHCTEMAaTU3UPOBAaHHbIC,
n1yOoKHe 3HaHUS y4eOHOH MPOrpaMMbl AUCHUIIIIMHEL U YMEHHE YBEPEHHO NIPUMEHSTh UX Ha MPAKTHUKE
NIPY pEeIICHUN KOHKPETHBIX 3a]1a4, CBOOOIHOE ¥ MPAaBUIIEHOE 000CHOBAHHE PUHATHIX PELICHUI.
OueHka OTIIMYHO (8) BBICTABISIETCS CTY/ACHTY, IOKa3aBIIeMy CHCTEMAaTH3MPOBAaHHbIE, TITyOOKHEe 3HAHUS
y4eOHOW TpOorpaMMbl JUCIHMIUIMHBL H YMEHHE YBEPEHHO NPHMEHSTHh MX HAa MPAKTHKE MPH PEHICHUH
KOHKPETHBIX 33714, IPaBUIbHOE 000CHOBAHNE NPUHSTHIX PEIICHUH, C HEKOTOPBIMU HEZ0UeTaMu.
Ouenka xopomo (7) BBICTABISETCS CTYIACHTY, €CIH OH TBEpAO 3HAET Marepuay, TPaMOTHO U IO
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJIy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTAaTOYHO
IpaMOTHO 0OOCHOBBIBAET IOYYCHHBIE PE3YIJIBTATHI.
Onenka xopomo (6) BBICTaBISETCS CTYIEHTY, €CIM OH TBEpAO 3HAeT MaTepuaj, TPaMOTHO U TIO
CYILECTBY M3JIaraeT ero, yMeeT MPHUMEHSTh MOJyYCHHBIC 3HAHHUS Ha MPAKTUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Ouenka xopomio (5) BBICTABISIETCS CTYCHTY, €CJIHM OH B OCHOBHOM 3HAeT Marepuall, FpaMOTHO | MO
CYILECTBY M3JIaraeT ero, yMeeT NMPUMEHSTh MOMyUCHHbIC 3HAaHHUS Ha MIPAKTUKE, HO JIOIyCKAeT B OTBETE
WM B PEIICHNH 3a]1a4 JOCTATOYHO OOJIBIIOE KOJMYECTBO HETOUHOCTEH.
OmueHka yIOBIETBOPHUTENBbHO (4) BBICTABISICTCS  CTYICHTY, IIOKa3zaBIieMy (parMeHTapHbIi,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyUICHUS JOTUYECKOU MOCIIENOBATEIbHOCTH B U3JIOKEHUU MTPOTPAMMHOI0 Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MPOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIero oOydeHus, u
MOKET MMPUMEHSTh TOJTyYSHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIlHH.
OmueHka yIOBIETBOPHUTENbHO (3) BBICTABISICTCA  CTYICHTY, IOKa3zaBIieMy (parMeHTapHbIi,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeI0BAaTEeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciabo
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH MporpaMMbl, HEOOXOIUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.
OreHKa HEYJIOBJIETBOPUTENIHHO (2) BBICTABISIETCS CTYICHTY, KOTOPBI HE 3HaeT OOJbIICH YacTh
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT rpyOble OmHOKH B
(OpMyITHPOBKaX OCHOBHBIX IPHUHIIMIIOB M HE YMEET MCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHHN
THUIIOBBIX 33/a4.
Ouenka HeyaoBIeTBOPUTENLHO (1) BBICTaBIsSETCA CTYAEHTY, KOTOPBI HE 3HAaeT OCHOBHOTO
coziepKaHusi y4eOHOW MPOrpaMMBbl TUCHUILIUHEL, JIOMyCKaeT rpydeiiniie ommoku B (GOpPMYIHPOBKAX
0a30BBIX TMOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajad.

5. MeTonuueckne MaTepuaIbl, ONpPeIeJsONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

JuddepeHnmpoBaHHbIN 3a4€T MPOBOIUTCS B YCTHOH Qopme.

[lpu mpoBemenun 3adera oOydwaromemycs mpemoctaBisercs 20 MuUHYT Ha moAroroBky. Ompoc
00yJaromerocst mpoBoauTCs B TedeHne 30 MUHYT.



Bo Bpemss mpoBeneHus auddepeHIMpPOBAHHOTO 3aveTa OOydaroluecss MOTYT —IOJIb30BarThCs
IpOrpaMMOl TUCIUTUTUHEI.



