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AHHOTaUs

Hucunnmua «Pamgnorexanka S5SG M NOCHEAYIONMIMX — TMOKOJEHH» BXOJUT B
0o0pa3oBaTeNbHYI0 MPOTpaMMy BBICIIETO OOpa30BaHHUS — TMPOTPaMMYy CIICIUATUTETa TIO0
HalpaBjeHUI0  MOAroTOBKHM/  crenuanbHOCTH  25.05.03  «TexHudueckass — dKCIUTyaTarus
TPAHCIIOPTHOTO  PaaMO000PYJOBAHMS»  HampaBlieHHOCTH/crienuanu3amuu  «TexHuueckas
SKCIUTyaTallusl PaJMOdJIECKTPOHHOTO OOOpPYAOBAHHUS a’pOMOPTOB M BO3AYIIHBIX TPacC.
JucuumnuHa peanusyercs kapeapoi «Ne22y.

JucrunianHa HareneHa Ha popMUpoBaHUE y BBIITYCKHHUKA CICAYIONUX KOMITETEHIIUMN

[IK-5 «Pagnorexnuka 5G U Mociaeayomux MOKOJICHUI

ConepxaHne AWCIUIUIMHBI OXBaThIBAET KPYTI BOIPOCOB, CBS3aHHBIX C HM3YYCHHEM
NPUHIUIIOB TMOCTPOCHUS M APXUTEKTYpPhl CETE€d MATOr0 TMOKOJIEHUS, aHAJIM30M METOJIOB
MOAYJISIIMA ¥ MHOXKECTBEHHOTO JIOCTYIIa, HCCIICIOBAHHEM OCOOCHHOCTEH pachpOoCTpaHEHUs
PaAMOBOJIH B MHIJUIMMETPOBOM H CyOTEpareplioBOM IHama3oHax, a TaKkKe C PacCMOTPEHHUEM
texnosoruii MIMO, beamforming u cereBoro yImiOTHEHHsS Il OOCCIICUYCHHS BBICOKOH
CKOPOCTH TI€peauM TaHHbBIX, HU3KOM 33JIep>KKH U MAaCCOBOTO MOJKIIOYEHUS] YCTPOUCTB.

[IpenomaBanue JIUCHUIUIMHBI TpEeAycMaTpUBaeT cleayronue (GopMbl OpraHU3aIuN
y4eOHOro Mpolecca: JEKIUH, IPAKTUIECKHE 3aHITHSI, CAMOCTOSTEIbHAS paboTa 00yJaroerocs.

[TporpamMmmMoit AMCHUIUIMHBI TPEAYCMOTPEHBI CISAYIOIINE BHUABI KOHTPOJIS: TEKYIIHMA
KOHTPOJIb YCTIEBAEMOCTH, IIPOMEKYTOUHASI aTTecTanus B opme 3k3ameHa (7 cemectp).

OO6mrast TpyA0€MKOCTh OCBOCHHMS JUCIUIUIMHBI COCTABISAET 3 3a4eTHBIX eauHulbl, 108
YacoB.

SA3bIK 00yUYeHUS TT0 AUCIUIUINHE «PYCCKHUH »



1. TlepedeHb MIAaHUPYEMBIX PE3YJIHTATOB OOyUEHUS IO JUCIUILTHHE
1.1. Ilenu npenoaaBaHus AUCUUTUIAHBI

Lenpto mnpenonaBanuss AucHUIUIMHBL «Paguorexnuka 5G U MOCIEAYIOMIUX
MOKOJICHUIN) ABJSETCS MOJydeHHe 00yJyaroMHCs HE0OXOIMMbIX 3HAHUN, YMEHUI U HaBBIKOB B
0o0JacTH TMOCTPOCHHUS M OKCIUIyaTallud TEPCIEKTHUBHBIX CHCTEM TMOABIKHON PaIuOCBsI3H,
u3ydyeHue (U3NYECKUX OCHOB M TEXHHYECKUX pELICHHH, MpUMEHsAeMbIX B craHiaptax 5G u
paspabarbiBaeMbIX s TOKOJIeHUH 6G u BhIie. JluciuruimHa HampapieHa Ha GOPMUPOBAHUE Y
CTyICHTOB  CHCTEMHOTO  IIOHMMaHMS  DBOJIIOUMU  pPAaJUOTEXHOJIOTHMH,  IPUHLUIIOB
MHOTOTIOIB30BATEIbCKOTO JIOCTYIA, METOJOB TOBBIIMICHUSI CIIEKTPaIbHOU 3PQPEKTUBHOCTH U
MMOMEXOYCTOMYMBOCTH, a TAaKXE Ha CO3JaHWE TMOJACPKUBAIOIIEH 00pa3oBaTeIbHON Cpebl,
CIOCOOCTBYIOIIEH Pa3BUTHIO HHXKEHEPHOTO MBIIUICHUS U HABBIKOB CAMOCTOSTEIHLHOTO aHaIH3a
HOBBIX TEXHUYECKUX PEIICHUN B 00JIACTH BBICOKOCKOPOCTHOM OecrpoBoiHOM CBs3u. OcBOCHUE
MaTepuana MPEeAOCTaBISIET BO3MOXKHOCTh OOYYAIOMIMMCS PAa3BUTh M IMPOJIEMOHCTPUPOBATH
HaBBIKK B 00JIACTH MOJICITMPOBAHMS PAJIMOKAHAIIOB, pacdeTa 30H MOKphITHs ceTeil SG, BbIOOpa
ONTUMATBHBIX MAPAMETPOB AaHTCHHBIX PEUICTOK M OICHKH BIUSHUS JECTPYKTHUBHBIX (DaKTOPOB
(uHTepdepeHrs, 3aTyXaHue, MHOTOJy4eBOCTh) Ha KaueCTBO MPEIOCTABISIEMBIX YCIYT CBSA3M C
y4eToM TpeOOBaHUN K HHM3KOHM 3a/iepiKKe, BHICOKOW MPOMYCKHOW CIHOCOOHOCTH M HAJIeKHOCTH
nepenay nH(GOpPMaIUY B CETSIX HOBOTO MOKOJICHUS.

1.2. JucuumuiiHa BXOIUT B  COCTaB  4YacTd, (HOpMHpPYyeMOH  ydacTHUKAMHU
00pa3oBaTeNbHBIX OTHOIICHUH, 00pa30BaTEeIbHON MPOrpaMMBbl BBICIIIETO 0Opa3oBaHus (anee —
OIl BO).

1.3. IlepeueHb muaHUPyEMbIX pe3yIbTaTOB OOYUEHHUS 110 AUCLUILIUHE, COOTHECEHHBIX C
IUTAaHUpYEMbIMU pe3ynbratamu ocsoeHus Ol BO.

B pesynbraTe u3yueHUs AUCHUUIUIMHBI OOyYalOUIUIiCS TOJDKEH 00JiafaTh CIeAYIOUIMMU
KOMIIETCHIIMSIMU WIIM UX 4YacTsAMU. KOMIETeHIIMN U MHIUKATOPBI UX JTOCTHUKEHUSI IPUBEACHBI B
tabnune 1.

Tabmuua 1 — IlepeyeHp KOMIETEHIIMNA U MHAMKATOPOB MX JOCTHKCHHS

Kareropus (rpynna) Konn Koz v HanMeHoBaHMe HHIUKATOPA JOCTHIKEHUS
HAaUMEHOBaHUE

KOMIICTCHII KOMIICTCHII
KOMIICTCHIIN U

I1K-5.3.1 3HaTh NPUHLMIIBI OPraHU3aIUN
apXUTEKTypHl ceTeil 5G u nociaenyrommux
MTOKOJICHU I

[1K-5.3.2 3HaTh TeOpeTnUEeCKrE OCHOBBI U
MIPUHIUIIBI IOCTPOCHUS PaIUOTEXHUUECKUX
cucTeM, paboTaroIIMUX C CUTHAJIaMU CTaHAapTOB
5G ¥ nocaeayomuX NOKOJICHUH, a TAKXKE UX
OTAEJBHBIX JIETAJICH, Y3JIOB U YCTPONCTB
I1K-5.3.3 3HaTh OCOOEHHOCTH CHHTE3A,
reHepaluy, nepeiayu u npuemMa
HIMPOKOIIOJIOCHBIX CUTHAJIOB CTaHAApTOB 5SG 1
MOCJEAYIOIIUX MTOKOJIECHUM

[IK-5.Y.1 ymeTs IpoBOAUTH MOETUPOBAHUE U
CUHTE3 IIUPOKONOJOCHBIX CUTHAJIIOB CTaHAPTOB
5G ¥ nocaeayomuX TOKOJICHUH

[1K-5.Y.2 yMeTh NpOBOIUTH MOAECIHUPOBAHUE
OTJEIBHBIX JI€TajleH, Y3JI0B U YCTPOUCTB
PaAMOTEXHUYECKUX CUCTEM, pabOTAIONINX C
CUTHaJIaMH CTaHAapTOB 5G U MOCIEAYIOMUX
MTOKOJICHU I

[IK-5.B.1 BnageTh HaBbIKAMH pacyeTa OTACIbHBIX
JIeTaJICH, Y3JI0B U YCTPOMCTB PaIMOTEXHUYECKUX

IIK-5 PagnorexHuka
5G u nocaenyonmx
MMOKOJICHUI

[IpodeccuonanbubIe
KOMIICTCHIINH




cucreM, padoTaronux B ctanaapre SG
[1K-5.B.2 BnaneTs HaBbIKaMH pabOTHI ¢
COBPEMEHHBIMH CTaHAAPTHBIMU CPECTBAMU
M3MEpPEHUI U aBTOMaTHU3al1H NIPOLIECCOB
M3MEpPEHUI

2. Mecro aucuuiuivsabl B cTpykType OI1
JlucuumnimHa MOKeT 0a3upoBaTHCS HAa 3HAHUSX, paHee MPUOOPETEHHBIX 00yYaIOITIMUCS
IPU U3YYCHHUH CIETYIOIMIMNX AUCIUTIINH:
«Du3uKay;

—  «ONEKTPOHUKAY;

—  «CxeMOTexXHHUKay;

— «AwnTenHsl U ycrpoiictBa CBUy;

— «PammorexHUYecKHe ey U CUTHAJIBI»;

—  «DIIeKTpOJUHAMUKA U PACIIPOCTPAHEHUE PAAHOBOIIHY.

3HaHMs, TOJy4YEHHbIE IPU U3YYEHUU MaTepuana AAHHOM [HMCLUUIUIMHBI, UMEIOT Kak
CaMOCTOATENILHOE 3HAUYECHUE, TaK U UCIIONB3YIOTCA IIPU U3YYCHUU APYTUX AUCLUIUINH:
— «CucTemsl CBA3M U TEIEKOMMYHHUKALUN»;

- ((CHYTHI/IKOBI:IC CHCTCMbI HaBHUI'allMH, CBA3H U Ha6J'IIOI[eHI/I$I));

— | ap.

3. OOBEM H TPYJOEMKOCTh JUCITUTLIAHBI
Jlanubie 00 oOmeM 00beMe AMCIUIUIMHBI, TPYIOEMKOCTH OTICIBHBIX BHAOB y4eOHOM
paboThI 10 AUCHUIUIHHE (U paclpeie]IeHHe dTOW TPYJOEMKOCTH IO CeMeCTpaM) MPEACTABICHBI B
Tadmmie 2.

Tabnuua 2 — O6beM U TPYIOEMKOCTh TUCIHMITIIHHEI

TpynoeMKocTb 1o

Bun yuebHo# paboThI Bcero cemecTpam
Ne7
1 2 3

Oowan mpyooemKocmp OUCHUUNTUHDL, 3/ 108 3/ 108
3E/ (uac)
H3 Hux uacoe npakmuueckoii n0020moeKu 34 34
Ayoumopnuie 3auamus, BCETo 4yac. 51 51
B TOM YHCJIE:

nexumu (JI), (gac) 17 17

?paK)TI/I‘ICCKI/Ie/CeMI/IHapCKI/Ie samsarus  (113), 34 34

qac

naboparopusie pabots (JIP), (dac)

KypcoBoii mpoekT (padota) (KII, KP), (uac)

9K3aMeH, (4Jac) 36 36

Camocmoamenvnas paboma, Bcero (dac) 21 21

Buo npomesrcymounoit ammecmayuu: 3ayer,

OK3. OK3.
mudd. 3ager, sk3amen (3auer, Audd. 3a4, Ok3.) ’ ’

4. CoaepxaHue TUCIUIIIUHBI




4.1. Pacnpezenenue Tpy10€MKOCTH JTUCUHUILIUHBI 110 Pa3esiaM U BUAAM 3aHSATUH.
Pazaenpl, TeMBbI TUCITUTIIIMHBI M KX TPYJOEMKOCTh TPUBEJICHBI B TaOIuUIIE 3.

Tabnuna 3 — Pa3ensl, TeMbl JUCHUTIINHBL, HX TPYAOEMKOCTb

Jlexmum | 113 (C3)| JIP KII/KP

Paznensl, TeMbI JUCHMILIMHbI (1ac) (1ac) (aac) (aac)

CP (uac)

Cemectp 7

Pazgen 1. ®usmdeckre OCHOBBI U CTAaHAAPTHI
panuorexuuku 5G

Tewma 1.1. DBomtonus CTaHAAPTOB COTOBOH cBs3u (1G—
6G). Ocuosubie TpeboBanusa SG (eMBB, URLLC,
mMTC)

Tema 1.2. YactoTHsle pecypcebl SG: nuana3zonsl FR1 4 8 5
FR2 (mmWave). Oco6eHHOCTH pacTpOCTpaHCHUS
MUJUTUMETPOBBIX BOJH.

Tema 1.3. MHoxecTBeHHBIN nocTyn B 5G: OFDM,
Filtered-OFDM, NOMA. Hymeponoruu u ruoxue
napaMeTphl CHTHAJIOB

Paznen 2. AHTEeHHBIE CHCTEMBI M KaHAJIbHBIE MOJIEIH
Tema 2.1. MaccuBHbIe aHTeHHBIE perieTku (Massive
MIMO). Metoabl GOPMHUPOBAHUS AHATPAMMBI
HamnpasieHHocTH (beamforming)

Tema 2.2. Kanansubie mogenu 1is 5G (TDL, CDL). 4 8 5
BimsiHue MHOTOTY4€BOCTH, JOIICPOBCKOTO CABUTA U
3aMUpaHU.

Tewma 2.3. Ouenka kanana (CSI) u aganranus MIMO-
koHurypauuii (SU-MIMO, MU-MIMO).

Paznen 3. CereBble TEXHOJIOTHH U
MMOMEX0YCTOWINBOCTH B 5SG

Tema 3.1. Apxutexrypa cetu 5G (NSA/SA).
OynkumnonansHoe pasaencaue (CU/DU). UnTtepdeticer
Y TIPOTOKOJIBI. 4 8 5
Tewma 3.2. IlomexoycToiunBoe KoaupoBaHue B 5G:
LDPC u nonsipasie koasl. Metonst HARQ.

Tema 3.3. UaTepdepeHItis 1 METOIBI ¢€ TTOIaBIICHUS B
mi0THEIX ceTsax (ICIC, CoMP).

Paznen 4. [lepcriextuBable TexHOI0rHU 6G 1 beyond
Tema 4.1. TeparepuoBsle Auanazonsl, RIS
(pexoH(pUTYpHPYEMBIC HHTEIUICKTYaIbHBIC
MTOBEPXHOCTH).

5 10 6
Tewma 4.2. VIHTerpamus ¢ CiyTHUKOBBIMU CUCTEMaMU
(NTN) u cBsi3u B HeOeCHBIX ITaTHOpMax.
Tema 4.3. VIcCKyCCTBEHHBIH WHTEIUICKT B
panuountepdeiice (Al-native Air Interface).
HUroro B cemectpe: 17 34 21
Hroro 17 34 0 0 21

[lpakTHueckas TOATOTOBKA 3aKJIIOYAaeTCs B  HEMOCPEICTBEHHOM  BBITOJHEHUH
Oo0y4arolMMHUCST  OMNpENEeNEeHHBIX  TPYIOBBIX  (YHKUMH,  CBS3aHHBIX C  Oy;ymei
npodeccHoHaIbHON AEATETLHOCTHIO.

4.2. CopaepxkaHue pa3/ieJIoB U TEM JICKIIMOHHBIX 3aHITHH.
ConeprxaHue pa3iesIoB U TEM JICKITMOHHBIX 3aHATHI IPUBEACHO B TaOIHIE 4.




Tabnuna 4 — ConeprxaHue pa3JesioB U TEM JICKIIMOHHOTO ITUKJIIA

Howmep paznena

HazBanwme n COACPIKAHUE Pa3aC]IOB U TEM JICKIIMOHHBIX 3aHATHI

Y4eOHBIM IJIAHOM He MPeTyCMOTPEHO

4.3.

[IpakTrueckue (CeMUHAPCKHUE) 3aHATUS

TeMmbl MpakTHUYECKUX 3aHATHIA U UX TPYAOEMKOCTh PUBEACHBI B TAOIHIIE 5.

Ta6mmma 5 — [IpakTudeckue 3aHsITHS U UX TPYJO0EMKOCTh

W3 aux Ne
Ne | Temspl npaktueckux | @opmel npakTUdeckux | TpyrnoeMKOCTb, |IMPaKTHYECKOH |pasnena
/1 3aHATUN 3aHATUN (dac) MOJTOTOBKH, | JUCIIHII
(gac) JIMHBI
Cewmectp 7
Amnanu3 TpeboBanuii | [IpakTudeckas pabdora: 8 8 1
cranaapta 5SG u AQHAIU3UPYIOT
pacyer TpeboBanus eMBB,
SHEPreTUYECKOr O URLLC, mMTC k
OromKeTa JIMHUU rapaMeTpam CUTHaJOB,
CBSI3H BBITIOJIHSIOT PacyeT
MOTEph Ha Tpacce
(FSPL) u 6romxkera
MOIIIHOCTH JJISI
nuamna3onoB FR1 u
FR2
Hccnenosanue Pacuetno- 8 8 2
napametrpoB OFDM- | rpaduueckas pabora:
CHTHAJIOB U PacCUUTHIBAIOT
HyMeposoruit 5G JUTUTEITbHOCTD
CHMBOJIA,
UKINYECKOTO
npedurkca 1 MHTEPBAJ
MEXy MOJHECYIIIUMHU
JUTSL Pa3IMYHbIX
HYMEpOJIOTUIA
(1=0,1,2,3,4),
cpaBHuBaOT CP-
OFDM u DFT-s-
OFDM
MonenupoBanue IIpakTnueckoe 8 8 3
ka"HasioB MIMO n 3aHATHE!
UCCIIEJOBaHNE PacCUUTHIBAIOT
METOJIOB MIPOIYCKHYIO
beamforming CIOCOOHOCTh KaHaja
TSl KOH(UTYparuid
MIMO (2x2, 4x4,
64x64), OlICHUBAIOT
¢dopmuposanue JJH
AHTEHHOW PEIIETKU U
3¢ (HEeKTUBHOCTH
MOJIaBJICHHS IOMEX
Ananus kaHanpHbIX | Ilpaktuyeckas pabora: 10 10 4




MOJEeJIEN U
IMOMEXO0YCTONYUBOCTH
B 5G

MOJICITUPYIOT
UMITYJTBCHYIO
XapaKTEPUCTHKY
kanana (TDL/CDL),
ctpost rpadguku BER
st LDPC u
MOJISIPHBIX KOJIOB,
OILICHUBAIOT BIIUSHUE
MHOTOJTYY€BOCTH U
JOTLIEPOBCKOTO CABUTA

Bcero

34

34

4.4. JlabopaTopHbIe 3aHATHS
TeMbl 1a00paTOPHBIX 3aHITHI M UX TPYAOEMKOCTh IPUBECHBI B TA0IHUIIE 6.

Tabnuua 6 — JIabopaTopHbIe 3aHATHS U UX TPYJIOEMKOCTb

Ne
1/

HaumenoBanwne n1abopaTopHbBIX paboT

TpynoeMKoCTb,
(qac)

N3 Hux
MIPaKTUYECKOU
HOJTrOTOBKH,
(dac)

Ne
paznena
JIACIIMIT

JIMHBI

VY4eOHBIM MJIaHOM HE TPEIyCMOTPEHO

Bcero \

4.5. BeInosHeHNE KypCOBOTO MPOEKTa/ KYpCOBOH pabOTHI
V4eOHBIM IJIAHOM HE MPELYCMOTPEHO

4.6. CamocrosiTenpHast paboTa 00yJaronuxcs
Bunsl camocTosTensHON paboOTHI M €€ TPYIOEMKOCTh IPUBEIEHBI B TaduIe 7.

Ta6muia 7 — Buasl caMOCTOSITENIBHOM paOOTHI M €€ TPYI0EMKOCTh

Buna camocrositenbHOM pabOTHI Beero, | Cemectp 7,
qac qac
1 2 3
N3ydeHne TeopeTUIecKkoro MaTepuana
10 10
nucturuael (TO)
KypcoBoe npoektuposanue (KII, KP)
Pacuetno-rpaduueckue 3aganus (PI'3)
Brimonnenue pegepata (P)
[TonroroBka K TeKyIeMy KOHTPOJIIO 5 5
ycneBaemoctu (TKY)
Jomamnaee 3amganune (/13)
KouTtposbabie paboTsl 3a0unnkoB (KP3)
[ToaroroBka Kk MpoOMeKyTOYHOMN 6 6
arrectaruu (I1A)
Bcero: 21 21

5. IlepedeHn yueOHO-METOIUYECKOTO 00ECTICUCHHUS
JUISL CAMOCTOSITENIbHON PabOoThl 00y4aromuXCst M0 JUCIUTUTMHE (MOJIYIIIO)




Y4eOHO-MeTOINYEeCKHE MaTepHallbl JUIsl CAMOCTOSITEILHONH PabOThl O0YYaroIUXCsl yKa3aHbl B

IL.II. pa3zaesioB 6-11.

6. [lepedyeHb MEYaTHBIX M DJIEKTPOHHBIX YU€OHBIX M3TaHUI

[lepedyeHb neUaTHBIX U 3JEKTPOHHBIX YYeOHBIX U3/IaHHUH MpHUBEIEH B TaOIuIIEe 8.
Ta6mmia 8— [lepeueHp meyaTHBIX M AJIEKTPOHHBIX YUCOHBIX U3aHUN

Mudp/
URL agpec

bubnmorpaduueckas ccpinka

KomuectBo

OK3EMILLIPOB B
OnomoTeke

(kpome
IEKTPOHHBIX

9K3EMILIIPOB)

URL: https://e.lanbook.com/book/212156 —
Pexum noctyna: uist aBTOpU3UPOBAHHOTO

IIOJIB30BATECIIA.
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192 ¢. — ISBN 978-5-8114-
1903-6. — Texkcr :
3NIEKTPOHHBIH // JlaHs :
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cucrema.

URL: https://e.Janbook.com/book/118185 —
Pexxum toctyna: s aBTOPU3HPOBAHHOTO
[OJIb30BaTEIA.

®unarona, C. T.
PagnorexHuueckrue CUCTEMBbI
: yaebnoe nmocobue / C. T'.
®unaroBa. — HoBocubupck
:HI'TY, 2018. — 119 ¢c. —
ISBN 978-5-7782-3518-2. —
Texcrt : anexTpoHHbI // Jlanb
: DIIEKTPOHHO-OMOIMOTEYHAS
cuUcTema.

URL: https://e.Janbook.com/book/6050 —
Pexxum toctyna: i aBTOPU3HPOBAHHOTO

IIOJIB30BAaTECJIA.

PagnosokanoHHbIe
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IIOJIB30BATECIIA.
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JlozoBckuit. — HoBocuOupck
:HI'TY, 2022. — 216 ¢c. —
ISBN 978-5-7782-4774-1. —
Texcrt : anexTpoHHbIH // JIanb
: DJIEKTPOHHO-OMOIMOTEeYHAs
cucTemMa.

URL: https://e.Janbook.com/book/153680 —
Pexum noctyna: it aBTOpU3UPOBAHHOTO

IIOJIB30BAaTECJIA.

I'ensrop, A. JI. TexHonoruu
MOOUITLHOMW CBSI3H:
crangaptsl 5G : yueOHOE
nocobue / A. JI. I'ensrop, B.
B. KomapoB. — Cankrt-
[etepOypr : Jlanp, 2020. —
196 c. — ISBN 978-5-8114-
2435-1. — Teker :
3JIEKTPOHHBIN // JIaH® :
3JICKTPOHHO-OMOIMOTEYHAS
cucrema.

URL: https://e.lanbook.com/book/199766 —
Pexum noctyna: it aBTOpU3UPOBAHHOTO

ITIOJIB30BaTECJIA.

[ysanos, B. I1. Cucrembl
MoOuIBHOM cBsi3H: OT 1G 10
5G : yuebHoe mocobue / B.
I1. [llyBanos, B. B. Komapos.
— Mockaga : ['opsiuas nuHuA
— Temexom, 2021. — 288 c.
— ISBN 978-5-9912-0531-3.
— TekcT : aneKTPOHHBIH //
JlaHb : 2JIEKTPOHHO-
OubIMoTeYHas CUCTEMA.

URL: https://e.Janbook.com/book/170023 —
Pexxum Jtoctyna: i aBTOPU3HPOBAHHOTO
[OJIb30BaTEIA.

Kimoes, JI. C. Lludpoas
00paboTKa CUTHAJIOB B
CHCTEeMax CBSI3U ISATOTO
MOKOJICHHS : yueOHOe
nocobue / J1. C. Kmroes, A.
B. Kokopes. —
Hoocubupck : HI'TY, 2021.
— 148 c. — ISBN 978-5-
7782-3366-9. — Tekcr :
3JIEKTPOHHBIN // JlaH® :
3JICKTPOHHO-OMOIMOTEYHAS
cucrema.

URL: https://e.lanbook.com/book/245636 —
Pexum noctyna: 11t aBTOpU3UPOBAHHOTO

IIOJIB30BATECIIA.

AHTeHHBI 1 ycrpoiictea CBY
st cucteM 5G : yuebHOE
nocobwue / mox pexn. A. E.
3ro3t0kuHa. — BopoHex :
BI'TY, 2022. — 216 ¢c. —
ISBN 978-5-7731-0598-5. —




Texcrt : anexTpoHHbI // JIanb
: DIIEKTPOHHO-OMOIMOTEeYHAS

cucrema.
URL.: https://e.lanbook.com/book/187567 — | [ToMex0yCTONYHBOCTH
PesxxuMm poctyna: 1uist aBTOPU3UPOBAHHOTO PaTMOTEXHUYECKIX CHCTEM :
MOJIB30BATESI. yaeOHnoe mocodue / JI. B.

Arees, B. B. I'ankun, I1. A.
Denronnn. — CaHKT-
[etepOypr : Jlanp, 2021. —
176 c. — ISBN 978-5-8114-
2807-6. — Texer :
AIIEKTPOHHBIH // JIaHs :
3JICKTPOHHO-OMOIMOTEYHAS
cucTema.

7. IlepedyeHb AIEKTPOHHBIX 00pa30BaTEIBHBIX PECYPCOB
UH(POPMALIMOHHO-TEIEKOMMYHUKAIIMOHHON ceTn «HTepHeT»
[lepeuenn 3JIEKTPOHHBIX 00pa3oBaTeNbHbIX pecypcoB uH(pOpPMaIMOHHO-
TEJIEKOMMYHHUKAIIMOHHON cetn «MHTepHeT», HEOOXOOUMBIX JUII OCBOCHHUS TUCLUIUIMHBI
npuBeJieH B Tabymiie 9.

Tabmuua 9 — IlepedyeHb 3IEKTPOHHBIX O0pPA30BATENbHBIX PECYPCOB HH(POPMALMOHHO-
TEJIEKOMMYHUKAIIMOHHOU ceT «HTepHeT»
URL anpec HaumenoBanue

http://e.lanbook.com | DnexTpoHHO-OMOMMOTEYHAs cucTema JIaHb

8. IlepeueHr MHGOPMAITMOHHBIX TEXHOJIOTUI
8.1. [lepeuenp TpPOrpaMMHOrO OOECIIEYCHHSI, HCIOIb3YyEMOr0 MpPU OCYIIECTBICHUH
00pa3oBaTENBHOTO MpOoIiecca M0 AUCIUIIIHHE.
[lepedeHp UCTIONIB3yEeMOT0 IPOTPAMMHOT0 obecrieueHus npeacTasieH B Tadmure 10.

Ta6mmma 10— [Tepeders mporpaMmMHOTO 0OecIieueHUs

Ne i/t HanmeHnoBauue

He npenycmotpeno

8.2. [lepeuenn MH(POPMAITMOHHO-CIIPABOYHBIX CHUCTEM,UCITOJIb3YEMBIX npu
OCYIIECTBIICHUHU 00Pa30BaTEIHHOIO MPOIIecca MO JUCIUILITNHE

[lepeuenp MCHOIB3yeMbIX HH(POPMALIMOHHO-CIIPABOYHBIX CHCTEM MPEJCTaBICH B
tabmuue 11.

Ta6muma 11— [lepeyersr nHOOPMAITMOHHO-CITPABOYHBIX CUCTEM

Ne i/t HaunmenoBauue

He npenycmotpeno

9. MarepuanbHO-TeXHUYecKas 0a3a
CoctaB MaTepuabHO-TEXHUYECKOH 0a3bl, HEOOXOAMMOW [UIi  OCYIIECTBIICHHS
00pa30BaTeNbLHOTO MpoIiecca Mo TUCIUIUINHE, TIPECTaBlIeH B Tabmuiel?2.

Ta6muma 12 — CoctaB MaTepuanibHO-TEXHUUECKOM 0a3bl




Ne HanmenoBanue cocTaBHOM 4acTu Howmep aynuropun
/T MaTepUaTbHO-TEXHUYECKON Oa3bl (ipu HEOOXOTUMOCTH )

JlekunoHHas aynutopust

2 MynpTrMenuiiHas JIEKUMOHHAS Ay TUTOPUS

10. OneHouHble cpeacTBa ISl IPOBEACHUS TPOMEKYTOUHON aTTECTAllUU
10.1. CocTtaB OLIEHOYHBIX CPEICTBIUI IPOBEIEHUS MPOMEXKYTOUYHOW aTTecTaluu
00ydJaronuxcs mo TMCIUTINHE TTpUBe/IeH B Tadmmie 13.
Tabmuna 13 — CocTaB OIEHOYHBIX CPEACTB JJIsl IPOBEICHHSI IPOMEKYTOUHOM aTTeCTaIllH

Bug npoMexxyTouHOM aTTecTaiuu [lepedeHb OIIEHOYHBIX CPECTB
Cnucok BONpoCcOB K IK3aMEHY;
DK3aMeH DK3aMeHalMOHHbBIE OUIIETRI*;
TecThl.

[Ipumeuanue: *sx3aMeHaIIMOHHBIC OMIIETHI (POPMUPYIOTCSI HA OCHOBE BOIIPOCOB U 3a/1a4 TaOauub! 15.

10.2. B kauecTBe KpHUTEpHUEB OLCHKH YPOBHA C(POPMHUPOBAHHOCTH (OCBOCHU)
KOMITETCHIIMK OOYJaronuMHUC TPUMEHSETCS S-OauibHas IIKajga OIeHKU CHOPMHPOBAHHOCTH
KOMIIETEHIIN, KOTopasi mpuBeJeHa B Tabnuie 14. B TeueHne cemMecTpa MOXKET UCIOIB30BATHCS
100-6amnpHass  mIKaja  MOJYJbHO-PEUTHHTOBOM  CHCTEMBbl  YHHBEPCHUTETa,  IpaBUiIa
UCTIOJIb30BaHUSI KOTOPOW, YCTaHOBJIEHBI COOTBETCTBYIOLIUM JIOKAJbHBIM HOPMAaTHBHBIM aKTOM
['VAIL
Tabmuua 14 —Kpurepuu onieHKH ypoBHSI cpOPMHUPOBAHHOCTH KOMITETEHIUI

OreHKa KOMITETEHITUHN

XapaxkTteprcTrka chOpMUPOBAHHBIX KOMITETEHIUI
5-0aiuIbHAs IKaIa paKTep (opnp

OOyuaromuiics:

— r1y0OKO ¥ BCECTOPOHHE YCBOWJI MPOTPaAaMMHBIN MaTepua,

— YBEPEHHO, JIOTUYHO, TTOCJICIOBATEILHO M TPAMOTHO €TI0 U3JIaraeT;

— OMHPAasACh Ha 3HAHWUS OCHOBHOM W JIOMOJIHUTEIBHON JUTEPATYPHI,
«OTIIUYHOY TECHO CBSI3bIBAET YCBOEHHBIE HAay4HbIC MOJIOKEHUSI C MPAKTUUYECKOU
«3aUYTEHO) NEeSATEIHbHOCTBIO HAIIPaBICHUS;

— yMeJi0 00OCHOBBIBAET M apTyMEHTUPYET BhIIBUTAEMbIC UM UJICH;

— JIeJIaeT BBIBOJBI M 000OIIEHNS;

— CBOOOJTHO BJIAJICET CUCTEMOM CIIEIUATU3UPOBAHHBIX HOH&ITI/IE.

— npaBuwiIbHO BRIMOIHMWI OT 90% 10 100% TecToBbIX 3a1aHUM

OO0yuaromuiicst:

— TBEP/IO YCBOWJ MPOTPAMMHBIA MaTepuall, TPaMOTHO U TI0 CYIIECTBY
W3JIaraeT ero, ONUpasch Ha 3HAHUSI OCHOBHOM JTUTEPaTypHI;

— HE JIONYCKAET CYIIECTBEHHBIX HETOYHOCTE;

«XOPOITIO) — YBSI3BIBAET YCBOGHHBIE 3HAHMS C TPAKTUYECKOH JEATEITHHOCTHIO
«3aUTEHO» HaIpaBJICHNUS,

— apryMEHTUPYET Hay4YHbIE MTOJIOXKEHUS;

— JIenaeT BBIBOJLI M 0000IICHHUS;

— BJIaJICET CUCTEMOM CIIEIIMATM3UPOBAHHBIX MOHITHH. I

— npaBWIIbHO BBINOJIHWI OT 70% 10 89% TECTOBBIX 3alaHUl .

— 00y4arouiics yCBOMJI TOJIBKO OCHOBHOM MpPOTpaMMHBIA Matepual,
[I0 CYLIECTBY H3JIaracT €ro, ONMpasChb Ha 3HAHUA TOJBKO OCHOBHOM

JTUTEePaTypHI;
«Y/IOBJIETBOPUTENILHOY» | — JOIMYCKAaeT HECYIIECTBEHHbIE OIUOKHA U HETOYHOCTH;
«GAuTEHO» — UCIIBITHIBAECT 3aTPYAHEHUSI B MPAKTUYECKOM NPUMEHEHUW 3HAHUN
HaIpaBIICHUS;

— c1a00 apryMeHTUPYET HayJYHBIC MOJIOKEHHS,
— 3aTpyiHAeTCs B OPMYJTUPOBAHUH BBIBOJIOB U 0000IICHUH;




OreHKa KOMITETEHITUH

5-0aiuIbHAs IKaIa

XapaxTepucTrka cpOpMHUPOBAHHBIX KOMITETEHIUI

— YaCTUYHO BJIaJACCT CHCTeMOfI CHGI_II/IaJII/BI/IpOBaHHBIX HOH)IEI;II\/JI.
— MPaBWJIBHO BBITTOIHUI OT 51% 10 69% TecToBBIX 3a1aHMi

«HEYIOBJIETBOPUTEIIHLHO
«HE 3aUTCHO»

— oOyyJaromuiicss HE YCBOWJI 3HAYUTEIBHOW YacTH IMPOTPAMMHOIO
MaTepuaia,

— JOITyCKacT CYHICCTBCHHBIC OIJ_II/I6KI/I u HETOYHOCTHU npu
paccMOTpeHHH MPo0JIeM B KOHKPETHOM HalpaBJICHUY;

— UCTIBITHIBAET TPYAHOCTH B MPAKTUYECKOM MPUMEHEHUH 3HAHMUIA;

— HE MOXET apryMEHTHPOBATh HAYYHBIE TTOTOKCHHUS;
— He GOpMYITUPYET BHIBOJAOB U 000OIICHUIA.

o Rk
— MPaBUJIBHO BBITTOIHWI MeHee 51% TeCTOBBIX 3ajaHui .

10.3. TunoBble KOHTPOJIbHBIE 33JAHNS UM UHBIE MATEPHAJIBI.
Bomnpocs! (3agaun) i s5K3aMeHa MpeacTaBiIeHb! B Tadnure 15.

Tabmuna 15 — Bompocs! (3agaun) U1l 9K3aMeHa

Kon
Ne /it [Tepedyens BOompocoB (3a1a9) UTsl SK3aMeHa HHKATOPA

DBomonus cranaapToB coToBoi cBs3u (1G—6G). OcHoBHBIE

1 TpeboBaHus U crieHapuu ucnonbzoBanus SG (eMBB, URLLC, IK-5.3.1
mMTC).

5 Yacrotneie auana3onsl 5G (FR1 u FR2). OcobennocT K-5.3.1
pacrpocTpaHeHus: PaJAHOBOIH B MIJJTUMETPOBOM JTMATIA30HE. o
Texnonorus OFDM B 5G: npUHLUITBI TOCTPOCHUS, TAPAMETPbI

3 curnaios, Hymeposjoruu. Cpasuenue CP-OFDM u DFT-s- [IK-5.3.1
OFDM.
MuosxectBenHsIi noctym B 5G: OFDMA, SC-FDMA, NOMA.

4 IK-5.3.1
[TpuaIATIE paGOTH M 00TACTH IPUMEHEHUS.

5 Apxurtektypa cetu 5G: pexxumbl NSA u SA. OyHKIIMOHAIBHOE MK-5.3.1
paznenenue (CU/DU). MaTepdericsl 1 mpOTOKOJIBI. o
MaccuBHbie anTeHHble pemietku (Massive MIMO): npuHImmb

6 pabotsl, koHpurypauu (SU-MIMO, MU-MIMO), [IK-5.3.2
MIPEUMYIIECTBA U OTPAHUYCHHSL.
MeTtoap! hopMUPOBaHUS AUATPAMMbI HAPABICHHOCTH

7 . [1K-5.3.2
(beamforming): knaccudukamnms, anropuTMbl, 3PPEKTUBHOCTE.

] Kanansasie monemm mis 5G (TDL, CDL). [Tapametps! kaHaIoB, K-5.3.2
BJIMSIHUE MHOTOJTYYEBOCTH U JIOTNIEPOBCKOTO C/IBHTA. o
Ornenka kanana (CSI) B 5G: MeTozpl, oOpaTHas CBS3b, alalTaius

9 . I1K-5.3.2
MIMO-koHburypauui.
[TomexoycToiunBoe koauposanue B SG: LDPC u nonspHbie

10 Kozbl. [IpuHIUIBI KOAMPOBAHUS/ IEKOAUPOBAHMS, [IK-5.3.2
CpaBHHUTEJIbHAS XapaKTEPUCTHKA.

11 MeTtoast HARQ B 5G: mpuHIHITEI paOOTHI, TUTIBI, K-5.3.2
3¢ (HEeKTHUBHOCTB.

12 WuTepdepentus B moTHEIX ceTsx SG. MeTo bl oaBiIeHAS MK-5.3.2
unteppepentmu: ICIC, CoMP, elCIC. o
DHepreTudeckuii 61opkeT MuHuM cBsizu SG. Pacder noreps Ha

13 I1K-5.3.3
Tpacce, 6rokera MmorHocTy At FR1 u FR2.

14 [TnanupoBanue cetu SG: pacdeT 30H MOKPHITHSI, YACTOTHOE K-5.3.3
TUTAHUPOBAHKE, pa3MelleHre 0a30BbIX CTAHIINH. T

15 AHanu3 nomexoyctoiunBoctu cucteMbl SG. BepositHOCTB I1K-5.3.3




o6uroBoii ommbku (BER) 17151 pa3nuuHbIX MOTYISIUN U KOJOBBIX
CKOpOCTEH.

16

MeTo1b1 OBBILIEHHS CIIEKTpasIbHOM 3 exTrBHOCTH B 5G!
MOJYJIALMS BbICOKOTo nopsiaka, MIMO, arperaiust Hecynux.

IK-5.V.1

17

Ceresrie Texnonorun 5SG: Network Slicing, SDN, NFV.
[TpUHIMIIBI ¥ IPAKTHYECKAS PeaTU3aIlHsl.

IIK-5.Y.1

18

Ynpasnenue MOOMIILHOCTEIO B SG: XEHI0BEP, MPOIICTYPHI
MePeKIIOUeHUs, ynpasieHue paauopecypcamu (RRM).

IIK-5.Y.1

19

3aaepkku B ceTsix SG: UCTOUHUKH 3a/IePIKEK, METOIBI UX
camxenns st URLLC.

IK-5.V.1

20

3amayda: paccuuTaTh MPOIYCKHYIO CIIOCOOHOCTH KaHana MIMO
IS 3aJaHHOW KOH(HTYpaIliy aHTCHH W OTHOIICHHS
CUTHAJI/IITyM.

[IK-5.Y .2

21

3ajada: MOCTPOUTH JUArpaMMy HAMpPaBIEHHOCTH JIMHEMHON
AHTEHHOM pPEIIeTKH JUIs 3aJaHHbIX TapaMeTPOB (YUCIIO
JJIEMEHTOB, PACCTOSTHUE MEXKAY HUMH, YT0Jl CKAHUPOBaHU).

[IK-5.Y .2

22

3anaya: paccuurtaTth napamerpsl OFDM-curnana (AnuTenbHOCTD
CUMBOJIa, IIMKJINYECKUI NpeduKc, THTEPBAT MEXKITY
MOJTHECYITUMH) 11 3aJaHHOW HYMEPOJIOTHH.

IIK-5.Y .2

23

3anmaya: moctpouth rpadguxk BER mns LDPC wnm nonsipaoro
kojia B karane ¢ AWGN npu 3a1aHHBIX TapaMeTpax
KOJHMPOBAHMUSL.

[IK-5.Y .2

24

HpaKTI/I‘ICCKOG 3alaHUC. OIIPCACIIUTD 30HY IMOKPBITHUS 0aszoBoi
CTaHIIUH 5Gec¢ YUY€TOM BBICOTHI IIOJABECA aHTCHH, YaCTOTbI U
MOIIHOCTH IEpCaAaTIHKaA.

IIK-5.B.1

25

[IpakTdeckoe 3aaHue: BHIOPATh MapaMeTpbl aHTCHHON
pemIeTKH (YHUCII0 HIEMEHTOB, KOX(POHUITMSHTHI YCUIICHHUS) IS
oOecrnieueHus 3aJaHHON TIPOITYCKHOM CITOCOOHOCTH B YCIIOBHUSAX
TOPOJICKOM 3aCTPONKH.

IIK-5.B.1

26

[TpakTHdeckoe 3a1aHKe: OLEHUTD BIUSHUE HHTEPPEPEHINH Ha
Ka4eCcTBO CBS3M B 33JaHHON KOH(UTYPAILIUH CETH U MPEITIOKHUTH
METO/]Ibl €€ CHIKEHHUSI.

I1K-5.B.1

27

[IpakTryeckoe 3aganue: MPOBECTH CPAaBHUTENbHBIN aHAIN3
3¢ (HEeKTUBHOCTH UCIIOJIb30BAHUS PA3IIMYHBIX HYMEPOJIOTUI
OFDM s passbix cuenapues 5G (eMBB, URLLC, mMTC).

IIK-5.B.1

28

[TpakTHdeckoe 3aaHne: pacCUUTaTh YHEPTETHUECKUN OFOIKET
JIMHUY CBSI3M JUIS 33JJaHHOTO CIIeHapHs (TOpoJCcKas cpena,
HAJIMYKE TPETSTCTBUIN) U ONpPeAeTUTh 3a1ac M0 MOUTHOCTH.

IIK-5.B.2

29

[IpakTrueckoe 3aanue: OLIEHUTh BO3MOKHOCTH TPUMEHEHUS
texHosoruit 6G (teparepuossie quana3onsl, RIS, NTN) mis

yIy4LIeHHsI XapaKTEepUCTHK CUCTEMBI CBSI3H 10 cpaBHEHUIO ¢ 5G.

IIK-5.B.2

Bomnpocs! (3agaun) uis 3adera / nud¢. 3auera npencrabiaeHsl B Taduuie 16.

Ta6mmia 16 — Boripocs! (3amaun) mist 3aueta / audd. 3adera

Ne /1

[Tepeuens BompocoB (3ama4) ams 3adera / qudd. 3ayera

Kon
WHMKATOpa

Y4eOHBIM MJIaHOM HE IPEIyCMOTPEHO

[lepeuens TeM Uil BHIOJHEHUS! KyPCOBOTO IPOEKTa/ KypCcOBOW pabOThl MpeAcTaBlIEHBI

B Tabnure 17.

Ta6mmma 17 — [lepedyenb TeM 115 BRITTOJIHEHHS KYPCOBOTO MPOEKTA / KYpCOBOM pabOTHI

Ne i/t

[TpumepHbIii TepeyeHb TeM Ui BBIIOJIHEHHS KypCOBOTO IPOEKTa/ KypCOBOH

paboThl




] Y4eOHbIM MJIaHOM HE MPEAYyCMOTPEHO

Bomnpocst

MpeICTaBICHEI B Ta0uie 18.

Tabnuua 18 — [IpumepHBbIii epeueHb BOIIPOCOB JJIsi TECTOB

OJi1 IPOBEACHUA HpOMe}IQYTO‘IHOfI arrecrTauiiin B BHUAC TECTUPOBAHHA

Ne /1

IIpuMepHBIii IepeyeHsb BOIIPOCOB IS TECTOB

Kon
WHIUKATOpa

HNucrpykuus: [pounTaiite Bonpoc, BBIOEpUTE OJMH MPaBUIbHBIN BapuaHT
OTBETA U 3aIUILIUTE apryMEHT, 000CHOBBIBAIOIINI BHIOOP OTBETA.

Bonpoc: Kakoii yacToTHbIN 1uamna3on ucrnoiabzyercs B SG mns
o0ecrieyeHuns! BBICOKOH CKOPOCTH Mepeayn JaHHBIX Ha KOPOTKHUX
paccTosiHusX?

1. dmamazon FR1 (cy6-6 I'T')
2. Jlnamazon FR2 (MMWave)
3. llnamazon KB

4. Jlnanazon YKB

I1K-5

Muctpykuusi: [IpounTaiite Bompoc, BEIOSPUTE OMH MPABWILHBIN BapHaAHT
OTBETA U 3aIUILIUTE apryMEHT, 000CHOBBIBAIOIINI BHIOOP OTBETA.

Bomnpoc: Kakas TexHOJIOTHSI MHOXKECTBEHHOTO JIOCTYIA UCTIONb3yeTcs B 5SG
NR m1st Hucxosiero kaganaa?

1. FDMA
2. TDMA
3. OFDMA
4. CDMA

I1K-5

Muctpykuus: [IpounTaiite Bompoc, BRIOSPUTE OMH MPABIILHBIN BApUAHT
OTBETA U 3aIHUIIUTE apTyMEHT, 000CHOBBIBAIONINIT BEIOOp OTBETA.

Bonpoc: Uro Takoe Massive MIMO B cuctemax 5G?

1. OgHa aHTeHHA € BBICOKUM KOA(P(GUIIMEHTOM YCUIICHUS

2. AHTeHHas penieTka ¢ OOJBITUM YHCIIOM dJIeMeHTOB (64, 128 u 6oee)
3. JIBe aHTEHHBI I Pa3HECEHHOTO MpuemMa

4. Yetwipe antenusl 11t MIMO 4x4

I1K-5

HNucrpykuus: [pounTaiite Bonpoc, BBIOEpUTE OJMH MPaBUIbHBIN BapuaHT
OTBETA U 3aIUILUTE apryMEHT, 000CHOBBIBAIOIII BHIOOP OTBETA.

Bonpoc: Kakue nomexoycroitunBbie Koibl UCTONB3YI0TCS B SG NR?

1. TobKO CBEpTOUYHBIC KOIBI
2. LDPC u nonsipabie KOJBI
3. Koxsr Punma-Conomona

4. Konpl XoMMHHTA

I1K-5

HNucrpykuus: [pounTaiite Bonpoc, BBIOEpUTE OJMH MPaBUIbHBIN BapuaHT
OTBETA U 3aIHIIUTE apTyMEHT, 000CHOBBIBAIONINIT BEIOOp OTBETA.

I1K-5




Bonpoc: YUro Takoe Network Slicing B 5G?

1. Paznienenne 4acTOTHOTO CIEKTpa MEXy ollepaTopaMu

2. Co3lanue BUPTYaJbHBIX JIOTHYECKUX CETEH ISl pa3iMyHbIX CIICHapHeB
MCIIOJIb30BaHUS Ha OJHOM (pU3nUecKor HHPPACTPYKType

3. Arperainust HECyIIMX YaCTOT

4. Meton ympaBieHHs: MOLUTHOCTBIO MepeaaTInKa

HNucrpykuus: [pounTaiite Bonpoc, BHIOEpUTE OJUH MPaBUIIbHBIN BapuaHT
OTBETA U 3aIUILIUTE apryMEHT, 000CHOBBIBAIOIINI BHIOOP OTBETA.

Bonpoc: /Ins kakoro ciieHapus UCTIONBb30BaHUs SG KPUTHUECKH BaXKHA
HU3Kas 3aj1epxka (Menee 1 mc)?

1.eMBB

2. URLLC

3. mMTC

4. Bce crieHapuy 0JIMHAKOBO

I1K-5

HNucrpykuus: [pounTaiite Bonpoc, BBIOEpUTE OJMH MPaBUIbHbIN BapuaHT
OTBETA U 3aIHIIUTE apTyMEHT, 000CHOBBIBAIONINIT BEIOOp OTBETA.

Bonpoc: Kakue pexumbl apxutekTypsl cetd SG CyecTByoT?

1. Tompxko NSA
2. Tonmpko SA

3. NSA u SA

4. GSM u UMTS

I1K-5

HNuctpykuusi: [IpounTaiite Bompoc, BRIOSPUTE OMH MPABUIBHBIN BapUaHT
OTBETA U 3aIUILIUTE apryMEHT, 000CHOBBIBAIOIIUI BHIOOP OTBETA.

Bonpoc: Uro Takoe SINR B koHTEKCTE OlIeHKH KadecTBa kKaHaia SG?

1. OTHOLIEHHE CUTHAI/TITYM

2. OtHomenue curHai/(rym + uHTEpPEpEHITNS)
3. KoaddummeHnt ycuneHnss aHTEHHBI

4. KoadumumeHt crosiaeii BOTHBI

I1K-5

HNucrpykuus: [pounTaiite Bonpoc, BBIOEpUTE OJMH MPaBUIbHBIN BapuaHT
OTBETA U 3aIUILIUTE apryMEHT, 000CHOBBIBAIOIINI BHIOOP OTBETA.

Bonpoc: Kakast TeXHOJIOTHSI OTHOCUTCS K TIEPCIIEKTUBHBIM HAIPaBIICHHUSIM
pasButust 6G?

1. Toneko OFDM
2. Tompxo Massive MIMO

3. TeparepiioBsic nuamna3onsl 1 RIS
4. Tonwko Wi-Fi 6

I1K-5

10

HNuctpykuusi: [IpounTaiite Bompoc, BRIOSPUTE OMH MPABIIBHBIN BapHaHT
OTBETA U 3aIUILUTE apryMEHT, 000CHOBBIBAIOIIUI BHIOOP OTBETA.

Bonpoc: Kakoii crangapt onpenensier cnerudukanun SG NR?

I1K-5




1. IEEE
2.3GPP
3.ITU

4. IETF

10.4. Meronnyeckue  MaTepuaibl,  ONPEACIAIOIIME  MPOLEAYphl  OLEHUBAHUSA
UH/MKATOPOB, XapaKTepU3YIOIIUX J3Tanbl (HOPMUPOBAHMS KOMIIETEHLUH, COAEp)KaTcs B
JOKaJIbHBIX HOpMaTuBHBIX akTax ['YAIIL, pernameHTUpyOmUX NOPSAOK M MPOLEAYPY
IPOBE/IEHUS TEKYILEro KOHTPOJISI YCIIEBAEMOCTH U IIPOMEKYTOUHON aTTecTalluu 00ydaroIuxcs
I'VAIL

11. Metonuueckne yka3zaHus JUIsl O0yJarOIIUXCs 0 OCBOCHHIO JUCITUTITMHBI

11.1. MeTtonuueckne yKazaHUs I OOYYArONIMXCS 10 OCBOCHHMIO JIGKIIHOHHOTO
MaTepuaa.

OcHOBHOE Ha3HAYEHHE JIEKIIMOHHOTO MaTepuana — JIOTHYECKH CTPOMHOE, CHUCTEMHOE,
riyOOKoe W SICHOE HM3JIOKEeHHE yueOHOro marepuana. HasHadueHune COBpEMEHHOM JEKIUH B
paMKax JWUCLUIUIMHBI HE B TOM, YTOOBI MOJIyYUTh BCIO MH(POPMALHUIO MO TEME, & B OCBOCHUU
(dyHaaMeHTaNbHBIX MPOOJIEM JUCHMIUIMHBI, METOJOB HAyYyHOrO IIO3HAHMSA, HOBEUIIHMX
JOCTHO)KEHUI Hay4dHOH MbIciu. B yueOHOM mporecce JEKIUs BBINOJHAET METOH0JI0IHUYECKYIO,
OpPraHU3aIMOHHYI0 U MHPOPMALMOHHYIO QYHKIUH. JIeKIMs pacKpbIBaeT NOHATHIHBIN anmapat
KOHKPETHOW 00JIacTH 3HaHus, €€ mpoOJeMbl, JaeT LEJIbHOE MPEICTaBlIEHHE O IUCLMILIMHE,
MOKA3bIBAET B3aUMOCBS3b C APYTUMHU AUCLHUIIIIMHAMM.

[lnaHupyemMble pe3yabTaThl IPU OCBOSHUH 00yYarOIUMUCS JIEKIIMOHHOTO MaTepuaa:

— TIOJyYEHHE COBPEMEHHBIX, LEJIOCTHBIX, B3aMMOCBS3aHHBIX 3HAaHUM, YpPOBEHb
KOTOPBIX OINPEAEIIIEeTCS LEJIEBOM YCTAHOBKOM K Ka)KJI0M KOHKPETHOH TEME;

— TIOJIy4€HHE OIbITa TBOPUECKOM pabOThl COBMECTHO € IIPENOJaBATEIEM;

— pa3BuUTHE NPOPECCHOHATBHO-JIENOBBIX  KAauyecTB, JIIOOBM K TpeAMETy H
CaMOCTOSITEIBHOTO TBOPYECKOI'O MBIILIICHHUS.

— TIOSIBIIEHHE HEOOXOAMMOro MHTEpeca, HEOOXOAUMOTO JIJIsl CAMOCTOSITETILHOM PabOThI;

— TIOJy4YeHHE 3HAHUNH O COBPEMEHHOM YPOBHE pa3BUTHS HAayKM U TEXHUKH U O
IPOTHO3€E UX pa3BUTH Ha OJIKaIINe TOJIbI;

— HayuyuTbCs METOJUYECKH oOpabaTbiBaTh MaTepuasl (BBIAEIATh IJIABHBIE MBICIH U
IIOJIO)KEHUS, IPUXOAUTh K KOHKPETHBIM BBIBOJAM, IIOBTOPSTH HUX B  PA3JIMYHBIX
bopMyIHUPOBKax);

— TOJIyu€HHE TOYHOT'O TOHUMAaHHUS BCEX HEOOXOIUMBIX TEPMUHOB U IOHSATHI.

JIeKUMOHHBI MaTepual MOXKET CONPOBOXKIATbCA JEMOHCTpalUMed CIaigoB U
UCIOJIb30BAaHUEM pa3aTOYHOIO MaTepuaja IpU IPOBEIEHUM KOPOTKMX JHUCKYCCHH 00
0COOEHHOCTSIX MPUMEHEHHUS OTJEIBHBIX TEMATHK MO JUCLIUIUINHE.

CrpyKTypa NpefocTaBieHHs JEKINOHHOIO0 MaTepyaa:

- BBeIeHHE B TNPOOJIEMATHUKy IUCIHMIUIMHBI, OOOCHOBAaHHE AaKTYaJIbHOCTU HW3YyUCHHS

TeXHOJOTHI 5G ¥ NEPCIEKTUB UX PA3BUTHS;

-  W3JIOKEHHE (PU3MUYECKUX OCHOB M MPHHLMUIOB MOCTpoeHHs cucteM SG, BKIOYas
4aCTOTHBIE AUANA30HbI, HYMEPOJIIOTHH U METObI MHOKECTBEHHOTI'O TOCTYIIA;

- pPaccMOTpEHHUE aHTEHHBIX CUCTEM U KaHAJIBHBIX MOJENEH, cnoiab3yeMbiX B 5G NR;

— U3YYEHHE CETEBbIX TEXHOJOTHMH, IPOTOKOJOB H METOAOB IOMEXOYCTOHYHBOIO

KOAUPOBaHUS;

- aHaJu3 METOJOB olleHKH kKauecTBa kaHana (SINR, CSI) u ynpaBienust panuopecypcamu;
- o0cyxJeHHe MEepCHeKTUBHBIX TexHosoruii 6G u beyond (TepareproBbie uanas3oHbl,
pekoHpuUrypupyemsie MHTEIJICKTYaJIbHbIC ITOBEPXHOCTH, HE3EMHBIC CeTH,

UCKYCCTBEHHBII MHTEIUIEKT B paguouHTepdeiice);




— TOABEJCHHE UTOrOB MO KaXIol Teme, (OPMYIHPOBKA KIIOYEBBIX BBIBOJOB U
PEKOMEHAUNN U1 CAMOCTOSITEIIBHOTO U3YyYEHUS;

—  OTBETHI HA BOMPOCH! 00YYAIOUINXCS, 00CYXKIEHUE CIOKHBIX I TOHUMAHUS aCTIEKTOB U
IIPAKTUYECKUX IIPUMEHEHUN PaCCMOTPEHHBIX TEXHOJIOTHM.

11.2. Meronnveckue ykazaHUs A OOyYalOMIMXCS MO TMPOXOXIECHUIO MPAKTUYECKUX
3aHATHI

[TpakTHdeckoe 3aHSATHE SIBISETCS OMHONW M3 OCHOBHBIX (DOpPM OpraHm3aiu y4eOHOTO
mpoIiecca, 3aKJIF0YarOIIascs B BHITOJIHEHUH 00YYaIOIIMMHUCS O] PYKOBOJICTBOM IPEIIOAaBaTENs
KOMIUIEKCa YYE€OHBIX 3aJaHUil C IENbI0 YCBOSHUS HAYYHO-TEOPETHYECKHX OCHOB Yy4eOHOMH
JTUCIUTIIIMHBI, MPUOOPETEHUS YMEHUN U HAaBBIKOB, OIIBITA TBOPYECKOM ESITEIHHOCTH.

[enpro MPaKTUYECKOTO 3aHITHS ISl 00YYAOIIErocs SBISETCS MPUBUTHE 00YJIArOIIUMCS
YMEHHI U HaBBIKOB MPAKTUYECKON JIEITEIHHOCTH MO M3Yy4aeMOW TUCIUIIINHE.

[Tnaaupyemblie pe3yiabTaThl MPU OCBOSHUU 00YUYAIONTUMCS TPAKTHUECKUX 3aHSATHIA:

— 3aKperuieHue, yriayOJeHue, paclIMpeHHe W JeTanu3allds 3HaHWW TpPH PEIICHUU
KOHKPETHBIX 3371a4;

— pa3BUTHE I[IO3HABATEIIBHBIX CIIOCOOHOCTEH, CaMOCTOSITEILHOCTH  MBIIICHHUS,
TBOPYECKON aKTUBHOCTH;

— OBJAJICHHE HOBBIMM METOJAMH W METOAMKAMHM HM3YYE€HHs] KOHKPETHOM yueOHOMH
JHUCIUATLINHEL

— BbIpabOTKa CIOCOOHOCTH JIOTMYECKOTO OCMBICICHUS TIOJYYCHHBIX 3HAHUW IS
BBITIOJTHEHMS 3aJaHUIL;

— ofecrniedueHre parMOHAIBLHOTO COYETaHUs KOJUICKTUBHON M WHAMBUAYAJILHON (Gopm
oOyueHusl.

TpeboBaHus K MPOBEACHUIO MPAKTUICCKUX 3aHATUN

1. TloarotoBka k 3aHsaTHr0. OOydaromuiics 0053aH 3apaHee O3HAKOMHUTHCA C TEMOW U
IUIAHOM  NPAaKTHMYECKOTO  3aHATUS, IOBTOPUTHh TEOPETHUYECKMM  Marepuan 1o
COOTBETCTBYIOIIIMM pa3jeliaM JUCUUIUIMHBI, W3yYUTh METOJMYECKHE YKAa3aHUsA 10
BBIMIOJIHEHUIO TPAKTUYECKUX 3aJaHui, pasMmelieHHele B LMS wuim  31eKTpoHHBIX
pecypcax Kadeapsl.

2. BomonHeHue 3amaHuil. B Xome mMpakTHYECKOro 3aHATHS OOYYarOUIUICS BBINOJHSACT
pacueTHble U pacueTHo-rpaduueckue padOThl, MPETyCMOTPEHHbIE IJIAHOM. 3aJaHus
BBITOJIHSAIOTCS.  TIOCJIEZOBATENIbHO, ¢ 00s3aTeNbHONW  (hUKcarueil MpOMEKYTOUHBIX
pe3yNbTaToB U BBIBOAOB. [Ipy BO3HMKHOBEHUH 3aTpYIHEHHI HEOOXOIMMO OOpaIlaThCs
3a KOHCYJIbTallMEN K IPENo1aBaTeto.

3. HUcnonp3oBanue WHCTPYMEHTOB. JlJist BBITTOJTHEHUS MPAKTUYECKHUX 3aaHui
PEKOMEHAYETCS UCMOJIb30BaTh MHXeHepHble makeTsl nporpaMm (MATLAB/Simulink c
5G Toolbox, Python ¢ ©Oubmuorekamu NumPy, SciPy, Py5G, MIMO-OFDM),
tabnuunbele mpoueccopsl (Excel) s pacderoB, a Takke CHEIMAIM3HPOBAHHOE
porpaMmmMHoOe o0ecriedeHue A1 MOJSIMPOBaHUs KaHAIOB U ceter 5G.

4. Odopmnenue otueroB. [To MTOraM KakJoro NpPaKTHYECKOTO 3aHATHS OOydarommics
0(QOpMIISIET OTUET, COAEpKAIIUN: LeJdb padOThl, KpaTKUE TEOPETUUECKUE CBEICHUS, X0
BBIIIOJIHEHUST  3a/IaHUs, pacueTHble (QOPMYNIBI M TMPOMEKYTOUYHBIC BBIYHCICHHS,
MOJIYYCHHBIE pe3ybTaThl (TaOnuIkl, rpaduKu, AUarpaMMBbl), BBIBOJBI 1O pe3yjbTaTaM
pabotbl. OTyer nomkeH OBbITh OPOPMIICH B COOTBETCTBHH C TpeOOBaHMAMHU Kadeapsl
CIaH MPENOJaBaTeI0 Ha IPOBEPKY.

5. CamocrosTenbHas paboTta. B pamkax camMOCTOSATENBbHONW MOATOTOBKM K MPAKTUYECKHM
3aHATUAM OOYYalOLIUICS NOJDKEH [0pabdoTaTh MaTepuaibl, U3ydeHHbIE Ha 3aHSITHH,
IIPOBECTH  JIOTIOJHUTEIBHBIE pacyeThl [0 BapuaHTaM, IOATOTOBUTh OTBETHl Ha
KOHTPOJIbHBIE BOIIPOCHI, TIOBTOPUTH KIIFOUEBBIE ONpEeNieHUs U (OPMYIIBL.




6. Ouenka BbIMOAHEHUsA. KpuTepusiMu OILIEHKH SBJISIOTCS: MNPaBUIBHOCTH M TOJHOTA
BBIMIOJTHEHHSI PACYETOB, OOOCHOBAHHOCTh MPHUHSATHIX PELICHUH, KauecTBO O(POPMIICHHUS
OTYeTa, AaKTHUBHOCTh B XOJI€ 3aHATHS, YMEHHE apryMEHTHUPOBATh IOJYyUYECHHbIE
pe3yNbTaThl U JeNaTh KOPPEKTHBIE BHIBOJIBI.

11.3. MeTtonuueckne yka3zaHUs ISl OOYYAIOIIMXCS M0 TPOXO0XKICHUIO CaMOCTOATEILHON
paboThI

B xone BbIMOSHEHUSI CaMOCTOSITEIPHOW pabOThI, 00yJarOUTUiCs BHITOJIHAET PaboTy 1o
3a[IaHUI0 ¥ TIPU METOJMYECKOM PYKOBOJCTBE MpErojaBaTelisi, HO 0e3 ero HemoCpeICTBEHHOTO
YYaCTHS.

B mporiecce BBIMONHEHUS CaMOCTOSITENILHON paboThl y oOyuaromierocsi GopMupyercs
nenecooOpa3Hoe TIaHUPOBaHUE PaboUYero BpeMEHH, KOTOPOE MO3BOJISIET €My pPa3BHBATh YMEHUS
U HaBBIKA B YCBOGHHUW U CHCTEMAaTH3allMU MPUOOPETaeMbIX 3HAHHM, O00ECIeYMBaeT BBICOKUI
YPOBEHb YCIIEBAEGMOCTH B TIEpUOJ OOydYEHHS, IIOMOTAeT TIOJYYHUTh HABBIKM TOBBIIICHHUS
po(hecCHOHATFHOTO YPOBHHI.

MertoauyeckuMH ~ MaTepUallaMH,  HANpaBJSIONIMMU  CAMOCTOSITENIbHYIO — paboTty
00yJarOIIUXCS SIBISIFOTCS:

—  y4e0OHO-METOIUYECKUN MaTepHal 1Mo TUCIHUILIHNHE;

—  METOJMYECKHE YKa3aHUS IO BBHIMOTHEHUIO KOHTPOIBHBIX PabOT (Ui 00yJaroImuxcs
1o 32049HOU (hopme oOyueHus)..

11.4. Meronuueckue YyKazaHus s OOYYaIOMIMXCS IO MPOXOXKICHHIO TEKYILEro
KOHTPOJISI yCIIEBAEMOCTH.

Texkymuii KOHTpPOJIb YCIEBAEMOCTH IIPEIyCMaTPUBAET KOHTPOJIb KadyecTBa 3HAHUU
00y4aroIuxcsl, OCYLIECTBISIEMOIO B TEYEHUE CEMECTpa C II€JIbI0 OLEHUBAHUS XO/a OCBOCHUS
JUCLUIUINHBI.

11.5. Meronuueckue ykazaHusi JUig OOy4aroIUXcs MO MPOXOXKIACHUIO MPOMEXYTOYHOMH
aTTeCTalluu.

[IpomexyrouHass  arrectanus  OOydYalOMUXCs — MPEAyCMaTpUBAeT  OIICHHBAHHE
MIPOMEKYTOUHBIX M OKOHYATEIbHBIX PE3yJbTaTOB OOydeHHs 1o AuciuiuimHe. OHa BKIIOYAET B
ce0s:

— »9K3aMeH — ¢opMa OICHKM 3HAHWH, TIOJYYCHHBIX OOYyYaIOmMMUMCS B TIpOIEcce
W3Yy4YEHUS BCEW NUMCIUIUIMHBI UM €€ YacTH, HAaBBIKOB CAaMOCTOSITEIIBHOW pabOThI, CITOCOOHOCTH
OPUMEHATh MX JJIsl pPElIeHUs MPAaKTUYECKHX 3a7ad. JK3aMeH, KakK IpPaBHIIO, MPOBOJIUTCS B
MeproJ; SK3aMEHAIMOHHONW CECCHMM M 3aBEPINACTCS aTTECTALMOHHON OIIEHKOW «OTIMYHO,
«XOPOLIOY, «YJOBJIETBOPUTEIBHO», KHEYTOBICTBOPUTEILHOY.



Jluct BHeceHUs: M3MEHEHUH B pabouyto MporpamMmy JUCIHUILTAHBI

[Hata BHeceHus
W3MEHCHHH U
JIOTIOTHCHHUM.

Iloanucek BHeCIIETO
W3MCHCHHS

ConeprxaHre U3MEHCHHUH W JOTIOTHEHIH

Jara u Ne

POTOKOJIA
3aceaHus
kadeapbl

ITonnuce
3aB.

kaenpoit




