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

YTBEPKAEHO

MO gupexTopa (pu3TeX-MIKOJIBI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TeXHOJIOTHH

J.A. T'agpusion

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: CotoBast CBSI3b IATOIO IMMOKOJICHUS
0 HANIPaBJICHUIO: HH(bOKOMMYHHKaHHOHHBIe TCXHOJIOTHH U CUCTEMBI CBA3HU
HpO(l)I(lJIb MnoATrOTOBKMU: TGJ'ICKOMMYHI/IKaI_H/IOHHLIC CCTHU U CUCTCMbI

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadenpa nmpobiem repenadn HHGOPMAIIMY U aHAIIN3A JTAHHBIX

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.

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

[Iporpammy cocraBui: A.H. Kpacuno, kaHj. TEXH. HayK, IIPENO/IaBaTEIb

[Iporpamma obcyxneHa Ha 3acefanuu kKadenpsl npodieM nepenadn HHPOpPMaIUK U aHau3a JaHHbix 22.03.2021



AHHOTANMA

Lenpto naHHOM AMCLMIUIMHBL SIBISETCS M3YYCHUE CTYICHTAMH OCHOB (DYHKUIHMOHWUPOBAHHS, apXUTEKTYPHl
MPOTOKOJIOB CEeTEeH COTOBOMW CBsI3W MsiToro mokosieHus: (5G). B paMkax Kypca JeTanbHO paccMaTpyBaIOT-Cs
¢u3nyecKkuii M KaHaJbHBIA YpOBHM HOBOHM TexHosoruu paguopoctyna New Radio (NR), a Ttaxke
apXH-TEKTypa M KOMIIOHEHTHI sapa cetd 5G. [loMumo TeopeTnueckoro Marepuana CTyICHTaM H3JIararorcs
CO-BpPEMEHHBIE TPEHBI B HCCIEJOBaHUIX U pa3paboTKe HOBBIX OKOJICHUH COTOBBIX CETEH.

1. leau u 3apauu

Meap AUCUMNIMHBI

OcBoeHME CTyJeHTaMH OCHOB (DyHKIIMOHHPOBAHUS, aPXUTEKTYpPhl U IIPOTOKOJIOB CETEH COTOBOW CBSA3U
nsaToro nokosienus (5G), B TOM 4Mcie TEXHOJOTHH MOCTpoeHHs ceTd paauonoctyna New Radio u
apXUTEKTYpHI a1pa cetu S5G.

3agauu AU CHUILIHHBI

- (popmupoBaHME y CTYIEHTOB YNIyONEHHBIX 3HAHUH 00 apXUTEKType U OCHOBHBIX ITPOTOKOJIAX CHCTEM
COTOBOM CBA3M ISITOTO TIOKOJICHUS;

- TMOCTPOCHHWE Yy CTYJICHTOB HABHIKOB NPUMEHEHHWS TOIYYCHHBIX 3HAHWHA MPH HCCICAOBAHUIX U
pa3paboTke MPOTOKOJIOB U JICKAIIUX B UX OCHOBE QJTOPUTMOB JUII COBPEMECHHBIX CHCTEM COTOBOWM
CBSI3H;

- OKa3aHWEe KOHCYIbTALMH CTyJEHTaM B TPOBEICHUHM COOCTBCHHBIX TEOPETUYECKUX U
SKCIEPUMEHTANIBHBIX UCCIIEIOBAaHUI COTOBBIX CETEH MATOrO MOKOJIIEHHUS.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

Ko 1 HaumMeHOBaHKE KOMIIETEHINH WNnaukaTtopsl AOCTHKEHUS] KOMIIETEHIIUN
YK-1 Cnocoben ocymectBisaTh kputnueckud  |YK-1.2  OcymiecTBisieT IOMCK  BapuaHTOB  PELICHUSA
aHaJn3 NIpOOJIEeMHBIX CHTyalluii Ha OCHOBE MOCTAaBIICHHOH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh JOCTYTHBIX UICTOYHUKOB HH(pOpMaLH
CTpaTeruro AeUCTBUI
YK-4 CriocoGeH mpUMEHSITh COBPEMEHHbBIE VYK-4.4 CrniocobeH HCIoNb30BaTh COBPEMEHHBIE CPENICTBA
KOMMYHHKaTHBHBIC TEXHOJIOTUH, B TOM YHCI€ |MHOOPMAIMOHHO-KOMMYHHUKAIIMOHHBIX ~ TEXHOJOTHHA  JJIs
HAa UHOCTPaHHOM(BIX) sI3bIKe(aX), IS aKaJIEeMUYECKOTO U TIPO(EeCCHOHAILHOTO B3aUMOJICHCTBHUS
aKaJIeMUYECKOro U MpoQeccCHOHaTBEHOTO
B3aUMOJCICTBUSA

YK-6.1 YmMmeer pemarp 3a/1aud COOCTBEHHOTO JIMYHOCTHOTO
u  npoecCHOHANBHOTO  Pa3BUTHS,  ONPEHENATh |
peann30BbIBaTh MPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM ESTEBHOCTH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HPUOPUTETHI COOCTBEHHOM JEATEIILHOCTH U

CIIOCOOBI €€ COBCPHICHCTBOBAHUSA HAa OCHOBC

VK-6.2 OueHuBaer CBOI ACATECIBHOCTH, COOTHOCHUT IICJIH,
CaMOOLIEHKH

CHOCOOBI M CpEICTBa BBIMOJHEHUS JIESTEILHOCTH C €6
pe3ynbTaramu

OIIK-1.1 3Haer W cmocoOeH — HCIOJIL30BaTh B
npoecCHOHaNBHON JCATEIIEHOCTH (PyHAaMEHTAIIBHBIE U
MPUKIAJHbIE HAy4YHbIC 3HAHUS B OONACTH €CTECTBEHHBIX
HayK

OIIK-1 CriocobeH npeacTaBIsaTh COBPEMEHHYIO
Hay4HYIO KapTHHY MHpPA, BBISBIATH
€CTECTBEHHOHAYYHYIO CYIIHOCTB MPOOIeM

CBOEH MPoQeCCHOHATEHON eATeTbHOCTH,
OTIPEJICNATh MYTH UX PEIICHUS U OIICHUBATh
3((HEKTUBHOCTH CJISITAHHOTO BHIOOpA

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIECJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-2 CriocobeH peann30BbIBaTh HOBBIE OIIK-2.2 Bmageer HaBbIKAMH peanu3alil  HOBBIX
MPUHLUIIBI ¥ METOABI HCCIIEIOBAHUS MPUHLMIIOB M METOJOB HCCIIEJOBAaHUS B COBPEMEHHBIX
COBPEMEHHBIX MH(OKOMMYHHUKAIIMOHHBIX MH()OKOMMYHHKAIIHOHHBIX CUCTEMAX M CETAX

CHCTEM U CETEeH Pa3IMYHbIX THIIOB MEpeIadH,
pacrmpeneneHus, 00padOTKU U XpaHEHHS
uHpopMannun




OIIK-3 Cnocoben npuodperars, obpadareiBars |OITK-3.1 Ymeer WCTIONB30BaTh COBpPEMEHHEIC
Y MCIOJIb30BaTh HOBYIO HH(OPMAIIHIO B CBOCH  |MH(POPMAIMOHHBIC U KOMITBIOTEPHBIE TEXHOJIOTHH, CPEACTBA
HpeIMETHOH 001acTH, IpeIaraTh HOBbIC UIeH |KOMMYHUKALMH ~ NPU  TOMCKE  HAayYHO-TEXHHYECKOIl
U TIOJIXO/IbI K PELICHUIO 3a1a4 CBOCH nH(pOpMaNnH B CBOEH MPO(ECCHOHATBHOM ACATEIEHOCTH

npo(heCCHOHANTBHOM IESTENbHOCTH

3. IlepeyeHb MIIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHS 110 AMCHUILINHE (MOXY.II0)

B pesynbrare 0cBOGHHS AUCHUIIMHBI 00y4alOIINeCs JOIKHbI

3HaTh:
- OCHOBHBIEC QJITOPUTMBI U ITPOTOKOJIBI (PM3HMUYECKOT0, KAHAIBHOTO U CETEBOTO YPOBHEI COBpeMEH-HBIX
CeTei MATOro MOKOJICHUS;
- OCHOBHbIE MOHATHS, KACAIOIINECS apXUTEKTYPbI U (PYHKIIMOHUPOBAHHUS 3TUX CETeill;
- COBpEMEHHbIC HAIIPABIICHHUS Pa3BUTHS TEXHOJIOTHI COTOBOH CBSI3H;

YMETh!
- CBOOOIHO OPHEHTUPOBATHCS BO BCEM CIIEKTPE COBPEMEHHBIX TEXHOJIOTHIA IMOCTPOCHUS CETEH Ms-TOro
IIOKOJICHMUS],;
- IPUMEHSTH TOJy4YEeHHBIC 3HAHUS MPH MCCIEIOBAHUAX U Pa3padOTKe MPOTOKOJIOB U JICKAIIUX B HUX
OCHOBE aJITOPUTMOB JJIs1 COBPEMEHHBIX CCTEM COTOBOM CBSA3H;

BJIAJIETh:
- HaBBIKOM OCBOCHHS O0JIBLIOr0 00beMa HH(OpMAaLNK;
- HaBBIKOM CaMOCTOSITEJIbHOIO M3Y4YEHHUS HOBBIX CTaHJAPTOB COTOBOM CBS3U 10 MX TEXHUUYECKHUM
OTIMCAHUM U cHeln(PUKaALUIM.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 ApPXUTEKTYpa W OCHOBHBIC IPHHIIUITBI 6 6
noctpoeHus ceret 5G
2 00630p texnonorun New Radio 16 16
3 Mertonbt obecrieueHns  3aJaH-HbIX 4 4
TpeOOBaHMI K Ka9€CTBY 0OCTYKUBaHHUS
OBomonus ceteir SG U nepe-Xoz K ceTsM
4 4 4
6G
Nroro yacos 30 30
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 2 (Becennuit)

1. ApxuTeKkTypa U OCHOBHBIE IIPUHLIHUIIBI MOCTpOeHUs ceter SG




HoBrle crieHapuu WCHONB30BaHUS M TPeOOBaHHS K COTOBBIM CeTSIM IsiToro mokoienus (5G).
OCHOBHBIC TIPUHITUIBI OCTPOCHUS ceTeil SG W KIIFoUeBble HOBOBBEIIEHUS: YACTOTHBIC TUANa30HbI,
rubkass HyMepo-JIOTHsl, THOKOe Ha3HaueHHUE YaCTOTHO-BPEMEHHBIX PECYpPCOB, COBMECTHMOCTH C
MPENBIIYIINMY | TTOCIe-ayroruMu mokonerusmu (backward/forward compatibility).

Apxutektypa sipa cetu 5G: ucnonszoBanue texnonoruii SDN u NFV. O030p ceteBbix QyHKUuMI
(net-work functions) siapa cetn 5G. Paznenenme ceteBbix ¢(ynknmii (functional split, CU/DU).
Bzaumoneii-cteue ¢ cersmu 4G:  standalone/non-standalone operation. Pa3menenue cereBbIx
pecypcoB (network slicing).

2. O0630p texnonornu New Radio

00630p creka mpoTtokonoB New Radio (NR). @usnueckuii ypoBeas NR. HoBble meTonsl nepeaaun,
CTpYK-Typa Kajapa, cxembl nymiekcHod pabotet (FDD, TDD, flexible TDD). O630p
CUTHAJIBHO-KOJJOBBIX KOH-CTPYKLMH. YacTOTHBIE-BpEMEHHBIE PECYpChI: MMOHATHUE PECYPCHOTO OJIOKa,
cjioTa, MUHHUCJIOTa. PU3HUe-CKUE KaHalabl B BOCXONAIEH M HMcxoxsdumied guHusx cesa3u: PDCCH,
PDSCH, u np. Iunorasie curnansl (SRS, DM-RS, CSI-RS) u onenka kauecTBa kaHana. [logaepxka
MHOTOaHTeHHBIX iepenad (Massive MIMO) B TexHonoruu NR.

Ocobennoctu pabotel TexHomorun NR B KaHanax MHJUIMMETPOBOro Auamna3zoHa (mmWave):
IpoLeaypbl TOUCKa 0a30BOW CTAaHIMM M AJAaNTHBHOW IOCTHPOBKM JIyda, MHOXKECTBEHHOE
nonkirodeHue (multi-connectivity).

Kananbneiii u cereBoit ypoBenb NR: ommuns ot creka nporokonoB LTE. O630p nporokonos MAC,
RLC, PDCP, SDAP.

3. Merojpl oOecriedeHrs 3a]JaH-HBIX TPEOOBaHMI K KaUeCTBY 0OCITY>KUBAHMUSI

Mexanu3mbl moiepkku cepsuca eMBB: 0030p MeTo70B TOBBIIIIEHHUS MPOITYCKHON CIIOCOOHOCTH
cereii 5G, B3aMMOJEICTBHE C MPOTOKOJIAMH TPAHCIIOPTHOrO YpoBHS (B T.4. mpoTokonom TCP).
Mexanm3mbl Uit nognepxkku cepuca URLLC: 0030p MeTONOB MOBBINICHUS HAIS)KHOCTH U
CHIDKEHHSI 3aJiepxKeK B ceTsix 5G.

4. OBomonus cererd 5G u nepe-xoxn K ceTam 6G

Texymmii cratyc paspabotku cereét 5G: 0030p (GYHKIMOHAJIHHBIX BO3MOXKHOCTEW, BBEJCHHBIX B
Rel.15-17, n nnansl pa3sutus ceteid SG B nocnenyromux pennsax. HoBble clieHapyuu UCTIONb30BaHUS
u TpeboBaHus K cersiM miectoro mokoieHus (6G). O030p MEpPCHEKTHBHBIX METOAOB Iepeladu
JaHHBIX W TEXHOJOTMH [UIsi mocTpoeHuss cered 6G  (HOBbIE YaCTOTHBIE —JAMANa3OHBI,
pexoH(Urypupyemble MOBEPXHOCTH, NMPUMEHEHHE HCKYCCTBEHHOTO WHTEJUIEKTA Ui YNpPaBICHUS
CETBIO U 1p.).

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYueOHast ayTuTOpHs, OCHAIIICHHAS! MYJIbTHMEAMHHBIM 000py/IoBaHHEM (MIPOESKTOP WIIK TIa3MEHHasT
TMaHeNb ), JOCKOH.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHOBHas JIuTepaTypa
®onp nuTeparypsl 6a30B0it Kadeapsl (OpraHu3aIum):
1. TuxBunckuii B.O., TepentseB C.B., KoBans B.A. Cetn MoOwmbHO# cBs3u 5G. TexHomoruw,
ap-xuTekTypa u yciayru. Meaua [abmumep, 2019. - 375 c¢. ISBN: 978-5-903650-45-3.
2. Erik Dahlman Stefan Parkvall Johan Skold. 5G NR. The Next Generation Wireless Access
Tech-nology. 2d edition. Elsevir, 608 pp. ISBN: 9780128223208.
3. Mihai Enescu. 5G New Radio: A Beam-based Air Interface. 1st Edition, Wiley, 437 pp. ISBN:
978-1-119-58238-0.



JomnonHurensHas aureparypa

®onp auTeparypsl 6a30B0i kKadeapsl (OpraHU3aLy):
1. Sassan Ahmadi. 5G NR: Architecture, Technology, Implementation, and Operation of 3GPP New
Radio Standards. 1st Edition, 960 pp. ISBN 9780081022672.

7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCHMIIJIMHBI (MOTYJIs)

1. DneKTpOHHBIE PECYPCHI:

http://'www.3gpp.org

http://www.etsi.org

2. ba3bl JaHHBIX TEJIEKOMMYHHUKAIIMOHHBIX CTAHIAPTOB COTOBBIX CETEH:
http://www.3gpp.org/specifications

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha 3ansaTHsX MCONb3yOTCA MYJIBTUMEIUUHBIE TEXHOJIOTUH, BKIIOYAS IEMOHCTPALIMIO TPE3CHTAIUH.
9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOXYJIs1)

CryneHT, M3yvyalomuid AUCUUILIAHY, JOJDKEH, C OJHOM CTOPOHBI, OBIAJEeTh OOMIMMHU MOHSTHHHBIM
arrmaparoM, a ¢ Apyroil CropoHsl, JOJKEH HAyYUThCS IPUMEHSATh TEOPETUUECKUE 3HAHUS Ha [IPAK-TUKE.
B pesynbrare u3ydeHus IQUCLUIUIMHBI CTYAEHT JOJDKEH 3HATb OCHOBHBIE OIIPENENICHUs, MOHSITHS,
AJITOPUTMBI U TPOTOKOJIBL.

VYeneniHoe ocBoeHUE Kypca TpeOyeT HapsHKEeHHOM caMOCTOsITeNIbHON paboThl cTylaeHTa. B mporpamme
Kypca OTBEIGHO MHHHMMAJIbHO HE0OXoAuMoe BpeMmsl Uit paldoThl CTyOEHTa Hax TEMO.
CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

- YTEHUE U KOHCIIEKTUPOBAaHUE PEKOMEHI0BaHHOM JINTEPaTyphl;

- mpopaboTKy y4yeOHOro Mmarepuana (10 KOHCIEKTaM 3aHATHH, y4eOHOW M Hay4dHOH JHTEpaType),
[IOJTOTOBKY OTBETOB HAa BOIPOCHI, NPEIHA3HAUCHHBIE ISl CAMOCTOSTE]BbHOIO HU3Y4YEHMs, PELICHHE
3a1ay;

- IOATOTOBKA K IK3AMEHY.

PykoBOACTBO W KOHTPOJNb 32 CaMOCTOSATENBHOM paboTON CTygeHTa ocymiecTBisieTcss B (opme
HUHAUBUYaJIbHBIX KOHCYJIbTALUM.

BaxxHo 10OWTBHCS MOHMMAaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHanus. llpu
3aTPYTHEHUU M3Yy4Y€HHs OTAEIbHBIX TEM, BONPOCOB CieAyeT oOpamarbcs 3a KOHCYIbTalUsIMH K
JIEKTOPY.



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
kadenpa nmpobiem repenadn HHGOPMAIIUY U aHAIIN3A JTAHHBIX
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: A.H. Kpacwiios, kaHa. TEXH. HayK, IPENO1aBaTeNb



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 pe3YIbTAaTC N3YUYCHUA JUCIIUITIIMHBL «CoToBas CBI3b MATOTO ITOKOJICHUS) O6y‘IaIOH_H/II\/’IC$I JOJIKCH:

3HAThb:

- OCHOBHBIC aJITOPUTMBI U IIPOTOKOJIbL (bPISI/II{CCKOFO, KaHaJIbHOI'O U CCTEBOI'0 ypOBHeﬁ COBPCMCH-HBIX

CeTe MATOro MOKOJICHUS

- OCHOBHbI€ MTOHATHUS, KACAIOIIUECS apXUTEKTYPhl U (PyHKIIMOHUPOBAHUS ITHX CETEH;
- COBpPEMEHHbIE HAIIPABICHUS PA3BUTHUS TEXHOJIOI'MM COTOBOH CBSI3H;

yMeThb:

- cBOOOZTHO OPUEHTHUPOBATHCS BO BCEM CIEKTPE COBPEMEHHBIX TEXHOJIOTUI IOCTPOCHHUS CeTeH MSI-TOro

ITIOKOJICHU S,

- IIPUMEHSATDH MOJYYCHHBIC 3HAHMS MPU HCCIEIOBAHMIX M Pa3pabOTKe MPOTOKOJIOB M JISKAIINX B MX
OCHOBE aJTOPUTMOB AJI1 COBPEMEHHBIX CHCTEM COTOBOM CBSI3H;

BJIad€Th:

- HaBBIKOM OCBOCHUSI OOJIBIIOTO 00beMa HH(OpMAIIHY;
- HaBBIKOM CaMOCTOSITEJIBHOTO HM3YYEHHsS HOBBIX CTaHIAPTOB COTOBOM CBS3M 10 HMX TEXHHUYESCKUM

OTMCAHUM U CHeH(DUKAITUSIM.

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




C 1nenplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJje 3aHATUSA 110 TeME IPOIUIOHN JIEKIIMH WU B KOHIIE 3aHATHUSA IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA ITPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

[TepeueHb KOHTPOIBHBIX BOIPOCOB VIS CIAYH YK3aMEHa!

1. Cuenapuu ucnojb30BaHus U TPeOOBAHUS K COTOBBIM ceTsiM 5G.

2. OcHOBHBIC TIPUHIUIMBI MTOCTPOCHUSA ceTeid 5G: YacTOTHBIE NMAana3OHbI, THOKas HYMEpOJOTHS,
ru0-koe Ha3HAYCHHE YaCTOTHO-BPEMEHHBIX PECYPCOB, COBMECTHMOCTh C TPEABUIYIIUMH U
MO CIEyIO-IIUMHU TTOKOJICHUSIMH, UCTIONBb30BaHue KoHuenuid SDN/NFV.

3. Apxurektypa aapa ceta 5SG. O030p cereBbIx GyHKUUH siapa cetn 5G.

4. Pazmenenue cereBbix ¢yHkimit (functional split, CU/DU) B cern 5G. Pa3meneHue cereBbIX
pecyp-coB (network slicing).

5. ®wusnueckuil ypoBenb NR: cTpykrypa kxazapa, cxemsl aymiekcHoi pabotsl (FDD, TDD, flexible
TDD). O030p CHrHaJIBHO-KOJOBBIX KOHCTPYKIMH. YacTOoTHBIe-BpEeMEHHBIE PECypChl: TOHSITHE
pe-cypcHoro 0110ka, cJI0Ta, MUHUCIIOTA.

6. @usnyeckue kanansl NR (PDCCH, PDSCH, PUCCH, PUSCH).

7. Hunorasie curaansl (SRS, DM-RS, CSI-RS) u onenka kauecTBa KaHaa.

8. Ilonnep:kka MHOrOaHTeHHBIX niepenad (Massive MIMO) B TexHosnorun NR.

9. Ocobennoctu paboThl TexHONOrMM NR B KaHanax MUJUTUMETPOBOTO jAuarnazoHa (mmWave):
Npo-Ieqypsl IMOMCKa 0a30BOM CTaHOMM W aJalTHBHOM IOCTUPOBKU JIyda, MHOXECTBEHHOE
MOJIKJTFOYE-HUS.

10. Crek mpotokoioB NR. O630p nporokonoB MAC, RLC, PDCP, SDAP.

11. Mexanu3Mebl nojiepkku cepprica eMBB: 0030p MeTOI0B MOBBINICHUST POITYCKHOW CIIOCOOHOCTH
cereii 5G.

12. Mexaam3mbl mist nomnepkku cepuca URLLC: 0030p METOOB TOBBIMICHUS HAICKHOCTH W
CHU-)KEHUS 3aJiepikeK B ceTsax 5G.

13. Tekymmuii craryc pa3pabotku cereit SG: 0030p (PyHKIIMOHAIBHBIX BO3MOXHOCTEH, BBEICHHBIX B
Rel.15-17, mianpl Ha MOCTIEAYIONUE PEIU3BI.

14. HoBble crieHapuy HCIIONB30BaHHUS M TpeOOBaHUS K ceTsaM mectoro mokojeHus (6G). O630p
Mep-CIEKTUBHBIX METOIOB TIOBBIIICHUS IPONU3BOIUTEIHHOCTH COTOBBIX CETEM.

[Tpumeps! OnIETOB ISt POBEACHUS SK3aMEHA:

buner 1.
1. Cuenapuu HCIIONb30BaHUS U TPEOOBAHHS K COTOBBIM ceTsiM 5G.

2. HoBble clieHapuu HCIONB30BaHUS M TpeOOBaHWS K ceTsM Imectoro mokoneHus (6G). O63op
Mep-CIIEKTHBHBIX METOIOB MOBBIIICHHUS IIPOU3BOAUTEIIEHOCTH COTOBBIX CETEH.

buner 2.

1. OcHOBHBIE NPHUHIMIBI HOCTpOeHUs ceTeil 5G: yacTOTHBIE AMANA30HBI, T'MOKas HyMepoJorus,
ru0-Koe Ha3HAYeHHE YaCTOTHO-BPEMEHHBIX PECYPCOB, COBMECTHUMOCTh C HPEABIAYIIMMH U
MOCIIEAYIO-IIIUMH TTOKOJICHUSIMU, UCTIOIb30BaHue KoHmenuii SDN/NFV.

2. Texkymmii craryc pa3zpabotku cereil 5G: 0030p (DyHKIMOHAIBLHBIX BO3MOXKHOCTEH, BBEJICHHBIX B
Rel.15-17, mianpl Ha MOCTEAYIONUE PEIU3BI.

Kputepun onennBanus

Onenka omnyHO (10) BBICTaBASIETCS CTYIEHTY, IOKAa3aBIIEMYy BCECTOPOHHHUE, CUCTEMAaTU3UPOBAHHbIC,
nry0okue 3HaHUs y4eOHOI MporpaMMBbl AUCIUIIIIMHBEL, TPOSABIAIONIEMY HHTEpEC K JaHHON MpeIMeTHON
00JIaCTH, TPOJEMOHCTPUPOBABIIEMY YMEHHUE YBEPEHHO M TBOPYECKH MPHUMEHATh UX HA MPaKTHKE IpU
peLIeHNN KOHKPETHBIX 3aJ1a4, CBOOOHOE U IPaBMIbHOE 000CHOBAHNE MIPUHATHIX PEIICHHH.

Onenka oTnu4HO (9) BBICTABISIETCA CTYACHTY, MTOKa3aBIIEMy BCECTOPOHHHE, CHCTEMAaTH3UPOBAHHEIE,
n1yOoKHe 3HaHUS y4eOHOH MPOrpaMMbl AUCHUIIIIMHEL U YMEHHE YBEPEHHO MIPUMEHSTh UX Ha MPAKTHUKE
MIPH PELICHUH KOHKPETHBIX 3ajad, CBOOOJHOE U MPaBUIIbHOE 000CHOBAaHUE IPUHATHIX PELICHUH.



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 PEIICHUH, C HEKOTOPBIMH HEIOYETaMH.

Onenka xopomo (7) BBICTaBISIETCS CTYIEHTY, €CIM OH TBEpAO 3HAeT MaTrepuaj, TPaMOTHO U TIO
CYLIECTBY H3JIaraeT €ro, yMeeT NPUMEHSTH IOJy4YCHHbIE 3HAHWS HA NPAKTUKE, HO HEJOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYEHHBIC PE3YIIBTAThI.

OI_IGHKa XOopouro (6) BBICTABJIACTCA CTYACHTY, €CJIM OH TBCPAO 3HACT MATCpuall, 'paMOTHO U II0
CylI€CTBY U3JIarac€t €ro, yMeCT IPUMCEHATD MTOJTYUYCHHBIC 3HAHNA Ha IMPAKTUKE, HO JOITYCKACT B OTBCTC
HJIW B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH.

Omnenka xopoio (5) BBICTaBISIETCSA CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT Marepuai, rpaMOTHO H 1O
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MIOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 JOCTATOYHO OOJIBIIOE KOJMYECTBO HETOUHOCTEH.

OneHka YIOBIETBOPUTEIbHO (4) BBICTABISIETCS CTYIEHTY, TIOKa3aBIIeMy (QparMeHTapHBIMH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapyLIEHUs JOTHYECKON MOCIeI0BaTeIbHOCTH B U3JIOKEHNHU IIPOrPaMMHOI0 Marepuasa, HO NP 3TOM
OH OCBOMJI OCHOBHBIE pa3lienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE ISl AajbHeHmero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OneHka yIOBIETBOPUTETbHO (3) BBICTABISIETCS  CTYIEHTY, TIOKa3aBIIeMy (parMeHTapHBIMH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax O0a30BBIX HOHSITHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0BaTEeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJICET OCHOBHBIMH paszieiiaMu y4eOHOH IporpaMMbl, HEOOXOJUMBIMU IS TalbHEHIIero o0y4eH s 1
C TPYAOM IIPUMEHSET MOIyYEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.

OueHka HEYJIOBIETBOPUTENBHO (2) BBICTABISIETCS CTYJACHTY, KOTOPBI HE 3HaeT OouiblIed 4acTu
OCHOBHOTO cOAepXaHUsl y4eOHOW MporpaMMbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bopMyIHPOBKaX OCHOBHBIX IPUHIMIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
THUIIOBBIX 33]1a4.

OueHka HeyqoBIeTBOPHTENLHO (1) BBICTaBISCTCS CTYACHTY, KOTOPBI HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiie omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYECKHX
3ajad.

5. MeTonuyeckne MaTepuaJbl, onpeaesiome NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

DK3aMeH NPOBOAMUTCS B YCTHOU (opMme.

IIpu mpoBeneHMH yCTHOTO 3K3aMeHa oOydaromiemycs npepocraBisercs 30 MHHYT Ha IOITOTOBKY.
Onpoc ofydatomerocss 1o OwWjeTy Ha YCTHOM OJK3aMEHE HE [IOJDKeH NpPEBBILATh JBYX
aCTPOHOMMUYECKUX YaCOB.

Bo Bpems mpoBeneHus 3k3aMeHa 0OydaroIInMecss MOTYT IHOJIb30BaThCS MPOrPaMMON JUCHMIUINHBI, a
TaKKe CIIPaBOYHON JIUTEPaTypOi, BEIYUCIUTEILHON TEXHUKON U IPOY.



