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

YTBEPXKJAEHO
MO gupexTopa (pu3TeX-MIKOJIBI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TEeXHOJIOT Ui
J.A. T'agpusion

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCUHUILJINHE: OCHOBEI COTOBO#1 CBS3U
10 HAMPABJIECHUIO: NH}poKoOMMYyHHUKAIMOHHBIC TEXHOJIIOTUN U CUCTEMBI CBS3H
npopuJib NOArOTOBKHU: TeneKOMMYHUKAIIMOHHBIE CETH U CUCTEMBI

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

Kypc: 1
KBAJM(PUKAIMA: MarucTp

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

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

CamocrositensHas pabora: 15 gac.
Bcero gacos: 45, Bcero 3ad. ef.: 1

[Iporpammy coctaBui: A.H. Kpacuiios, kaHa. TeXH. HayK, IIPeroiaBaTellb

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl npodieM nepenadn HHPOpMaul U aHaiin3a AaHHbix 22.03.2021



AHHOTANMA
enbto JaHHOW AMCUMIUIMHBI SIBISIETCS M3YYCHHE CTYICHTAMH OCHOB (DYHKIIMOHWPOBAHWUSI, apXUTEKTYPhl U
MPOTOKOJIOB COBPEMEHHBIX CETEH COTOBOU CBs3U. B pamkax Kypca AeTalbHO paccCMaTpPUBAETCS TEXHOIO-THUS
Long Term Evolution (LTE) u ee momudukanuu LTE-A, LTE-A pro. Ha ceromusimiHuii JeHb CEMEH-CTBO
texHonoruii LTE sBnsieTcss OCHOBOM AJi1 MOCTPOEHUSA COTOBBIX CETEW 4eTBepTOoro mnokojeHus. [lo-mumo
TEOPETHUYECKOTO Marepraia CTyICHTaM H3JIaraloTCsi COBPEMEHHBIE TPEHJIbI B MCCIIEOBaHUSX U pa3-paboTke
MPOTOKOJIOB U JICKAIINX B X OCHOBE aJTOPUTMOB JJIsI COBPEMEHHBIX CUCTEM COTOBOU CBSI3H.

1. leau u 3apauun

eap AUCUMNIMHBI

OcBoeHUE CTyIEHTaMH OCHOB (DyHKIIMOHHPOBAHUS, apXUTEKTYPbl U MPOTOKOJIOB COBPEMEHHBIX CeTei
COTOBOH1 cBsi3u, B ToM umcie TexHonoruun Long Term Evolution (LTE) u ee moguduxauuii, mmpoko
UCTIONIB3YEMBIX JJIsl TIOCTPOEHHS COTOBBIX CETEH YEeTBEPTOTO MOKOJICHHUS.

3agauu AU CHUIIHHBI

- (GopMHpOBaHHE y CTYACHTOB YIIYONEHHBIX 3HAHMH 00 ApXUTEKType M OCHOBHBIX IMPOTOKOJIAX
COBPEMEHHBIX CUCTEM COTOBOH CBS3H;

- TMOCTPOCHHWE Yy CTYICHTOB HABBIKOB NPUMEHEHHWS TOIYYCHHBIX 3HAHWHA MPH HCCICAOBAHUIX U
pa3paboTke MPOTOKOJOB U JICKAIIUX B WX OCHOBE QJTOPUTMOB JUII COBPEMECHHBIX CHCTEM COTOBOWM
CBSI3H;

- OKa3aHWEe KOHCYJIbTALMH CTyJEHTaM B TIPOBEICHUHM COOCTBEHHBIX TEOPETUYECKUX U
SKCIICPUMEHTAJILHBIX UCCIICAOBAHUM CETe COTOBOM MOOMIILHOM CBSI3H.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

Kon 1 HaumMeHOBaHKE KOMIIETEHINH WNnaukaTtopsl AOCTHKEHUS] KOMIIETEHIIUN
YK-1 Cnocoben ocymectBisaTe kputnueckud  |YK-1.2  OcymiecTBisieT IOMCK  BapuaHTOB  PELICHUSA
aHaJn3 NIpOoOJIEeMHBIX CHTyalluii Ha OCHOBE MOCTAaBIICHHOH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh JOCTYTMHBIX UICTOYHUKOB HH(pOpMaH
CTpaTeruro AeUCTBUI
YK-4 CriocoGeH mpUMEHSITh COBPEMEHHbBIE VYK-4.4 CrniocobeH HCIoNb30BaTh COBPEMEHHBIE CPENICTBA
KOMMYHHKATHBHBIC TEXHOJIOTUH, B TOM YKCI€  |MHOOPMALMOHHO-KOMMYHHUKAIIMOHHBIX ~ TEXHOJOTHHA  JJIs
HAa UHOCTPaHHOM(BIX) sI3bIKe(aX), IS aKaJIEeMUYECKOTO U TPO(ECCHOHAILHOTO B3aUMOJICHCTBUS
aKaJIeMUYECKOro U MpoQecCHOHaTBEHOTO
B3aUMOJCICTBUSA

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

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

VK-6.2 OueHuBaer CBOI ACATECIBHOCTH, COOTHOCHUT IICIIH,
CHOCOOBI M CpPEICTBa BBIMOJHEHUS JIESTEILHOCTH C €6
pe3yabTaraMu

OIIK-1.1 3HaeT W cmocoOeH — HCIOIL30BaTh B
npoeCCHOHANBHON JCATEIIEHOCTH (PyHAaMEHTAIIBHBIE U
MPUKIIAJHbIE HAy4YHbIC 3HAHUS B OONACTH €CTECTBEHHBIX
HayK

OIIK-1 CriocobeH npecTaBIsuTh COBPEMEHHYIO
Hay4YHYIO KapTUHY MHpPa, BBISBIISATh
€CTECTBCHHOHAYYHYIO CYIIHOCTh MPOOIIeM
cBOEH po¢eCCHOHAIBHON esITeIbHOCTH,
OTIPEJIeNIATh MYTH UX PEIICHUS 1 OIICHUBATh
3((HEKTUBHOCTH CJISITAHHOTO BHIOOpA

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUA B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-2 CriocobeH peann30BbIBaTh HOBBIE OIIK-2.2 Bmageer HaBbIKAMH  pealu3alidl  HOBBIX
MPUHLUIBI ¥ METOABI HCCIIEIOBAHUS MPUHLMIIOB M METOJOB HCCIIEJOBAaHUS B COBPEMEHHBIX
COBPEMEHHBIX MH(OKOMMYHHUKAIIMOHHBIX MH()OKOMMYHHKAIIHOHHBIX CUCTEMAX M CETAX

CHCTEM U CETeH Pa3IMYHbIX THIIOB MEpelayH,
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. [lepeuens MIaHUPYeMbIX Pe3yJIbTATOB 00y4YeHHS MO AUCHUILINHE (MOAYJTI0)

B pe3ynbrare ocBoeHUS JUCIUIUTHHBI 00y4YaroNInecs JOKHBI

3HATb:
- OCHOBHBIEC AJITOPUTMBI U TIPOTOKOIIBI (PU3UYECKOTO, KAHAIBHOTO U CETEBOTO YPOBHEH COBPEMEH-HBIX
ceTeil COTOBOM CBSI3H;
- OCHOBHBIC MTOHATHS, KACAIOIIUECS apXUTEKTYPhI ¥ (PyHKIIMOHUPOBAHUS ITHX CETEH;
- COBpEMEHHbBIC HAIPABJICHUS PA3BUTHUS TEXHOJIOTUNA COTOBOM CBS3H.

YMETh:
- CBOOOIHO OpPUEHTUPOBATHCS BO BCEM CIIEKTPE COBPEMEHHBIX TEXHOJIOTHHA M CTaHIIAPTOB COTOBOI
CBSI3H;
- IPUMEHSTH MOJYyYEHHBIC 3HAHUS TPU HCCIEAOBAHUAX W pa3pa0O0TKE MPOTOKOIOB M JEKAINUX B UX
OCHOBE aJITOPUTMOB JIJIsS COBPEMEHHBIX CHCTEM COTOBOM CBSI3U.

BJIAJICTh:
- HaBBIKOM OCBOEHUS OOJIBIIOTO 00beMa HHGOPMAITUH;
- HaBBIKOM CaMOCTOSTEILHOTO HM3YYEHHs HOBBIX CTaHJIAPTOB COTOBOH CBSI3U MO MX TEXHHUYECKUM
OTMCAHMSIM H CIISITU(DUKAIIHSIM.

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

TpynoeMKOCTh 0 BUJIaM YUeOHBIX 3aHATHH, BKIIFOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 O030p  CYHIECTBYIOIIUX  TEXHOJOTHI 4 )
COTOBOH CBS3U
) @u3NueCKUd M KaHaIbHBIM  YPOBHU 10 5
texHonoruu LTE
3 3ajava TUTAHUPOBAHWUS PAJIHO-PECYPCOB B 4 )
COTOBBIX CETSIX
4 Oomorus TexHonoruu LTE 12
Hroro wacos 30 15
[TonroToBka K 3K3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 1 (Ocennwii)

1. O630p CyIIECTBYIONIMX TEXHOJIOTUH COTOBOM CBSI3U




OOue NpUHIMIIBI TOCTPOSHHUSI COTOBBIX CETEH (JMIIEH3UPYEMBIH CHEKTpP, LEHTPAIM30BAaHHOE
yIpaBieHHE, CeTh PauoA0CTYIa, sIpo ceTH). Mctopus MoOuIbHOM paguocssa3u. O630p pa3nuy-HbIX
MOKOJIEHUH COTOBBIX CE€TEH M MCHOJIb3yeMBIX MeTooB nepeaaun naHHbix (1G - NMT, AMPS, 2G -
GSM, IS-95, 3G - UMTS/WCDMA, CDMA2000, 4G — LTE, WiIMAX, 5G - NR). Domorus
TEXHOJIOTUI pajuofocTyna M MPUHLUIOB MOCTpoeHHs sapa cetu. CraHgapTH3UPYIOIIUE
OpraHu-3alliH, OCYIIECTRISIONME pa3paboTky TexHonoruit cororoii cesizu (ETSI, ITU, 3GPP).

2. ®u3nyuecKkuil 1 KaHaIbHBIN ypoBHU TexHOonoruu LTE

Apxutektypa cetn LTE. Apxutexkrtypa siapa cetu (ommcaHue (QyHKIIMOHAIBHBIX 3JEMEHTOB U
uH-TepdeiicoB). Apxurekrypa cetu paaumonoctyna. OOmiee ommcanue creka npotokoioB LTE.
Jloru-ueckue kanainel, mopaepxkka QoS. Ctpykrypa kajpa. Cxemsl ayruiekcHoi cesizu (FDD, TDD).
®u-3uuyeckue kanansl (PDCCH, PDSCH, u T.1.). YpoBenp poctyma K cpele (apXuTeKTypa
anupoB-mmuka, HARQ, DRX). YpoBenb ynpasieHus paguocoerHEHHEM (pa3InYHbIE PEKHMEI
paboTbl, MexaHW3M NOBTOPHBIX mepenad). YpoBenb PDCP (amroputm ROCH, ummdposanue,
ynopsgoueHne — maketoB).  YposeHb ~ RRC  (ycTaHOBneHHME  COEOMHEHMs,  pacchLika
CUCTEMHOM/CITykeOHON MH(OP-MaLIH).

3. 33,[[3‘13. IJIaHUPOBAHUA paguO-pPECYPCOB B COTOBLIX CCTAX

O6mmas popMynHpoBKa 3a1a4n IiaHupoBanus. [LnanupoBmyky st anactuaaoro Tpagpuka (MR, PF,
RR, Equal Throughput). ITnanmpoBmuku st tpaduka peanproro Bpemenun (EDF, M-LWDF,
EXP\PF). IlnanupoBmmku mist BeO-tpaduka (LAS, SRPT, SPTP). IlnanupoBmuku s
agantuB-Horo uaeo (PFMR, SAND-based).

4. Domrouusa texnonoruu LTE

O030p HOBBIX (YHKIIMOHAJIBHBIX BO3MOXKHOCTEH, BBEIEHHBIX B PA3IUUHBIX pEIIN3aX TEXHOJOTHUH
LTE (0630p Rel.8-Rel.14). Mexanusm arperanuu kanainoB (CA). Mcrnonb3oBaHne peTpaHCIsSTOPOB.
Maunsie 6a3oBble craniuu LTE. Metonsl cHkenust mexcereBoit natepdepennuu (FR, SFR, ICIC,
CoMP). Nipoiinoe moxkmioueHue k cetu (Dual Connectivity). B3zaumopelcTBie ¢ TEXHOIOTHAMU
nokansHBIX OecrpoBonHbix cereit (WLAN Interworking). [Ipunnmmner padotel TexHnonorunu LTE B
HenuueH3supyembix dactoTHbIX KaHanax (LTE-LAA). Ilomgnmepxkka Ttpaduka MeEXMAaIIMHHOTO
B3au-mojeiictBuss (MTC, eMTC). Ilepenada naHHBIX MEXIy MOJIH30BATEILCKAUMHU YCTPOMCTBAMHU
(D2D). Ilognepxka cepucoB V2X.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0AMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

VYueOHast ayTuTOpHs, OCHAIIICHHAS! MYJIbTHMEAHHHBIM 000py/ToBaHHEM (MIPOCSKTOP WIIK TIa3MEHHAsT
TMaHeNb ), JOCKOH.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
®onp nuteparypsl 6a30B0it Kadeapsl (OpraHU3aIim):
1. laxnoBuu N.B. CoBpemeHHbIe TexHONOTHU OecnpoBoaHO# cBsi3u. M.: TexHocdepa, 2006. - 288 c.
ISBN: 5-94836-070-9.
2. Becomnogckuii K. CucreMsl monBrkHOM paguocssasu. M.: lopsuas nmuaus-Tenexom, 2006. - 536 c.
ISBN: 5-93517-248-8.
3. Tuxsunckuii B.O., TepentseB C.B., IOpuyk A.b. Cetrn MoOunbHOi# cBsa3u LTE: TexHonoruu n
apxutektypa. M.: Oxo-Tpenns, 2010. - 281 c. ISBN: 978-5-88405-094-5.

JlononHuTenbHAs TUTEpaTypa
®onp auTeparypsl 6a30B0i Kadeapsl (OpraHu3aLiy):
1. Erik Dahlman. 4G, LTE-Advanced Pro and The Road to 5G. 3rd Edition. 616 pp. ISBN
9780128046111.



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

1. DneKTpoHHBIE PECYPCHI:

http://www.3gpp.org

http://www.etsi.org

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

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHAX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIOTUH, BKITIOYas IEMOHCTPALIHIO
Npe3eHTAlUMN.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3yvyalolmuid AUCUUILIAHY, JOJDKEH, C OJHOM CTOPOHBI, OBNAJETh OOMIMMHU MOHSTHHHBIM
arrmaparoM, a ¢ Apyroil CropoHsl, JOJKEH HAy4YUThCs IPUMEHSATh TEOPETUUECKUE 3HAHUS Ha [IPAK-TUKE.
B pe3synbrare u3ydeHus IQUCLUIUIMHBI CTYyAEHT JOJDKEH 3HATb OCHOBHBIE OIIPENENICHUs, MOHSITHS,
QITOPUTMBI U TIPOTOKOJIBL.

VYenenmHoe OcBoeHHE Kypca TpeOyeT HampshyKeHHOW CaMOCTOATENbHON paboTel cryneHTa. B
Mpo-rpaMMe Kypca OTBEACHO MHHHMMAJIBHO HEOOXOOuMMoOe BpeMms IUIsl paboThl CTYAEHTa HajJ TEMOM.
Ca-mocrosiTenbHas paboTa BKIIFOYAET B ceOsl:

- YTEHUE U KOHCIIEKTUPOBAaHUE PEKOMEHI0BaHHOM JINTEPaTyphl;

- mpopaboTKy y4yeOHOro Mmarepuana (10 KOHCIEKTaM 3aHATHH, yueOHOW M Hay4dHOH JHTEpaType),
IIOJTOTOBKY OTBETOB HAa BOIPOCHI, NPEIHA3HAUCHHBIE ISl CAMOCTOSTE]BHOIO HU3Y4YEHMs, pELICHHE
3a1ay;

- IOATOTOBKA K U (EepeHIUPOBAHHOMY 3aUETy.

PykoBOACTBO W KOHTPONb 3a CaMOCTOSATENBHOM paboTON CTygeHTa ocyuiecTBisieTcss B (opme
UHAU-BUAYAJIbHBIX KOHCYJIbTALUH.

BaxxHo 10oOWTHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUH M3Yy4Y€HHs OTAEIbHBIX TEM, BONPOCOB CieAyeT oOpamiarbcs 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 IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

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 «OCHOBEI COTOBOM CBSI3M» OGy‘iaIOH.IHfICSI JOJIDKCH:

3HAThb:

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

CeTeil COTOBOM CBS3H;

- OCHOBHbI€ MTOHATHUS, KACAIOIIUECS apXUTEKTYPhl U (PyHKIIMOHUPOBAHUS ITHX CETEH;
- COBpPEMEHHbIE HAIIPABICHUS Pa3BUTHsI TEXHOJIOTHI COTOBOM CBSI3U.

yMeThb:

- CBOOOJIHO OPHEHTUPOBATHCS BO BCEM CIEKTPE COBPEMEHHBIX TEXHOJOTMHA W CTaHAApPTOB COTOBOWM

CBSI3H;

- IIPUMEHSATDH MOJYYCHHBIC 3HAHMS MPU HCCIEIOBAHMIX M Pa3pabOTKe MPOTOKOJIOB M JISKAIINX B MX
OCHOBE aJITOPUTMOB JJI1 COBPEMEHHBIX CHCTEM COTOBOW CBA3H.

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

ITepeueHb KOHTPOIBHBIX BOMPOCOB IS cliauu AU dHepeHIMpOBaHHOTO 3a4eTa:

1. OOue NpUHIMIBI MOCTPOCHUS COTOBBIX CeTeil (JIMIEH3UpPYeMBbIH CIEKTp, LEHTPAIN30BaHHOE
yIpaB-JIeHUE, CETh PAAUOIOCTYIIA, IAPO CETH).

2. O030p pa3IMYHBIX IOKOJICHUI COTOBBIX CETEH M MCTIONb3YEMbIX METO/IOB MEepelau JaHHbBIX.

3. Apxutekrypa cetu LTE. Apxwurekrypa simpa cerd (omucaHue pa3iHyHBIX (YHKIMOHAIBHBIX
AIIEMEHTOB 1 UHTEP(HEHCOB). APXUTEKTYpa CETH PaJUO0CTYTIA.

4. Crex npotokomnoB LTE. Jloruueckue kanansl, mogaepxka QosS.
5. OcHOBHBIE IPUHIUIBI TOCTpoeHus puznueckoro yposHs LTE.

6. ®usnyeckne kaHansl B HUcXomsamend guHuu cBsa3u (PDCCH, PDSCH, PCFICH, PHICH, PBCH,
PSS/SSS, CRS).

7. ®usnueckne kanansl B Bocxomsmel manu cBszu (PUCCH, PUSCH, SRS, DM-RS, PRACH).
8. Yposensb poctyna k cpene LTE (apxutexrypa mianuposimurka, HARQ, DRX).

9. Yposens ynpasinenus paguocoequnennem LTE (pexxumsr TM/UM/AM).

10. CeteBoii ypoBens LTE (ycraHOBIEHHE COEMHEHUS, PACCHUIKA CUCTEMHON HH(POPMALIUN).
11. I[nanuposmmku i sanactugHoro tpaduka (MR, PF, RR, Equal Throughput).

12. TInaaupoBuuky ajs Tpaduka peansHoro Bpemenu (EDF, M-LWDF, EXP\PF).

13. IInaaupoButuku ais seO-tpaduka (LAS, SRPT, SPTP).

14. Ilnmaauposmuky 18 anantuBHOro Brneo (PFMR, SAND-based).

15. Arperauus kananoB (CA) B cerax LTE.

16. Ucnons3oBanue peTpa”casaTopoB B ceTsx LTE.

17. Mansie 6a3oBbie ctaniud LTE.

18. Metonb! cumxenust mexxcereBoit nuntepdepenunu (FR, SFR, ICIC, CoMP).

19. Tlepenaya maHHBIX MEXITy MOJIB30BATENbCKUMU ycTpoicTBamu (D2D).

20. ITonnepxxka Tpaduka Mexmammaaoro B3aumozneicteust (MTC, eMTC).

21. Ilpunuumnsel padotsl Texnonorun LTE B Henunen3upyeMbix yactoTHbIX KaHanax (LTE-LAA).

Kputepun onennBanus

Onenka ommmuno 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHMUE,
CHCTEeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM MpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUECKH
IPUMEHATh UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka ommyHO 8§ 06amios - BBICTaBJIETCSl CTYAEHTY, II0Ka3aBLIEMY BCECTOPOHHMUE,
CHCTEMaTU3UpPOBaHHbIC, [IYOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AMCLUUIUIMHBI U YMEHHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.

Ouenka xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJyYCHHBIC 3HAHWA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka xopomio 6 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYLIECTBY U3J1araer ero, yMeer NPUMEHATh [10JyUYCHHbIC 3HAHUS Ha [IPAKTUKE, HO JIOILyCKAeT B OTBETE
WJIM B PEUIEHUH 33/1a49 HEKOTOPBIE HETOYHOCTH.

Ouenka Xopo1o 5 6aioB - BEICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, [paMOTHO
U IO CYLIECTBY M3JIAraeT €ro, yMeeT NPUMEHTh NOJIyYEHHbIE 3HaHHUS Ha IPAKTHKE, HO JOIYCKAeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.



OueHka yIOBIETBOPHUTENbHO 4 Oajula - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHWIbHBIE (POPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapYyILEHUS JIOTHYECKON MOCIIEI0BATEeIbHOCTH B U3JI0KEHHU [IPOrPAaMMHOIO Marepuasa, HO IpH 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul MAJbHEWIIEro OOydeHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIE 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBIETBOPUTEIBHO 3 Oajiia - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX MOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBAaTEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ciaabo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMU IS abHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEyIOBIETBOPUTEIBHO 2 0ajia - BHICTABISICTCS CTY/ICHTY, KOTOPBI HE 3HAeT OOJIbIICH YacTH
OCHOBHOTO cOAepXaHUsI y4eOHOH MporpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmHMOKH B
(bOpMyIHPOBKaX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0aym - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAeT OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiie omuoK B GOpMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

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

JudepeHrpoBaHHBIN 3a4€T POBOJUTCS B YCTHOU (opMe.

[Mpu nmpoexennu auddepeHIPOBaHHOTO 3adeTa oOydaromemycs npenocraBisercs 20 MUHYT Ha
noaroroBky. Onpoc o0yvaromerocsi mpoBoauTCs B TeueHue 30 MUHYT.

Bo Bpemss mpoBeneHus auddepeHIMpPOBAHHOTO 3a4eTa OOydaroluecss MOTYT —IO0JIb30BarThCs
IpOrpaMMOl TUCIUTUTAHEI.



