MHUHHUCTEPCTBO TPAHCIIOPTA POCCUICKOM ®EJEPALIIA

OEJEPAJTBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YYPEXXJIEHUE BBICIHIEI'O OBPA3OBAHMUSA

«POCCHUUCKHNHA YHUBEPCUTET TPAHCIIOPTA»
(PYT (MUUT)

/

35

\_

= .

\

Paboyast mporpamma JUCHUILIMHBI (MOJTYJIs),

KaK KOMIIOHEHT 00pa30BaTeIbHOI IPOrpaMMBl
BBICLIETr0 00Pa30BaHHs - IPOrPAMMBI MATUCTPATYPBI
0 HaNpaBJICHHIO IOATOTOBKI
11.04.02 MTHPOKOMMYHHUKAIIIOHHBIE TEXHOJIOTUH U
CHCTEMBI CBSI3H,
yTBepKJIeHHOMH nepBbIM npopektopom PYT (MHUT)
Tumonunsm B.C.

J

PABOYASI MPOI'PAMMA JUCHMITJIMHBI (MOJIYJIST)

Pa3paborka u ontumuszanus cereid 5SG

Hanpapnenue noAroToBKU: 11.04.02

NHpokoMMyHHKATMOHHBIE

TCXHOJIOTHHU U CUCTEMBI CBA3U

Hamnpapneanocts (mpoduib):

NupokoMMyHUKAITMOHHBIE

U HEUpPOCETEBBbIC

TCXHOJIOTHH IICpCAauu W aHalIn3a OOJIBIITNX

JTAHHBIX
®opma 00yUeHUs: Ounas
Pabouyas nmporpamMma AUCHHUIIMHBI (MOLYJIs) B BUJIE
3JIEKTPOHHOTO JIOKYMEHTA BBIFPYKEHA U3 €IMHOM
KOPIOPAaTUBHON HH(OPMAIMOHHON CHCTEMBI YIPABICHUS
YHHUBEPCUTETOM U COOTBETCTBYET OPUIHHAITY

ID noamucu: 167783
TToamucan:

Jlara: 30.01.2026

Ipocras nekTpoHHast NOANUCH, BeiganHas PYT (MUINT)

PYKOBOJIUTENH 00pa30BaTEIbHON MPOTPAMMBI
Kucenéra Anacracus CepreeBHa




1. O6mue cBeaeHus O JUCHUIUIUHE (MOJTYJIE).

[lenpto ocBOeHUS Y4eOHOM AMCUMIUIMHBI SBISETCS (OPMUPOBAHUE Y
00y4aromuxcst KOMIETEHINI B COOTBETCTBUH € TPEOOBAHUAMU 00Pa30BaTENBLHOTO
CTaHJapTa WU B TPUOOPETEHWHM 3HAHUW W HABBIKOB, HEOOXOJMMBIX JUIf
IPOEKTUPOBAHUSA, BHEApPEHUS U S(P(PEKTUBHOrO YNPABICHUS CETAMU ISTOTO
MTOKOJIEHUSI, 00ECIIEYMBAIOIIMMH BBICOKYIO CKOPOCTh NEpPElayd JaHHBIX, HU3KYIO
3a1EPKKY U MOJIEPKKY MHOKECTBA MOAKIFOYEHHBIX YCTPOMCTB.

3ajauyn JAMCUMIUIMHBI BKJIOYAIOT HW3YYEHUE APXUTEKTYPbl M KIHOYEBBIX
TEXHOJOTHUH CETeH IATOTO MOKOJCHHUS, Takux kKak MIMO, wmambie COThl H
BUpTyanu3anus ceTreBbiX (pyHkumid. Taxke BakHOW 3anadeil sBIsSETCA aHAIIN3
METOJOB ONTUMHU3ALUU MPOU3BOJUTEIIBHOCTH M KadyecTBa OOCIY>KMBaHUS B
YCIOBUSIX BBICOKOM TIJIOTHOCTH Tpaduka U pa3HOOOpa3usi MOIKIOYAeMbIX
ycrpoicTB. Kpome TOro, mucuuimimHa MpearonaracT MCCIEAOBAaHUE BOIPOCOB
0e30macHOCTH U yCTOMYMBOCTM ceTeil 5G, a Takke HuX HHTErpaluu ¢
CYILIECTBYIOIIUMH CETEBBIMUA MH(PPACTPYKTYpPaMHU.

2. [Inanupyembie pe3ynbTaThl 00YYEHHS MO TUCHUILIIMHE (MOIYJIIO).

[lepeuenb GopmMupyemMbIX pe3yJIbTaTOB OCBOCHHS  00pa30BaTEIbHOU
porpamMmsbl (KOMIIETEHLIU) B pe3yIbTaTe 00yUYeHHUs 10 AUCHMILTMHE (MOYIIO):

OIIK-2 - CnocobeH peanu30BbIBATH HOBBIC TMPUHIUIBI W METOJbI
UCCIIEJIOBAaHUSI COBPEMEHHBIX HH(POKOMMYHUKALMOHHBIX CHCTEM U CeTel
pa3IMyYHBIX THUIOB TMepelayd, pacrnpeieseHusi, o0pabOoTKM U  XpaHEHUs
uH(popmanuu;

IIK-4 - CpnocobGeH mnpoeKTUpOBaTh HHPPACTPYKTYpPY HHPOPMALUOHHO-
KOMMYHUKAIIMIOHHOM CHUCTEMbl C NPUMEHEHHEM TEXHOJIOTHI BUPTyaJu3aluu
CEPBEPOB U BUPTYyaIbHOW KOMMYTAaLIUH.

OO0yueHnue 1Mo qucUIUInHE (MOJIYIIIO0 ) IPEIoIaraeT, 4YTo 1Mo ero pe3yJibTataM
oOyyarommiicst Oyier:

3Harth:

- KJIFOUEBbIE TEXHOJIOTHHU M apXUTEKTYPY CETEH MATOTO MOKOJICHHUS;

- METOAMKU cOopa, aHanm3a U OOpabOTKH CTATUCTUYECKON HHGOpMALMU
MH(POKOMMYHHUKAIIMOHHBIX CUCTEM;

- METO/IbI U MOAXO0/IbI K POPMUPOBAHUIO TUIAHOB PA3BUTHS CETH.

Ymerb:
- HWCIOJB30BaTh COBPEMEHHBIE METOABbI PaboThl ¢ wWHboOpMmarmeit: coop,
aHanu3, 00paboTKy, XpaHEHHUE, MOJYYEHUE COOTBETCTBYIOIINX BHIBOJIOB;



- IMPpOBOJAHTH HUCCIICA0OBAHUA XapaKTCPUCTHUK
TCJ'ICKOMMYHI/IKaHI/IOHHOFOO60pYI[OBaHI/I$I U OLICHKHK KadcCTBa HpeI[OCTaBJ'DICMBIX
yeuyr;

- OCYUIGCTBJI?ITI) IIOHUCK, aHaJII/I3I/Ip0BaTB U OILCHUBATH I/IHCI)OpMaHI/IIO,
HCO6XOI[I/IMYIO JJI 3(1)(1)CKTI/IBHOFO BBIIIOJIHCHUA  3aJla4d  IINIAHHUPOBAHUA,
AHAJIU3UPOBATH IICPCIICKTUBLI TCXHUYCCKOT'O PA3BUTHUA U HOBBIC TCXHOJIOTHH.

Baanersn:

- OCHOBHBIMHM METO/IaMU cOOpa, aHanu3a U O0OpabOTKH OpraHU3aIMOHHO-
yIpaBiieHYecKol HHPOpMaInu;

- HaBBIKAMH TIPOBEACHHS DKCIEPHUMEHTANbHBIX paboT MO MpPOBEpKe
JOCTUKUMOCTH TEXHUUECKUX XapaKTePUCTHK, PAAHOIIEKTPOHHON anmnaparyphl;

- HaBBIKAMU aHalM3a KadecTBa pabOThl KAHAJIOB M TEXHUYECKUXCPEICTB
CBSI3H.

3. O6beM AUCIUTLIUHBI (MOTYJIs).
3.1. O0mas Tpy10€MKOCTb JUCHUILUIUHBI (MOTYJISI).

OO6mast TPyIOEMKOCTh AUCHUIUIMHBI (MOIyJist) coctaBisieT 4 3.e. (144
aKaJeMHYEeCKuX Jaca(oB).

3.2. O6bem pgucuMIUIAHBL (MoOayisi) B (opMe KOHTAKTHOW paboOThI
oOyyarommxcsi C  MeJarorM4eckuMu  paboTHUKaMU ©W  (WIM)  JIMIAMH,
IPUBJIEKAEMBIMH K peain3aiun 00pa3oBaTesIbHOM MporpaMmbl Ha MHBIX YCIOBHSX,
IIPU MIPOBEJICHUH YUEOHBIX 3aHATUH:

KommaectBo yacos

Tun yueOHBIX 3aHATHI
Bcero | Cemectp Ne3

KonTtakTHas paboTa Impu npoBeIeHNH yUeOHBIX 3aHATHH (BCET0): 32 32
B tom uucne:

3aHATHSA JIEKIIHOHHOTO THIIA 16 16
3aHATHSA CEMUHAPCKOTO THIIA 16 16

3.3. O06bemM mucHUIUIMHBI (MOIyYJA) B (OpME CaMOCTOSITENIbHONW pabOThI
oOydJaroruxcsi, a Takke B (opMe KOHTAKTHOW pabOThl OOyYarOMIMXCS C
Mearorn4ecKuMy paboTHUKAMHU U (WIJTH) JTUI[AMU, TIPUBJICKAEMBIMH K peaTu3aiiu
oOpa3oBaTeNnbHON TpOrpaMMbl Ha HWHBIX YCIOBHUSAX, TPH MPOBEICHUU
IPOMEKYTOUHOM aTTecTaluu cocrapiser 112 akagemuyeckux vyaca (0B).

3.4. ITpu oOy4eHuu o UHAUBUAYAJILHOMY YY€OHOMY ILJIaHY, B TOM YHCJIE IPU
YCKOPEHHOM 00Yy4Y€HUH, 00BEM AUCIUIUIMHBI (MOIYJISI) MOXKET ObITh peaii30BaH
MOJTHOCTHIO B (POpME CaMOCTOSITENNHbHON pabOThl 00yUaIoOMuUXCs, a Takke B (hopme




KOHTAKTHON PabOThl 00yYarOIIMXCs C MEAarorndyecKuMU paOOTHUKAMHU U (HJIH)
JUIIaMU, TIPUBIIEKACMBIMH K peai3aIlii 00pa30oBaTEILHON MPOrpaMMbl Ha UHBIX
YCIIOBHSIX, TIPH MPOBEIECHUN TTPOMEKYTOUHOM aTTECTAIIHH.

4. ConeprkaHue JUCHUTUIUHBI (MOIYJIA).

4.1. 3aHATHA TEKIIMOHHOTO THUIIA.

/ Temaruka TEKIIMOHHBIX 3aHATHH / KpaTKOE COJEpIKaHUE
n/m

1 |BBenenue B cetu 5QG.

PaccmaTtpuBaeMble BOIIPOCHI:

- HCTOPHSL U 3BOJIIONUS MOOMIBHBIX CETEH;

- OCHOBHBIC XapaKTEPUCTUKH U penmymiecTsa 5G;

- CpaBHEHHE ¢ peApAyInME mokoneHuamu (2G, 3G, 4G).

2 |Apxurektypa cereit 5G.
PaccmarpuBaeMbIe BOIIPOCHL:

CeTteBble QYHKIMN U KOMIOHEHTHI
JuctpuOynus cereBbix ¢pynkuuii (NFV)
ITporpammupyemsie cetu (SDN)

3 |KmroueBrnle TexHoaoruu 5G.

PaccmarprBaeMbie BOTIPOCHI:

MIMO (MHOXeCTBEHHBIH BX0JI, MHOKECTBEHHBIN BBIXOJT)
Marsle coThl 1 uX poiis B 5G

Hcnonp30BaHNe MATUMETPOBBIX BOJH.

4 |OnTuMuzanus Npou3BOAUTENBHOCTH ceTelt SG
PaccmarpuBaembie BOIPOCHL:

Mertobl ynpaBiieHus: TpahukoM

ANTOPUTMBI pacrpeie]IeHHs PECypCOB

KauectBo o6cmy>xuBanus (QoS) B 5G

5 |be3omacHocts cereit 5G.

PacMMaTprBaemble BOIIPOCHI:

Yrpo3sl 1 ys3BUMocTH B 5SG

MexaHn3MBI 3aIUTH 1 IIH(POBAHUSL

[MonuTrkK 0€30MaCHOCTH U YIPaBICHHUE JIOCTYIIOM.

6 |Uurerpamus 5G ¢ CylnIeCTBYIOIIUMU CETIMHU
PaccmarpuBaembie BOIPOCHL:

ITepexon ot 4G k 5G

I'ubpuHBIE CETH U COBMECTHMOCTh
Bsaumonetictue ¢ 1oT u 1pyrumu TeXHOIOTUSMHU.

7 |[Ilpumenenue cereit SG B pa3HBIX OTPACIIIX
PaCCMa’I‘pI/IBaGMLIe BOIPOCHI:

YMmHBIE ropoaa 1 HHppacTpyKkTypa

ABTOHOMHBIE TPAHCTIOPTHBIE CPEJCTBA
3/1paBOOXpaHEHUE U TEJIeMEIUIIMHA.

8 |bynymiee ceteii 5G u uX pa3BUTHE
PaCCMa’I‘pI/IBaCMLIC BOIPOCHI:
TCHI[GHIII/II/I 1 IPOTHO3bI HA 6y}1ymee




/o

TemaTyka JTEKIMOHHBIX 3aHATUHN / KPAaTKOE COJIEpKAHNE

Brusane 5G Ha YKOHOMUKY U 00IIECTBO
Uccnenosanus u naHOBanuu B o0nactu 6G.

4.2. 3aHATHS CEMHUHAPCKOTO THUIIA.

[IpakTrueckue 3aHATHS

/o

Tematuka MPAKTUICCKUX 3aHATHH/ KpaTKO€ COACPKAHUEC

Hacrpoiika ceTreBoro obopynoBanus s SG.
PaccmarpuBaembie BOIIPOCHL:

YcTaHoBKa 1 KOHQHUTYpanus 0a30BbIX CTAHITHA
Hacrpolika aHTeHH U MajbIX COT

[IpoBepka COBMECTHMOCTH C CYLICCTBYIOIIMMU CETAMH

Hcnonws3zoBanne nporpammupyemsbix ceteit (SDN)
PaccmaTpuBaeMble BOIIPOCHI:

OcHoBBI paboTel ¢ SDN-KOHTpoOIUIEpaMu

CO3I[aHI/Ie 1 yIIpaBJICHUE BUPTYAJIbHBIMHU CCTAMU
[Tpumenenne SDN 1 onTUMH3ANKN TpaduKa.

MopnenupoBanue u cumyiianus cereit 5G.

PaccmarprBaeMbie BOTIPOCHI:

Hcnonp30BaHue IpOrpaMMHOTO 0OecieueH s Al MOJeTpoBanus (Hanpumep, NS-3)
Coznianue clieHapueB UCnoiab30BaHus 5SG

AHanu3 Ipou3BOIUTEIHHOCTH CETEH B Pa3IMYHBIX YCIOBHAX.

OnTtumusanus kadectBa oocnyskuBanus (QoS).
PaccmarpuBaembie BOIIPOCHL:

Hactpoiika mapamerpoB QoS a1 pa3IMYHBIX THIIOB TpaduKa
MOHI/ITOpI/IHF M aHaJIN3 KayeCTBa O6CJ'Iy)KI/IBaHI/I$[

Peanmzanus anropuTMoB yripaBieHus TpadhuKOM

Amnanus 6e3onacHoctu ceteit 5G.

PaccmarprBaeMble BOIIPOCHI:

[poBeeHne TECTOB Ha YA3BUMOCTH

VmnnemMeHTaIus MexaHu3MoB NI (POBaHUS

Co3maHune MONUTHK 0€301MacHOCTH U YIIPABICHHE JOCTYIIOM.

Wurerpanus 5G ¢ loT

PaccmarpuBaembie BOIPOCHL:

Hactpoiika [oT-ycTpoiicTs st pabotel B cetn 5G
PaspaboTka crienapues B3anmoaeticteus [oT u 5G

Amnanun3 npousBoautenbHocT loT-npunoxenuit 8 5G-cpene

Pa3pabotka npunoxxenuit g 5SG

PaccmarpuBaembie BOIPOCHL:

Co3znanue mMpOTOTUIIOB MPHIIOKEHUH, UCTIONB3YIOMHX SG

OnTuMu3aIys NPIIOKEHUN JJIs1 HU3KOH 3a/Iep’KKH U BBICOKOH IPOITyCKHO CITOCOOHOCTH
TecTupoBaHHue NPUIIOKEHUH B peabHBIX YCIOBHAX S5G.

UccnenoBanue Oyaymux Texnonorui (6G)
PaccmarpuBaembie BONPOCHL:

AHanu3 TeKyIIuX HCCaeI0BaHui B o0nactu 6G

OO0cyxIeHrEe TOTCHIMAIBLHBIX TEXHOJIOTHH U IpUMeHeHue B 6G
Co31aHre KOHIENTYalIbHBIX TPOSKTOB s Oy IyIIUX ceTei




4.3. CamocTosiTennpHas padoTa 00yJarommxcsl.

No .
Bun camocrosiTensHO#M paboThI
/1
1 |CamocrosATenbHOE U3yYeHUE U KOHCIIEKTUPOBAHUE OTICIbHBIX TEM YUCOHOU

JIUTEPATYPhI, CBA3BIHHBIX C pasacjiaMi IUCHUIIIMHBL

PaGoTa ¢ JICKIMOHHBIM MaTCpraioM

HOIIFOTOBKa K IIPAKTUYCCKUM 3aHATHAM

Brimonaenue KypcoBoii paboThI.

HOI[]"OTOBK& K HpOMe)KYTOqHOﬁ arrecraguu.

o O | WO DN

[TonroroBka K TeKyIieMy KOHTPOJIIO.

4.4. ITpumepHbIN IEpEUEHb TEM KYPCOBBIX pabOT
KypcoBasi pabora nHa Temy: "Anamu3 BiausiHua TexHosoruit MIMO Ha

IMPOU3BOAUTCIIbBHOCTD certert 5G". I/ICXOI[HBIC JaHHBIC BI)I6I/IpaIOTC}I COTrJIaCHO
BapHaHTaM:

Bapuant 1- I'opox: RSSI -80 nbm, SNR 5 nb.

Bapmuanr 2- I'opox: RSSI -75 nbm, SNR 8 nb.

Bapuant 3- I'opox: RSSI -85 nbm, SNR 3 nb.

Bapuanr 4- [Ipuropoa: RSSI -70 abm, SNR 12 nb.

Bapuant 5- [Ipuropoa: RSSI -65 nbm, SNR 15 nb.

Bapuant 6- [Ipuropoa: RSSI -72 nbm, SNR 10 nb.

Bapuant 7- Cenbckast mectHocTh: RSSI -60 1bm, SNR 18 n1b.
BapuanT 8- Cenbckast mectHoCcTh: RSSI -55 nbm, SNR 20 1b.
BapuanTt 9- Cenbckas mectHocTh: RSSI -68 1bm, SNR 16 n1b.
Bapuanrt 10- I'opon (BHyTpu 3nanus): RSSI -90 n1bm, SNR 2 1b.

5. IlepeueHb wu3MaHMI, KOTOpPBIE PEKOMEHAYETCS MCIOJIb30BATh IIPH

OCBOCHHU JIUCITUTUINHBI (MOYJIS).

Ne
i bubnunorpaduueckoe onucanue Mecro nocryna
1 Yepuenosa, E. A. CucreMsl u cetu nepeaadu https://e.lanbook.com/book/356129

JAHHBIX: MOOMIIbHAS CBA3b mokoieHus 5G / E. A.
Yepuenosa. — Cankr-IlerepOypr : Jlanp, 2023. —
152 ¢. — ISBN 978-5-507-47800-2.




2 | ABkcentbeB, A. A. Cetr u cucteMsl CBsi3H : yueOHoe | https://e.lanbook.com/book/264836
nocobue / A. A. ABkcentheB. — Kaszanp : KHUTYVY-
KAMH, 2020. — 324 ¢. — ISBN 978-5-7579-2502-8.
3 | Amurpues, B. T. Cetu cBs3u : yuebHoe mocobue / B. | https://e.lanbook.com/book/264836
T. ImutpueB. — Ps3ans : PI'PTY, 2023. — 144 c. —
ISBN 978-5-9912-1055-3.

6. IlepeueHb COBpPEeMEHHBIX MPOPECCHOHANBHBIX 0a3 JNaHHBIX U
WH(POPMAITMOHHBIX CIIPABOYHBIX CHCTEM, KOTOPBIE MOTYT HCIIOJIB30BAThCS IPH
OCBOCHUU JUCHUIUIAHBI (MOAYJIA).

Nudopmarmonnslii  mopranm  HaydHas — sjekTpoHHas — OuOiaMoTeka
eLIBRARY.RU (www.elibrary.ru);

Enunas xomnekmus 1mudpoBeIix oOpa3zoBatenbHbIX pecypcoB (http://window,
edu.ru);

Hayuno-texuuueckas oubdnuoreka PYT (MUUT) (http/library.miit.ru);

[TowickoBble  cUCTeMBI  «SIHACKC» JI  JOCTyma K  TEMaTHYECKAM
MH()OPMALIMOHHBIM pECypCaM;

DJIEKTPpOHHO-OUOIMOTEYHass ~ cucTeMa  u3aarenbcTBa  «Jlawb»y  —
http://e.lanbook.com/;

DJIeKTpOHHO-0MOIHoTeYHas cructeMa ibooks.ru — http://ibooks.ru/;

DJ1eKTpOHHO-0MOIHoTeuHas cucreMa «Y MIL» — http://www.umczdt.ru/;

DnekTpoHHO-0nbmoTeuHas cucrema «BOOK. .ru» — http://www.book.ru/;

DJIEKTPOHHO-OUOINOTEYHAS cucrema «ZNANIUM.COM» —
http://www.znanium.com/

7. llepeueHb  JNHUIIEH3UOHHOTO U  CBOOOJHO  PaACIpPOCTPAHSIEMOIO
MPOrpaMMHOTO OOecredeHusi, B TOM YHCJI€ OTEUYECTBEHHOTO IPOU3BOJICTBA,
HEO0OXOMMOTO JIJIS1 OCBOCHMSI TIUCIUTUTUHBI (MOYJIs).

1. Onepanumonnas cucrema windows microsoft office 2003 u BbiiIE;
2. bpaysep Internet Explorer 8.0 u Bbiie ¢ ycranosineHHbiM Adobe Flash

player Bepcuu 10.3 u BbIIIIE;
3. Adobe acrobat.

8. OmucaHue MaTepUaJIbHO-TEXHUYECKOM ©O0a3bl, HEOOXOIUMOM IS
OCYILIECTBJICHUSI 00pa30BaTEIbLHOrO Mpoliecca Mo JUCIUILUIMHE (MOIYJIIO).

VYyebHble aymUTOpHH ISl TPOBEICHUS YUEOHBIX 3aHATHUM, OCHAIICHHBIE
KOMITHIOTEPHOU TEXHUKON 1 HabOpamMu JIEMOHCTPAIMOHHOTO 000PY/I0BaHMUSI.

9. ®opma MPOMEKYTOUHOM ATTECTALINU:



3auer B 3 cemecTpe.
Kypcosas pabota B 3 cemectpe.

10. OueHouHbIE MaTEPHUAIIBI.

OHCHO‘IHLIE? MaTcpuaiibl, IPUMCHACMBIC IIPpU ITPOBCACHUU HpOMG)KYTO‘IHOﬁ

aTTECTaIlui, pa3padaThIBAIOTCA B COOTBETCTBHUH C JIOKAJIHHBIM HOPMATHBHBIM
aktom PYT (MUUT).



ABTOpBI:

JIOIIEHT, JOLICHT, K.H. BrIcuiei

VHKCHEPHOM LIKOJIbI A.C. Bonkos
CoracoBaHo:
3aMecTUTEIb TUPEKTOpa b.B. UronsHUKOB

PykoBoautens oOpazoBaTeIbHOM
IIPOrPaMMBbI A.C. Kucenéna

[Tpencenarens yueOHO-METOAMUECKON
KOMUCCHUU J1.B. I[TapunoB



