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1. EJIb OCBOEHMA JUCIIUITJIMHbI

Hucumrummna  «Ilokazatenn >Q@exTuBHOCTH  OECIPOBOAHBIX CETEH  MOCIEAYIOMIUX
MOKOJICHUI» BXOAUT B TPOrpaMMy MarucTparypsl «becrpoBoJHbBIE CeTH, WHTEpPHET Bellell u
kubepOe3onacHocTh» 1o HampasieHuto 02.04.02 «@DynpameHtanbHas UHPOpPMATUKA |
MH(QOPMAIIMOHHBIE TEXHOJIOTHH» U M3y4aeTcs B 3 cemecTpe 2 Kypca. JucnMIumHy peanu3yer
Kadenpa Teopun BeposTHOCTEH 1 KnbepOe30nacHOCTH. J{UCIUIIIMHA COCTOUT U3 3 pasaesoB u 19
TEM W HampaBleHa Ha H3YYCHHE NEpEeNOBBIX TEXHOJIOTHH  OECIPOBOAHBIX  CETEH,

c(OKYCHPOBAHHBIX Ha YBOJIIOIUH CeTeil cBsA3U B HanpasieHnu 5SG u 6G.
Llenpro OCBOGHUSI TUCIMIUINHBI SBISAETCS O3HAKOMUTD CIIyIIATelIel ¢ TEKYIIUM COCTOSHHEM
ceTeil OECIIPOBOIHBIX COTOBBIX Ce-TEH CBSA3HM M MEXaHW3MOB OPTaHU3aINH CBSI3U B OECIIPOBOIHBIX

cerax 5G/6G;

IIOCTPOCHUA

n aHajln3a

OecrpoBOIHBIX ceTel cBs3u SG/6G.

chopMHUPOBATh HABBIKK M IOAXOJbI B OOJACTH IMOCTPOCHHS MaTeMaTHYECKHX
MOJ€e-JIEll U METONOB aHalM3a W onTuMu3anuu cereir 5G/6G;
BEPOSTHOCTHBIX  XapaKTEePH-CTUK

0o0y4HTh CIymaTejae MeTroaam
(GYHKIIMOHUPOBAHUS ~ CHUCTEM

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHMUSA JUCHUIIVIMHbI

OcBoenue

NMUCHUILINHEL

«Iloka3arenu

3G (EeKTUBHOCTH  OCCIPOBOJIHBIX  ceTeid

MOCIEAYIOIUX TMOKOJICHU» HampaBieHO Ha (opMupoBaHHe Yy OOYHYaIOIIUXCS CIEAYIONUX
KOMITETCHIINH (4aCTH KOMITETECHIIN ):

Tabnuya 2.1. Ilepeuenv komnemenyutl, Gopmupyemvix y 00yYAOWUXCL NPU OCBOCHUU
OUCYUNTIUHBL (Pe3VTbmambvl 0C80eHUS OUCYUNTIUHDL)

I/IHZ[I/IKaTOp])I JOCTHIKCHUS KOMIICTCHIUHN

Iudp Komnerennus o
(B pamMKax JaHHOW JTHCIUIIIIMHBI)
YK-1.1 AnanusupyeT npobJIeMHYIO CUTYaIHI0 KaK CUCTEMY,
BBISIBIISISL €€ COCTABIISIONINE U CBSI3U MEXIY HUMU,
Cnioco0eH ocyIIecTBIsAThH MOUCK,
. YK-1.2 OcymiecTisieT HOUCK HHOOPMAIHH IS PEIICHUS
KPUTHYECKHUH aHATIN3 N
N MOCTaBJIEHHOH 3a/1a4H M0 PA3IMYHBIM THIIaM 3aIPOCOB;
MpOOJIEMHBIX CUTYaIUil Ha
YK-1 KPUTHYECKH OLIEHUBAET HAJIKHOCTh HCTOYHUKOB HH(POPMAILNH,
OCHOBE CHCTEMHOTO TIOAX0/a, . .
paboTaeT ¢ IPOTHBOPEUNBON MH(pOPMAIMEH N3 Pa3HBIX
BBEIpadaThIBATh CTPATETHIO
o o HCTOYHHKOB;
JeHCTBUI
VK-1.3 [Ipennaraet BapuaHThl peLICHUs 3a]]a4l, aHAIU3UPYET
BO3MOJKHBIE MTOCJICACTBHSI MX MCIOIb30BaHNUS;
CnocobeH: HcKaTh Hy)KHbIE
UCTOYHHUKH HH(POPMAIIH 1
JTaHHbIE, BOCIIPUHUMATB,
aHAITM3UPOBATh, 3ATIOMUHATH U
nepeaaBath HHHOPMAITHIO C
WCIIOJIb30BaHIEM I (PPOBHIX
CpeICTB, a Takxke ¢ nomontsio | YK-7.1 Hcnone3yer mudpoBbie TEXHOIOTHH B METOABI TIOMCKa,
ANTOPUTMOB IIpH paboTe C 00paboTKH, aHaNH3a, XPAaHEHUS U NPEACTaBICHNS HH()OpMAIIH B
VK-7 MOJTYYEHHBIMHU U3 PA3IMYHBIX  |00sacTh cBOeH MpoecCHOHATBLHON AEATEIbHOCTH;
MCTOYHHMKOB JaHHBIMHU C 1esiblo | YK-7.2 [TpoBoanT oneHKy MH(OpMaINH, ee J0CTOBEPHOCTb,
3¢ PEKTUBHOTO UCTIONB30BAHUS  |CTPOUT JIOTHUECKHE YMO3AKITIOUEHHUS HA OCHOBAHHMH TTOCTYTAIOIINX
MOJTy4eHHOH MH(popMaLu Al |MHpOpManuy 1 IaHHBIX;
peleHus 3ajay; NPOBOAUTh
OLICHKY MH(OpMaIHH, ee
JOCTOBEPHOCTD, CTPOUTH
JIOTHYECKUE YMO3aKIIIOUEeHHUS Ha
OCHOBaHMH HOCTYMAIOIINX
nH(poOpMaINK U TAaHHBIX
IIpoBenenue padot mo oopadotke |I[1K-1.1 3HaeT OCHOBBI HAYYHO-HCCIIEAOBATEIBCKON AEATEIBHOCTH
K-1 1 aHAJIN3y HAyYHO-TEXHUUYECKOH |B 00macTy MH(GOPMAIIMOHHBIX TEXHOJIOTHI; BIAACET 3HAHUEM

nH(OPMAIIUN U PE3yIhTaTOB
HCCJIeTOBAaHUI

OCHOB (puytocopyr 1 METOIOIOTHH HAYKH; BIAAECET METOIaMHI
HAYYHBIX UCCIICIOBAHUHN, YMEET IPUMCHSTh UX Ha MPAKTUKE;




I/IH}II/IKaTOPLI JOCTHIKCHHUSI KOMIIETCHIINHN

u o
bp (B paMKax JaHHOUW TUCUUTUIMHBI)

Komnerennus

[1K-1.2 3HaeT nprHINATE TOCTPOCHUS HAYIHOU paOOTHI, METOIBI
cOopa U aHaIM3a TOIYYEHHOTO MaTepHaia, ClIoCOOBI
apryMEHTALNH; BIAACCT HaBBIKaMH TTOJATOTOBKH HAYYHBIX 0030pPOB,
myOnukanuii, pedeparos u bubnmorpaduii o TeMaTuke
MPOBOANMBIX HCCIICAOBAHUII HA PYCCKOM U HHOCTPAHHOM SI3BIKE;
CIOCOOEH rOTOBUTH IMyOIUKAIH B HAYTHO-TEXHIHUECKHX
TEMaTHYECKUX U3IaHUSIX;

ITK-1.3 YMmeer npuMeHsTH MOJIy4YEHHbIE 3HAHUS B 00J1aCTH
(yHIaMEHTATBHBIX HAYYHBIX OCHOB MaTeMaTUKH U HH(OPMAaTHKH,
a TaKKe pelarh CTaHJapTHhIE 331a41 COOCTBEHHON HAyYHO-
MCCIIEI0BATEIbCKON ICSTEIbHOCTH; YMEET peliaTh HayyHbIe 3a1a4un
C MOHMMAaHHUEM CYIIECTBYIOLIMX MOAX0JI0B K BepU(PUKALINU
MoOJIeNIeH 110 TEMATHKE UCCIIE0BAHUI B COOTBETCTBHH C
BEIOPaHHOW METOIUKOI;

IIpoBenenue ananusa
0€30MMaCHOCTH KOMITBIOTEPHBIX
CHCTEM

I1K-3.8 [IpoBoauT aHaM3 TPEOOBAHMIA K CHCTEME; IIPOBOJUT

IK-3
OLICHKY Ka4€CTBa, HA/IC’KKHOCTHU U 3CI)(1)€KTI/IBHOCTI/I CHCTEMBI,

3. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OII BO

HucuuruinHa  «Ilokazatenu >QQekTUBHOCTH OECIPOBOAHBIX CETeH  IMOCIEAYIOIINUX
MOKOJICHU» OTHOCUTCS K OJOKYy 1o BBIOOpY Osioka 00pa3oBaTeIbHON MPOrpamMMbl BBICIIETO
o0Opa3oBaHus.

B pamkax oOpa3zoBaTesnbHON MpOrpamMmbl BBICIIETO OOpa30BaHUS OOYYAIOIIMECS TaKXKe
OCBauBaAKOT Apyruc JUCHUITIINHBI I/I/ nJm IMIPAKTHKHU, CHOCO6CTByIOHII/I€ JOCTHXXCHUIO
3aIJIAaHUPOBAHHBIX ~ PE3YIbTaTOB oOcBoeHUs aucuumiuibel  «llokazatenu s dexTuBHOCTH
OECTIPOBOIHBIX CETEH MOCIEIYIONTUX MTOKOJICHUI.

Tabnuya 3.1. Ilepeuenv xomnonenmos OIl BO, cnocobcmsyrouux 00CMUNICEHUIO
3aNAAHUPOBAHHBIX Pe3YIbmamos 0C60eHUA OUCYUNTIUHDBL
IIpemmecTBylommue ITocaenyroniue
HIngp Hanwenosanue Z[HCEHZ:IHHHLI;IMOI;:)’JIM, nncunnﬂni?lil/;foz[yﬂn,
KOMIIETEH MU 5 %
MPAKTHKH NPAKTUKH
Cnoco0eH: ucKaTh Hy)KHbIE
UCTOYHHUKH MHPOPMAIMH 1
JaHHBIC, BOCHpI/IHI/IMaTB,
aHAJTU3UPOBATh, 3ATIOMUHATH
U TiepenaBaTh HHGOPMAIIUIO
C UCIIONB30BAHUEM Horauuu MmoaenupoBanus u
IU(PPOBBIX CPEJICTB, a TAKIKE METO/IbI aHaIN3a OM3HeC-
C TIOMOIIIBIO aJITOPUTMOB MIPOIIECCOB;
npu paboTe ¢ MOITYYCHHBIMU CrarucTUYeCKU aHaIu3 JAHHBIX,
U3 PAa3IUYHBIX HCTOYHHKOB MeTono0orus MPOSKTHOW U ]
N ) [peaumiioMHas NpakTHKA,
VYK-7 JIAHHEIMU C IO HAYYHOH JIEeATSIFHOCTH,
s pexTruBHOTO Hayuno-uccnenoBatenbckas pabora
HCIIOJIb30BaHHUs MIOJIyYEHHOM (ToryueHue epBUYHBIX HABHIKOB
MHGOPMALUH [T PEIICHUS HAay4HO-MCCIIEI0BATENBCKON
3aj1a4; MPOBOAUTH OLIEHKY paboThI);
nHpOpMaLNH, ee
JIOCTOBEPHOCTD, CTPOUTH
JIOTHYECKHUE
YMO3aKJIFOUCHUS Ha
OCHOBaHHH TOCTYAIOIINX
uH(pOPMAIINY U TAHHBIX
VK-1 Crioco0OeH oCyIIeCTBISTh Hayuno-uccnenoBatensckas padora | IIpeamumnioMHas MpaKTHKa,
MOWCK, KPUTUYCCKUH aHAIH3 (moyueHe NePBUYHBIX HABBIKOB




HIudgp

HanmeHnoBanue
KOMIIETeH NI

IIpenmecrByromue
AUCHHUTIIUHBI/MOAYJIH,
NPaKTHKH*

Mocaenyromue
JUCHMITHHBI/ MOAYJIH,
NPaKTUKH*

MpOOJIEMHBIX CHTYyallnil Ha
OCHOBE CHCTEMHOTO
MOJIX0/1a, BEIPa0aTHIBATh
CTPATEruIo ACUCTBUN

Hay4HO-MCCIIEN0BATENBCKON
paboTel);

MeTobl CTOXaCTHIECKOTO aHaIN3a
TEJIEKOMMYHHUKALHI;
MartemaTtrueckas Teopus
Tenerpaduka;
[MTocTpoenue 1 ananu3 Mopenei
0eCIpOBOTHBIX CeTel
TIOCIIEAYIOIIHX ITOKOJICHUH;
Horaunu moaenupoBanus u
METO/Ibl aHaNn3a OU3HeC-
MPOLIECCOB;

Mopaenu pecypcHBIX CUCTEM
MaccOBOTO 00CITy)KHBaHMUS;
WudopmannonHsie 6a36l TaHHBIX;
MogennpoBaHue 6ecpOBOIHBIX
CeTel;
CTaTUCTHYECKUN aHAJU3 JJAHHBIX;

IK-1

[IpoBenenune paboT mo
00paboTKe U aHAIH3Y
HayYHO-TEXHUYECKOMN
nH(popManuK 1 pe3ynbTaToB
HUCCIIEIOBAaHAN

Hayuno-uccnenoparensckas pabora
(TonyueHe MEePBUYHBIX HABBIKOB
Hay4YHO-HCCIIEI0BATEIbCKOM
paboTsl);
[ocTtpoenue u ananus Mmoaenen
0ecrpoBOTHBIX ceTel
MTOCTICTYFOITUX TTOKOJICHUI;
MeToapI MaTEMaTHIeCKOTO
MOJICITHPOBAHUSI B
KHOepOe30MacHOCTH;
Moaenu pecypcHBIX CUCTEM
MaccoBOT0 00CITy)KHBaHUS;

Hpe,Z[Z[I/IHJ'IOMHaﬂ IIPAKTHUKA,

IK-3

IIpoBenenue ananusza
6e3omacHoCTH
KOMIBIOTEPHBIX CUCTEM

OGecreuenue 0€30I1aCHOCTH B
CETAX Hepe;(atm JAaHHBIX
MeToapl MaTEeMaTHYECKOTO
MO/ICITUPOBAHHUS B
KHOepOe30MacHOCTH;

IIpenaunioMHas NpakTUKa;

* - 3aMONHSAETCS B COOTBETCTBUH ¢ MaTpuiei kommnerenuii u CYII OI1 BO
** - 3NIeKTUBHBIC TUCIUIUIMHEI /TIPAKTHKH




4. OFbEM JUCHUILIVNHBI U BUJIbI YYEBHOM PABOTHI

OOmiast TpyA0eMKOCTh AUCHUTUINHBI «[lokazaTenu 3 PeKTHBHOCTH OSCIIPOBOIHBIX CETEH MOCIEIYIONINX OKOJICHUI COCTABIISACT «4» 3a4eTHBIC
€IMHHULIBI.

Tabauya 4.1. Buowvl yuebHoli pabomvl no nepuooam 0C80eHUs 00pA308AMENbHOU NPOSPAMMbL 8bICUIE20 00PA306aHUS ONs1 OYHOU GopMbl
00yuenus.

Bun yueOHoii padoThI BCETIO, ak.u. CEMec; pCB)
Konumaxmmnas paboma, ax.u. 36 36
Jlekiuu (JIK) 18 18
Jla6opartopHsie pabotsl (JIP) 0 0
IMpaktuueckue/cemunapckue 3ansatus (C3) 18 18
Camocmosmenvras paboma oby4arowuxcs, ax.u. 81 81
Koumponw (sx3amen/3auem c oyenkou), ax.u. 27 27
Oo6mast Tpy10eMKOCTh T CHUIIHHBI aK.4u. 144 144
3a4.el. 4 4




5. COAEPKAHUE JTUCIUIIJIMHbI

Tabauya 5.1. Codepoicanue oucyuniunvl (MoOYas) no 8U0am y4eonol pabomoi

Bun
HaunmeHnoBanue TeMbl Copep:xaHue TeMbl yueOHoit
padoThI*

Homep HaumenoBanmue pazaesna
pasiena AUCHHUTLIUHBI

Tema «boppba ¢ 6I0KHPOBKaMU: pe3epBanis + MyJIbTHCBSI3HOCTE)
O6T)QL[I/IHSICT METOAbI I/I36BITO‘IHOFO BBIACJIICHUSA PECYPCOB 1
napajuieNbHOM Tepeiau JaHHBIX sl 00eCTIeUeHHs

boprba ¢ 610kupoBKamu: pesepBauus + CBEPXHAICIKHOM CBA3U. MynbTHCBA3HOCTH (multi-connectivity)
MYJIBTHCBSI3HOCTD II03BOJISCT II0JIb30BATEIBCKOMY YCTPOHCTBY OAHOBPEMEHHO
MOAACPKMUBATH AKTUBHBIC COCITUHCHHUSA C HCCKOJIBKUMHU 63.30B])IMI/I
CTaHIMSMHE, PabOTAIOIIMMHE Ha Pa3HbIX YaCTOTaX WK B PA3HBIX
CTaHJApTax CBSI3U.

11 JIK, C3

byner uzyuatscs yenyra mMTC kak OQuH U3 KIIIOUEBBIX CLIEHAPUEB
5G ans HTepHETA Belie: ee Ha3HAUYCHHUE, IPUHITAITEL PaOOTH U
obsactu npuMeHeHus. Takke OyayT pacCMOTPEHBI 0OCOOCHHOCTH
TIOJIKJTIOYEHHST OOJIBIIIOTO YUCIIa YCTPOUCTB, TPEOOBAHMS K HUZKOMY
SHEPronoTpedIeHUI0, HAJIS)KHOCTH CBS3H, IIIOTHOCTH COSANHEHUH
U pacIIupeHHOMY HMOKPHITHIO. OTAEeThHOE BHUMAHHE 00BIYHO
ynensiercst tomy, kak mMTC nonuepxkuBaeT paboTy TaTIMKOB,
CYETYMKOB, KOHTPOJIJIEPOB U Apyrux loT-ycTpoicTB, nepeaarommx
HeOoJbIINe 00bEeMBI JAHHBIX Ha OOJIBIINE PACCTOSHUS U
JUTHTENILHOE BpeMsi O6e3 3aMeHbl OaTtapem.

1.2 Yemyra mMTC mns UaTeprera Bemeit JIK, C3

OcobeHHOCTH OECTIPOBOIHBIX

Paspen 1 cereit SG+

B pamkax temsr Texuomorust NB-10T (Narrowband Internet of
Things) OynyT 3yuaTbcsi TEXHHUECKHE OCOOCHHOCTH U

1.3 Texuomorus NB-1oT MperMyIIecTBa JaHHOTO CTaHIapTa COTOBOH CBSI3H, JIK, C3
MPEHA3HAYCHHOT'O ISl YCTPONCTB C HU3KUM 00BEMOM
repeIaBaeMbIX TaHHBIX.

Amnanus pasznenenus pecypcos Mexay LTE u NB-IoT nocssmen
Amnanu3 paszznenenus pecypcoB Mexxay LTE 1 |u3yueHHIO MEXaHU3MOB COCYIIECTBOBAHUS JIByX CTaHAAPTOB B

1.4 . JIK, C3
NB-loT paMKax OJTHOH MOJIOCHI IPOITyCKaHUsI U 3 PEKTUBHOMY ’
pacnpeieleHHI0 YaCTOTHO-BPEMEHHON CETKH.
Yeayra URLLC Oyzer nmocBsiieHa U3Y9eHUI0 TEXHOIOTHHI
CBEpPXHAJEKHOM CBSI3U C MAJIOH 3a/IepKKOH, KOTOpas UCIOJIb3YyeTCs
15  |Venyra URLLC JUISL TIPUJIOXKEHHH, IJIe 0COOEHHO BaXKHBI CKOPOCTh PEaKLIUH U JIK, C3

BBICOKAsl HAJIEKHOCTh Ilepeaul. B pamkax TeMbl pacCMaTpUBarOTCs
TpeOOBaHUS K MUHUMAIIFHOH 3a/Iep’KKe, BBICOKOH TOCTYITHOCTH
KaHaJla ¥ yCTOMYMBOCTH K OITHOKAM, & TAKKE CIOCOOBI JOCTHKEHUS




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHo
padoThr*

9THX MapaMeTpoB B ceTsix 5SG. M3ydaroTcsa MexaHU3MbI COKpALCHUs
BpPEMEHH Tepeaadn, IPHOPUTH3ANHN Tpadrka, TOBTOPHON
TIepeiavi JAHHBIX U MTOBBIIICHUS HA/IC)KHOCTH CBSI3H.

Pasnen 2

Cetn 5G Ha OCHOBE
MHJDTAMETPOBOTO AUATIA30HA
4acToT

21

[TpocTpaHCTBEHHO-BpEMEHHAs THHAMHUKA
Tpaduka B 5G

B pamkax TemMBbl paccMaTpHBaIOTCs 0COOEHHOCTH HATPY3KU B
Pa3HBIX 30HaX CETH, BIMAHHE INIOTHOCTH MOJIb30BATEICH, THITA
YCIIYT U CIICHAapHEB UCIIONIb30BaHMA Ha oBeAeHHuE Tpaduka. Taroke
OyneT u3ydarscsi, Kak TpauK U3MEHSETCS B TEUCHHE CYTOK, B
MeCcTax MacCOBOTO CKOIUICHUS JIFO/IEH U NIPpH TIepeMEICHNT
10JIb30BaTEJIEH MEXAY COTaMU.

JIK, C3

2.2

IIpocTpaHcTBEHHO-BpEeMEHHAs AUHAMHKA
Tpaduka B SG: MOOHIbHBIE TOUKHU JIOCTYIIA

B pamkax TemMbl paccMaTpuBaeTCs, Kak IepeMenieHue
MOJI30BaTENICH U cCaMHuX MO6I/IJII)HI)IX TOYCK JOCTYyIa BJIMUACT Ha
pacripezieneHe Harpy3Ku 1o TEPPUTOPHU B BO BPEMEHHU.
W3yyarorcsi 3aKOHOMEPHOCTH M3MEHeHHs1 o0bema Tpaduka,
KOJIMYECTBO MOAKJIFOUYEHHBIX YCTPOUCTB, IUKOBBIE HAIPY3KU U
0COOCHHOCTH 00CITY)KUBaHNS IOJIb30BaTeNIel B IBHKCHHUHL.

JIK, C3

2.3

OnTuMu3anus IMOJI0KSHHS MOOUJIBHBIX TOUEK
A0CTyna

B pamkax Tembl paccMaTpuBaroTCs (pakTOpPHI, BIMSIONINE Ha
pa3MelleHe TOUeK I0CTyMa: INIOTHOCTh MOJIb30BaTelei, ypoBeHb
CHT'HaJIa, 30Ha MOKPHITHS, IOMEXH U MTOTPEOHOCTH B MIPOITYCKHOM
crocoOHoCTH. M3ydatoTest criocoObl MUHIMHU3AINH TTEPErpy3KU
CETH, yMEHBIIECHUsS [IOTEPh CUTHAJIA U YIIyUIICHHS IOCTyIa
T10JIb30BaTENEH K CBA3M.

JIK, C3

24

KommyHHKannoHHbIe MOCTHI Ha ocHOBE BITJIA

B pamkax tembl paccmaTtpuBaercs poib BITJIA kak peTpaHciasTopoB
CHUTHaJIa, KOTOPBIE TMTO3BOJIAIOT CO3/1aBaTh yCTOWYHMBBIC KaHAJIBI
CBSI3U B 30HaX OTCYTCTBHS Ha3eMHON HH(PPACTPYKTYpHI, IPH
JIMKBUJIALIUU TIOCJIEICTBUN YPE3BbIYANHBIX CUTYallUi WIK Ha
MacCCOBBIX MEPONIPHUATHSX. VM3ydaroTcss TEXHIUECKHE aCTIEKTHI
OpraHU3aIMH TAKUX BO3IYIIHBIX MOCTOB, BKIIIOYasl BOIIPOCHI
ToIAeP)KaHUs CTAOMIIBHOTO COSNMHEHHUS «3EMIISI-BO3IYX-3eMIIS» U
«BO3JYX-BO3HYX».

JIK, C3

25

Mynstukactuar B NR

Tema «MynbpTukacTuar B NR» nocpsiiieHa U3y4eHUI0 MEXaHU3MOB
TPYIIIOBOM Mepenavn JaHHBIX B ceTsx SG New Radio mst

3¢ (G eKTHBHON TOCTAaBKMA KOHTEHTa MHOXKECTBY MOJIb30BaTEICH
0JHOBpeMeHHO. PaccMaTpuBatotcs apxutekrypa MBS
(Multicast/Broadcast Services), METOIbI ONITUMH3AIAH
paaropecypcoB, ClIOcOObI o0ecTieueHusT HaIeHOCTH JTIOCTaBKU U
CIIEHApWU UCTIOJIh30BAHUS, TAKME KaK OOIeCTBEeHHAs O€30TaCHOCTD,

JK, C3




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl
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TTOTOKOBOC BUJCO U KPUTHUICCKHUEC o6nosnenus I10.

2.6

MO,Z[@J'IPIpOBaHI/Ie TEeTCPOTCHHBIX cereit

Tema «MoaenrpoBaHHe reTEPOreHHBIX CETEH» IOCBSIIICHA
N3yYECHUIO IPUHIIMIIOB COBMECTHOW PaOOTHI Pa3IMYHBIX THIIOB
0a30BbIX CTAHIWH (MaKpO-, MHKPO-, TNKO- U )EMTOCOT) B paMKax
OITHOM CHCTEMBI CBsI3U. B mporiecce 00ydeHus paccMaTpUBaIOTCS
METO/bl MAaTEMAaTHYECKOTO ¥ IMHTAILIHOHHOTO MOJICITUPOBAHUS IS
aHaJIM3a YaCTOTHOTO IUIAHMPOBAHUSA, YIPaBIeHUS HHTep(epeHIeit
1 OECIIIOBHOTO MEPEKITIOYECHUS MOTb30BaTENEH MEXIY YPOBHAMH
cetd. OCHOBHOE BHHUMaHHE Y/CISAETCS CIoco0aM MOBBILICHUS
HPOIYCKHON CIIOCOOHOCTH U KauecTBa MOKPBITUS B YCIOBHUIX
BBICOKOH INIOTHOCTH a0OHEHTOB.

JIK, C3

Pasnen 3

Cetu 6G Ha OCHOBE
TEeparepIioBOTo JUana3oHa
4acToT

3.1

TeparepHOBHe CE€THU — BOBMOX>KHOCTHU U
OrpaHUYCHUSA

W3ydenue nepcrnekTHB UCIOIB30BAHUS TeParepioBoro Auamna3oHa
yactoT (0,1-10 TI'n) mnsg AoCTHXKEHHS CBEPXBBICOKHX CKOpOCTEH
nepeAayy JaHHBIX U CBEPXMAJIBIX 3aJepikKeK B ceTsax 6G.
PaccMaTpuBaroTCS BO3MOKHOCTH OTPOMHOM TIOJIOCHI TIPOITY CKAaHHS
1 MHTErpannu GpyHKIUi CBSA3M ¢ 30HANPOBAHNUEM IIPOCTPAHCTBA
(sensing). AHaMM3UPYIOTCS KJIIOYEBBIE OPAHUYEHHS: CHIIBHOE
3aTyxaHHe CUT'Hajla B aTMocdepe, MaJIbli paanyc 1eHCTBUS,
BBICOKAsI YyBCTBUTEIBHOCTD K IPETSATCTBUSM U CI0XKHOCTD
pa3paboTKy anmnapaTHbIX KOMIIOHEHTOB JJIsl pa0OTHI Ha TAKUX
4aCTOTaX.

JIK, C3

3.2

TeparepiioBbie ceTH — CBOMCTBA
pacnpocTpaHeHUs

N3zyuarorcsi 0coOEHHOCTH PacpOCTPAaHEHUsI TeParepIiOBbIX BOJIH:
CHJILHOE 3aTyXaHHUE, BIUSHAE aTMOC(EPHI, MOTJIOIICHUE
MOJICKYJIaMHU, OTPAKCHUE U PACCESTHHUE OT MPEISITCTBUH, a TAKKE
3aBHCHUMOCTh KaueCTBa CBSA3U OT PACCTOSHUSI U YCIOBUI CPEIBL.

JIK, C3

3.3

TepareprioBble ceTH — OKHA ITPO3PAYHOCTH

M3y4aroTcsi 4aCTOTHBIE qHAana30Hbl TEPArepIiOBOTO CIIEKTPA, B
KOTOPBIX CUTHAJI UCTIBITBIBACT MUHUMAJIBHOC TTOTJIOIICHUE B
aTtMocdepe U ITydIie paclpoCTpaHsIeTCs] Ha OOJBIIHE PACCTOSHUSI.
PaccmarpuBaroTCs IPUYHUHBI OSBICHHUS TAKUX «OKOH» U UX
HCTIOJB30BaHUE IS IOCTPOCHHUS TePareploBBIX JIHHUHN CBS3H.

JK, C3

3.4

Teparepuossie cetn — B2B

W3zyuaercst npuMeHeHNe TeparepoBbIX TEXHOIOTHH B
KOPHOPAaTHBHOM CEKTOpPE ISl CO3/1aHMsI CBEPXBBICOKOCKOPOCTHBIX
JIOKAJILHBIX CUCTEM cBs3u. OCHOBHOE BHUMAaHHE YAEIICTCS
OpraHM3aIy OECIpOBOIHBIX KaHAJIOB B IIEHTPax 00pabOTKH
nmaaebx (Data Centers), 3aMeHe ONITHYECKUX JIMHUH CBSI3M BHYTPH
o(ucoB, MPOMBIIIUICHHOW aBTOMATH3aI[M C MUHUMAaJIbHBIMU

JK, C3
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3aJiep>KKaMH ¥ 00€CTICUSHHIO CBSI3H JIJIsI CUCTEM MAIIMHHOTO 3pEHHUS
1 BBICOKOTOYHOM POOOTOTEXHHKH.
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TeparepHOBHe CCTHU — CCTH HA KPUCTAJIIIC

W3ydaercst nepeHoC GeCpOBOAHBIX TEPareploBbIX TEXHOJIOTHH Ha
YPOBEHb MUKPOCXEM IS OpPraHU3AIIH CBEPXOBICTPOro 0OMeHa
JaHHBIMH MEX[IY SIpaMHd U KOMIIOHEHTaMH Iporeccopa. B meHTpe
BHUMAaHUsI — MHHHATIOPU3ALlMs aHTCHH, CHU)KCHHUE
SHEPTONOTPEOICHNS U 3aMEeHA TPAJTUIHMOHHBIX TIPOBOIHBIX
COCIMHECHUH BHYTPHU YHIa OECIIPOBOIHBIMHI KaHAIAMH C OTPOMHOMR
HPOMYCKHON CIIOCOOHOCTHIO.

JIK, C3

3.6

TeparepLoBble CeTH — IPUIOKEHHUS] MaKpO
MHpa

W3zyuaercs ncrosb30BaHUe TEPareploBoil CBsA3U B MacuITadax
TOPOJICKOH M CeIbCKOM MH(DPACTPYKTYPHI: OpraHU3anus
TpaH3uTHBIX KaHaoB (backhaul) s cereit 6G, co3nanue 30H
CBEPXBBICOKOCKOPOCTHOI'O TIOKPBITHS B MECTaX MacCOBOTO
CKOIIJICHMS JIIOJIeH, BBICOKOTOUHAS PaJlOIOKALIUSA 1 CUCTEMBI
«yMHOTO TOpOZa», TPeOYIOIINe MIHOBEHHOI Iepenadn
KOJIOCCAJIbHBIX 00BEMOB JTAHHBIX.

JIK, C3

3.7

TCpaFepL{OBHe CCTHU — MI/IKPOMO6I/IHLHOCTL n
IMOUCK JIy4a

I/I3y‘laeTC$I, KaK TeparcpuoBbi€ CETU 6BICTp0 OTCJIC)KUBAKOT
JBHXKCHHUEC yC’I‘pOﬁCTBa W aBTOMAaTHYCCKH HaXO AT Hy)KHLIﬁ Jay4d
CBA3U IIPU €r0 MCPEMCIICHUN. OcHoBHOH AKIICHT — Ha TOYHOM
HABCJICHNU CUTHaJIa, HCIIPCPBIBHOM COIIPOBOXKJACHUU aboHeHTa U
COXpaHCHHU CTaOHUILHOTO COCAMHCHUS B YCJIOBUAX OYCHDb Y3KHUX
HaIpaBJICHHBLIX KaHAJIOB.

JIK, C3

3.8

TepareprioBbie ceTr — 6E30MaCHOCTD

H3yuaroTcst METOBI 3aLUTHI IEPEJAUYU JAHHBIX B TEPareploBoM
Jrana3zoHe, NCTOJIb3YIoIue GU3HIeCKUe CBOMCTBA Y3KUX
HalpaBJICHHBIX JIy4el 17 MpeloTBpanieHus nepexsara. OCHOBHOE
BHHMaHHE yJeNAeTCs 3alIiTe OT HOACTYIINBAHNS Ha (PU3NIECKOM
YpOBHE, 00OHAPYKECHUIO MOMBITOK OJIOKUPOBKH CHTHAJIA
pa3paboTKe MPOTOKOIOB ayTeHTU(UKAIIUH, YINTHIBAFOIINX
creni(uKy pacupocTpaHeHHs CBEPXBBICOKOYACTOTHBIX BOJIH.

JK, C3

* - zanosnHsercs Toasko no OUHOM dopme obyuenus: JIK — aexyuu,; JIP — nabopamopuvie pabomel; C3 — npaxmuyeckue/ceMunapcrue 3ausamusi.




6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JJUCHUIIJINHBI

Tabnuya 6.1. MamepuaneHo-mexnuueckoe obecneuerue OUCYUNIUHbL

Tun aynuropun

OcHaleHue ayauTopun

Cneuunajau3supoBaHHoe
yueOHoe/1adopaTopHoe
obopynoBanme, IO u
MaTepuabl 1J1s1 0CBOCHHSA

JUCHUILTAHBI
(mpu HE0OXOAUMOCTH)
Kommerotep/HOyTOYK C
AyauTopus Ui IPOBEICHUS 3aHATUN JIOCTYIIOM ceTu MIHTepHeT u
JIEKIIMOHHOTO TUTIA, OCHAILIEHHAS AJIEKTPOHHO-

Jlexumonnast KOMIUIEKTOM CIIEIUATU3UPOBAHHON Mebenu; | oOpa3oBaTelIbHOM cpefie
JOCKOM (3KpaHOM) U TEXHUYECKUMU YHusepcurera, Opaysep,
CpelCcTBaMU MYJbTUMEINA IPE3CHTALIMI. ITO nna nmpocmotpa PDF,
MS Teams unu aHasor.
OC Windows unu OC
Linux, oducHsiii naker MS
N Office nmu LibreOffice, I1O
Aynuropus Ui IPOBEICHUS 3aHATUI
i mpocmotpa pdf
CEMUHAPCKOT0 TUIIA, TPYIIOBBIX U
WHIUBUAYAIbHBIX KOHCYIIbTAIIUHN, TEKYIIETO (nanpumep, acrobat reader
KOHT 011;] U IIPOMEXK O}iIHofI aTTéCTaI}III/LIIII/I M €Vince),
Cemunapckas p P YT ’ untepnperarop Python
OCHAII[CHHAsI KOMILJIEKTOM
. Bepcuu 3.5 u crapuie,
CHeIMaTU3UPOBAHHON MeOeH U
KoMImiIATOp si3bika C/C++
TEXHUUYECKUMHU CPEICTBAMHU MYJIbTHUMEINA
MPE3CHTAINNA £€¢, pellaktop app-
P ' editors/jedit wiu ananor.
Hononuurtensuoe [10:
OBS Studio.
OC Windows unmu OC
Linux, opucHslit maker MS
Office nnu LibreOffice, ITO
. i mpocmoTpa pdf
Aynuropus Ui CaMOCTOSITENNHON pabOThI
(manpumep, acrobat reader
oOydJaroruxcst (MOXKET UCTOJIb30BATHCS IS .
st . WJIH evince),
. | MpOBeIeHUsI CEMHUHAPCKUX 3aHSATHH U
CaMOCTOSITEIIbHOU 9 untepmnperatop Python
KOHCYJIbTAIUH), OCHAIIEHHAs KOMIUIEKTOM
paboThI Bepcuu 3.5 u cTapiie,

CreMANIN3UPOBAHHON MeOenu U
KoMIbroTepamu ¢ gocrynom B JUOC.

KoMIuIsTop sizbika C/C++
gcc, pelakTop app-
editors/jedit.
HononaurtensHoe I10:
OBS Studio.

* - ayIUTOPHS AJISL CAMOCTOSATENbHOM paboThl oOyuaromuxcs ykassiaercs OBA3ATEJIBHO!

7. YYEBHO-METOIMYECKOE
JUCHHUITVIMHbBI

OcHosHas numepamypa:
1. MomaanoB [[.A., berumes B. O., Camyitnos K. E., KyuepsBeiit E. A. Cetu 5G/6G:
apXUTEKTypa, TEXHOJIOTUH, METO/Ibl aHaJIN3a U pacyera: MoHorpadus /. — Mocksa: PY]JIH, 2022.

—516 c.: nn.

N HNHPOPMAIIMOHHOE

OBECIIEYEHUE
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2. MonuanoB /. A, berumes B.O., Camyiinos A.K., Camyiinos K.E. Monenu u metonbl
OIICHKH XapaKTEePUCTHK ceTel cBsa3u SG: yueOHO-MeToaudeckoe nocooue. — Mockpa: PYJIH,
2020. - 95 c.

3. Momuanos J[.A., berumes B.O. Conun 2.C. IMutanimoHHoe MOJEIMPOBAHUE CETEH U
CHCTEM TEJIeKOMMYHHKaIU: yaeOHoe ocodue /. — M.: PYJIH, 2024. — 110 c.: n.

4. Comnun 3.C., Camyiinos K.E. PecypcHbie cucTeMbl MaCCOBOTO OOCTYKUBAHUS U MX
MIPUMEHEHHUS K aHAIM3y OecripoBOIHBIX ceTeid: MmoHorpadus /. — M.: TEXHOC®EPA, 2026. —
160 c.

5. JleBun, b. P. Teopernueckne OCHOBBI CTaTUCTHUECKON paaunoTexHuku / Jlesusn, b. P. —
Coserckoe paauno, 1976.

6. bouapos, IL.II. Teopus BeposaTHocTel. MaTtematnueckas craructuka / I1.I1. bodapos,
A.B. Ileunnkun. — 2-e u3n. — Mocksa : ®uzmariur, 2005. — 296 c.

Hononnumenvnas numepamypa:

1. Moltchanov, D., Sopin, E., Begishev, V., Samuylov, A., Koucheryavy, Y., &
Samouylov, K. A Tutorial on Mathematical Modeling of 5G/6G Millimeter Wave and Terahertz
Cellular Systems //IEEE Communications Surveys & Tutorials. —2022. — T. 24. — Ne. 2. - C.
1072 - 1116. (KBaptuns Q1 TOP-1% o Scopus, SJR mo Scopus 14.184).
https://ieeexplore.ieee.org/abstract/document/9726709

2. Sopin, E., Daraseliya, A., Begishev, V., Samouylov, K., Koucheryavy, Y. Improving
fairness and utilization in 5G/6G mmWave/sub-THz systems via virtual queuing //Computer
Networks. — 2025. — C. 111317.

Pecypcwi ungopmayuonno-menexomMmyHuKayuoHHou cemu « Mnmepunemy»:

1. ObC PYIH u ctoponnue ObC, Kk KOTOPBIM CTYIEHTBI YHUBEPCUTETA UMEIOT JOCTYII
HA OCHOBaHUH 3aKJIIOYEHHBIX JOTOBOPOB

- DnekTpoHHO-O0MOMMoTeunas cucrema PYJIH — ObC PYJIH
https://mega.rudn.ru/MegaPro/Web

- OBC «YHuBepcurerckas Oubauorexa onnain» http://www.biblioclub.ru

- OBC IOpaiit http://www.biblio-online.ru

- OBC «KoHcynbTaHT cTyfeHTa» www.studentlibrary.ru

- OBC «3nanunym» https://znanium.ru/

2. ba3pl JaHHBIX U TOMCKOBBIE CUCTEMBI

- Sage https://journals.sagepub.com/

- Springer Nature Link https://link.springer.com/

- Wiley Journal Database https://onlinelibrary.wiley.com/

- Haykomerpuueckas 6a3a qannsix Lens.org https://www.lens.org
Yuebno-memoouueckue mamepuanvt 01 camocmosamenbHou pabomol 00YUAOWUXCS NPU
0C80eHUU OUCYUNTUHBL/MOOYIA™:

1. Kypc nexuuit no qucuuminune «Ilokazarenu apdexTuBHOCTH OECTIPOBOIHBIX CETEH
MOCJIEAYIOIUX TOKOJIEHUI».

* - Bce y4eOHO-METOINYECKUE MaTepUalbl I CAaMOCTOSATEIBHONH paboThl 00yUdarOIIuXCst
pPa3MeIarTCs B COOTBETCTBUU C ICUCTBYIOIIMM MOPsAAKOM Ha cTpaHuile quciuruimasl B TYUC!
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PABPABOTYMUK:

Houent kadenpsr Teopun
BEPOSATHOCTEUN U

berumies Bsuecias

kubepbe3onacHocTu OmneroBuu
Jonoxcnocms, BYIT Tloonuce Damunus 1. 0.
PYKOBOJIUTEJIb BYII:
3aBeayromuii kadenapoit Teopun
BEPOSATHOCTEHN U CamyitnoB KoHcTaHTHuH
KrOepOe301acHOCTH EBrenbeBuu
Honocnocmo BYIT Ioonuce Damunus U.0.
PYKOBO/JUTEJIb OII BO:
3aBenytomuii kadeapoit Teopun
BEPOSITHOCTEU U CamyitnoB Koncrantun
kubepbe3onacHoCcTr EBrenneBud
Honxcnocmo, BYTT Ioonuce Damunus U.0.
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