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

YTBEPXKJAEHO
JupexTop pu3TEeX-IMIKOJIbI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TEeXHOJIOT Ui

J.A. T'agpusion

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: praBJ'ICHI/IC Tpa(bI/IKOM B TCJICKOMMYHUKAITUOHHBIX CUCTEMAX
0 HANIPaBJICHUIO: I/IH(l)OKOMMYHI/IKaLII/IOHHBIG TCXHOJIOTHH U CUCTEMBI CBA3HU
IIpO(l)I(IJIb MnoATrOTOBKMU: TGJ'ICKOMMYHI/IKaI_H/IOHHLIC CCTHU U CUCTCMbI

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadenpa nHPOKOMMYHUKAIIMOHHBIX CHCTEM U CeTeH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHnnpoBaHHblil 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 cocrasuin: B.M. AnTOHOBa, KaH/I. TEXH. HAayK, JIOLEHT

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl THPOKOMMYHUKATMOHHBIX CUCTEM U ceTei 26.02.2024



AHHOTANMA

Llenpt0o M 3agauamMy OpENoaBaHMsl IMCIMIUIMHBI SIBISETCS H3Yy4YeHHE COBPEMEHHBIX TEXHOJOTWH JUIs
MOCTPOCHHSI TPAHCIIOPTHBIX MH(POKOMMYHHKALMOHHBIX CeTe. 3HaHWE HOBBIX TPAHCHOPTHBIX TEXHOJOTHH
MO3BOJIUT MarucTpam JaHHOTO HAalpaBJCHUs HE TOJNBKO WM3y4aTbh M aHAJIM3UPOBATh BAPHAHTHI MOCTPOCHHUS
CYIIECTBYIOIIUX TPAHCIIOPTHBIX CETEH, HO M pelarh 3a/ladll TEXHHYECKOTO OOCITY)KMBAaHUS M DKCIUTyaTalluu
00Opy/IOBaHUSI COBPEMEHHBIX TPAHCIIOPTHBIX CETEH, IPOSKTUPOBAaTh HX pPAa3BUTHE C YYETOM HOBBIX
TEXHOJIOTU, OCBaMBaTh CUCTEMBI YIIPABJICHUS CETSMH U YIPABIATH UX MEPCIEKTUBHBIM PAa3BUTHEM C YIETOM
TpeOOBaHHU COBPEMEHHBIX MOTPEOUTENCH TPAHCIIOPTHBIX CETEH.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

Llenbio Kypca sBISICTCS N3yYSHHUE OCHOB TEOPUH MAIIMHHOTO 00y4eHHE U 03HAKOMJICHHUE C OCHOBHBIMHU
3aayaMy OOy4yeHHs IO NpelefeHTaM: KiIaccu(UKauus, KJIACTepHU3alusl, PEerpeccHs, NOHIKCHHE
pa3sMepHOCTH.

33)13‘11/[ JAUCHUIIINHBI
- OcBocHHE OCHOBHBIX I/I,E[Gﬁ " 3BPUCTUK MAILIMHHOT'O 06y‘leHI/I$[.

- IlpuoOperenne 3HaHWI U1 (OpMANTHM3AMH U MaTEeMaTH4YeCKOrO OIHMCAaHHS OCHOBHBIX HpPOOIEM
MAaIIMHHOTO O0y4eHHUSI.

- AHanM3 JOCTOMHCTB, HEJJOCTATKOB M IPaHUL] IPUMEHUMOCTH OCHOBHBIX METOZI0B AUCLUIUINHBL.
- N3ydeHue B3aUMOCBA3U MEXy METOAAMHU.
- 3HaKOMCTBO CTY/IEHTOB C IpUMepaMU NPUKIAIHBIX 3a]1au.

2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Koz 1 HanMeHOBaHKE KOMIIETEHIIUU WHauKaTopbl JOCTUKEHMSI KOMIIETEHIIUN
YK-1 Cnocoben ocymectBnsaTh kputuueckud  |YK-1.2  OcymiecTBisier MOWCK — BapuUaHTOB  PEUICHUS
aHaJn3 NpOoOJIEeMHBIX CUTyalluii HA OCHOBE MOCTAaBJICHHOH  NpOOJIEMHONW  CHUTyallud Ha  OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAaOaThIBATh JOCTYIHBIX HCTOYHUKOB MH(POPMAIUN
CTPATEruIo0 NEUCTBUN
YK-4 CriocobGeH mpuMeHSITh COBPEMEHHbBIE VYK-4.4 CrniocobGeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
KOMMYHHMKATHBHBIE TEXHOJIOTHH, B TOM YHCI€  |HH(POPMAIMOHHO-KOMMYHHMKAIIMOHHBIX  TEXHOJIOTHMH  JUIS
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT aKaJIeMUYECKOTO U PO(eCCHOHAIEHOTO B3aUMOJCHCTBUS
aKaJIeMHYECKOTO M PO(eCcCHOHAIBEHOTO
B3aUMOJIEICTBUSA

YK-6.1 Ymeer pemare 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBHOTO  pa3BUTHS,  ONPENeNsTb |
peaTn30BhIBATH MIPUOPUTETHI COBEPIICHCTBOBAHUS
cOOCTBEHHOM AEATENHHOCTH

YK-6 CriocobeH onpeessTh U peaan30BhIBaTh
MPUOPUTETHI COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE
CaMOOILICHKH

VK-6.2 OueHuBaeT CBOIO JIESATEILHOCTb, COOTHOCHUT LU,
CIIOCOOBI W CPEJICTBA BBHITIONHEHUS JACATEILHOCTH C e
pe3ynbTaraMu

OIIK-1.1 3HaeT W CIOCOOEH  HCHOJIB30BaTb B
npoeCCUOHANBHON JeSITeIbHOCTH (YHJAaMEHTaJIbHBIE U
MIPUKJIAIHBIE HAyYHBIE 3HAHWS B OOJACTH €CTECTBEHHBIX
HayK

OIIK-1 CrtiocoOeH npeaCcTaBIsITh COBPEMEHHYIO
HAyYHYIO KapTHHY MHpPA, BBISBIATh
€CTECTBEHHOHAYYHYIO CYLIHOCTh MPOOIIeM
cBOEH PO eCCHOHATBHOM JesITeThHOCTH,
OIIPEACISTh IyTH UX PEIICHHS U OLICHUBATh

3¢ GEKTUBHOCTH CIEITaHHOTO BhIOOpa

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCICNOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2 CriocoOeH peann30BhIBaTh HOBBIC OIIK-2.2 Bmameer HaBbIKAMU  peajm3allidl  HOBBIX
TIPUHITUITBI ¥ METO/IBI HCCIIEA0BAaHUS MPUHIIUIIOB M METOJOB MCCIEAOBAHUSI B COBPEMEHHBIX
COBPEMEHHBIX WH()OKOMMYHUKAITMOHHBIX MH()OKOMMYHUKAITMOHHBIX CHCTEMaX U CETAX

CHCTEM U CeTeH pPa3IMYHbIX TUIIOB MepeladH,
pacnpenesnenus, 00pabOTKU U XpaHEHHS
nHpopMaIuu




OIIK-3 Cnocoben npuodperars, obpadareiBars |OITK-3.1 Ymeer WCTIONB30BaTh

COBpPEMEHHbIE

" UCIIOJIb30BAaTh HOBYIO I/IH(I)OpMaLII/I}O B CBOCH I/IH(i)OpMaI_II/IOHHBIG 1 KOMIIBKOTCPHBIC TCXHOJIOTHU, CPCACTBA

IpeAMETHOM o0nacTy, Mpeasararb HOBbIEC HACH |KOMMYHHMKALlMM ~ MPU  TIOMCKE  HAay4dHO

-TEXHUYECKOMI

" I0AXOJbI K pCIICHUIO 3a1a4 CBOCH I/IH(i)OpMaI_II/II/I B CBOCH HpO(beCCHOHaJ'ILHOﬁ JACATCIIbHOCTH

npodeccuoHaIBHON 1S TeTbHOCTH

3. [lepeuens MIaHUPYeMbIX Pe3yJIbTATOB 00y4YeHHS MO AUCHUILINHE (MOAYJTI0)
B pe3ynbrare ocBoeHUS JUCIUIUTHHBI 00y4YaroNInecs JOKHBI
3HATh:
- OCHOBHBIE MTOHSTHS MAIIUHHOTO O0yUEHHE.
- OCHOBHBIE MaTEMAaTHYCCKHE MOIE/IH JIJIs1 OMMCAHNS JAHHBIX.
- OCHOBHBIE 3ajJja4l, a WMEHHO, perpeccus, KiaccuuKamus, KiIacTepu3als,
pasMepHOCTH, 0TOOp TIPU3HAKOB.
YMETh:
- BoiOuparh onTUMAIbHYHO MAaTEMATHUECKYIO MOJICIb JUIS OTIMCAHUS TaHHBIX.
- CTPOUTH 10 TUM MOJIEIISIM MTPOTHO3BI U OIEHKH JIJISI [IEJICBBIX MTPH3HAKOB.
BIIAJICTh:

TIOHMXKCHUC

- Metomamu onucaHus MOjieliel MallIiHHOTO OGy‘-ICHI/IH " aJITOPpUTMAaMU pEIICHU OCHOBHBIX 3aJ1a4 JJ1d

STHUX MOJEIIEH.

4. Coep:xanue TUCUMILTUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM

OTBCACHHOI'O HA HUX KOJHICCTBA AaKAACMHUICCKUX YaCOB U BU/10B y‘-leﬁl-lle 3aHSATHH

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

CaMOCTOSITENIbHYO padoTy, Jac.

TPYZ[OGMKOCTB 110 BUAaAM y‘le6HBIX 3aH$ITI/II\/’I, BKJIrO4as

No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr

CamocrT.
pabora

OCHOBHBIE TEXHOJIOIHH HPU MOCTPOCHUH
TPaHCIOPTHBIX CETEM.

OCHOBHBIE CETEBBIE YCTPOMCTBA M HX
2 npuHuunbl. OcoOeHHOCTEH — KaHAJIOB 2
nepenayn.

Texnmonmorun ACL m NAT. DMVPN,
GRE u IPSec. Texnonoruu OpenVPN u
WireGuard, HACTpOWKa u
CpPaBHUTEJIbHBIN aHAJIU3.

YeroitunBoCTh PyHKITMOHUPOBAHUS CETH.
4 VYnpapnenue CETSIMH. Cucremsl 2
nojiepxkkn (OSS/BSS)

Bpokephl ceTeBBIX IMMakeToB. Arperamus
Tpaduka.

3epkanupoBaHue, OanmaHCcHpOBKa,
(dbunsTpanus, JIe Ty ONTuKaIus,
MOTUUKAIIHS i TYHEJIMPOBaHUE
Tpaduka.

[IpoTokonpl MapHIpyTHU3allMA BHEITHETO
nutro3a. BGP u IP SLA.

I'uppoxxuakocTHbIE 3a1a4u B
TEEKOMMYHHUKAIIMOHHBIX CHCTEMAX.

3amaun runeprpagoB B NPUMEHEHHH K
CETEBbIM PELICHUSIM

Tapuduranms, QoS m Network Slicing.

10 .
OnacTU4HbIA TpaduK.




1 BenrunbHasi, OaphepHass W MarHUTHas ) |
JIOCTUXKUMOCTD KaHaJja.

12 HaneXHOCTB 3JIEMEHTOB M CHCTEM. 2 1

13 TexHOIOrnM MyJIbTUCEPBUCHOTO JOCTYIA 2 1

14 |ZegBee u Wi-Fi 2 1

15 OCHOBHBIC TIPUHITUIIEI U KOMMYTaIlds B ) 1
KBaHTOBBIX CETAX

Hroro wacos 30 15

[ToaroroBka x sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2. CopaepxaHue AUCHUTLTAHBI (MOYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 2 (Becennuit)
1. OcHOBHBIE TEXHOJIOTUHU TIPH OCTPOSCHUN TPAHCHIOPTHBIX CETEH.

[lakeTHas u kaHaipHas KomMmyTanus. CeTH HEepBOro ypoBHS — JIOKaJbHbIE WM MecTHble. OHU
OpraHU3yIOTCS B TOPOACKUX MM CEIbCKUX MeCTHOCTAX. CeTH BTOPOrO YPOBHSI — PETMOHAJIbHbIE WU
BHYTPU30HOBBIE. TpeTuil ypoBeHb — rito0ajibHas (MarucTpanbHas) CEThb.

2. OCHOBHEIE CETCBEIC YCTpOﬁCTBa " UX IMIPUHIHUIIBL. Oco0OeHHOCTEH KaHAJIOB nepeaadu.

AOoHeHTBI ceTH (Y37bI CETH) - YCTPOHCTBAa MNOAKIIOYeHHbIE K ceTH. CepBep - abOHEHT ceTH
oTaalomuil B ceTh cBoil pecypc. Knmenr (pabouast craHuusi) - aOOHEHT, HE OTHAIOLIMA CBOETO
pecypca B ceTb, HO UMEIOUIMH J0OCTyl K pecypcaMm ceTH. KoHLeHTpaTop - yCcTpOHCTBO, CilyKallee
Uil OObEAMHEHUS] HECKOJIbKMX CETMEHTOB EAMHON CeTH W He NpeoOpasylollee MeperaBacMylo
uHopmanuio. KommyTarop - yCTpOWCTBO, ciryxkamiee Uil OObeIUHEHUs] HECKOJIbKHX CErMEHTOB
€IMHON CEeTH, OCYIIECTBIAIOIIEE MEPECBUIKY MAKETOB TOJBKO B TE€ CETMEHTHI, IJ€ HaXOIATCS
azpecarsl. YCTPOMCTBO CHUXKAET HArpy3Ky Ha ceTb. MapmpyTus3arop - yCTPONCTBO, CIyXalee st
OTIpeJIeNIeHus! IyTH 110 KOTOpOoMY HauOoJiee 1esiecoo0pa3Ho Iepechliarh makeT. MocT - yCTpoHcTBO,
00BeIMHSIONIEE B €AUHYIO CETh HECKOJIBKUX CeTel pa3iu4HbIX TUHOB. [loBTOpHTEND - YCTPOICTBO,
BOCCTaHABIMBAIOLIEE W YCHIMBAIOLIEE CHUTHAJIBI B CETH, CIyXalllee IJI1 yBEJIWYEHHUS €€ JUIMHBIL.
TpancuBep - mpHEeMONeEpeNaTunK, YCHUIHMBAIOIIMA CHUTHAN WM TpeoOpasyronmii (QU3HYecKyro
NpUPOAY CHUTHaNa (HampuMmep, OSJCKTPUUYECKUI CHrHall B CBETOBOM wiuu HaoOopot).lllnro3 -
YCTPOHCTBO, OOBEANHSIONIEE CETH C PAa3IMYHBIMU IPOTOKOIaMHU oOMeHa. OcOOCHHOCTH TPUMEHEHHUS
YCTPONCTB pa3IMUYHbIX BEHJOPOB HAa IpUMEpPE KOMITAaHUH PocTenexkoMm.

3. Texnomormu ACL u NAT. DMVPN, GRE u IPSec. Texnomormm OpenVPN um WireGuard,
HacTPOMKA U CPAaBHUTEIIbHBIN aHAIIN3.

[locTpoeHne 3amIMIIEHHOTO KaHalna MEXIy IBYMs WM Oojiee yOaJeHHBIMH CETMEHTAaMHU CETH
(mammpumep, Mexay oducamu B MockBe W Hwmxuaem Hosropone). I[lomkiroueHue yaaieHHOTO
paboTHHKa K KOPIIOPAaTHBHOM ceTH (Ternepb 00 3TOM 3HAET MOYTH KaXKABIH OQUCHBIN COTPYIHHK).
BupryansHoe uW3MeHEHHE MECTOIONOKEeHUsT ¢ Tomomipio yeiayr VPN Providers (tpebyer
HAaUMEHBIINX TEJIOABMKCHUH AJsl HACTPOWKM, OJHAKO BeCh Baml Tpaduk OydeT MpPOXOOUTH yepes
Yy>KOU CepBeD).

4. YcroitunBOCTh (YHKIIMOHUPOBAHUS ceTH. YipasieHue ceTsiMu. Cuctemsl monaepxkku (OSS/BSS)

W3MeHeHne MaplpyToOB aJaiTUBHO K M3MEHEHUIO TOIIOJIOTMU PEaM3yeTcss COBMECTHO C CUCTEMOM
YIPaBJICHUS )KUBYUYECThIO CETU. aAMUHHUCTPATOP KOPIOPATUBHOM CETH NOJKEH OCYLIECTBISATH cOOp
MH(OPMALINU O COCTOSHUN CETEBBIX KOMIIOHEHT, B TOM YHCJI€ U OT yIAJIEeHHbIX ()ParMEHTOB; JIOJKEH
00pabarbIBaTh 3Ty HH)OPMAIIMIO B COOTBETCTBHHU C PEajIM3yEeMbIM AJITOPUTMOM YTIIPaBIICHUS, JOIKEH
BbIpa0aThIBaTh U BbIIABATh K 0OBEKTAM YIPaBICHHUS COOTBETCTBYIOIINE KOMaHIbI.



5. Bpokepbl ceTeBhIX MaKeTOB. Arperamnus Tpaduka.

NudopmanmonHas 6€3011aCHOCTh OTACNWIACH OT TEIICKOMMYHHKAIMH B CAMOCTOSITEIBHYIO OTpacib
co cBoeil crenudukoil U cBouM oOopymoBaHueM. Ho ecTh MalloM3BEeCTHBIN KJIacC yCTPOIMCTB,
CTOSIIIMK Ha CThIKE TeliekoMa W WH(poOe3a — OpOKephl CEeTEeBBIX MakeToB. Arperanus Tpaduka c
pa3IMYHBIX TOYeK ceTd U cucteM DPI ¢ BO3MOKHOCTBIO H30JISLUH ITOTOKOB I10 TPYIIIIAM TTIOPTOB IS
pasJieseHus HalpaBJICHUH Nepeaadn.

6. 3epkanupoBaHue, 6amaHCUPOBKaA, QUIBTpaNus, A yOIuKaIysi, MOTUGUKAIS 1 TYHEIUPOBAHHE
Tpaduka.

banancupoBka Harpysku Ha cucteMbl DPI ¢ coxpaHeHueM LEIOCTHOCTH MOTOKOB IO BIOKEHHBIM
3aroyoBkaM. @uibTparys cereBoro Tpaduka Ha OCHOBAaHMM BHEIIHUX U BJIOKCHHBIX TYHHEIbHBIX
3aroJIOBKOB. 3epKalupoBaHue TpaduKka B peKHMax «one-to-one», «one-to-many», «many-to-one» u
«many-to-many» A obecriedyeHns: napajuieIbHOH paboThl HECKOIBKUX CPEACTB aHAJIHM3a CETEBOIO
Tpaduka.

7. llporokosnbl MappyTu3auuu BHemHero nuito3a. BGP u [P SLA.

MapuipyTu3aTopsl, NOAAEPKUBAIOIINE OAWH U TOT e npotokon IGP oOmeHuBarorcs nadopmanueit
ApYT C APYTOM B Ipezenax JAOMeHa MaplipyTusanuu. MapmpyTuszatopsl, padoratomue 6osee 4eM ¢
ogauM npotokonoMm IGP, nampumep, wucnonesyromue nporokonsl RIP u OSPF, sBistorcs
y4aCTHUKaMM JIByX OTAEIbHBIM JOMEHOB MapLIpyTH3auuu. Takue MapLIpyTH3aToOpbl Ha3blBAIOTCS
TPaHUYHBIMH.

8. rI/II[pO)KI/I,I[KOCTHLIe 3alauy B TCIICKOMMYHHUKAIIMOHHBIX CUCTCMAX.

[lpencraBneHre MOTOKOB  MHQOpPMAMM B BHJE TIOTOKOB  JKUAKOCTeH. [lpuMeHeHme
COOTBETCTBYIOLIMX MareMarndeckux amnmaparoB. (OOOCHOBaHHE JIOTHUECKHX  HMCKIIIOYECHUS
IIPUMEHEHUsI TAKUX MOJEJIEH.

9. 3amaun runeprpadoB B IPUMEHEHUHU K CETEBBIM PELICHUSAM

W3yyenne wmopneneil rumeprpadoB IS MOICIUPOBAaHUS Tpaduka B TETEPOr€HHBIX CETsX.
O6ocHOBaHUE TOTUYECKUX MCKIIIOUCHHUSI IPUMEHEHUS TAKUX MOZECICH.

10. Tapudukanus, QoS u Network Slicing. Dnactuunslii Tpapux.

OOcyxaeHne pa3In4HBIX CHOCOOOB YNpaBIeHUS 3arpy3Koil KaHamoB. B 9acTHOCTH, TEXHOJIOTHH,
KOTOpasi TO3BOJIIET Ha OCHOBE (M3MYECKOW HHQPPACTPYKTYpbl CETH CO3[aBaTb BHUPTyaJbHBIC
9K3EMILISIPBl MOOUIIBHOM CETH.

11. BentmiipHast, 6apbepHast 1 MarHUTHast JOCTHXKMMOCTD KaHaja.

MaFHI/ITHa}I, 6ap1>epHa;[ " BCHTWIbHAA JOCTUXUMOCTU IMPUMCHUTECIBHO K MOACIIAM 06CJ'Iy)KI/IBaHI/ISI
MoTOKOB. OOOCHOBAHHKE JIOTHYECKUX HCKITFOUCHHS OPUMCHCHUSA TaKUX MOJICIICH.

12. HazieskKHOCTE 2JIEMEHTOB M CHCTEM.

N3yuyenne OGe30TKa3HOH paOOTBl CHCTEMBI B TEUEHHE HEKOTOPOIO IPOMEXKYTKa BPEMEHH.
[MapamiensHOE W MOCIIENOBATEIBHOE MOAKIIIOUEHHE Y37I0B ceT. OOcYeT BBIXO/a KaHAIOB U3 CTPOS,
Ha IIpUMepe KOHKPETHOTO 000PYI0BAHUS CETH.

13. TexHONOTMM MYJIBTHCEPBUCHOTO IOCTYTIA



VYpoBeHb ympaBieHUs] MOKET BKIIFOYAaTh MHOXECTBO HE3aBHCHMBIX IOJICUCTEM, Oa3MpPYIOMIMXCS Ha
Pa3IUYHBIX TEXHOJIOTHSX, WMEIOIIMX CBOMX a0OHEHTOB M HCIIONB3YIONUX CBOM, BHYTPCHHHE
cucteMbl aapecanuu. OnepartopaM CBsi3u TPeOYIOTCS MEXaHWU3MBI, MO3BOJISIONINE OBICTPO M THOKO
pa3BepThIBaTh, a TAKXKE W3MEHSATh YCIYTH B 3aBHCHMOCTH OT WHIWBUAYaJTbHBIX IMOTPEeOHOCTEH
MOJIB30BaTeIICH.

14. ZegBee n Wi-Fi

Bo MHOrMX mNpHIOXKEeHUSX TpeOyroTcs OECHpPOBOAHBIE CETH CBS3HM, HE OONIAJarolIue BBICOKOH
CKOPOCTBIO TIE€peadn, HO HaJeKHbIC, )KUBYYHE (CHOCOOHBIE K CAMOBOCCTAHOBJIICHHUIO), TIPOCTHIC B
pa3BepThIBAHUM M JKCIUTyaTanuu. BaxHo Tarxke, 4ToObl 000OpYyIOBaHHE TAaKHX CETEH JOITyCKajo
JUTUTEIBHYI0 paboTy OT aBTOHOMHBIX MCTOYHHMKOB ITUTAHUS, MMEJIO HHU3KYI CTOMMOCTH, U OBLIO
KOMIIAKTHBIM. [IpuMep Takoro NpHiIOKEHUS — «yMHBIA IOMY.

15. OcHOBHBIE IIPUHIMUIIBI 1 KOMMYTAllUs B KBAHTOBBIX CETAX

KBaHnToBasi 3amyTaHHOCTb — 3TO SBJICHHE CBSI3M KBAaHTOBBIX XapakTepUCTUK. CBA3b MOXKET
COXPaHATBCA, JaKe €CJIM YacTHIbl PACXOAATCS Ha OOJIBIIOE PACCTOSHUE, TaK Kak, H3Mepsd
KBAHTOBBIC XapaKTEPUCTHUKH OJHOM W3 CBA3aHHBIX YAaCTHL, Mbl AaBTOMAaTHYECKU Yy3HAaEeM
XapaKTepUCTHKH W BTOpOW. IlepBbIii MPOTOKONI KBAaHTOBOW KpunTorpaduu mosBuiics emé B 1984
rogy. C Tex mop cO31aHO MHOXXECTBO KaK JKCHEPUMEHTAIBHBIX, TaK M KOMMEPUYECKUX CHCTEM,
OCHOBaHHBIX Ha SBJIEHHUSIX KBAHTOBOTO MUPA.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BATEILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

VY4ueGHast aymuTOpHs, OCHAIICHHAS! MYJIBTUMEANAIIPOCKTOPOM U ayJUTOPHON JOCKOM.
6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1.bumon Kpucrodep M. PacnoznaBanue 00pa3oB u MammHHOE 00yueHne. Mocksa : Bunbsmc, 2020.
960 c.
2. Tubpumanu Pobept, ®punman /[xepom. OCHOBBI CTATUCTUYECKOTO 00yUCHHSI: HHTEIICKTYalbHBIN
aHaIW3 JaHHBIX, JOTMYECKUI BBIBOA U NporHo3upoBanue. Mocksa: Bunbsmc, 2020. 768 c.
3.Huxonenko C.U., Apxanrensckas E. O., Kagypun A. A.
I'my6okoe ooyuenne. Cankr-IlerepOypr: ITutep, 2022. 480 c.

JomnonHurensHas auTeparypa
1. MepkoB A.B. PacriozHoBanue 00pa3oB. BBejeHne B METOBI CTATUCTHUYECKOTO 00yueHHs. MOCKBa:
Jlenann. 2021. 256 c.
2. BypkoB A. Umxenepus mammuaHoro o0ydenus. Mocksa:JIMK Ilpecc, 2022. 306 c.

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

https://academy.yandex.ru/handbook/ml?utm_source=vk&utm medium=cpc&utm campaign=handbo
ok&utm_content=ml

http://www.machinelearning.ru/wiki/index.php?title=%D0%9C%D0%B0%D1%88%D0%B8%D0%B
D%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%
B8%D0%B5 %28%D0%BA%D1%83%D1%80%D1%81 %D0%BB%D0%B5%D0%BA%D1%86%
D0%B8%D0%B9%2C_%D0%9A.%D0%92.%D0%92%D0%BE%D1%80%D0%BE%D0%BD%D1
%86%D0%BE%D0%B2%?29#.D0.9A.D1.80.D0.B8.D1.82.D0.B5.D1.80.D0.B8.D0.B8 .D0.B2.D1.8B
.D0.B1.D0.BE.D1.80.D0.B0_.D0.BC.D0.BE.D0.B4.D0.B5.D0.BB.D0.B5.D0.B9_.D0.B8_.D0.BC.DO.
B5.D1.82.D0.BE.D0.B4.D1.8B_.D0.BE.D1.82.D0.B1.D0.BE.D1.80.D0.B0_.D0.BF.D1.80.D0.B8.DO0.
B7.D0.BD.D0.B0.D0.BA.D0.BE.D0.B2



https://alexanderdyakonov.wordpress.com/

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Jupyter (google colab), Anaconda (Python 3), PyTorch.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUNIMHBI (MOXYJIs1)

CryaeHT, W3ydalIui JAUCIUILINHY, JOJDKEH C OJHOW CTOPOHBI, OBIAJETh OONIUM TMOHSTHHHBIM
armaparoM, a ¢ JIPyroil CTOPOHBI, JOJDKEH HAYYUTHCS! IPUMEHSTh TEOPETUICCKUE 3HAHMUS Ha ITPAKTHKE.
B pe3ynbrare n3ydeHust AUCHUTUIMHBI CTYJCHT JIOJDKEH 3HATh OCHOBHBIE ONPEICIICHHS, TOHSTHSI.
YcnemHOe 0CBOCHHE Kypca TpeOyeT HapsKEHHONW caMOCTOSATEILHOM padoThI CTy/ileHTa. B mporpamme
Kypca TIpUBEJICHO MHUHUMAILHO HEOOXomMMoe Bpemsl Juis paboThl CTyJeHTa HajJ TEMOH.
CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE U KOHCIIEKTUPOBAHUE PEKOMEHI0BAHHOM JINTEPATYPHI,

— ipopaboTKy ydeOHOTo MaTepurana (110 KOHCIIEKTaM JICKIIUH, y4eOHO! 1 HaydyHOU TUTepaType);

— TIOATOTOBKY K AP HEPESHIIUPOBAHHOMY 3a4ETY.

PykoBOACTBO ¥ KOHTPOJL 3a CaMOCTOSITENBHONH paboOTOM CTyJAeHTa OCYIIECTBISIETCS B (opme
WH/IMBHU]yaJIbHBIX KOHCYJIBTAINN.

BaxxHo 10oOWTBHCS MOHMMAaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3Y4YCHHS OTIENBbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYIbTAlUAMH K
MIpenoAaBaTesio.



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 nHPOKOMMYHUKAIIMOHHBIX CHCTEM U CeTeH
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT

PaszpatGoTunk: B.M. AHTOHOBA, KaHA. TEXH. HAyK, JOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Koz 1 HanMeHOBaHKE KOMIIETEHIIUU WHauKaTopbl JOCTUKEHMSI KOMIIETEHIIUN
YK-1 Cnocoben ocymectBnsaTh kputuueckud  |YK-1.2  OcymiecTBisier MOWCK — BapuUaHTOB  PEUICHUS
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE MOCTAaBJICHHOH  TpOOJIEMHONW  CUTyallud Ha  OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN
CTpaTeruro AecTBUi
YK-4 CriocobGeH mpuMeHSITh COBPEMEHHbBIE VYK-4.4 CrniocobGeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
KOMMYHHMKATHBHBIE TEXHOJIOTHH, B TOM YHCI€  |MH(POPMAIMOHHO-KOMMYHHMKAIIMOHHBIX  TEXHOJIOTHMH  JUIA
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT aKaJIeMUYECKOTO U MPO(EeCCHOHAIEHOTO B3aUMOJCHCTBUS
aKaJIeMHYECKOTO M PO(eCcCHOHAIBEHOTO
B3aUMOJIEICTBUSA

YK-6.1 Ymeer pemars 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pa3BUTHS,  ONPENeNsTh |
peaTn30BhIBATH MIPUOPUTETHI COBEPIICHCTBOBAHUS
cOOCTBEHHOM AEATENHHOCTH

YK-6 CriocobeH onpeessTh U peaan30BhIBaTh
MPUOPUTETH COOCTBEHHOMN AEATENBHOCTH U

CIIOCOOBI €e COBCPLICHCTBOBAHMUS Ha OCHOBE

VK-6.2 OueHuBaeT CBOIO JIESTEIHLHOCTb, COOTHOCHUT LIE/H,
CaMOOIICHKH

crocoObl M CpPEACTBa BBIMOJHEHUS JESTENBHOCTH C €€
pe3ynbTaraMu

OIIK-1.1 3HaeT HW  CIOCOOEH  HCHOJB30BaTb B
npoeCCUOHANBHON JeSITeIbHOCTH (YHJAaMEHTaJIbHBIE U
MPUKJIAIHBIE HAyYHBIE 3HAHWS B OOJACTH €CTECTBEHHBIX
HayK

OIIK-1 CrtiocoOeH npeaCcTaBIsITh COBPEMEHHYIO
HAy4HYIO KapTHHY MHpPA, BBISBIATh
€CTEeCTBEHHOHAYYHYIO CYITHOCTH MPoOIeM

cBOEH POQeCCHOHATBHOM JesITeTLHOCTH,
OTIPEIeNIATh IYTH UX PELICHUS U OLICHUBATD
3¢ GEKTUBHOCTH CIEITaHHOTO BhIOOpa

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00JAaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2 CriocoOeH peann30BhIBaTh HOBBIC OIIK-2.2 Bmameer HaBbIKAMU  peajm3allid  HOBBIX
TIPUHITUITBL ¥ METO/IBI HCCIIEA0BaHUS MPUHIIUIIOB M METOJOB MCCIEAOBAHUS B COBPEMEHHBIX
COBPEMEHHBIX WH()OKOMMYHUKAITMOHHBIX MH()OKOMMYHUKAITMOHHBIX CHCTEMaX U CETAX

CHCTEM U CeTeH Pa3IMYHbIX TUIIOB MepelayH,
pacnpenenenus, 00pabOTKU U XpaHEHHS
nHpopMaIuu

OIIK-3 Cniocoben npuobperars, obpadarsiBare |OIIK-3.1 Ymeet KCIIO0Ib30BaTh COBPEMCHHBIC
Y UCTIOJIb30BaTh HOBYIO HH(MOPMAIIHIO B CBOCH  |MH(OpPMAIIMOHHBIE U KOMITLIOTEPHBIC TEXHOJIOTHUH, CPEICTBA
MpEeIMETHOM 00acTy, mpeyiararh HOBbIE UJeH |KOMMYHHKAalMA ~ [pU  TMOUCKE  HAyYHO-TEXHHYECKON
U MOAXOJBI K PELICHUIO 33]1a4 CBOEH nHpOpMaInu B CBOeH MpodeccHoHaTLHON AeITETbHOCTH

npo¢ecCHOHANBHON eI TeNbHOCTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare W3ydeHUs ITUCHUIUIMHBI «YTpaBieHHE TPAPUKOM B TEICKOMMYHUKAIIMOHHBIX CHCTEMax)
00yJaromuiics JOKeH:

3HATh:
- OCHOBHBIE MTOHSTHS MAIIHHHOTO O0yUEHHE.
- OCHOBHBIE MATEMAaTHUECKUEC MOIEIIH JJIsI OITUCAHUS JAHHBIX.
- OCHOBHBIE 3aJ]a4d, a WMEHHO, perpeccHs, KilaccuUKanus, KilacTepu3amus, TOHWKEHUE
pasMepHOCTH, OTOOp TIPU3HAKOB.
yMeTh:
- BeiOupare onTuMansHy0 MaTeMaTHIECKYH0 MOZCIH JJI OIMCAHUS TaHHBIX.
- CTPOUTH 10 TUM MOJIEIISIM MTPOTHO3BI U OLEHKH JIJISI [IEJICBBIX MTPH3HAKOB.
BJIA/IETh:
- MeTonamu onvcanust Mojielicii MaIIMHHOTO OOYYEHHS ¥ allTOPUTMAMU PEIICHUSI OCHOBHBIX 3aJ1a4 JIJIs
ITUX MOZCICH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0




C nenpro KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJje 3aHATUSA 110 TeEME IPOIUIOHN JIEKIIMH WU B KOHIIE 3aHATHUS IO IPOUICHHON TeMe.

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

. [locranoBka 3amauu knacrepuszauuu. EM anroputm. K-means.

. Mepapxudeckas knactepusanus. MeTopl, 0CHOBaHHBIE Ha MIOTHOCTH Touek (DB-scan).

. OGHapyxeHue aHOMaJIHH.

. MuoromepHoe mkanupoBanue. Meron SNE, t-SNE.

. MeTtoj rmaBHBIX KOMITIOHEHT. MatpuuHoe pasznoxenue (SVD, ALS).

. [TocranoBka 3amaun perpeccun. Jlmneiinas perpeccus. Lasso. Ridge. Compressive sensing.
. Kpocc-Banupanust n monbop runeprnapamMeTpos.
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. IlocTanoBka 3agaun knaccudukammu. Jlornctudeckas perpeccusi.

9. Meroj onopHBIX BeKTOPOB. K-Onmkalmmx coceei.

10. Ucnonb3oBaHue sijiep B MAIMHHOM OOYYCHUU.

11. JlepeBns perieHui.

12. Komnozurust anroputmoB. barunr. Ciyuaiinsie neca. byctunr. CTekuHr.

13. MHoroknaccoBasi KiiaccuuKarsi.

14. BaifecoBckue MeTo bl MaIMHHOTO 00yueHus. HauBHbIN baiiecoBckuil kiaccudukaTop.
15. Heitponnsie cetu. CBepTOUHbIEe HEUPOHHBIE CETH. PeKyppeHTHbBIE HEHPOHHBIE CETH.

Kpurepun onennBanus
- ommyHO (10) - BBICTaBIsIETCSl CTYIEHTY, IOKa3aBIIEMYy BCECTOPOHHHE, CHCTEMaTU3WPOBAaHHBIC,
n1yOoKHe 3HaHHUS y4eOHOH MPOrpaMMbl AUCHUIIIMHEL 1 YMEHHE YBEPEHHO MIPUMEHSTh UX Ha MPAKTHUKE
MPH PELICHUH KOHKPETHBIX 3aja4, CBOOOJHOE U MPaBUJIbHOE 000CHOBAaHHUE MTPUHATHIX PELICHUM;

- OTIIMYHO (9) - BBICTABISIETCS CTYIEHTY, IIOKa3aBIIEMy CBOOOIHOE ONEPUPOBAHUE 3HAHUSIMH YIeOHON
[IPOrpaMMBbl IUCLUILIMHBI, BHIIIOJHEHUE 3a/1aHUI TBOPUYECKOTO XapaKTepa;

- OTJINYHO (8) - BBICTABJIICTCA CTYACHTY, IMOKAa3aBHICMY BJIAJCHHUC HIPOIrpaMMHBIM y‘le6HLIM
MarepuajioM C HaJIMYUEM HCCYHICCTBECHHBLIX OIIMOOK B IleI\;ICTBI/ISIX, CaMOCTOATCIIbHO HCIPABIIACMbIX
y4damumces,

- xopo1o (7) - BBICTaBJIAETCS CTYAEHTY, €CJIM OH TBEPJO 3HAET MaTrepuall, 'paMOTHO U, IO CYLIECTBY,
M3JIaraeT ero, yMeeT NPUMEHATH MOJyUYEeHHbIE 3HAHUS Ha IPAKTHKE, HO JOITYCKAeTCs B OTBETE WU B
pelIeHNH 3a/1au HEKOTOPble HETOUHOCTH;

- Xopouio (6) - BBICTABJISICTCA CTYACHTY €CJIM OH OCO3HACT BOCIIPOU3BCACHUC IPOTrPAMMHOI0 yqe6Horo
marepuajla, B TOM 4YHUCIC H pa3quHof& CTCIICHU CJIO)KHOCTH, C HCECYHICCTBCHHBIMU OH_II/I6KaMI/I,
3aTPpYAHCHUA B IPUMCHCHHUU OTACIIbHBIX HABBIKOB,

- xopouio (5) - BBICTABISICTCS CTYACHTY €CIIH TEOPETHUECKOE COJCP)KAaHUE OCBOCHO HE IMOJHOCTBIO,
HEKOTOpBIE TPAKTUYECKHE HAaBBIKM C(QOPMHUPOBAaHBI HEJOCTATOYHO, B HEKOTOPBIX CIy4YasX OBbUIM
JOITYTIEHBI OMTHOKH;

- YIIOBJIETBOPHUTENBHO (4) - BBICTABISIETCS CTYICHTY, [TOKa3aBUIEMY (parMeHTapHBINA, Pa3pO3HEHHBIH
XapakTep 3HAHWH, HEZOCTAaTOYHO MpaBWIbHBIE (OPMYIUPOBKH Oa30BBIX MOHITHH, HaPyIICHUS
JIOTUYECKON II0CIIEI0BATEIbHOCTH B U3JI0KEHUM [IPOrpaMMHOI0 MaTepualla, HO IIpU 3TOM OH BJajeeT
OCHOBHBIMH pa3fesiaMu y4eOHOW NMporpamMMbl, HEOOXOAMMBIMH Ul AalbHEHIIEro o0yueH!s] U MOXKET
MPUMEHATH MOJIYYECHHBIC 3HaHU 110 00pasily B CTAaHAAPTHON CUTYallly;

- YIOBIETBOPHUTEIBHO (3) - BBICTABIICTCS CTYACHTY B Cilydae OOJBLIOrO KOJIMYECTBA HEJOYETOB U
HETIPaBUJIbHBIX OTBETOB, a TAKXKE IAaCCHBHOW paboTe B XOZ€ 3aHATHI, MHOTHE yueOHbIE 3aJaHus He
BBITIOJIHEHBI;

- HEY/IOBJIETBOPUTEIHHO (2) - BBICTABIISIETCS CTYACHTY, KOTOPBI HE 3HAET OOJIbIICH YacTH OCHOBHOTO
cojiepkaHusi y4eOHOW TpPOTrpaMMbl JUCIHIUIMHBI, JOMYyCKaeT rpyObie OmHUOKH B (OPMYIUPOBKAX
OCHOBHBIX TOHATHI TUCHUIUIMHBI M HE yMEET HCIOJIb30BaTh IOJYYCHHBIC 3HAHUS IPH PELICHUH
THIOBBIX ITPAKTHYECKUX 3a/]1a4;

- HEyIOBIETBOPUTEIbHO (1) - BBICTABIAETCS CTYAEHTY, KOTOPBHIH HE OCBOMJ TEOPETHUECKOE U
MPAaKTUYECKOE COIEPIKaHUE Kypca, BCE BBHIIIOJIHEHHBIC yUeOHbIE 3aJaHusI COAepkKaT IpyOble OMIMOKH.



5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

JudepeHnrpoBaHHBIN 3a4€T POBOJUTCS B YCTHOU (opMe.

[Mpu nmpoexennu auddepeHIPOBaHHOTO 3adeTa oOydaromemycs npenocraBisercs 20 MUHYT Ha
nonrotoBKy. Omnpoc oOyyaromerocst mpoBoauTcs B Teuenre 30 MUHYT.

Bo Bpemss mpoBeaecHuss auddepeHIMPOBAHHOTO 3a4eTa OOydaroluecss MOTYT —IOJIb30BarThCs
IpOrpaMMOl TUCHIUTUTUHEI.



