BormpocEH K 3K3aMeHy 110 Kypcy «[lom. I'1aBel
KOMIIBIOTEPHBIX CETEU»

Onruuyeckue TPAaHCIIOPTHHBIE ceTHu | %1 ceTeBbIe
XPAaHHJIMIITIA TaHHBIX

CMeIsTHCKHH

1. TeupmeHuuu U TpeOoBaHUS PpPBIHKA TEeJIEeKOMMYHHUKAIUKM. 3HaudYeHUue
BOJIOKOHHO-ONITUYECKUX CHCTEM U  MOOMJIBHBIX CeTel CBSI3U [
COBPEMEHHBIX CUCTEM IIepenayy HaHHBIX.

2. OcHOBHbIe TPeH/IbI U3MEHeHHUH TpadrKa B COBPEMEHHbBIX CETsX repeAaud faHHbix. CTPYKTypa
U TUOBL YCIYyT COBPEMEHHOU CeTH TeJIeKOM ollepaTtopa. Mepapxuueckue
riepudepuiiHbIe BBIUNC/IEHUSIO

3. TeopeTuyeckue OCHOBHI mepegadyu 3JI€eKTPOMArHUTHBIX CUTHasIoB. OCHOBHBIE
MMOHSATHUS U HUX B3aUMOCBsI3b. CIocoObl KOOMPOBAHUS HaHHBIX. CBOMCTBaA
(hu3nuecKux cpef repeiaud JaHHbIX.

4. OcHOBHBIE BUObI MynbTUILIeKcupoBauus (FDM, WDM, TDM, PDH, CDMA,
OFDM, MIMO). Ilpumepnl CTaHOApPTOB MYJIbTUIIEKCUPOBAHUSA. MeTOOBI
YCKOPEHUS epenady JaHHBIX B CUCTEMaX IIepefaydyy JaHHBIX.

5. BecnpoBOOHBIE CHCTEMBI IIepeaadyu [OaHHBIX. [IPUHIOUNOB OpraHu3allud U
(dyHKUMOHUPOBaHUS. DBOTIOLUSA apPXUTEKTypPhl CUCTEM MOOUJILHOW CBS3U: OT
IMPS mo GSM 2G.

6. BecrmpoBogHBIE CHUCTEMBI Iepedauy¥M HaHHBIX. [IPUHIUIILI OpPraHU3alluU U
dyHKIIMOHUPOBaHUsI. DYHKUUM YOJIlla. OBOJIIOIUS apXUTEKTYPH CHUCTEM
MOOuUNIBLHOM CBA3uU: OT 2G mo 5G.

7. ApXUTEKTypa U OCHOBHBLIE CBOMCTBA CHUCTEM MOOUIIBHON CBS3U IIOKOJIEHUS
5G. 10 KIIOYEBBIX TEXHOJIOTUMW, HEOOXOOWMEIX [MOJIS IIOCTPOEHUSI CeTeu
nokonenusa 5G.

8. CnyTHUKOBBIE CHCTEMBI CBSI3U: OCHOBHBIE CBOMCTBa, OpraHu3anus U
MPUHIOUIIEI  (QYHKIIMOHUPOBaHUS. HHTErpupoBaHHBIE CHUCTEMBI Ilepemayu
OaHHBIX.

9. Synchronous Digital Hierachy: ocHOBHBIEe MOHATHS, CTPYKTypa U Hepapxus
MIPOTOKONIbHLIX eOUHUIl HaHHBIX (PDU).

10.WDM cucTteMhsl nepegayu JaHHBIX: OCHOBHBIE ITOHSITUSI, EMKOCTb, ITPUHITAIIELI
paboThl, popMaTHl MOOYISIIIUNA CUTHAJIOB.

11.0Optical Transport Hierarchy (crampmapt ITU G.709): HasHaueHue, 6a30BbIE
MeXaHU3MBbI, JOCTOMHCTBA.

12.Uepapxuss wuHTeppeticoB m PDU B cranmapre ITU G.709. IIpumeps
npuMmenenus OTN.

13.Ctpyktypa u mynstuinnekcuposanve PDU B crarmapte ITU G.709.

14.MexaHU3Mbl MOHUTOPHUHTA, OOHAPYKEHUS U KOPPEKIINU OIMO0K B CTaHOaAPTe
ITU G.7009.

15.CpaBHeHHEe CepBEPHO-OPUEHTHUPOBAHHOM  apXUTEKTypel co  Storage-
OPHMEHTHUPOBAHHOU apXUTEKTypou. BHyTpeHHss opraHu3auusa [HCKOBOU
ITogCuctemnr (IOIIC).

16.RAID pmucKOBBEIE MaCCHUBHI M UX YPOBHHU. ['Opsiuee pe3epBUpPOBaHMUE, CIIOCOOBI
yckopeHus pabots [ITIC.

17.AutennektyanbHble [IIC: ymaneHHOe  3epKalupoBaHHMe, T'PYIIIOBas
KOHCcuCTeHTHOCTh, LUN MackupoBaHue. MeTOObI IIOBHIILIEHUSA YCTOMYUBOCTHU
pab6otsr ITIC.

18.Tpakt ot CPU pgo IOIIC. SCSI unTepdeiic: CTPpyKTypa, agpecalus yCTPOUCTB,
opraunusanus CX]I Ha SCSI.
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19. Fibre Channel: ocHOBHEIE XapaKTEepPUCTUKM, CTPYKTypa CTEKa IIPOTOKOJIOB,
TOIIOJIOTUU, TUIIHI IIOPTOB.

20.FC-0, FC-1: XapaKTEePUCTUKM  (UINYECKOU Cpennbl, KOOUPOBKA,
ynopsimo4YeHHbIe HAOOPHI, yIIpaBlieHue TUHUEN.

21.FC-2: cTpyKTypa Kaapa, OpraHu3alus Ilepefadyd HOaHHBIX, yIpaBJIeHUE
IIOTOKOM, KJIaCChI OOCJTy2KMBaHUSI.

22.FC-3, FC-4: cepBuCH, UM€Ha, afpeca, CEPBUCH] Cpedbl KOMMYTallWH.

23.0cobeHHOCTH OECIpPOBOOHBIX KOMMYHHKalui. CTaHOapTHl U OPUHIUI
paboter WiFi CII]I.

24.0pranusanus 1 Cxema pabotet GSM cetu. MeTonbl MYJILTUIIIEKCUPOBaHUS B
GSM cetsax.

25.Apxutektypa LTE cucteMmbl. PecypcHasi ceTKa U ee POJib B Ilepefadu JaHHBIX
B LTE cetn.

26. CnyTHUKOBBIE CHCTEMEI Ilepefadyd OJaHHBIX: KjlacCu(pUKaIus, JOCTOMHCTBA U
HepocTaTku. [Ipumepsl cnyTHUKOBBIX CIII.

IIporpammuo-Konpurypupyemsie CetH H
Bupryanu3anus CereBbix OYHKIIHHA

ITamxoB

1. TIpoGneMsl TpaguIMOHHLIX ceTel. OcHOBHBIe MpuHUMNOE SDN. ApxutekTypa
SDN. IIpeumymectBa SDN. IIpumepn npumMeHeHusi. A6ctpakiuu B IT u B
SDN.

2. IIpotokon OpenFlow. Ctpykrypa OpenFlow kKoMmyTaTOpa M KOHTpOJJepa.
Tabnuila TOTOKOB U CTPYKTypa 3amuceii. OCHOBHBIE THUIILI COOOIEHUU
npotokonia OpenFlow. [IpUHIUNE ¥ PEXKUMBl yCTaHOBKM IIPaBUJI.

3. OpenFlow 1.3. KouBeiliep Tabnul] IIOTOKOB, T'PyHIOBRle TaOnuilel, Meter
TaOIUIBl, MOoAAepKKa COEOUHEHUUW C HECKOJbKHMM KOHTPOJIJIEPAMU, POJIN
KOHTposiepoB. [IpuMepsl paboThl NOpuUIoXkeHUs oOHaApyXKeHUS KaHaJloB
cBsa3u (link discovery) m nmpunoxenus Mapimupytusaumm B SDN/OpenFlow
CeTHu.

4. BapuanThl npuMeHeHUs TexHonoruii SDN/OpenFlow B KopropaTHBHOM
CEerMeHTe, CeTsAX TeJIeKOM OIIepaTOpOB U CEPBUC IIPOBalepoOB, JOCTOMHCTBA
1 HepocTaTku npuMmeHeHuss SDN/OpenFlow B ceTsx LIOI.

5. OpenFlow kKoHTposiep. ApPXUTEKTypa ¥ IIPUHIMIILI PaboThl KOHTPOJIIEpa.
TpeboBanusi Kk KoHTposuiepy OpenFlow. MeTonuka M 9KCIIEpUMEHTAJILHOE
HCCJIefOBaHWE KOHTPOJIJIEPOB. [IOCTOMHCTBA ¥ HEOCTATKU METOOUKHU.

6. IIpou3BOOUTENBHOCTh U IIporpaMMupyeMocTth OpenFlow KOHTPOJIEpPOB.
CriocoOHl yJIydIlleHusI Ipou3BOOuTeNbHOCTU. [IpobimemMaTtrka Northbound API
Y BapUaAHTHI pelleHu .

7. PacnpemeneHHbIM KOHTYpP ynpaBneHus B SDN/OpenFlow. OcHOBHEIE yIPO3HI.
CrtpaTteruu pe3epBupoBaHusi. OCHOBHBIE 3ajay¥ YU BapUaHThHI PELICHUS.

8. Bupryamnusaius ceteBbix cepBucoB (NFV). [IpoGn1eMbl TeJIeKOM OIIepaTOpPOB.
VpoBuu passutus NFV. ApxutekTypa U OCHOBHBIEe TepMuHHI 110 ETSI.
BapuaHTEH IpUMEHEHUS.

9. IIpobGrnemaTuka NPOU3BOAUTEIBHOCTU CETEBBEIX CepBUCOB. CyTh NPOOJIEMEL,
y3KHe MeCTa U BapUaHTHl pelleHu.

10.0pguoBpemenHoe nmpuMeHeHue kKoHienimii NFV u SDN. OcHOBHBIE 3afayu.
I[TpuMmepHI.

MeTOoobl MOOE/IMPOBAHHS H aHa/IN3a KOMIbIOTEPHBIX
ceTen
AHTOHEHKO



V.

MeTopbl MOmEeIUPOBaHUSA KOMIIBIOTEPHBIX ceTel. [IoHATUS MOonenu, TOYHOCTHU
MopzenupoBaHus. [I1I0CH U MUHYCEL KaXKI0T0 MeToga MOLEeIUPOBaHUS.
MeTonpl UMUTAIIMOHHOTO MOLENVMPOBAHUSA KOMIIBIOTEPHEIX CETEU: OCHOBHEBIE
IIOHATHSA, IPUMEPHI MOJENEN.

ApxuTtekTypa CUCTEMEI NPS. LXC KOHTENHEPHL. OcobeHHOCTHU
MOLENIMPOBaHUSA I100albHEIX KOMIIBIOTEPHBIX CETEM.

OCHOBEI KOHTEWHepHOU Bulyanulanuu. I[Ipoekt Docker: nemnu mnpoekra,
OCHOBHEIE TIPEUMYIIeCcTBa, 6a30Bble KOMaHAHl YIIPaBIeHU .

I[TocTpoeHre NOPOTOTHIOB ceTeul Ha OCHOBe Mininet m Docker: ocHOBHEBIE
3JIEMEHTHl CHUCTEMBl IIPOTOTUIIMPOBAHUSA, IIPEUMYVINECTBA U OIrPAHUYEHUS
IIPOTOTUIIUPOBAHUS Ha ocHOBe Mininet u Docker.

MeToabl BepudukKauum (OYHKLMOHUPOBAHUA
KOMNbIOTEPHbLIX CeTeM U YyhnpaBJZIieHUa KayecTBOM
cepBuca
CtenaHoB

OCHOBHEBIE TIOHSITUS U OIIpefeneHus u3 0061acTu ¢GopMaabHBIX METOMIOB.
3agaya ¢popManbHOM BepudUKalluM Ha IpuMepe anropurMma IleTtepcona.
dopManbHasi MOJeNnb, crielinduKalys MOBeAeH!sI, alTOPUTM BepuDUKAIIUH.
3amaya ¢opMajbHOU BepUpUKaluU KOHPUTypaluM CeTH Ha IIpuMmepe
cpenctBa VERMONT.

dopmanbHas MOOenb, cieudUKaIus ITOBeOeHus, alTOPUTM BepUPUKAIINH.
BapuaHTEl TOCTAaHOBKM 3agadyd CHHTE3a KOHCHCTEHTHOTO OOHOBJIEHUS
KOH(MUTypalu! CETH.

AnroputMm TpéxdaszHOro OOHOBIEHUS KOHPUTypallMud CEeTH C IIOMOIIbI0
TEeTUPOBAHUS.

Knaccudpukauyss KOMMYTallMOHHBLIX YCTPOMCTB II0 ITOKOJIEHUSIM.

BapwaHTEl KOMIIOHOBKM KOMMYTATOpPOB B 3aBUCHUMOCTH OT MeToda
Oydepuszanuu.

TpeboBaHUs K IPOU3BOAUTEIFHOCTU OJI0KOB KOMMYyTaTOpa.

YcTpoiicTBO KOMMYTallMOHHOM MaTPHUIIBL.

[MpuHIMTIBI TIepefayyd IIaKeTOB Yepe3 KOMMYTAUMOHHYIO MaTPHUIly IIpU
BUPTYyalIbHOM Oydepu3aliiu Ha BHIXOIE.

HenmpruMeHMMOCTL anropuTMa IOMCKAa HAMOOJBIIEro IIapoCOYeTaHus MOJIs
BEIOOPKU ITAKETOB.

MexaHU3MHI YIIPaBIeHNUsI KaueCTBOM CEPBHCA Ha YPOBHE KOMMYyTaTopa.
OrpaHn4yeHUe MHTEHCUBHOCTH IIOTOKOB I10 aaroputMmy token bucket.
OuCHUIIIUHEI oUuepeau3aliumu: cOpoc U BEIOOPKaA ITaKeTOoB.

[MpuHIUITEI QYHKIIUPOBAHUS IPOTOKOJIa pe3ePBUPOBaHUsI pecypcoB RSVP.
Mopenu ymnpaBJieHHSI KadeCTBOM cepBuca B ceTu HHTepHeT: IntServ u
DiffServ.

CBsi3b 3ajay¥ yIIpaBlIeHUS KAadyeCTBOM C 3ajauel pacIpefeleHUs CEeTEeBBIX
PECYPCOB.

VrnpaBneHue KadeCTBOM C IIOMOIIBIO IIJTaHUPOBAHUS MapUIPyTOB U
MHOTOIIOTOYHOM MapIIpyTU3alluu.

TexHosiorusi MPLS B KOMIIBIOTEPHBIX CETSIX
babepHOB
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[Ipenmnoceinku BO3HUKHOBeHUSA MPLS. UTo maeT BHeOApeHUE TEXHO-
noruu MPLS.

OcHOBHBIE BapraHTH ITpuMeHeHuss MPLS TexHOmMOTHUH.

IHocTOMHCTBA U HemocTaTKu peanu3anum VPN ¢ momoinsio MPLS 1o
CPaBHEHUIO C APyruMu criocobamu peanuzanuu VPN.
[MpeumyiectBa npuMeHnenus texHonoru MPLS L3 VPN, MPLS L2
VPN B ceTsx.

Hcnonb3oBanue nporokona BGP B texnonoruu MPLS VPN
OcHoBHble npeumyiIiectBa MPLS-TE cnoco6cTBOBaBIIIME €TI0 BHELPE-
HUIO B CETSIX OIEePaTOPOB CBS3MU.

. Ucnonb3oBanue B TexHonoruu MPLS-TE npotokonoB OSPF u IS-IS

Mapuipyru3anus

OSPF - npoTOKOJI BHYTPEHHENW MaplUIpyTU3aliu.
[TpoTokon BHemHeu MapimpyTusauuu BGP.

B3anMOCBS3b IPOTOKOJIOB BHYTPEHHEUN U BHEIIHEW MapIlIpyTU3alUuu.
Pa3nuuusa BapuanToB nipoTokosna BGP - EBGP u IBGP



