Npumoxenue 1 k paboueii nporpamme
no aucuununne « Texuoaorum HIHPOKOIMOJAOCHOI0 JIOCTY I

MuHHCTEPCTRO IHPOBOTO PASEITHS, CBA3H U MACCOBBLIX KoMMYHUKaumnil Pocenitcinit bepeparim
Y pannek it reximiec kil nnernryr esssn u nudgopmaruku (Guiman) GI'bOY BO
"CHOUPCKHIT TOCYAAPCTHENIBIT YHUBEPCHTET TCACKOMMYHHKaUH 1 undopmariin”

v, Bkarepunbypre (YpTHCH CublY'TH)

COI'JTACOBAHO YTREPHIIAIO

3am. 14 opano YP jlnpucmp YpTUCH Cubl’ YT
,v//g}” AH. Bensikosa 0T /Jr’ [ A Mununa

« _» 20 T « » 202 4r.

OINEHOYHBIE CPEJCTBA
TEKYIIETO KOHTPOJIS
A MPOMEXYTOUYHOMW ATTECTALUU

1o AucHMIUTHHE «TeXHOMOrMH MMPOKONOJOCHOIO JOCTYIIAY
JUIsL OCHOBHOM NpodecCHOHANBHON 00pa30oBaTeILHOM IPOIPAMMEL 110 HAIPABICHHIO
11.03.02 «1H(}pOKOMMYHHKALHOHHBIC TEXHOJIOIHH U CHETCMBE CBIBHY,

HanpapieHHOCTh (npoduiib) — MHGOKOMMYHHKAIIMOHHBIC CETH H CHCTCMBI,
kBamMpukanms — Oaanasp,
dhopma 00yueHus —3a0unas,
roj Hayaua noJAroToBku (no yuebnomy rnany) — 2019

Exarepunbypr — 2022



IMpunoxenue 1 k padoueii mporpamme
no mucunmanae « TeXHoJI0run HIHPOKOMOJJOCHOI0 10CTYyII A

MuHucTepcTBO IUGPOBOTO Pa3BUTHS, CBSI3U M MACCOBBIX KOMMYHHMKaIui Poccutickuit @enepanun
VYpanbCcKkuil TEXHUYECKUI MHCTUTYT CBsI3U U nHpopmatuku (pmman) PI'OY BO
"Cubupckuii TOCy1apCTBEHHBI YHUBEPCUTET TEIICKOMMYHHUKAIIUNA U HHQOpMaTHKH"

B T. ExarepunOypre (YpTUCHU Cubl'YTH)

COT'JTJACOBAHO YTBEPXIAIO

3am. gupekropa mo YP Hupexrop YpTUCU Cubl' YTU
A H. bensxosa E.A Mununa

« » 20 T « » 20 T

OLOEHOYHLBIE CPEJACTBA
TEKYIMEI'O KOHTPOJA
U NPOMEXYTOUYHOMU ATTECTALUMU

0 JUCHUIUIMHE «TeXHOJIOrHHM IHPOKOIO0JI0CHOI0 A0CTYIIa)
JUIsL OCHOBHOM MpodeccruoHanbHOi 00pa3oBaTebHOM MPOrpaMMBbI 110 HAIIPABICHHIO
11.03.02 «IH(pOKOMMYHHUKALIMOHHbBIE TEXHOJIOTHH U CHCTEMBI CBSI3N»,

HarpaBJIeHHOCTh (Mpoduib) — MHPOKOMMYHHUKAITMOHHBIE CETH U CUCTEMBI,
KBaMuKamus — Oakanasp,
dbopma oOyueHust —3a0uHasl,
roJ1 HavyaJa MoAroTOBKH (1o yueOHoMYy 1any) — 2019

ExarepunOypr — 2022



1. Hepeqenb KOMIIeTEeHIU 1 HHAUKATOPOB UX TOCTHIKCHUHA

[Ipomiecc wW3yueHWs JUCHUIUIMHBI ~HampaBieH Ha (QOpMUpPOBaHUE  CIETYIOIIUX
KOMIIETEHLIMI:
Kona u nHaumeHnoBanue Koa u HaumeHOBaHME UHAUKATOPA Oran | [IpeamecTByromye Tambl
KOMIICTCHIIUN JIOCTHYKCHUSI KOMIICTCHITUI (c yka3aHueM IUCITUTLINH)
IK-1 Coocoben x | IK-1.1 3naer: 5 Jdran 1
SKCILTyaTaluu W | OCHOBBI  IIOCTPOCHHSA CHCTEM  CBSI3H Ocnogvr  meopuu  yenet,
Pa3BUTHIO CETEBBIX | IIUPOKOIIOJIOCHOTO JOCTyna Ha 0Oasze Ilaxem NPUKIAOHDIX
wiatdopM, cucteM u | Texnonoruit xXDSL, Ethernet, PON, Wi-Fi, npocpamm
ceTeit nepenadn | 6ecrpoBOAHBIE COTOBBIE CETH MOKOJICHHS Iran 2
Beéeoenue 6 onepayuonmnyio
JIAHHBIX 3G/4G/5G/6G, npuHIMI HX padOThI, MX cucmeny  UNIX,  STvixu
XapaKTePUCTUKK, METOJbI M CIOCOOBI HpOZDAMMUPOSAHYS,
SKCIUTyaTalli W  Pa3BUTHS  CETEBBIX Dnemenmapnas 6aza
mathopm, CUCTCM H ceren MeNeKOMMYHUKAYUOHHBIX
IHI/IpOKOHOHOCHOFO Z[OCTyHa. cucmem, CxemomexHuka
NK-1.2 Ymeer: MENeKOMMYHUKAYUOHHBIX
JaBaTh CPaBHHUTEIBHYIO XapaKTEPHCTUKY yempoticms, Ocnogbi
CUCTEM CBSI3H ITUPOKOIIOJIOCHOTO nocmpoenus
noctyma Ha Gase Texmojormii xDSL, UHPOKOMMYHUKAYUOHHBIX
Ethernet, PON, Wi-Fi, OGecnpoBoatbie ;”CmeM “ cemet,
coToBble cetu mokonenusa 3G/4G/5G/6G; OMMymanuonHsie
cucmemaol
AKCILTYaTUPOBaTh W PAa3BUTHS CETEBBIX Yram 3
mIaThopm, CUCTEM n ceTeit Hanpasasiowue — cucmemvl
IMHUPOKOIIOJIOCHOI'O JOCTYIIA. 27IEKMPOCEA3U,
IIK-1.3 Baageer: Buiuucnumenvhas mexnuxa u
HaBBIKAMHU TIOCTPOCHHS CHUCTEM CBSI3U unpopmayuontvie
IITUPOKOITOJIOCHOTO  JOCTymma Ha 0aze mexnonoauu, Teopus cessu,
texnonornii xDSL, Ethernet, PON, Wi-Fi, Apxumexmypa
OECIPOBOIHBIE COTOBBIE CETU MOKOJIEHUS MENEROMMYHUKAYUOHHBIX
3G/4G/5G/6G; HaBBIKAMHU gemeu"‘
OKCIUIYaTHPOBATL 1 PA3BHTHS CETEBBIX C::’ll;,ll " P—
miathopm, cucTem u ceren paouoceasu, Ilpomokonvl u
IIMPOKOTIOJIOCHOTO JIOCTYIIA. urmepgeiico
MmMeleKOMMYHUKAYUOHHbBIX
cucmem, Cemesvie
mexHojliocuu
GblCOKOCKOPOCmHOIZ
nepeoauu OGHHbIX,
Texnonozcuu mpaHcnopniHvlx
cemeil, baszwi Oannvix 6
MEeNeKOMMYHUKAYUAX, Cemu
u cucmemasl MOOUNBHOL
C6A3U, HepcneKmueHble
mexHojliocuu 8 ompaciau
UHDOKOMMYHUKAYULL.
nK-2 Crocoben | TTK-2.1 3naer: 5 Jdran 1
MIPOBOAUTH PACUYCTHI | MCTOAMKY pacuyeTa H IIPOCKTUPOBAHUSI Ocnosbl meopuu yenei
M0 TPOEKTY CETEH, | CHCTEM CBSI3U MTUPOKOITOJIOCHOTO Oran 2
COOPYKEHUIA ¥ | JOCTyIa B COOTBETCTBUH C TEXHHYECKUM Anmenii u
pacnpocmpaHerue
CpeICTB 3alaHUeM W OCHOBHBIMH HOPMATHUBHO-
. PAouoBoH, Teopus
WHQOKOMMYHHKAIIUH | IPaBOBBIMU u HOPMaTHBHO- meaempadpuxa,
B COOTBETCTBHU C | TEXHHYECKUMH JOKYMEHTaMH. Cremomexnuka
TEXHUYECKUM IK-2.2 Ymeer: MeENEKOMMYHUKAYUOHHBIX
3aJlaHueM U | PaCCUUTHIBATH M TIPOCKTHUPOBATH CHUCTEM yempoticme
OCHOBHBIMU CBA3U I[IMPOKOIIOJIOCHOIO JOCTyIla B Jran 3
HOPMATUBHO- COOTBETCTBHH C TEXHHUYECKUM 3a/JlaHUEM Kommymayuonnvie
MIPaBOBBIMU U | ¥ OCHOBHBIMH HOPMAaTHUBHO-IIPABOBBIMU U cucmembl,

HOPMaTHBHO-

HOPMATHBHO-TCXHUYCCKUMU

KOMMymal[uOHHble




TCXHUYCCKHUMU
JOKYMCHTaMU

JIOKyMEHTaMH.
I1K-2.3 Baaaeer:

CHUCTEM CBsA3U

IMpaBOBBIMU u
TCXHUYCCKUMHU JOKYMCHTAMMU.

HaBbIKaMH pacuy€Ta U MNPOCKTUPOBAHUA
IMHUPOKOIIOJIOCHOTO
O0CTyIma B COOTBETCTBUH C TEXHUYCCKUM
3aJaHUEM W OCHOBHBIMH HOPMAaTUBHO-
HOPMATHUBHO-

cucmemvil, Apxumexmypa
MeNeKOMMYHUKAYUOHHBIX
cemei, Cemu u cucmemvl
MOOUNBHOU C8A3U

Oran 4
Hopmamuseno-npasosas
baza npogheccuonanbHou
OdesimenbHoCmU

dopma(bl) MPOMEKYTOYHOM aTTECTALUU 110 AUCHUILINHE: SK3aMEH.

2. [Toka3aTe/iu, KpUTEPHH M IIKAJbI OLEHUBAHUS KOMIIEeTEeHINI
2.1 IlokazaTenem oleHMBAHUS KOMIETEHIIMN Ha dTarne ux (GOPMUPOBAHUS TIPU U3YICHUH
JAUCHUIIIIMHBI ABJIACTCSA YPOBCHB UX OCBOCHMUS.

[IIxana Pe3ynbrarel 00ydeHus JleckpunTopsl ypoBHEU
OIICHUBAaHUS OCBOCHUSI KOMIIETCHIIUM
ITK-1 Crioco0eH K 9KCIuTyaTaly U pa3BUTHIO CETEBBIX MIATHOPM, CHCTEM U CeTel mepeauu JaHHbBIX

Huzkuii K-1.1 3naer: Cnabo 3HaeT OCHOBBI TOCTPOCHHS CHCTEM

(TTOPOTOBBIH) | OCHOBBI TOCTPOCHMSI CHCTEM CBSI3M | CBSA3U LIMPOKOINOJIOCHOIO J0CTyma Ha Oase

YPOBEHB ITUPOKOIIOJIOCHOTO JocTyna Ha Oase | Texumomoruii XxDSL, Ethernet, PON, Wi-Fi,
texHonoruit xDSL, FEthernet, PON, | OGecipoBOgHBIE COTOBBIE CETH IOKOJCHUS
Wi-Fi, 6ecnpoBoanbsie cotoBeie cetd | 3G/4G/5G/6G, mnpunHmum wux paboOTh, HX
nokosienust  3G/4G/5G/6G, npuHnun | xapaktepuctukd. Ciaabo 3HAaET METOIABI H
UX paboOThl, WX XapPaKTCPHUCTHKH, | CIIOCOOBI AKCIUTyATAIUU M Pa3BUTUSA CETEBBIX
METOJIbI U CHOCOOBI SKCIDTyaTallMd W | TUIaTdopm, CUCTEM u ceTeit
Pa3BUTHS CETEBBIX IIAT(HOPM, CUCTEM | ITUPOKOIOIOCHOTO JIOCTYTIA.
U CEeTe! MMPOKOIMOIOCHOTO A0CTYIIA. Cmabo yMmeeT [aBaThb CpPaBHHUTEIBHYIO
IIK-1.2 Ymeert: XapaKTEPUCTUKY CUCTEM CBSI3U
JlaBaTh CPaBHUTEJILHYIO | IIMPOKOIIOJIOCHOTO  JOCTyna Ha  0ase
XapaKTePUCTUKY CUCTEM cBs3u | texHonoruii xDSL, Ethernet, PON, Wi-Fi,
HIMPOKOMOJIOCHOTO JIOCTyNa Ha 0a3e | OeCnpOBOIHBIX COTOBBIX CETEH IMOKOJIEHUS
texHonoruin xDSL, Ethernet, PON, | 3G/4G/5G/6G. Crnabo yMeeT
Wi-Fi, GecnpoBOIHBIE COTOBBIE CETH | 3KCIUTyaTHpPOBaTh W  Pa3BUTHS  CETEBBIX
MOKOJICHUS 3G/4G/5G/6G; | mmardopm, cHucTeM u cereit
HKCILUTyaTUPOBATh U PA3BUTHS CETEBBIX | MIMPOKOINOJIOCHOIO JAOCTYIIA.
wiatdopm, CHCTEM u ceredl |Brazeer caObIMU HABBIKAMHU ITOCTPOEHUSI
HIMPOKOTIOJIOCHOTO JOCTYyIIA. CHCTEM CBSI3H IIMPOKOIIOIIOCHOTO JIOCTYTIA Ha
IIK-1.3 Biageer: 0ase texnonoruit xDSL, Ethernet, PON, Wi-Fi,
HaBBIKAMHU IIOCTPOCHHSI CHUCTEM CBSI3H | GeCTIPOBOIHBIX COTOBBIX CETEH MOKOJICHUS
IIMPOKOIIONIOCHOro  ocTyna Ha 0ase |3G/4G/5G/6G. Cnabo BiaajeeT HaBbIKaMK
texnonoruii XDSL, Ethernet, PON, Wi- |skcrmyatanuu u pa3BUTHS CETEBBIX IIATPOPM,
Fi, OecnpoBOOHBIE  COTOBBIE  CETH |CHCTEM M CETEH MIMPOKOMOIOCHOIO JOCTYIIA.
nokoireans  3G/4G/5G/6G; HaBLIKAMHU
OKCIUTyaTHPOBATh M PAa3BUTHUS CETEBBIX
miathopm, CUCTEM u ceTeit
MIHPOKOTIOIIOCHOTO JIOCTYTIA.

Cpennuit IIK-1.1 3naer: CpemHe 3HaeT OCHOBBI TOCTPOCHHUS CHCTEM

ypOBEHb OCHOBBI TIOCTPOCHHSI CHCTEM CBS3H | CBSI3M IIUPOKOIOJIOCHOTO JOCTyNa Ha 0Oa3e
IIUPOKOIIOJIOCHOTO JocTyma Ha Oase | texmomormiét XDSL, Ethernet, PON, Wi-Fi,
texnosoruii XxDSL, Ethernet, PON, | 6ecnpoBofHBIC COTOBBIC CETH ITOKOJICHHS
Wi-Fi, OecmpoBoanbie coroBele cetu | 3G/4G/5G/6G, mnpuHmMII HX pPa0bOTHI, HX
nokonenust 3G/4G/5G/6G, npunHuun | xapaktepuctuku. CpeaHe 3HAeT METOIBI U
uX paboThl, WX XapaKTEPHCTHKH, | COCOOBI DKCIUTyaTAlUU M Pa3BUTHUS CETEBBIX
METOABI M CIIOCOOBI JKCIUTyaTalMd ¥ | miathopm, cHucTeM u cetei
Pa3BUTHUS CETEBBIX IUIATPOPM, CUCTEM | MIMPOKOIOJIOCHOTO JOCTYIIA.
Y CeTel MIMPOKOIIOIOCHOTO JTOCTYTIA. Cpemnee yMeeT JaBaTh CpPaBHHUTENBHYIO
IIK-1.2 Ymeert: XapPaKTEPUCTHKY CHUCTEM CBSI3U




JlaBaTh CPaBHUTEIIBHYIO
XapaKTepUCTUKY cucTeM CBSI3U
IIUPOKOIIOJIOCHOTO JIOCTyla Ha 0ase
texnomoruii xDSL, Ethernet, PON,
Wi-Fi, GecrpoBogHBIE COTOBBIE CETH
ITOKOJICHMS 3G/4G/5G/6G;
AKCIUTYaTUPOBATh U PA3BUTHUS CETEBBIX
miathopm, CUCTEM u ceTeit
NIHPOKOTIONIOCHOTO JIOCTYTIA.

IIK-1.3 Baapgeer:

HABBIKAMHU TIOCTPOCHHUS CHCTEM CBSI3U
IIMPOKOTIOJIOCHOTO  JIOCTyna Ha 0Oase
texnoaoruii XDSL, Ethernet, PON, Wi-
Fi, OecmpoBogHble COTOBBIE  CETH
nokoseans  3G/4G/5G/6G; HaBLIKAMHU
OKCIUTyaTHPOBATh M PAa3BUTHUSI CETEBBIX

IIMPOKOTIONIOCHOTO ~ JOCTyra  Ha  0Oase
texnomoruii xDSL, Ethernet, PON, Wi-Fi,
OCCIPOBOJHBIX COTOBBIX CETCH TMOKOJICHHS

3G/4G/5G/6G. Cpenne yMeeT
OKCIUTyaTUPOBATh W Pa3BUTHS  CETEBBIX
maThopm, CHUCTEM u cerei

IMHUPOKOIOJOCHOTO JOCTYTIA.

BrnanmeeT cpeiHIMHU HABBIKAMU TMTOCTPOCHHUS
CHCTEM CBSI3U ITUPOKOTIOIOCHOTO A0CTYIIA Ha
6a3e rexnonoruit XDSL, Ethernet, PON, Wi-Fi,
0ECIIPOBOIHBIX COTOBBIX CETCH MOKOJICHHS
3G/4G/5G/6G.BBianeeT cpeIHIMU HaBBIKAMHU
IKCIUTyaTallid U Pa3BUTHUSI CETEBBIX MIATHOPM,
CHCTEM U CeTell ITHPOKOMOIOCHOTO JOCTYIIA.

miathopm, CUCTEM u ceTeit

HIMPOKONOJIOCHOTO JOCTYIHA.
Bricokuii IIK-1.1 3naer: 3HaeT OCHOBBI TIOCTPOCHHS CHCTEM CBS3U
YPOBEHb OCHOBBI TIOCTPOCHHSI CHCTEM CBSI3U | IIMPOKOIMOJIOCHOIO  JOCTynma Ha  0ase

ITUPOKOIIOJIOCHOTO JIOCTyla Ha 0ase
texnonoruii xDSL, Ethernet, PON,
Wi-Fi, GecrpoBogHBIE COTOBBIE CETH
nokonenust 3G/4G/5G/6G, npuHIMI
UX paboOThl, WX XapPaKTCPHUCTHKH,
METOABI M CIIOCOOBI JKCIUTyaTallid |
Pa3BUTHUS CETEBBIX IIATPOPM, CHCTEM
Y CeTel NIMPOKOITOIOCHOTO JIOCTYTIA.
IIK-1.2 Ymeert:

JlaBaTh CPaBHUTEIBHYIO
XapaKTePUCTUKY CUCTEM CBSI3H
IIMPOKOTIOIOCHOTO JIOCTyNa Ha 0a3e
texnonoruii xDSL, Ethernet, PON,
Wi-Fi, OecnpoBOAHbIE COTOBBIE CETH
IMOKOJIEHHS 3G/4G/5G/6G;
9KCIUTyaTHPOBATh U PA3BUTHS CETEBBIX
maThopm, CHUCTEM u cereit
HIUPOKOIIOIOCHOTO JOCTYyIIA.

IIK-1.3 Baaneer:

HaBBIKAMU ITOCTPOCHUSI CHUCTEM CBSI3U
IIUPOKOIIOJIOCHOTO  JIoCTyna Ha 0ase
texnoaoruii XDSL, Ethernet, PON, Wi-
Fi, OecmpoBomgHBIE COTOBBIE  CETH
nokonenuss 3G/4G/5G/6G; HaBbEIKAMU
AKCIUTYyaTUPOBATh M Pa3BUTHS CETEBBIX
maThopm, CHCTEM u cerei
MIHPOKOTIOJIOCHOTO JIOCTYTIA.

texnomoruii xDSL, Ethernet, PON, Wi-Fi,
OeCNpPOBOIHBIC COTOBBIC CETH IOKOJICHHS

3G/4G/5G/6G, npuHmMII HX pPabOTHI, HX
XapaKTePUCTUKU. 3HACT METOBI M CIOCOOBI
OKCIUTyaTallid W Pa3BUTHS  CETEBBIX
maThopm, CHUCTEM u cerei

IMHUPOKOIOJOCHOTO JOCTYTIA.

CB0OOOMHO yMeeT [aBaTh CPABHHUTEIBHYIO
XapaKTePUCTUKY CHCTEM CBSI3U
IIUPOKOIMOJIOCHOTO  JIOCTyma  Ha  0ase
texnomoruii xDSL, Ethernet, PON, Wi-Fi,
OCCIPOBOJHBIX COTOBBIX CETCH TMOKOJICHHS
3G/4G/5G/6G. YMmeeT D3KCIUTyaTHPOBaTh M
pPasBUTHS CETEBBIX IIATHOpPM, CHCTEM U
CeTel NIMPOKOIIOJIIOCHOTO JOCTYyIIA.

Brageer BceMH HaBBIKaMU MOCTPOCHHS CHCTEM
CBSI3M IIIMPOKOIIOJIOCHOT'O JIOCTYyIIa Ha 0a3e
texnoaoruii XDSL, Ethernet, PON, Wi-Fi,
0ECIPOBOIHBIX COTOBBIX CETCH MOKOJICHHSI
3G/4G/5G/6G. Bnageer BceMH HaBLIKAMH
SKCIUTyaTallMd ¥ Pa3BUTHS CETEBBIX MIATHOPM,
CUCTEM U CEeTel IMIMPOKOIOJIOCHOTO JIOCTYIA.

IIK-2 CriocoGeH mpoBOIUTh pacdeThl MO MPOEKTY CETed, COOPYKEHUU U CPENICTB
I/IH(I)OKOMMyHI/IKaI_II/II\/'I B COOTBCTCTBUU C TCXHUYCCKUM 3aJaHUCM WU OCHOBHBIMHU HOPMATUBHO-
IIPABOBBIMU M HOPMATHBHO-TEXHUYECKUMU TOKYMEHTaMU

Huzkuit
(oporoBbIit)
YPOBEHb

I1K-2.1 3naer:

METOJUKY pacdera U MPOCKTHUPOBAHHS
CUCTEM  CBS3M  IIMPOKOIOJIOCHOTO
JIOCTYyTIa B COOTBETCTBUU c

TCXHUYCCKUM 3aJaHUCM U OCHOBHBIMHU
HOPMAaTHUBHO-IIPABOBLIMU n

Cmabo 3HaeT METONWKY  pacdeTa H
MPOEKTHPOBAHHUS cHucTeM CBSI3U
ITUPOKOIIOJIOCHOTO JIOCTYNa B COOTBETCTBUU
C TEXHMYECCKUM 3aJaHHEM W OCHOBHBIMH
HOPMATHUBHO-TIPABOBBIMA W HOPMATHUBHO-
TEXHUYECKUMU IOKYMECHTaMH.




HOPMATHUBHO-TCXHUYCCKUMHA

OTOKYMCHTaMHU.

IIK-2.2 YmeerT:

pacCUUThIBATH u IMPOCKTHUPOBATH
CUCTEM  CBS3M  IMMPOKOTIOJIOCHOTO
OOCTyIIa B COOTBETCTBUHU C
TEXHUYCCKHUM 3aJaHUEM U OCHOBHBIMU
HOPMAaTHUBHO-IIPABOBLIMU nu
HOPMAaTHBHO-TEXHUYCCKUMHA

AOKYMCHTaMHU.

IIK-2.3 Baangeer:

HaBBIKAMM pacdeTra U MIPOCKTUPOBAHUS
CHCTEM CBSI3H IITUPOKOITOJIOCHOTO
AO0CTYyIIa B COOTBETCTBHUU C TCXHUYCCKUM
3aJaHUEM MU OCHOBHBIMH HOPMAaTHBHO-

HpI/I oMo nmpernoaaBaTceisd yMeeT
pacCUUThIBaTh MW IMPOCKTUPOBATH CUCTEM
CBA3U IPOKOIOJIOCHOT'O A0CTyIa B

COOTBCTCTBHMHU C TCXHHUYCCKHMM 3aJaHHUCM H
OCHOBHBIMH HOPMAaTHBHO-IIPAaBOBbBIMHA )41
HOPMATHBHO-TEXHUYCCKUMU TOKYMCHTaMU.

Brnaneer CI1a0BIMU HaBBIKAMU pacucTa u
IMPOCKTUPOBAHUA CUCTCM CBA3U
IMUPOKOITIOJIOCHOT'O JOCTYIIa B COOTBETCTBUM C
TCXHUYCCKUM 3aJaHUCM U OCHOBHBIMH
HOPMATHUBHO-IIPABOBBIMH 1 HOPMATUBHO-
TEXHUYCCKUMU TOKYMCHTaMMU.

MIPaBOBBIMHU u HOPMaTHBHO-
TEXHUYECKUMU IOKYMECHTaMH.

Cpennuit IIK-2.1 3naer: CpenHe 3HaeT METOAMKY  pacyueTa U

ypOBEHb METOJUKY pacdyera W MPOSKTHPOBAHHS | MPOSKTHPOBAHUS CUCTEM CBSI3H
CHUCTEM  CBSI3M  IIMPOKOIOJIOCHOTO | MIMPOKOMOJOCHOTO JIOCTyIa B COOTBETCTBHUHU
JoCcTyna B COOTBETCTBUHU C | C TCEXHMYECKUM 3aJaHHEM U OCHOBHBEIMH
TEXHUYECKUM 33JaHHEM M OCHOBHBIMH | HOPMATHBHO-TIPABOBBIMH M HOPMAaTHBHO-
HOPMaTHUBHO-TIPABOBBIMHU U | TeXHAYECKUMH JJOKYMEHTaMH.
HOPMAaTHUBHO-TEXHUYCCKUMU I[Ipy momomm METOAMYECKUX yKa3aHUM,
JIOKYMEHTaMH. YMEET pacCUUThIBATH U  MPOCKTUPOBATH
IIK-2.2 Ymeert: CHUCTEM CBSI3U IIHPOKOIOJIOCHOTO TOCTYyIIa B
pacCUMTHIBATE U IIPOEKTHUPOBATH | COOTBETCTBHHM C TEXHHYECKMM 3aJaHUCM H
CUCTEM  CBA3M  IIHMPOKOIIOJOCHOIO | OCHOBHBIMH  HOPMATHUBHO-TIPABOBBIMU U
JOCTyTIa B COOTBETCTBUU C | HOPMATHBHO-TEXHIUYECKUMHU TOKYMEHTaAMHU.
TEXHUYECKHUM 3aJJAHUEM U OCHOBHBIMHM |Brazeer cpeIHMMM HaBBIKAMH pacuera u
HOPMAaTHUBHO-TIPaBOBBIMH " |[IPOSKTUPOBAHUS CHCTEM CBSI3U
HOPMAaTHBHO-TEXHHUYCCKUMHU HIMPOKOTIONIOCHOTO JJOCTYIa B COOTBETCTBHU C
JOKYMEHTaMH. TEXHUYECKUM 33JaHHEM M OCHOBHBIMH
IIK-2.3 Baajeer: HOPMAaTHUBHO-TIPABOBBIMU M HOPMATHUBHO-
HaBBIKAMM pacyeTa M IPOEKTUPOBAHMS | TEXHHUECKUMH JOKYMEHTAMH.
CUCTEM  CBSI3U  MIMPOKOIIOJIOCHOTO
JIOCTYTIa B COOTBETCTBHU C TEXHUYIECKUM
33JJaHUeM U OCHOBHBIMH HOPMATHUBHO-
MIPaBOBBIMHU u HOPMAaTHBHO-
TEXHUYECKUMU IOKyMEHTaMH.

Bricokuii IIK-2.1 3naer: 3HaeT METOJIUKY pacyeTa U NMPOECKTHPOBAHUSA

YPOBEHb METO/AMKY pacueTa U NPOCKTUPOBAHUS | CHCTEM CBS3M IIMPOKOIMOJIOCHOTO JOCTyNa B
CHUCTEM  CBSI3M  IIHPOKOIIOJOCHOTO | COOTBETCTBUM C TEXHHUYECKHM 3aJaHWeM U
JOCTyTIa B COOTBETCTBUU C | OCHOBHBIMH  HOPMAaTHBHO-TIPABOBBIMH U
TEXHUYECKUM 33J]aHUEM M OCHOBHBIMUA | HOPMAaTHBHO-TEXHUYECCKHMHU JOKYMCHTAMH.
HOPMAaTHUBHO-TIPABOBBIMHU n | CaMOCTOSITETFHO YMEET pPAacCUUTHIBATh U
HOPMaTHUBHO-TEXHUYECKUMU MPOEKTHPOBATH CUCTEM CBSI3U
JIOKYMEHTaMH. HIMPOKOTIONIOCHOTO JIOCTYIa B COOTBETCTBUU
IIK-2.2 Ymeer: C TEXHMYECKUM 3aJaHHEM M OCHOBHBLIMU
paccUMTBIBATE M IPOEKTUPOBATh | HOPMATHBHO-TIPABOBHIMH W HOPMAaTHBHO-
CHUCTEM  CBSI3M  IIMPOKOIOJIOCHOIO | TEXHHMYECKHUMHU JOKYMEHTaMHU.
JOCTyIa B COOTBETCTBUU ¢ |Bnameer BcemMu HaBBIKaMU pacdera U
TEXHUYIECKHMM 33[JaHHEM U OCHOBHBIMM | [IPOEKTUPOBAHMS CHCTEM CBSI3H
HOPMAaTHUBHO-TIPaBOBBIMHU M | IIMPOKOIOIOCHOTO AOCTYIIA B COOTBETCTBUH C
HOPMATHBHO-TEXHHYECKHMU TEXHUYECKUM 33JaHUEM ¥ OCHOBHBIMH
JOKYMEHTaMH. HOPMAaTHUBHO-TIPABOBBIMHA U HOPMATHUBHO-

I1K-2.3 Baapgeer:

TEXHUYCCKUMU TOKYMCHTaMMU.




HaBbIKaMH pacdeTa U IMPOCKTHPOBAHUA
CUCTEM CBA3U IMHUPOKOIIOJIOCHOT'O
AO0CTYyIIa B COOTBETCTBHUHU C TCXHUYCCKUM
3aaHiuCM MU OCHOBHBIMHU HOPMATHUBHO-
IIpaBOBbIMHA n HOPMAaTHUBHO-
TEXHUYCCKUMU NOKYMCHTaMMU.

2.2 Tabnuua COOTBETCTBHUS PE3YJIbTATOB IPOMEXKYTOYHOM aTTECTAllMH MO JUCIUILIAHE
YPOBHIO 3Tana (OpMUPOBaHMsI KOMIETEHIUI

[Txama Kon unuxatopa YpoBeHb OCBOEHHUS
®dopmMa KOHTPOJIS JOCTHIKECHUS
OlICHUBaHUS N KOMITETEHIUH
KOMIIETECHITUH
TIK-1.1 HU3KUH
IIK-1.2 HU3KUH
Y/IOBIETBOPHUTEIHHO IK-1.3 HU3KHH
IIK-2.1 HU3KUH
T1IK-2.2 CpeaHui
IIK-2.3 HU3KUH
TIK-1.1 CpeaHui
TIK-1.2 CpeaHui
IIK-1.3 CpeaHui
Jzamen Xopouo T1IK-2.1 BBICOKH
IIK-2.2 BBICOKHH
T11IK-2.3 CpeaHui
IIK-1.1 BBICOKHH
IIK-1.2 BBICOKHH
OO0 TIK-1.3 BBICOKH I
IIK-2.1 BBICOKHH
T1IK-2.2 BBICOKH I
IIK-2.3 BBICOKHH

3. MeTtoanuyeckue MaTepHaJibl, ONMpeAessIIoIMe Mpoue ypbl OLeHUBAHUS

[Iponiecc ornleHMBaHUSI 3HAHWM, YMEHMM, HaBBIKOB U (WUJM) ONBITA JIEATEIBLHOCTH,
XapaKTEepU3YIOMIMX 3Tarbl GOPMHUPOBAHUS KOMIIETEHIIUH, MTpeIcTaBiIeH B Tabaunax mo Gopmam
00y4YeHUs:

OuneHovHbIe
Tun 3ansaTus Tema (pa3aen)
cpeAcTBa
IIK-1 CriocoOeH K SKCIUTyaTalliyd M Pa3BUTHIO CETEBBIX IIAT(OPM, CHCTEM U CeTel Iepeaadn TaHHbIX
Jlekinsa Bce pa3nensl 1UCIUIITAHBI JK3aMEH
UccnenoBanue u HacTpoiika mapuipytuzatopo ADSL aGopaTopras
Hccnenoanue u HacCTporKa MyJIbTUILIEKCOPOB [P patop
JlaGopaTopHas pabora. 3ammuTa
abora DSLAM nmabopaTropHOit
P Uccnenosanue u Hactporika cetu GPON patop
. . paboThI
HccnenoBanue u Hactporika Wi-Fi cetn
JlaGopaTopHas
CamocTosiTenbHast
Bce pazaenbl nuCUUIUIHMHBL paboTa, SK3aMeH,
pabota JIKP

[K-2 CriocoGeH mpoBOIUTh pacdeThl MO MPOEKTY CETed, COOPYKEHUU U CPEICTB
I/IH(bOKOMMYHI/IKaI_[I/Iﬁ B COOTBCTCTBUU C TCXHHUYCCKUM 3aJJaHUCM U OCHOBHBIMU HOPMATUBHO-
PABOBBIMU M HOPMATHBHO-TEXHUYECKUMU IOKYMEHTaMU

Jlexuys |Bce pa3aensl JUCLUIIIUHBL ‘9K3aMeH




[IpakTHueckoe
[IpakTrueckoe . 3aHATHE.
P Pacuer mapametrpoB cereit PON
3aHATHE NuauBuayaibHOe
acyeThbl
JlaGopaTopHas
CamocrosiTenbHas
Bce pazzaenbl nuCUUIUIHMHBL paboTa, SK3aMeH,
pabota TIKP

4. TunoBbie KOHTPOJIbHBIE 3a]aAHUS
Hp€I[CTaBI/ITB OUH anMep 3adaHus 110 Ka)KI[OMy TI/IHy OIICHOYHBIX CpeI[CTB JJI Ka)I(l[Oﬁ
KOMITETCHIINH, POPMUPYEMON JTaHHOHN AUCIIUTUITMHOM.

IIK-1 Crioco0eH K 3KCIuTyaTalliy U Pa3BUTHIO CETEBBIX IIIAT(HOPM, CHCTEM H CETEH
rnepenadu JaHHbIX

Koncnekr jgexunii Ha Temy «IlaccuBHbie onTuueckue cetu (GPON).»

[TaccuBHas ontuueckas cetb PON (ot anrmuiickoro Passive Optical Network) — 3o ceTb
aOOHEHTCKOTO JIOCTYIIA, MPEAOCTABIAIONIAs MYJIbTHCEPBUCHBIE YCIYTH CBSI3H, 110 IPEBOBUIHOM
BOJIOKOHHO-ONITUYECKOM apXUTEKTYpe ¢ TACCUBHBIMU y3J1aMU Pa3BETBIICHUSI.

Texnonoruss PON Obita ocHoBana B 1995 roay rpymmoii u3 cemu kommnaHwii: British
Telecom, France Telecom, Deutsche Telecom, NTT, KPN, Telefonica u Telecom Italia. Ot
kommnanuu, noanepxkubaeMas ITU-T, monyunna HazBanue FSAN (ot anrmmiickoro Full Service
Access Network). Ilensto komuteta FSAN Obuta pa3paboTka CTaHAAPTHBIX PEKOMEHAAIMN
TpeboBanuii k oOopymoBanuto PON s Toro, uroObl obopymoBanue PON pasnuyHbIx
MIPOU3BOJUTENICH M OMNEPAaTOPOB MOTJIO B3aMMOJCHUCTBOBaTh Mexay coOoii. Komurer FSAN
pabotaer coBmectHO ¢ opranuzauusmu [TU-T, ETSI u ¢popym ATM. Ha cerogusmHuit MOMEHT
pa3uyaroT HECKOJbKO pasHoBUAHOCTE PON cetel.

1. Texnonorus APON/BPON. B cepeaune 90-x ronoB oOmenpuHSATONH ObUIa TOUYKa
3peHusi, 4TO TOJBbKO MpoToKon ATM cnocoOeH rapaHTHpOBaTh MPHUEMIIEMOE Ka4eCTBO YCIyT
cBsi3u QoS mexny xoHeuHbIMH aboHeHTamu. [losromy FSAN, sxenas oGecneyuTh TpaHCHOPT
MYJIBTHCEPBHUCHBIX ycIyT uepe3 ceTb PON, BeiOpan 3a ocHOBY TexHoJoruio ATM. B pesynbrare,
B oktsa0pe 1998 ronma mosBuics mepBeiidi crangapt ITU-T G.983.1, Gasupyrommuiics Ha
tpancnopre staeek ATM B nepese PON u momyuusmuii HazBanue APON (ATM PON). B mapre
2001 roma mosBnsiercs pexomenmanus (G.983.3, 3akperuisiomnas nonstue BPON (Broadband
PON) u no6asnsiomias HoBble pyHKIMH B cTanaapt PON:

- TIepenaya pa3HOOOpa3HbIX MPUIIOKEHHWH (ToJjloca, BHJIEO, JaHHBIC) — ATO (aKTHUECKH
MO3BOJIMJIO TIPOM3BOMUTENSAM J00aBIATH COOTBETCTByIomMe uHTepdeiicet Ha OLT s
MOAKITIOYEHUS K MarucTpaibHou cetu 1 Ha ONT 111 mogkimrodeHnst K abOHEHTaM;

- paclIMpeHUE  CHEKTPaJIbHOIO  JAMAalna30Ha —  OTKPHIBAET  BO3MOXHOCTH  JJIA
JOTIOTHUTEIBHBIX YCIYT Ha JPYruX JUIMHAX BOJIH B YCIIOBUSIX OJHOTO U TOTO ke nepeBa PON,
Harpumep, UPOKOBENIaTeIbHOE TEJICBUICHHE HA TPeThel ArHe BOJIHBI (1550 HM).

3a pacmmpeHHBIM TakuM o0pa3om ctranmaptom APON 3akperuisiercs HazBanne BPON
(Broadband PON).

2. Texnoaorusst EPON. B nHos6pe 2000 roma komuter LMSC (LAN/MAN standards
committee) IEEE co3nmaer cnenuanbHyo Komuccuio o Ha3BanueM «Ethernet mepByro muiro»
EFM (Ethernet in the first mile) 802.3ah, peanm3oBaB TeM camMbIM TOXKEJIaHUSI MHOTHX
OKCHEPTOB TOCTPOUTH apxUTeKTypy cetd PON, Haubonee nNpUONMKEHHYIO K HIMPOKO
pacnpocTpaHeHHBIM B Hacrtosiniee Bpems cetssMm Ethernet. [lapamnensno unmer ¢opmupoBanue
anbsiica EFMA (Ethernet in the first mile alliance), koTopsrii cozmaercst B nekabpe 2001 roxa.
®daktrueckn anbsiic EFMA u komuccuss EFM nonosHArOT ApyT Ipyra U TeCHO paboTaloT Hal
crangaptoM. Eciu EFM Gosnbliie KOHIIEHTPUPYETCSl Ha TEXHHUYECKUX BOINpOCax U pa3paboTke



craugapra B pamkax IEEE, to EFMA mnpeumyniecTBEHHO H3y4aeT HWHAYCTPUAIbHBIE U
KOMMEPYECKHE AaCIEeKThl HMCIOJIb30BaHUS HOBOM TexHoJoruH. llenmb coBMecTHOW pabOThI —
JOCTIDKEHUE KOHCEHCyca MEXAYy OIepaTopaMd M NPOU3BOJUTENSAIMH 00OpYIOBaHUSA, H
BeIpaboTka craHgapta IEEE 802.3ah, momHOCTBIO COBMECTHMOro ¢ pa3pabaThiBaeMbIM
CTaHJapTOM MaructpaigpHoro nakerHoro konbia IEEE 802.17. AprymeHTsl B MOJIB3Y
texHosornu EPON monkpemisitorcsi opueHTanuen cetu Internet HCKIIOUUTENBHO HAa MPOTOKOJ
IP u crangapter Ethernet.

3. Texnoaoruss GPON. Apxurektypy cetu noctyma GPON (Gigabit PON) moxHO
paccmaTpuBaTh Kak opraHudHoe nponospkeHue TexHoioruu APON. Ilpu stom peamusyercs
yBEIWYCHUE KaK ToJIochl Tipomyckanusi ceth PON, Tak u 3(QQPEeKTHBHOCTH TIepeaadn
pa3HooOpa3HbIX MynbTucepBUCHBIX npuitokenuil. Ctangapt GPON ITU-T Rec. G.984.3 GPON
Obu1 IpuHAT B OKTAOpe 2003 roga. GPON npenocTaBiseT MacTaOMpyeMyto CTPYKTYPY KaapoB
OpU CKOpPOCTAX mepenauud oT 622 MoOut/c mo 2,5 I'6ut/c, u JomyckaeT CHCTEMbl Kak C
OJIMHAKOBOM CKOPOCTBIO TIEepeaaud MpsSMOro M oOpaTtHoro motoka B aepeBe PON, Tak u ¢
pasznoii. GPON o6azupyercs Ha crapmapre [TU-T G.704.1 GFP (Generic Framing Protocol,
o0l MPOTOKOJ KaApoB), oOecreunBas HMHKAINCYISLIUI0O B CHHXPOHHBIA TpPaHCHOPTHBIN
MPOTOKOJI JIFOOOTO THIA cepBuca, B ToM uuciie TDM. HccnenoBanusi mOKa3bIBarOT, YTO JaXKe B
caMOM XYJIIeM ciy4yae pacupeleneHus Tpapuka U KoyieOaHWil MOTOKOB YTUIIM3ALUS IMOJIOCHI
cocraBiseT 93% mno cpaBHenuto ¢ 71% B APON, He roops yxxe o EPON. Eciau B8 SDH nenenune
noJiockl mpoucxoaut cratndHo, To GFP (Generic Framing Protocol), coxpansisi cTpykTypa Kaapa
SDH, no3BoisieT [uHaMUYECKH paclpeaessaTh I0JI0Cy.

B Ttabmumne 1 mpencraBimeH cpaBHuUTENbHBIM aHanu3 TexHosoruii APON, EPON u
GPON.

Tabnuna 1 - CpaBaurensHbiil aHam3 TexHonoruiit APON, EPON u GPON

XapakTepUCTHKU APON/BPON EPON GPON

WHCTUTYTHI CTaHIAPTU3ALUHU/ATTBbSHCHI ITU-T SG15 IEEE / ITU-T SGI15/
/FSAN EFMA FSAN

Jlata npuHATHS cTaHaapTa oKTsI0pb 1998 utonb 2004 | okTsa6ps 2003

IEEE

Crangapt ITU-T G.981.x 202 3ah ITU-T G.984.x

CxopocTh niepeaadu, mpsMoi/o0paTHbIiI 155/155

notok, Mourt/c 622/155 1000/1000 2488/1244
622/622

bazoBsIii mpoTokoII ATM Ethernet SDH

JInHEeHHbI KO NRZ 8B/10B NRZ

MakcuMalibHBIN paanyc CeTH, KM 20 20 20

MaxkcumanbHOe YnCII0 a0OHEHTCKUX 39 16 128

y3JIOB Ha OJTHO BOJIOKHO

[Tpunoxenus To0bIe 1P no0bIe

Koppexkmus ommbok FEC IIpeyCMOTpEHA HET HeoOXxoauMa

B cBoto ouepenn, rexnonoruss GPON nenutcs Ha:
- oOwrunas texnosoruss GPON, onuceiBaercs B pekomenaaiuu [TU-T G.984;

- texHoxnorus 10GPON;
- texuoyorugd 100GPON.

Ha mnpaktuke Texnomorun 10GPON u 100GPON pans opranuzanuu ceTd AOCTyHa He
MPUMEHSIIOTCSI, 110 PUYMHE TOTO, YTO JaHHOE 000pYyI0BaHUE HAXOUTCS Ha dTamne pa3padboTKe.

Texnonorus EPON,
pa3HOBHIHOCTEM:
- oObrunas TexHosorus EPON;

kak " TtexHonorua GPON,

TaKXKE OCIHUTCA Ha HCECKOJIbBKO




- rtexnonorus GEPON (Gigabit Ethernet PON), onuceiBaeTcs B peKOMEHAAIMA KOMUATETA
IEEE 802.3ah;

- rexnonoruss 10GEPON (10 Gigabit Ethernet PON), ommchiBaeTCs B peKOMEHIAIUN
komurera [EEE 802.3av.

[epcnextuBHol TexHonoruer PON, B Oyaymem, Oynet texnonorus WDM-PON, kotopast
OCHOBaHa Ha TEXHOJOTMU BOJHOBOTO CIEKTPAJbHOrO MYyJbTHUIUIEKCHpoBaHus WDM
(Wavelength-Division Multiplexing — BOJHOBOE CIEKTpaJIbHOE YIIOTHEHHE), OMHCHIBACTCS B
pexkomenmammu ITU-T Q.2/SG15: NG-PON2 (G.989.x) with WDM-PON overlay u ITU-T
Q.6/SG15: port-agnostic interfaces (G.metro).

Apxurektypa cetu PON wucnonszyer TMD-MynbTUIIIIEKCUPOBAHUE HA YYACTKE MEXKIY
noJib3oBarenbckuM obopynoBanueM ONU (Optical Network Unit — ontudeckuid cereBoii 06710K)
nin (ONT - Optical Network Terminal — onTu4eckoe ceTeBOE OKOHYAHHE) M CTAHIIMOHHBIM
y3nom OLT (Optical Line Terminal — ontudeckuii nuHeinbIi Tepmunan). Jlanaeie B cet PON
MepenarTcss B OJJHOM BOJOKHE Ha jnHax BoJaH 1310 um u 1490 um. JlnnnHa BosHbl 1310 HM
UCTIONB3YETCS JUIsl Tepeiaydl NaHHBIX B HAMPABICHUH «a0OHEHT - OMEeparopy», TaKOH MOTOK
JIAHHBIX MOJIYYHJI Ha3BaHUE «HUCXOAAIMN NOTOK». JlnnHa BoaHbl 1490 HM ncnonb3yercs aist
nepefayd aHHBIX B HAIMPABICHUU «OIEpaTop - a0OHEHT», TaKOW MOTOK JAHHBIX MOTYUHII
Ha3BaHME «BOCXOIAIIMM mMOTOK». Kpome 5TuX Tpex [UIMH BOJIH, Ha MPaKTUKE MOMKET
MPUMEHSThCS ITMHA BOJHBI 1550 HM, KOTOpas mpeaHa3HaueHa Jis OpraHu3alliid aHAJIOTOBOTO
TEJIEBUICHUA.

K npeumymiecrBam rexnosorun PON MOKHO OTHECTH:

1) oTcyTCTBHE IPOMEKYTOUHBIX AKTUBHBIX Y3JIOB;

2) SKOHOMHSI ONTHYECKHUX MPUEMOTIEPEIATYNKOB B IIECHTPAIHLHOM Y3II€;

3) PKOHOMHS ONTOBOJIOKHA 3a CYET TOTO, YTO JJS Mepeladyd JaHHBIX B BOCXOJSLIEM
MOTOKE (OT CTaHIIUU /10 a00OHEHTAa) UCTIONb3yeTCs AnnHa BOHBI 1490/1550 M, a B HUCXOASIIIEM
noToke (0T aboHeHTa 110 cradiuu) — 1310 HM;

4) BBICOKAsi TPOIYyCKHAas CHOCOOHOCTh, MHHHMAIIbHAs CKOPOCTh TEpeJavyd JaHHBIX
OTBOJMMAs JJ1 OJHOro aboHeHTa cocTaBisdeT He MeHee 30 Mout/c;

5) MacmTabupyeMoCTb U THOKOCTh CETH;

6) HU3Kasi CTOMMOCTB CETH B I1€JIOM U MaJIbIil CPOK OKYIIa€MOCTH;

7) BBICOKast IOMEX03alIUIIEHHOCTD;

8) npeoBuaHas Tomojorus P2MP mo3BossieT onTuMu3upoBaTh pa3MEIIeHHUE ONTUYECKUX
pa3BeTBHUTENCH HUCXOAS W3 PEaTbHOrO pACHoOJIOKEHUs a0OHEHTOB, 3aTpaT Ha MPOKIAIKY
BOJIOKOHHO-onTHYecKoro kabens (BOK) u skcruryaranuio KkabenpHOM CeTH.

K negocrarkam cetu PON MOXHO OTHECTH:

1) cnoxxrocth moctpoeHust CKC (CTpyKTypUpOBaHHOM KaOETbHOW CETH) B MHOTO3TaKHBIX
KHUJIBIX JaMax;

2) OTCYTCTBHUE PE3ECPBUPOBAHUS B MPOCTEHIIICH TOMOJIOTHH JIEPEBa;

3) orpaHnueHue JATBHOCTH CBS3M H3-3a OONBIIUX TOTEPh B MACCHBHOM JICITHTEIE
00JIBIION €MKOCThIO BBIXOJHBIX TTOPTOB;

4) BbICOKasi CTOMMOCTh OKOHEYHOT'O0 000PY/I0BaHUS;

5) COXKHOCTH OpraHMU3aIMH NepeIavll aHAJIOTOBOTO TEJIEBUACHMUS,

6) Mg DKCIUTyaTallil CeTH TPeOyeTCcsl BBHICOKOKBATH(HUIIMPOBAHHBIA TEXHUYECKHUI
MEPCOHAI U AOPOroCTOsIIee U3MEPUTENLHOE 000PYIOBaHHUE.

IIpumep cer PON npexacrasieH Ha pucyHke 1.

Cern nmoctyma GPON (Gigabit PON) - 5T0 maccuBHas onTHYecKas CE€Th C MPOITYCKHOM
CIocoOHOCTh TpymnmnoBoro Tpaduka co cpenHeit ckopocteto 1 I'6ut/c. Texnomorus GPON
npeacrasieHa B pekomeHnanuu ITU-T Rec. G.984.3 GPON wu Oblna mpunsita B okTsi6pe 2003
roja.

Texnomoruss GPON npenoctaBisieT MacmTabupyeMyro CTPYKTYpPy KaJpoB IIPH CKOPOCTSIX
nepexayn ot 622 Moéut/c 1o 2,5 I'6ut/c, 1 q0IycKaeT CUCTEMBbl KaK ¢ OAMHAKOBOW CKOPOCTBIO
nepeaadnd mpsiMmoro U obpatHoro motoka B nepeBe GPON, Ttak u ¢ pasnoii. B cetu GPON



UCIIONIBb3YeTCs BE ANUHBI BOJIHBL, 1550 uHM u 1490 um — st Hucxonsmero noroka U 1310 um —
JUTSL BOCXOJISIIIIETO TTOTOKA (PUCYHOK 2).

Texnonoruss GPON 6a3upyercst Ha crangapre [TU-T G.704.1 GFP (Generic Framing
Protocol, oOmuii mpoTOKON KampoB), oOecrmeunBas WHKAINCYISIIUI0O B CHHXPOHHBIN
TPAHCIIOPTHBII MPOTOKOJ JTFOOOTO TUTIA cepBHUCca, B ToM uncie TDM.

— 1550w (KTB) )
— 3 1450 (25 Mhuricy  NTANECKMA

e 13100 (1,244 Guric)  CIMATTERD
“ | —

fio 32 ONU

Ha QHO BONOKHD

MawcusmansHoe pacemagaue: 37 ki dng GEPON

Pucynok 1 — Ilpumep cetu PON

ONU-nakeT

ONU-naker ’

By W0

PO3AEAHTEAD %

Pucynok 2 — Ilpunnun nepenaun nasHeix B cetu GPON

O6opynoBanune OLT texunonoruu GPON cocTOUT U3 TpeX OCHOBHBIX MOIYJICH:

1) Mogyns ontudeckux nmoptoB OLT;

2) MOAyJb KPOCC-KOMMYTalUU;

3) cepBUCHBIN MOIYJIb.

OyukuroHanpHast 05ok-cxema OLT obopymoBaHus mpejcTaBieHa Ha pucyHke 3. Moayib
ONTUYECKUX IMMOPTOB COCTOUT U3 IBYX (DYHKIMOHAIBHBIX OJIOKOB:

1) byHKUIMOHABHBIN 070K ONTHYECKOro ceTeBoro pacmupeaeneHus ODN;

2) pynkmumonanbHbIl 0510k cxogumoctu PON TC.

CoBmecTHas paboTa 3THX JBYX OJOKOB TO3BOJIAET BBIIOJHATH CIEAYIOUIME (DYHKIIMH:
KaJpUpoOBaHUe, KOHTPOJb JOCTYNl K Cpele Mepenadyd, JWHaMUYeckas MoJjioca MPOMYCKaHUS,



pasrpaHuyYeHNe MPOTOKOIBHOTO O510Ka nanHbix (PDU), ynpaBnerus ONU.

MOI[eIH: OIITUYECKUX MOPTOB

DyHKUMOHANBHBIH 010K
p-| OMNTHYECKOIO CETEBOrO
pacIpeeeHus
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DyHKIHOHATbHBIH
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©oo0000O0
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DyHKUMOHANBHBIH 010K
ONTHYECKOrO CETEBOrO
pacipezeneHus

(16)

IToroku GPON (1310/1490/1550 um)
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(16)

Mopens kpocc-
KOMMYTaLUH

CepBHCHBII MOLLYIIb

Kpocce-
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MaructpanbHblii
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(cepBHCHBIiT)
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(cepBuCHBIIT)

Pucynoxk 3 — @yakunonansHas 610k-cxema OLT cetn GPON

\j

IToroku E1, ATM, Gethernet, STM-N

Monynb Kpocc-KOMMYTaIuu o0ecreynBaeT KOMMYTAIMOHHBIN KaHal MEX/y CEpBUCHBIMU
u ontudeckumu mnopramu OLT. B kauectBe uHTEpdeiica CepBUCHOTO IMOpPTa MOTYT OBITh
unrepdericel RG-45 (¢ mogmepxkoiri cepucoB E1 u GEthernet) wmm wunTepdeiic SC (c
noanepxkkoit cepsucoB GEthernet unun STM-N).
OnTuueckwnii cereBoit 610k (ONU) B ommmuue ot OLT, cocTouT u3 AByX MOIyJei:
1) Mogyns ontudeckux noptoB OLT;

2) CepBUCHBINA MOAYJIb.

Hasnauenne momyneit obopynoBanuss ONU Takoe ke, kak u y obopymoBanus OLT.
PasHuna coctouT TONBKO B KOiMuYecTBE ontudeckux noproB OLT M cepBUCHBIX IOPTOB.
Hamuuue nByx moptoB OLT mo3BOJUT MOCTPOUTH APEBOBUIIHYIO TOIOJIOTHIO C 3alIUTON Ha
orntuyeckoM ypoBHe. KonmudecTBo cepBUCHBIX MOpTOB (Tum uHTepdeiica RG-45) cocrapnser ot
OJIHOTO 110 4yeThlpex. Kpome 3Toro, BMECTo MOyl KPOCC-KOMMYTAIlMU, B MOYJIb ONTHYECKHUX
IOPTOB BCTPOEH MYJIBTUILIIEKCOP/ AEMYIbTHIIICKCOP, KOTOPBINA BBHIOIHSET Ty>Ke (DYHKIIHIO, UTO

U MOIYIh

kpocc-kommytariuu  OLT  obopymoBanwms.
dynkunonangbpHas 6510k-cxema obopynoBanust ONU.

Ha pucynke

Monenb oNTHYECKUX TIOPTOB

DyHKIMOHAIBHBIN GJIOK
ONTHYECKOT0 CETEBOTrO
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Pucynok 4 — @ynkuuonanbHas 6mok-cxema ONU cetu GPON

\

Cepsucubie curnais Ethernet, VoIP,
aHAJIOrOBOE TEJIEBUACHHE (3J1. CUTHAT)

4 nmpencraBieHa

Bcee nannbie cepuca Triple Play u IoT mepematorcss BO BpeMEHHOM KOHTEHHEpe
JUTUTENBHOCTBIO 125 MKC, KakK 111 BOCXOJAILETO, TaK U I HUCXOAIero notoka. Ha pucynke 5
MOKa3aHa CTPYKTypa UKIIA JUISI HUCXOMSIIETO U BOCXOSIIEro moToka. OCOOEHHOCTHIO JAaHHOTO
LMKJIA SBJISIETCS TO, YTO €r0 JJIMTEIBHOCTh OCTAETCS BCErJa IOCTOSHHOM BHE 3aBUCHMOCTH OT



CKOPOCTH HUCXOJSIIETO UM BOCXOASUIETO IMOTOKA.

MakcumanbHas CKOpOCTh IMEpeladyd JaHHBIX B HUCXOISAIIEM IOTOKE cocTaBisieT 2,488
I'6ut/c, B Bocxomsmiem — 1,244 I'Out/c. Pa3uuiia 3akiro4aeTcs B TOM, YTO B BOCXOIAIIEM IIOTOKE
JIOTIOJTHUTEILHO TIEPeIaeTCsl ToJIe PEXUM JocTyna K cpeae nepeaaun (TDMA).

[uki HUCXOAAWErO MOTOKA COCTOUT U3 JIBYX IOJIEM, MOJIE JAHHBIX M 3arojioBka. @opmar
LIUKJIA JJIsI BOCXOJSIIET0 MOTOKA COCTOUT M3 HECKOJBKHUX KaJpOB, KOJIMYECTBO TaKUX KaJpoB
COOTBETCTBYET KonuuecTBy noaknoyaeMbix ONU k onnomy OLT nopry.

Hucxopsimmii motok, 125 Mkc

v

Downstream GTC payload

Allocation
intervals

Allocation
intervals

Allocation
intervals

ONU brust ONU brust ONU brust

A

A

Bocxoasmuii moTok, 125 Mkc

Pucynok 5 — @opmat kaapa HUCXOASIIEr0 U Bocxoadiero nukia cetu GPON

Kpome storo, ¢dopmMaTel KaapoB Aiisi HUCXOMAAIIETO M BOCXOSIIETO0 TMOTOKOB Kiacca
GPON, 10GPON u 100GPON oanHakoBbl, pa3HuIla TOJIBKO JUIIL B TOM, YTO B IIUKJIE 125 MKC
nepenaetrcs B 10 (10GPON) u 100 (100GPON) pa3 6onbie 6uT nHbOpMAIIUY, a KaK CIeICTBUE
3TOr0, IIUTENbHOCTh UMITYJIBCOB B 10 1 100 pa3 menblie.

JIABOPATOPHAS PABOTA
HccaenoBanue u HacTpoiika mapmpyTuzaTopos ADSL

1 Heanb padoTbi:
1.1.M13y4nTh OCHOBBI TOCTPOCHUS TEXHOJOTHH aboHeHTCKoro noctyna ADSL.
1.2.IIpnobpecTr HaBBIKK B HacTpoikax u koHpuUrypupoBannu ADSL mapmpytuzatopa DSL-2640/BRU.

2 IToaroroBka k padore:

2.1 U3y4yuTh TeopeTHYECKHH MaTepuall, OTHOCSINUICA K JaHHOH padoTe MO KOHCHEKTY JEKUWH |
JIuTeparype.

2.2 TloaroroBuTh 11a0JIOH OaHKa OTYETA.

3 OcHOBHOe 000pyI0BaHuUeE:

3.1. ADSL mapmpytuzatop DSL-2640U/BRU.
3.2 TlepcoHaNBHBII KOMITBIOTED.

3.3. Mynetumiekcop ADSL DAS-3224/E/B.

4 Tlopsinox BBINOJIHEHUS Pa0OThI:

4.1 BBINOIHNTE H3BICKATENILCKYIO paboOTHl Mo obOcienoBaHmio ydactka pabodee mecro (IIK m TA) —
myabTuimiekcop ADSL. BeisicHute, kakuM 00pa3oM BBINOJIHSETCS TOAKIIoUeHne Tenedonnoro anmapara (TA) n
nepcoHanbHOro kKomisiorepa (I1K) k mynsrunnexkcopy ADSL DAS-3224/E/B.

B uepHOBHKE OTpa3uTe CTPYKTYPHYIO CXeMy KaOeJbHBIX COeIMHEHMH amst ydacTka pabouee mecro (IIK n
TA) — mynsTummexcop ADSL.



4.2 Nzyunte CTPYyKTypHYIO CXEMY y3Jla CETH J0CTyIa, KOTOpasi IPEICTaBICHA HA PUCYHKeE 1.
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Pucynox 1 — CrpykrypHas cxema ydactka mynbtumiekcop ADSL — ITATC SI-2000

4.3 Tlo uCXOIHBIM AaHHBIM, TTOJIyYCHHBIX Ha OCHOBAHMH M3BICKATENbCKOW paboTs 1. 4.1 — 4.2, m306pa3uth
cxeMy opranuzanuu cessu cetd ADSL. Ha cxeme, B Buze 0510Kk0B, Hoka3ars: myssTHIiuiekcop IPDSLAM, ugetsipe
Mapupyruzatopa ADSL, ueTslpe nepcoHanbHBIX KOMIIBIOTEPA, YETHIPE CIUIMTTEPA, YEThIpe Tene(OHHBIX anmnapara,
geteipe poyrepa ADSL, ITATC SI-2000, kpoccsr (mary-maenu). Ha cxeme mokazaTe HOMEpa W/WIM Ha3BaHUE
MOPTOB IS KaXKA0TO yCTPOHCTBA.

4.5 3anonauTe TAOMUIYy KabenbHBIX coeanHeHNH (Tabmmma 1 u 2). Tabmuma 1 u 2 npencrasnseT coboif KapTy
MIPOKJTIOYEHHSI, KOTOPas TIOKa3bIBAE€T KaKHE MOPTHI YCTPOICTBA MOJKITIOYECHBI K IIOPTaM APYTroro yCTpOHCTBa.

Tabnuna 1 — KaGenbHbIe COCTMHCHUS IS IEPeIadn JaHHBIX

Tpacca Pabouee mecto

7 8 9 10

ITK

Router

Crnnurrep

IlaTu-nanens
IlaTu-nanens

MUX

SW

Ilatu-nanens

Tabsuua 2 — KaGenbHble coeiMHEHUS JUIsl Tene(OHUH

Tpacca Pabouee mecto

7 8 9 10

TA

Router

Crnnurrep

IlaTu-nanens
IlaTtu-nanens

MUX

IlaTtu-nanens
Ilatu-nanens

LIATC (SI-2000)

4.6 PazpaGotaiite crtarnmunbli miaH I[P anmpecammm mns cetm ADSL, xoTopas COCTOMT W3 YETHIpEX
MIePCOHATBHBIX KOMITBIOTEPOB, eThipex ADSL momammmnx mapmpyruzatopos, u ogHoro ADSL mymerumuiekcopa.
IIman IP anmpecamm paspabortats ¢ yderom IP agpeca ADSL mymsrumexcopa 192.168.1.1. IP ampeca Bcex
YCTPONCTB 3aHECTH B TaOIHIy 3.

s pabotocniocobHocTH cetH, [P anpeca Bcex yCTPONCTB TOJDKHBI HAXOJIUTHCS B OJHOMW MOJCETH, TO €CTh,
NepBbId, BTOPOI u Tpetuit 6aiT IP anpeca y Bcex ycTpoicTB JOJDKEH OBITh oanHaKkoBbIM. [P anpecamuio ciexyer
TIPUBS3BIBATH K HOMEPY pabouero mecra.

Tabnuna 3 — [Tnan IP agpecanuun




PaGouee mecTo TIK ADSL Ruoter ADSL MUX
7
8 192.168.1.1
9 .168.1.
10

4.7. Hactpoiite IP anpec xommbroTepa cornacHa 1uana [P ampecarum. J{st 3TOro B maHenw yHpaBiICHHS
KOMIIBIOTEPA, B pa3nene ceTb u MHTepHeT, BEIOpaTh CeTeBbIe MOIKIIOUCHNUS. B mosBHBIIEMCS OKHE, HABECTH KypCop

L_' Ethernet
-,y -
‘\_, _'

Ceth
o

=T i . .
Ha ApJIbIK MPOBOJAHOC CCTEBOC MNOAKIHOYCHUC o GUE'CCH1H1 , U MpaBOU KHOIIKOW MBI BbI3OBUTEC

KOHTEKTCHOEC MCHIO. BpiOepuTe CBOWCTBO. B mosiBUBIIEMCS OKHE BBIOCpUTE MPOTOKOJ HHTCPHETa Bepcuu 4
(TCP/IPv4), nepetit mo kHOTKe «CBOMCTBa». B HOBOM MOSBUBIIIEMCsI OKHE BbIOepuTe «VCIONB30BaTh CICIyFOIIU
IP-anpec u BBeaute IP agpec nmepcoHaIbHOTO KOMITBIOTEPA, 3aTEM HAKMHUTE KHOIIKY «OK».

4.8. ITopxmountecs kK Web-unTtepdeticy mapmpytuzatopa ADSL. /s Hadana, ciexyeT OTKIIOYHTE IPOKCH-
cepsep. s 3TOTO, B MEHIO IYCK, BBEAUTE CIOBO «MpoKcu-cepsep» n Haxmure «Enter». na OC Windows 10, B
TTOSIBUBIIEMCSI OKHE OTKIIOUNTE «OIpenessTs mapaMeTpsl aBTOMATHICCKI» U «HCnoibs3068ams npoKcu-cepgepy, Kak
moka3aHo Ha pucyHke 2. Jmg OC Windows 7, B TIOSBHBIIEMCS OKHE BBIOCPHTE BKIAAKY «[l00Kni0ueHUsn», BO
BKIanke «llookntouenus» HaxmuTe KHONKY «Hactpoiika cetm». B mosBuBmIeecs okHe yOepHTe TaJO4YKH C
«Aemomamuueckoe onpedeienue napamempos» u ¢ «lIpokcu-cepsepy». llocme 3TOro HaXMHUTE KHOIIKY
«Coxpanumoy | «Ok».
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Pucynok 2 — OTkiitoueHue NpoKCcu-cepsepa

[Hanee, 3amycTture Opaysep, B axpecHon cTpoke Opaysepa Beeaute [P anpec mapmpyruzaropa 192.168.1.1
HaxmuTe «Enter». T10sIBUTCSI OKHO, B KOTOPOM HEOOXOAMMO BBECTH MMs MOJIb30BaTes sl U maposb. [1o ymMonyanuio
umsl ojib3oBarens «adminy» napons «adminy. [Ipumep qUanoroBoro okHa MpecTaBlieH Ha PUCYHKE 3.
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Pucynox 3 — Jluanorosoe okHo Web-nnrepgeiica mapupyrusaropa

4.9 Ilomyuenue noctyma kK IHTEpHETY.




4.9.1. B rnaBaom meHo Web-untepdeiica, Bo Bkiagke Home HaxkmuTe KHONKY «LAN». B mosBuBmemcs
okHe, u3mennte [P-agpec mapmpyruszaropa. s aToro, BBeaure HOBEIH [P-anpec cormacHo pazpaboTaHHOMY TUTaHy
IP ampecos. Otkmounte DHCP ceprep. Haxxmure kHOTIKY «Apply»

4.9.2 Haxxmute kHOTIKYy Wizard, B TOSBUBIIIEMCS] OKHE CHIMHUTE TalouKy ¢ «DSL Auto-connecty», mocne 4ero,
Ha)KMHTE KHOIIKY «Next».

B mosBuBmemcs okue, 3HadeHuss VPI/VCI momxusr 66116 0 u 35. KauectBo obcmyxkuBanus (Quality of
Service) nomxkHo oTKiIOYeHO. Haxmure «Next».

B nosiBuBLIEMCS OKHE, BEIOEpUTE THI CETEBOTO NMpoTokona Bridging w pexum nHkancyisiunu LLC/SNAP-
BRIDGING. Haxwure «Nexty.

Hanee nosiButcst okHO ¢ MeHIO PPP Username and Password. B 3ToM okHEe BBOAWTH JIOTHH M HAapoOJib HE
HYXXHO, HOKMUTE KHOIIKY «Next».

B nosBuBmemcs: oxHe, B MeHto Network Address Translation (NAT) ocraBbTe 3Ha4eHUs BCEX IOJIEH 110
YMOJTYaHHIO ¥ HAXKMHTE KHOTIKY «Next».

B mento Wireless ocTaBbTe Bce 3HAUEHUS 110 YMOTYAHUIO U HAKMHUTE KHOTIKY «Nexty.

B konHme Bcex MaHHITYISIUi, TMOABUTCS KHONKAa «COXpaHHTH W Tmepe3arpy3uTby/ «Save/Reboot», cremyer
Ha)KaTb 3Ty KHOIIKY JIsI [IEpe3arpy3Ku yCTpoicTBa.

[Nocne 3aBepiueHns mepe3arpy3Ku MOSBUTCS AUAIOTOBOE OKHO O YCHENIHOH nepe3arpyske. Haxmure KHOIKY
«Okh».

4.10 ITposepka coeauHeHus: ¢ Mynbruiuiekcopom [P DSLAM. B kxomannHO# cTpoke (IIycK — Iporpamsl —
CTaH/JApTHHI — KOMaHJAHas CTPOKAa) BBeOUTE KoMaHnay: ping 192.168.1.xxx, rne xxx — IP anpec cocemnero
KOMITBIOTEPA.

YcnewHoe BBINOJIHEHHE KOMaH/Ibl CBUICTEIBCTBYET yKaszaHue napamerpa TTL, Tak B oTBeTe Ha KOMaHIY
ping, 3nauenne TTL pasno, nanpumep, 32 (TTL=32). B mpruBHOM ciydae, cieayer nepe3arpy3sutb poyTep H
TTOBTOPHUTH ITYHKTHI 4.8 — 4.9.

4.11 Pacuer ckopoctu mogkanana DMT curnana u tuarpaMMbl YpOBHEH.

4.11.1 Iepeiigute Bo BKkiIanky Advanced. B mosBuBImeMcs okHe HAXMHUTE KHOTIKY «ADSLy, 3aTeM Ha)XMHTE
KHOTIKY «Advanced Settings» W nanee HakmMuTe KHONKY «Tone Selection». IIoSBUTCS OKHO ¢ TOAKaHAJaMH, Kak
MI0Ka3aHO Ha pUCYHKe 4. 3adUKCHPYHTE YHCIIO MOJKAHATIOB JUI BOCXOISIIETO U HUCXOISIIETO TOTOKOB.

G T P BT [
| 2] nitp://192163.1 1/sdsictgtone htmi ~|

ADSL Tone Settings

Upstream Tones
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Pucynox 4 — ADSL Tone Selection

4.11.2 Ilepefinute BO BKIAAKY Status m HaKMHUTE KHONKY «ADSLy. 3aduxcupyiite TabaudHbIC TaHHBIE B
OTYET, KaK IT0Ka3aHo Ha PUCYHKE 5.

Home [ Advanced | Tools Status
DownstreamUpstream
ISHR Margin (dB): (119 120
lattenuation (dB): n.o Lo
Output Power (dBm) [7.8 I
Jiit'é'mahlre Iia‘te (Iiims): ;'QE;&S
Rate (Khps): ) "pO0o

Pucynox 5 — ADSL craryc
4.11.3 Tlo ucxomusiM gaHHBIM IyHKTa 4.11.1 u 4.11.2 paccunTaTh CKOPOCTH IEpeNadyd JaHHBIX OIIHOTO
MOAKaHaJIa BOCXOMAIIETO M HUCXOAIIEro MOTOKa.
4.11.4 Ilo umcxomupiM naHHBIM TyHKTa 4.11.1 m 4.11.2 paccumTare AWarpaMMy YypOBHEH CHTHaja
BOCXOJAIIETO U HUCXOsMIero notoka. [11abinon nuarpaMmel ypoBHEil peCTaBIeH Ha PUCYHKE 6.
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Pucynok 6 — [Ilabi0oH nuarpamMMsl ypoBHEH

4.12. Hactpolika KOHTpPOJISL AOCTYyIA.

B Opaysepe coznaiite HOBOe IoAKIIO4YeHNe, YKa3aB IP axpec cocenHero mapuipyruzaropa. B nosBuBmiemcs
OKHE BBEAUTE JIOTUH U mapoib. He usmenaime nacmpoiiku mapwipymuszamopa! Crenaiite COOTBETCTBYIOLIUI
BBIBO/I.

Jns 3ammTel OT HECAaHKIMOHMPOBAHHOTO JOCTyNa K MapIIpyTH3aTopy, CIEIyeT OTrpaHHYHUTh JOCTYI K
MapmIpyTH3aToOpy ¥ Pa3peIluTh UM YIPABIATH TOJBKO OMIpEACICHHOMY Kpyry ymm. s 3Toro, mepeianTte BO
BKIaaKy Tools cBoero mapmpyrusatopa. Ha Bximaake Tools B merto Access Control HakmMuTe KHOTIKY «Adminy. B
pabouem more, yKakuTe UM TONb30BaTelNs «adminy, cTapslii mapoib «adminy, HOBBIH Mapoib M IMOATBEPKACHUE
HOBOTO TIapoisi. BauManue! HoBbIif apoie JOJDKEH COEpKATh TOIBKO JATHHHILY, BBOJ| CIIEIICIMBOJIOB 3aIIpEIIeH.
O0s13aTeIbHO 3aMUIINTE B OTYET Mapostb. J{JIs MpuMeHeHH HaCTPOSK HAXKMUTE KHOTIKY «Apply».

BrimostauTe oBTOpSIif BX0ox Ha Web-uHTepdeiic cocearero Mapmmpytuzaropa. Crenaite BEIBOIBI.

st Toro, 4TOOBI TPEThE JUIO HE MOTJIO UMETh JOCTYI K AMAIOTOBOMY OKHY «JIOTMH M mapoiby, ciemyer
orpannuuth goctyn mo IP aapecy. s storo B meHr Access Control Bkiagku Tools Haxmure KHONKY «/P
Address». Haxxmure kHONKY «Add» n nobasete B crmcok Oenbix IP-angpecoB — IP-aapec cBoero kommbioTepa.
Haxwmure kHomky «Apply». 3atem BbiOepute «Enabled», 4ToOBI BKIIOYMTH PEXKHMM KOHTPOJS JOCTYMa, Kak
MOKa3aHO Ha PUCYHKE 7.

- e

arcess Cortrol Made & Dkasbled i{" Enabled

s -

-
-
IF address: | J -

e
\ - Tbhd“‘9=$ | Rsmane
Apply
Jp—
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Pucynok 7 — AktuBanust KOHTpoJs poctyna no IP agpecy

Buumaunue: Eciu Bol sxmoyume @yukyuio Access Control u ykasxceme IP-adpec He cgoeco Komnviomepa, ¢
KOMopo2o 8 OaHHbIL MOMEHm Ocyujecmeainaemcs Konguzypuposarue, Bol nomepsaeme oocmyn K ycmpoticmay.

BrimostauTe oBTOpSIiA BX0o Ha Web-uHTepdeiic cocearero Mapmpytuzaropa. Crnenaite BEIBOIBI.

4.13. Bemoxaunte tectupoBanne ADSL Bo Bxmaake Status B menio ADSL maxkmute xHOnKy «4ADSL BER
Test». Ilocne naxatust KHOKK «ADSL BER Test» B unxHaeit yactu ctpanuisl ADSL Statistics (ADSL cratuctikm)
MOSIBUTCS ANAJIOTOBOE OKHO, YCTAHOBUTE BpeMsi TECTUPOBaHUS 5 — 10 MUHYT M HOKMUTE KHOIIKY «Start».

[locne 3aBepmIeHMS] TECTUPOBAaHHS B JHAJOIOBOM OKHE OyIeT OTOOpakeH pe3yibTaT TecTa: BpeMs
TECTUPOBaHMs, 00IIee KOJMIECTBO MEPEelaHHbIX OUT, 00lIee KOJMYeCTBO OINO0YHBIX OUT. B oTdeT 3adukcupyiite
pesynbTaT Kod((UIMEHT OIHMOOK. 3aMmuch CIeayeT ceaTh B NpaBmIbHOM dopme, Hanpumep, Koy = 5,9%107,
BER = 1,9x10”.

4.14. Brmomaute Bo3BpaT HacTpoek ADSL poyrtepa k 3aBoackuM. st aToro, Bo BKiagke Tools B MeHIO
System Ha)kxmuTe KHOTKY «Restore Default Settings». I1oSBUTCS ANATOTOBOE OKHO TSI MOATBEPIKICHHUS BO3BpaTa
MapIIpyTHU3aTopa K 3aBOACKHM HacTpoiikam. Haxkmure kHOTIKY «OK».

4.15 Caenaiite o01mne BHIBOIBI O TIpOAETIaHHON padoTe.

4.16. OTBeThTEC MUCHMEHHO Ha KOHTPOJLHBIE BOMIPOCHI.

4.17. Odopmure OTYET.



5 Copep:xaHue oT4yeTAa.

5.1 Lenb paboThI.

5.2 Cxema opraHu3alliy CBSI3M C yKa3aHHWEM MapaMeTPOB CETH.

5.3 3anonHennble Tadaume! 1, 2 u 3.

5.4 Pacuer ckopocteri ADSL motoka. ®opmynsl, pe3ynbTarthl pacderoB. Juarpamma ypoBHeir ADSL

curHayioB. @OpPMyITbI, pe3yIbTaThl PACIETOM.

5.5 Pesynbrar TrectupoBanusi ADSL nuHun Ha OmmoOKH.
5.6 3anucu c u3MeHeHueM mapois poctyna k ADSL mapmpyrtusatopy. VMs monb3oBarens U Mapoib

(crapsii/HOBBII) a1t noctyna kK Web nnrepdeiicy Mapripyrusaropa.
5.7 OTBETHI Ha KOHTPOJBHBIE BOIIPOCHL.

6. KoHTpoJibHbIE BONIPOCHI.

6.1 Uro takoe texHomorust ADSL?
6.2 KakoBa ckopocTh niepenadn nHpopMaiuu B TexHosorun ADSL?
6.3 Kakum o6pa3om ocymectsisietcs nmoakmouenne k DSL-2640U/BRU aiist ero HACTpOWKH?

6.4 Kakoii uarepdetic ucnomnn3yrorcs B ADSL mapmpyruzatope DSL-2640U/BRU st ero HacTpoHKH.
6.5 Kakne nMeroTcst pesKUMbl KOMMYTAIMK B Mapipytuzatope DSL-2640U/BRU?

6.6 KakoBa npornenypa 3amursl Mapipyruzatopa DSL-2640U/BRU oT HecaHKITMOHMPOBaHHOTO JocTyna?

6.7 Kaxoii Tun mogynsauuu npuMmensetcs Ha cetsax ADSL?

6.8 Kakue THIBI CEpBHCOB MOXKHO IIPEAOCTaBIISATH aOOHEHTaM, C XOPOIIUM KayecTBOM, MO TEXHOJIOTHH
ADSL? U npu xakux ycinoBusx?

ITK-2 Crioco0GeH MpoBOIUTE PacUeThl MO MPOEKTY CETeH, COOPYKEHUU U CPENICTB
MH()OKOMMYHUKAIIMA B COOTBETCTBUU C TEXHUYECKUM 33JaHHEM U OCHOBHBIMU HOPMAaTHBHO-
MPaBOBBIMU U HOPMATUBHO-TEXHUYECKUMH IOKYMEHTAMHU

IIpakTHYeckoe 3aHATHE

Pacuer mapamerpos cereii PON

1 leab pabdoThI:
1.1. ITonyunts HaBbIKK pacueTa napameTpoB ceTd PON;
1.2 ITony4nTh HaBBIKK B MOCTPOCHUU AUArpaMMbl ypoBHEH curHana cetu PON.

2 IloaroroBka K padore:
2.1. M3yuuTh TEOpPETUYECKUI MaTepHaj, OTHOCALIMICA K JaHHOW paboTe MO KOHCIIEKTY
JIEKIUA U IUTEepaType.
2.2. [ToaroToBuTh OJaHK OTYETA U OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

3 IlopsioK BBINOJTHEHUsI PA0OThI:
3.1 IlpousBectu pacuer npomyckHoi crocooHocTn ceth PON u CpaBHUTH C TIPOITYCKHON
CIOCOOHOCTBIO TOUKH AO0CTyNa B ceTb MHTepHeT. MicXoaHble JaHHbIE MPE/CTaBICHbI B TalHIIe

l.

Tabmuua 1 — McxonHele naHHbIE

Yucno
[TpomyckHas ciocOOHOCTH
No BapuanTa Buasl ycayr 3neKTpocBsizu a0OHEHTOB

(ONU) TOYKH JIOCTyIa
1 VoIP, I1], IP-TV 122 4xSTM-64
2 I, IP-TV 379 2xSTM-16
3 VolIP, I1]1, IP-TV 395 100GEthernet
4 VoIP, I1], IP-TV 415 STM-64
5 VolIP 2-i1 knacc, IP-TV 270 10GEthernet
6 VoIP, I1], IP-TV 233 10GEthernet
7 VolIP, I1]1, IP-TV 481 STM-64




8 I, IP-TV 281 STM-64

9 VolIP, IP-TV 393 10GEthernet
10 I, IP-TV 419 10GEthernet
11 I1/1, VoD 293 2xSTM-64
12 I11, VoD 409 10GEthernet
13 VolIP, IP-TV, VoD 140 STM-64
14 VolIP, IP-TV, VoD 156 100GEthernet
15 I11, VoD 403 4xSTM-64
16 VoIP, IP-TV, VoD 188 10GEthernet
18 I1/1, VoD, VoIP 251 10GEthernet
19 I1/1, VoIP 1-i1 knacc 354 2xSTM-64
20 IT/1, VoIP 2-i kiracc 232 STM-64

IIpumeuanue: cxopocmsv nepedauu OauHuIX NpuHaAmMv pasHou om 128 xoum/c oo 100
Mobum/c; ckopocmwv nepedauu peuu 6 IP mpaguxe nepgoeo knacca npunams paenou 64 koum/c,
onst emopozo kaacca — 128 xoum/c; ckopocmv nepedauu IP-TV mpaghuxa npunusme pasuoii 100
Mobum/c; ckopocms nepedauu VoD mpaguxa npunsme paenoi 10 Moum/c.

3.2 Onpenenutp uncio moproB obopynosanust OLT, mpomyckHas cmocoOHOCTH MOpTa,
MakcuMmanbHoe umcio mnoxakmodaeMbix ONU k mopty OLT mpencraBneno B Tabmuue 2.
N300pa3uth crpykTypHyto cxemy cetm PON, B cxeme ykazarb OLT, ONU, onrtuyeckue
Pa3BETBHUTEIH, ONTHYECKHE PA3bEMbI, CBAPHBIC COCAMHCHHUS.

Tabnuua 2 — VicxonHble naHHbIe K 3a1aHuto 4.2

Bapuant OLT Li,xm | 1x2 | Lo, xm | 1x4 | Ly, xm | 1X2 | Ly, xm | 1XN | ONU
1 2,5T6/c 1,6 + 1,9 - 1,0 + 0,3 8
2 2,516/ 3,6 - 1,0 + 1,6 - 1,0 16
3 1,3T6/c 3,8 + 0,8 + 2,5 + 1,3 4
4 1,316/c 1,9 + 0,7 - 2,1 - 2,3 16
5 2,5T6/c 3,8 + 1,7 + 2,6 - 2,7 16
6 2,5T6/c 3,1 - 0,3 0,7 + 1,0 64
7 1,316/c 1,1 + 0,9 + 1,1 - 1,7 8
8 2,5T6/c 2,0 - 1,3 - 2,0 + 0,2 32
9 1,316/c 2,6 + 1,2 2,1 + 1,3 32

10 2,5T6/c 2.4 - 0,7 + 1,8 + 0,8 16 ONU
11 1,316/c 1,8 + 0,9 + 0,3 - 0,2 16
12 2,5T6/c 2.9 + 0,4 + 2,1 + 1,1 8
13 1,3T6/c 2,1 + 1,6 + 2,5 - 1,2 4
14 2,5T6/c 39 + 2,0 1,3 + 0,8 8
15 1,3T6/c 2,0 + 0,6 + 2,0 - 0,7 4
16 1,316/c 2,8 - 1,6 + 0,9 + 0,6 8
17 2,5T6/c 1,9 + 0,6 - 1,1 + 0,3 8
18 2,5T6/c 3,7 + 0,8 + 1,0 + 0,7 8
19 1,316/c 1,3 - 1,0 + 1,8 + 0,8 16
20 2,5T6/c 1,6 + 0,9 + 2,1 + 0,3 8

OLT []% 1x2 1x4 1x2 % % 1xN %—E ONU

Ecnu B Tabnuiie oTCyTCTBYET pa3BeTBUTEND 1X2 i 1xX4, To Ha cXeMe ero He MOKa3bIBaTh.




Yucno noap3oBareneld, paCCUUTHIBACTCS COTIIACHO TAOJUYHBIM JaHHBIM, HApUMep: €CIU
OyIyT 3aJeliCTBOBAaHbBI BCE Pa3BETBUTENH, TO KonndecTBO a0oHeHTOB (ONU) cocTaBuT: 2X4X2%x4
=64 ONU.

3.3 Paccuutath ypoBeHb curHanma Py Ha BXome oOopymoBanuss ONU. Iloctpouts
ayarpaMMy poOBHEH uis ABYX JUIMH BOJH: Ay, = 1550 um, A, = 1310 mm. Jlns pacuera
UCIIOJIb30BATh pa3paboTaHHyIO cxeMy U3 3agaHus 3.2. VicxoaHble JaHHbIE IPUBEICHBI B Ta0InIIe
3.

Tabnuua 3 — VMicxoaHble TaHHBIE K 3aIaHUIO 3.3

Ne BapuanTa P, ibm Py, AbM Olop, OB O, 1D Lerp, KM
1 -1,2 -33,6 0,2 0,03 3,7
2 2.4 -34.8 0,4 0,03 0,1
3 3,6 -30,0 0,2 0,02 4.8
4 6 -36,0 0,4 0,03 2.9
5 2,4 -30,0 0,4 0,03 34
6 3,6 -38.4 0,2 0,04 5
7 2,4 -36,0 0,3 0,02 3
8 0 -36,0 0,4 0,03 2,1
9 -6 -30,0 0,5 0,03 4,2
10 0 -30,0 0,4 0,02 4
11 2.4 -36,0 0,2 0,02 0,2
12 1,2 -38.4 0,3 0,05 2,5
13 1,2 -32,4 0,2 0,03 4.4
14 0 -28,8 0,2 0,05 472
15 4.8 -30,0 0,3 0,03 4.5
16 -4.8 -32,4 0,5 0,02 3,8
17 4.8 -28.8 0,3 0,03 3,6
18 3,6 -28,8 0,4 0,05 4,6
19 0 -32,4 0,4 0,04 1,7
20 2,4 -30,0 0,5 0,02 1,0

YPOBGHB CUurHajla Ha JaJIbHEM KOHIC JIMHHUK CBA3U OIPCACIIICTCA HN3 BBIPAXKCHHA
SHEPTCTUUCCKOTO OajaHca CHUCTEMBI:

Pnz['Px =LXaOB+NHCXaHC+NpCXapC+N0p><(x0p (1)

rae  P,; — MOIIHOCTH J1a3epHOro q10/3a;
Px — ypoBeHb curnasna Ha Bxojie npuemMHoro MmoayJist ONU;
L — cymmapHoe paccTosiHUE OT CTaHIIUH 10 A0OHEHTA;
Olos — KHJIOMETPUYECKOE 3aTyXaHUE ONTOBOJIOKHA;
Nyc — KOJIMUECTBO HEPAZBEMHBIX COCAMHEHUN;
Olyc — BHOCHMBIE ITOTEPHU HEPA3bEMHBIM COCAMHEHUEM;
Npc — KOJTMYECTBO Pa3bEMHBIX COCJMHEHHUH
Olpc — BHOCHMBIE ITOTEPH PA3bEMHBIM COCIMHEHUEM
Nop — KOJTMUECTBO ONTUYECKUX PA3BETBUTEIEH
Olop — BHOCUMBIE ITIOTEPH ONTHYECKUMH Pa3BETBUTEIAMU
Jlis pacuera nuarpaMMbl YpoBHEH HEOOXOIUMO PacCUUTATh MOJTHBIE ONTHYECKHUE MOTEPH
Ha JIMHEHHBIX ydacTkax 1o ¢popmyie (2):

ALI = Ll x Olog + NHC X Oy + Npc X apc (2)



rae Ap; — HOJIHbIE ONITUYECKHE MOTEPU HA JIMHEHHOM Y4aCTKE;

Ol — KHJIOMETPUYECKOE 3aTyXaHHE ONTOBOJIOKHA;

Nyc — KOJIMUECTBO HEPAZBEMHBIX COCAMHEHUN;

Olyc — BHOCHMBIC TTOTEPH HEPA3bEMHBIM COCIMHEHUEM;

Npc — KOJTMYECTBO Pa3bEMHBIX COCJMHEHUH

Olpc — BHOCHMBIE IIOTEPH PA3bEMHBIM COEANHEHUEM

3.4 Tloctpouth rpaduk 3aBUCUMOCTH JAILHOCTH JUHUH CBSI3U OT €MKOCTH ONTHYECKUX
pazBerBuTenen s AByX JMH BoH 1550 aM u 1310 M. McxonHble TaHHBIE MPEICTABICHBI B

Tabimmue 4.

Tabnuua 4 — VicxonHble TaHHBIE K 3a1aHUIO 3.4

Bapuant

[ToTepu B oNTHYECKOM pa3BETBUTEIE

1x2 1x4 1x8 1x16 1x32 1x64 1x128
1 33 6,6 11 15,4 19,8 23,1 26,4
2 4,4 8,8 9,9 17,6 19,8 23,1 25,3
3 4,4 7,7 12,1 15,4 18,7 22 25,3
4 5,5 8,8 11 14,3 18,7 22 26,4
5 33 8,8 9,9 16,5 19,8 22 28,6
6 4,4 6,6 12,1 16,5 20,9 22 26,4
7 5,5 7,7 12,1 16,5 18,7 25,3 27,5
8 4,4 6,6 11 15,4 18,7 23,1 25,3
9 33 6,6 12,1 14,3 20,9 25,3 27,5
10 5,5 8,8 12,1 16,5 18,7 22 28,6
11 33 7,7 9,9 14,3 18,7 22 27,5
12 4,4 6,6 9,9 17,6 19,8 22 27,5
13 4,4 8,8 9,9 16,5 20,9 22 25,3
14 33 7,7 9,9 16,5 20,9 22 26,4
15 4,4 7,7 11 14,3 20,9 22 25,3
16 5,5 8,8 9,9 17,6 19,8 23,1 28,6
17 33 8,8 9,9 16,5 19,8 25,3 28,6
18 4,4 8,8 11 17,6 18,7 23,1 27,5
19 4,4 8,8 9,9 15,4 20,9 24,2 28,6
20 4,4 6,6 9,9 14,3 20,9 25,3 26,4

[TocTpoenue rpaduka 3aBUCUMOCTH L(0lop) BBIMTOTHSAETCS OTHOCHUTEIBHO YHEPTETHUYECKOTO
TOorga, 3aBHCHMOCTH

INOTCHIIMAallIa CHUCTCMBI
OHCPIrETHYCCKOIO MMOTCHI[MAIA U ITOJIHBIX ITOTCPb MOXKHO 3allMCaTh B BUAC HCPABCHCTBA!

PON,

3HaUeHHUs B349Th W3 3aaHusa 3.4,

SZ:LXaOB+NHCXaHC+NpCXapC+N0an0p

G)

KonmuecTBo cBapHBIX COCAMHEHHUI M ONTHYECKUX PAa3beMOB ITPUHATH PABHBIM JIByM, TOTAA
u3 popmyisl (3) HOTYyIHM:

L(aOP) S [3 - NHC x aHC - Npc X 0~pc - Nop X aop] / (XOB

L(ctop) <[D -2 % 0,5-2 % 0,05 - 1 X o] / lop

4 Copep:xkaHue oT4eTa:

4.1 lens paboTHI.

L(aOP) < [3 - 131 - 0‘op] / Olop

4.2 Pacuetsl mapameTpoB cetu PON
4.3 JIluarpamMma ypoBHEH ONTUYECKUX CUTHAIOB




4.4 CrpykrypHas cxema cetd PON.
4.5 OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI

5. KoHTpoOJIbHBIE BONIPOCHI:

5.1 Uro Takoe onTHYECKUI pa3BETBUTEND?

5.2 Ha xakux nnmuHax BoJiH pabortaer ceth PON.
5.3 Kakue cymiectByroT TexHoiaoruu PON?

5.4 Ha xakue Buay noapa3iefatoTcs ONTHYECKUE pa3BETBUTEIN?

5.5 KakoBa MakcuMallbHas JaJIbHOCTh OPTaHU3aluHU CBsA3H B ceTsix PON?
5.6 Ckoibko TmOJB30BaTeNel  crmocoOeH 00paboTaTh

obopynosanust OLT?

5.7 Kak pacmudpossiBaercs OLT, u riae ero Mecto yCTaHOBKH?
5.8 Kak pacumdposreiBaetcss ONU, 1 r11e €ro MecTo yCTaHOBKHU?
5.9 FTTx —3T10... YKa3ars JOCTOMHCTBA U HEJOCTATKHU KaXKIOM?

OIVH OITHYECKUI

5.10 Kakue Tunbl ONTHYECKUX BOJIOKOH UCIOJIB3YIOT Ha ceTsix PON?

Ipumep dK3aMeHANIMOHHOTO OUJIeTa

opT

Ypanbckuil TEXHUYECKHI
WHCTHTYT CBSI3U ¥ HHPOPMATHKU
(dumman) ®I'BOY BO
"Cubupckuii ToCyIapCTBCHHBIH
YHHBEPCHUTET
TEJIEKOMMYHHUKALIUHA U
uHdopmaTuku"

B I. ExatepunOypre
(YpTUCHU CubI'YTH)

JK3aMeHALMOHHDI OHIeT
Ne 21

0 qucHuInInHe TeXHOIoTHn
IIUPOKOIOJIOCHOT'O JOCTYIIa

YTBEPXIAIO:
3aB. xapeapoit MDOC

«_27 » suBaps 2022r.

Hampagsnenne 11.03.02 TIpodwnrs MHDOKOMMYHHUKAIIMOHHBIC CETH M CUCTEMBI Y POBEHb bakaaBpuaT

daxymereT HO xypc 5

1)Texuomorust GPON. Cxema mocTpoeHus ceTr. XapakTepucTHKa. JJ0CTOMHCTBA N HEAOCTATKH.

2)Texnonorus Wi-Fi cranmapra IEEE 802.11lac.

JlocTOMHCTBA U HEOCTATKH.
3)3amaqa.

Cxema MMOCTPOCHHUA CCTH. XapaKTepI/ICTI/IKa.

5. BaHK KOHTPOJIbHBIX 33JlaHUIl M1 MHBIX MATEePUAJIOB, HCIOJb3yeMbIX B Ipolecce
NpoueaAyp TEKYIero KOHTPOJsi U MPOMEKYTOYHOM aTTecTAluu
[IpencraBnen B dJeKTpOHHON HWH(pOpMaMOHHO-00pa3oBaTenbHOM cpexe 1o URI:

http://www.aup.uisi.ru.
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