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1 [lenb paGoOTHI

— aHalu3 MNPUHIMIIOB MOCTPOCHUS M CIEIU(PUKH OpraHuU3alNU
CYLIECTBYIOIIUX ONTHYECKUX CETEH JOCTYNa,; HU3YYEHHE OCHOBHBIX
TEOPETUYECKUX CBEACHUM MO TeXHOJOrusiM PON, 03HaKOMHUTBCS C
PA3HOBUIHOCTSIMU JTAHHOM TEXHOJIOTHUH, PAaCCMOTPETH 170,
CpPaBHUTEJbHBIN aHAJIA3, TAPAMETPHI U pEATA3ALUIO

2 KpaTkue TeoOpeTU4eCKre CBEICHUS

Opnna w3 Hux - FTTx (Fiber To The ... — «BOJOKHO 110 ...») -
TEXHOJIOTHS OPraHU3alMK CETeH JOCTYIa C JOBEACHHEM OINTHYCCKOIO
BOJIOKHA N0 omnpeaeneHHon Ttouku. Hecmorps Ha 1O, uto FTTx —
TEXHOJIOTHUS HE HOBas, OJHAKO IIIMPOKOE PaCHpPOCTPAHCHUE OHA
II0J1y4aeT UMEHHO cenJac.

B cemerictBo FTTX BXOIAT pa3inyHbie BUIBI ADXUTEKTYP;

- FTTN (Fiber to the Node) — BosiokHO 10 CETEBOTrO y3Ia;

- FTTC (Fiber to the Curb) — BojaOKHO 40 MHKpOpaKoOHa,
KBapTaja WA TPYIIIEI IOMOB;

- FTTB (Fiber to the Building) — BosokHO 10 31aHMS;

- FTTH (Fiber to the Home) — BosiokHO 10 Kuauia (KBapTUPbI
WA OTACIBHOTO KOTTEKA).

Optical Fibers Metallic Cables

JETTN

[BaC G-

—_——
>1000ft, (300m)

TS e L FTTC

Tl FTTB

JETTH

Pucynok 1 — Bunbr apxutektypst FTTX
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OHU OTIMYAIOTCA TJaBHBIM 00pa3oM TeM, HACKOJIBKO OJM3KO K
M0JIb30BATEIbCKOMY TEPMHUHATY MOAXOIUT ONTUYECKUM KaOEb.

Uctopuuecku nepsbiMu nosisunuch pemenuss FTTN u FTTC.

Ha ceroguamnauii nenp FTTN wncnons3yeTcs B OCHOBHOM Kak
OI0/KETHOE UM OBICTPO BHEAPSIEMOE pEIICHHE TaM, TJe CYIIECTBYET
pacmpenenureNbHas  «MeAHas» ~ HMHPPACTPpyKTypa M MPOKIIAJKa
ONTOBOJIOKHA HepeHTabenbHa. BceM H3BECTHBI CBSI3aHHBIE C OSTUM
pEIIEHUEM TPYJIHOCTH: HEBBICOKOE Kau€CTBO MPEAOCTABISEMBIX YCIIYT,
00yCIIOBIEHHOE  cneuudHUYeCKUMH  MpoOjieMaMHu  JIeKalluX B
KaHAJIM3allMd MEJHBIX Kalesjed, CYIIECTBEHHOE OTpaHUYeHUE TI0
CKOPOCTH M KOJIMYECTBY MOJKIIOUEHUI B OTHOM Kaoee.

FTTC — sto ynyumenasii BapuanT FTTN, numéHHbil yacTu
MPUCYIINX TOcaeaHemMy HenoctaTkoB. B cimywae ¢ FTTC B ocHOBHOM
UCIIOJB3YIOTCSI MEIHbIE KaOelu, TPOJIOKCHHBbIE BHYTPU 3JaHUM,
KOTOphIE, KaK MPaBUJIO, HE MOJBEPKEHBI MpoOjeMaM, CBA3aHHBIM C
nonajgaHueM BOAbI B TeNe()OHHYIO KaHAIU3AIHUIO, C OOJBIION
MPOTSHKEHHOCTHIO JIMHUM WM Ka4€CTBOM MCIIOJb3YEMbIX MEJHBIX KU,
4YTO TMO3BOJISIET AOOUTHCS 0OJiee BBICOKOM CKOPOCTH TNEepeiadyd Ha
MEIHOM yYacCTKE.

FTTC B nepByro ouepenib NpeaHa3HAYCHA I ONEPAaTOPOB, YXKE
ucnosib3yromux —TexHoimorun xDSL wim  PON, wu omneparopos
Ka0EJIbHOTO TEJIEBUJICHUS: pEAIM3aLIHs 3TOM ApXUTEKTYPhl TO3BOJIUT UM
C MEHBIIMMU 3aTpaTaMd YBEIMYUTh W YHUCIO OOCTYXKMBAaEMBbIX
MOJIb30BATENEH, U BBIICISEMYIO KOKIOMY U3 HUX TOJIOCY MPOMYCKAHUSI.
B Poccum 3TOT TUN NMOAKIIOUEHUS YacTO MPUMEHSETCS HEOOIbITUMHU
onepatopamu  Ethernet-ceteit. CasizaHo 23T0 ¢ 0Oojiee  HU3KOU
CTOMMOCTBI0 MEJHBIX PEIIEHUNM U C TEM, YTO MOHTAX ONTHYECKOTO
Ka0esst TpeOyeT BHICOKOW KBATM(PUKAIIUKA UCITOJTHUTETIS.

OueBUAHO, YTO 3aIIAHUPOBAHHBIA HAOOP YCIyTr U HEoOXoauMast
Ui WX T[PENOCTABIEHUS IOJoca IPONYCKAHUS HMMEIT — CaMoe
HEIMOCPEICTBEHHOE BiMsiHME HA BBIOOp TexHonorun FTTx. UeM Bbiie
CKOPOCTb JIOCTYIIa U 4eM OOJIblIe HA0Op YCIYT, TEM OJIMKE K TEPMUHATY
JOKHA TOAXOAUTHh ONTHKA, a WMEHHO HYXXHO HCHOJIb30BaTh
texHonorun FTTH. Ecnm Ke nDpUOPUTETOM SBIISIETCS COXPAHEHHUE
uMeronieiicss THQPaCTPYKTYpsl U 000PYI0BaHUSI, HAWTYUYIIIUM BEIOOPOM
oyner FTTB.

Apxutektypa FTTB nonyuuna nanOombliiee pacnpoCTpaHECHUE,
Tak Kak rnpu crpoutenncTBe ceteil FTTx na 6aze Ethernet (ETTx) uacto
3TO E€IWHCTBEHHAs TEXHUYECKM BO3MOXHasg cxema. Kpome s3Toro, B
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CTPYKType 3aTpar Ha co3aanue cetd ETTX pa3Huiia mexxay BapuaHTamu
FTTC u FTTB oTHocuTenbHO HeOObINAs, MPU 3TOM ONEpaIllMOHHBIC
pacxonpl mnpu dkcryarauuu cetu FTTB Huke, a npomyckHas
cocoOHOCTh BhIme. Apxutektypa FTTB pomuHuUpyeT BO BHOBB
BO3BOJMMBIX JOMax U Yy KPYIHBIX OIEpaTOpoOB CBsA3M, Torna kak FTTH
OyJzieT BOCTpeOOBaHa TOJBKO B HOBOM MAaJIOATaKHOM CTPOUTENLCTBE. B
NEpPBYI0 OdYEpeNb H5TO CBSI3aHO C CYIIECTBEHHO 00Jie€ BBICOKOM
CTOMMOCTBIO €€ peaIM3alMd MO CPAaBHEHHUID CO CTOUMOCTBIO CETHU
FTTC/FTTB, oTcyTCTBHEM MPEUMYIIECTB B MOJIOCE MPOIMYCKAHUS IS
IIOJIb30BATEIA.

B Bapuante apxurexktypsl FTTH ontuka moaxoaut HaumOosiee
OMM3K0 K aOOHEHTY (MeIb HCIOJb3YeTCsS TOJBKO Ha MOCIEIHUX
MEeTpax), MO3TOMY M BO3MOXHOCTA [JII PACIIUPEHUSI MOJIOCHI
MPONYCKaHUsI ~MakcuMaibHbl. be3yciioBHo, apxurekrtypa FTTH
HanOoJiee MEePCIeKTUBHA, OJHAKO WHBECTUIIMU B TaKHWE CETH JIOBOJIBHO
BEJIMKH.

CymectByer nBa Tumna opranuzanuu FTTH cereii: nHa 0aze
Ethernet u Ha 6aze PON.

B pemennn Ethernet FTTH gns komMMmyTamuu — JTUHHI
MOJPa3yMEBACTCSl HCHOJIb30BAHUE KOMMYTATOPOB C ONTHYECKUMH
nmopTaMu  WJIM  ONTHYECKUMHM  TpaHcHBepamu.  KomMMyTaTopsl
o0venuusaroTcsa 6o B «koibiio» Ethernet (GE wmm 10GE), nu6o mo
TOIOJIOTUU «3BE3/1a» U PacToyiaraloTcs Ha IOKOJbHOM WM YEPAAYHOM
sTaxe (B 3aBUCUMOCTH OT CIOC0O0a 3aBEICHUSI MaruCTPajIbHOIO BOJIOKHA
B A0oM). K mopram komMmMyTaTopa MOJIKIIOYAIOTCA YCTPOMCTBA KOHEUHBIX
nosib3oBaTened. Takod moaxoj oOecreunBaeT BBICOKUM ypPOBEHB
HAJIe)KHOCTH 32 CYET BO3MOXHOCTH PE3€PBUPOBAHUSI ONTUYECKHUX
KaHaJIoOB, W OOECHEYHUBAET MPEEMCTBEHHOCTh C CYILIECTBYIOIIEH
«mennoi» uHdpactpykrypoil. K Hegoctatkam Ethernet FTTH mosxHO
OTHECTH Y3KYIO MOJIOCY MPOIYCKaHUsI U HEJOCTATOUYHBIE BO3MOKHOCTH
MacIITaONUpOBaHUS.

Ha Ttepputropuu aboHeHTa (B KBapTUpEe WIH KOTTEIXKE)
ucnonb3yroTcs yerpoiictBa CPE (Customer Premise Equipment).

IIpn wucnons3oBanuu pemieHus Ha 0O0aze PON - naccuBHOM
ONTUYECKOU ceTH - s pasBeprhiBaHusa cetu FTTH onroBonokoHHas
JUHUSL paclpenenseTcs 1o aOOHEHTaM C MOMOIIbI) TACCHUBHBIX
ONTUYECKUX PAa3BETBUTENICH (CIUIUTTEPOB) C KOADPUIIUEHTOM JeeHUs
ot 1:2 1o 1:128. 310 HanboJiee NepCneKTUBHBIA BapHaHT.
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Emé nsaTe jgeT Ha3zaa npokiiagka ONTUYECKOTO Kabels cuuTanach
KpailHe TOPOTUM pEIICHHEM MpoOJeMbl «rocaeanet Mmuany». OaHako B
HacTofllee BpeMsi OJsarojapsi 3HAYUTEILHOMY CHIDKEHUIO II€H Ha
ONTUYECKUE KOMIIOHEHThI 3TOT MNOAXO0A cTal akryaneH. CeromgHs
MPOKJIAJbIBATh ONTUYECKOTO KaOens JyIsi OpraHu3alluyd CEeTH J0CTyIa
CTaJ0 BBITOJJHO W MpPU OOHOBJICHHM CTaphiX, U MPU CTPOUTEIIHCTBE
HOBBIX ceTell nocrtymna. I[lpm 3TOM HMeeTcs MHOXKECTBO BapUaHTOB
BBIOOpa BOJIOKOHHO - ONTHYECKOW TeXHoJioruu jgoctyna. Hapsay c
TPAJULIMOHHBIMU PEHICHUSIMA Ha OCHOBE OINTHYECKUX MOJIEMOB,
orntnyeckoro Ethernet, TtexHomormm Micro SDH mnosgBuiance HOBBIC
pELICHUS] C HCIMOJb30BAHUEM apPXUTEKTYpPbl MACCHUBHBIX ONTHYECKUX
cereii PON. PON (ab0OpeBuatypa ot auri. Passive optical network,
MacCMBHasi  ONTHYECKas Ce€Tb) — OTO  CEMEHCTBO  OBICTPO
Pa3BUBAIOIINXCS, HauOoJsee MEPCIEeKTUBHBIX TEXHOJIOT U
HIMPOKOMOJIOCHOTO MYJBTUCEPBUCHOTO MHOKECTBEHHOI'O JIO0CTyMa IO
ONTUYECKOMY BOJIOKHY.

[IpeumymectBa apxutekTypsl PON:

- 5KOHOMMUS ONTOBOJIOKHA;

- OTCYTCTBHUE MTPOMEKYTOUHBIX AKTUBHBIX y3JIOB;

- DKOHOMHMSI ONTHYECKUX MPUEMOIEPENIATUMKOB B IIEHTPAIBLHOM
y3IIe;

- JIETKOCTh MOAKIIFOUEHUSI HOBBIX a0OHEHTOB;

- yA00CTBO O0OCTYXMBaHUS (TMOAKIIOUYCHUE, OTKIIOUCHHUE WIH
BBIXOJ W3 CTPOS OJHOTO WM HECKOJbKHX aOOHEHTCKUX Y3JIOB HE
CKa3bIBAETCS Ha pab0OTE OCTAIbHBIX).

31€Ch MOXHO BBIJECIUTh YETHIPE TOMOJOTHH ONTHYECKUX CETEH
JOCTYIA: TOYKA-TOYKA, KOJIBIIO, IEPEBO C aKTUBHBIMH Y3J1aMH, JIEPEBO C
MAaCCUBHBIMHU ONITUYECKUMU SIIEMEHTAMH.

ADOHE HTCKKME ANkl

LleHTpaneHam
% F

(©) "TodKa-TouKa"

MogeanuT NoSEn CeTeBan TEHANOr A

* [pocrata 8 rpagecce pataTel C2TH

® TpefyaToR MHOra BanaKiH

® TpefysToR MHOM ONTHYECKME NEpEgaTYHEDE

Pucynok 2 — Tononorust «Touka-rouka (P2P)»
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Haubonee mnpocras apxutekrypa. OCHOBHOW MHHYC CBSI3aH C
HU3KOW 3G PEeKTUBHOCTHIO KabenpHBIX cucTeM. Heobxommmo BectH
oraenbHbii BOK W3 1menTpanpHOro oduca B Kaxkaoe 37aHUE WU
KOKJIOMY KOpPIOpaTUBHOMY a0OHEHTy. JlaHHBIM MOAXOJ, MOXKET OBIThH
peanuzyeM B TOM cilyyae, Korja a0OHEHTCKUW y3en (3aaHue, oduc,
NpEANpPUATHE), K KOTOPOMY IPOKJIAJIbIBACTCS BbIJICJICHHAsT KaOeabHas
JIMHUS, MOXKET UCIOIb30BaTh 3TH JIMHUK PEHTA0EIBHO.

Tomonoruss  P2P  He  HaknajaplBa€T  OrpaHUYEHUS  HA
UCIIOJIB3YEMYIO CETEBYIO TexHoyioruio. P2P moxeT ObITh peanu3oBaHa
KaK JJisg JII00OTO CETeBOro CTaHjapTa, TaK W JJIS HECTaHIapTHBIX
(proprietary) pemenmii, Hampumep ontuueckue MojeMbl. C TOYKH
3peHus O€30MacCHOCTHM M 3alllUThl IepeaBacMoi HHQpOpMAIUU TpU
coequHeHnn P2P oOecrieynBaeTcsi MakCcUMallbHasi 3alllMIIEHHOCTH
a0oHeHTCKuX  y3J0B. [lockonbky onTuHyeckuil Kabenb  HYXKHO
MPOKJIAbIBATh WHAUBUIYATBLHO 0 KaXXJ0TOo aOOHEHTa, ATOT MOJXO0J]
ABJISIETCS HauOOJiee JOPOTMM U IIPUBIIEKATEIEH B OCHOBHOM A
a0OHEHTOB B JIMIIE KPYITHBIX KOPIIOPATUBHBIX KJIUEHTOB.

Konbueas Tomomorus Ha ocHoBe SDH  mnosoxurenbHO
3apEKOMEHIoBaNa ce0sl B TOPOJICKUX TEICKOMMYHUKAIMOHHBIX CETSX.
OpnHako B CETAX JOCTyNa HE BCce OOCTOUT Tak ke xopoino. Ecnu npu
MIOCTPOCHUU  TOPOJCKOM  MarucCTpaJii  PACMOJIOKEHUE  Y3JI0B
IJIAHUPYETCSl HA 3Tale MPOCKTUPOBAHUS, TO B CETSAX JOCTyINa HENb3S
3apaHee 3HaTh, TJAE, KOrJa W CKOJIbKO aOOHEHTCKMX Y3JIOB Oyner
ycTaHoBieHO. Ilpu ciaydalHOM TEppPUTOPUAIBHOM ¢ BPEMEHHOM
NOAKIIOYEHUH  TOJIb30BATENIEN  KOJbIIEBas  TOIMOJIOTUS ~ MOJXKET
MPEBPATUTBCA B CHIIBHO M3JIOMAHHOE KOJIBIIO C MHOXECTBOM
orBeTBiIeHUH. [loaKTIOUeHE HOBBIX AODOHEHTOB OCYIIECTRIISIETCS ITyTEM
pa3pbiBa KOJbLIA U BCTABKU JOMOJIHUTEIbHBIX CErMEHTOB. Ha mpakTuke
4acTO TaKWe METIM COBMEIIAIOTCA B OJHOM Kabeye, 4TO MPUBOJIUT K
MOSIBJICHUIO KOJIEII, TOXOXKHUX OO0JIBIIE Ha IOMaHYIO.



ABOHEHTOKME Y3NkI
leHTpan eHe Il
WAEN

(a) "konbuo"

Tunogas TexHanarug — kukpo S0H

& (10 KONM-ECTEY BONOKOH = MOSANEHOS
pELWEHWE

& DBCTpOSHHOS pe3epEUPOBaHNE
L I:J'Il:.lf‘f'iHl:II_—I'I:h HapﬂLIJ'l-IEEHIrIH CETH

Pucynok 3 — Tononorus «koJbno»

JlepeBO ¢ aKTHUBHBIMH y3JaMH — 3TO JKOHOMHYHOE C TOYKH
3pEHMS NCTOJIb30BaHMUS BOJIOKHA perieHne. OHO XOpOIIo BIUCHIBACTCS B
paMKku ctagaaprta Ethernet ¢ nepapxueii 1Mo CKOpocTsM OT IICHTPAILHOTO
y3na k abonentam 1000/100/10 Mout/c (1000Base-LX, 100Base-FX,
10Base-FL).

AGoHEHTCKHE V3B
LleHTpansHeIA

yaen
I

(B) “nepeeo c akTMBHbIMKM yamamu”

TunoaanA TexHonarkg — Ethernat 10710071000
® [pacToTa B NpolUEcoe patoTel CETH
® TpebyeToR akTvados olapynoBaHue

HE NP ORMERYTOMHBR Yanax

Pucynok 4 — JlepeBo ¢ akTUBHBIMH y3J1aMU

Crangapt IEEE 802.3 Ethernet naBHO mepecranu orpaHUYUBATH
HUIIEW KOPIOPATUBHBIX ceTell. CTpOSIIMECS M0 3TOMY NPHUHIUITY CETH
MOI'YyT UMETh JOCTAaTOYHO CJIOKHYXO U Pa3BETBICHHYIO IPEBOBUIHYIO
apxuTekTypy. OQHAKO B KaXIOM Yy3Jie JIepeBa 00s3aTEIbHO IOJIKHO
HAaXOJIUThCSl AaKTUBHOE YCTPOHCTBO (mpumeHuTenbHo Kk [P-cersim
KOMMYTaTop Win Mapupytuszatop). ONTHYECKHE CETH JOCTYyIa
Ethernet, mpeuMylIeCTBEHHO UCHOJB3YIOUIME JAHHYIO TOIOJIOTHIO,
OTHOCHUTEJILHO HeAOporu. K OCHOBHOMY HEIOCTATKy CIEAYET OTHECTHU
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HaJU4YMe Ha MPOMEKYTOUHBIX y3JIaX aKTUBHBIX YCTPOMCTB, TPEOYIOIINX
WHJIUBUIYILHOTO TTUTAHUS.

YacTHbIM cilydyaeMm, KOrja B Kauye€CTBE IACCHBHOTO ONTHYECKOTO
AJIEMEHTA BBICTYNAET ONTHUYECKUN pPAa3BETBUTEINb, SIBIAECTCS ceTb PON,
WCIOJIB3YIOIAsl TOMOJIOTHI0 «TOYKa-MHOrorouka» P2MP (point-to-
multipoint). K omHOMy mHOpTYy LEHTPaJbHOIO Yy3jJa MOXET OBITh
MOJIKJIFOYEH 1IEJIBIM  BOJIOKOHHO-ONTUYECKUA CETMEHT JPEBOBUIHOMN
apXUTEKTYPhl, OXBATHIBAIOIIUN JIECATKH aOOHEHTOB.

AGOHE HTCRNE YAkl

LlEHTpaneHoIR
48 & il
4
FasaeTenTens

(r) "NepeBo ¢ NaccUBHbIM
ONTUYEC KMM pasBEeTENEHUEM"

Tunoaaa TexHanankss — PO

. DI‘ITMM-BJ'I aHOs ‘-irl-:.-'r;.’ BonaFIH

B CDnmamaneHoS WCa0 anTHYe CEEX
NepaaETaHHae
Py HILMOHHPOBAHNE CETH CRegHE:s
No CROEHOCTH

Pucynok 5 — JlepeBo ¢ MacCCUBHBIM ONTUYECKUM 3JIEMEHTAMU

PON-P2MP

[Ipy »3TOM oONTHYECKHE PA3BETBUTENN, YCTAHABIMBAEMBIE B
MPOMEXKYTOUYHBIX y3J1aX JIepeBa, MOJHOCTbIO MACCUBHBI U HE TPEOyIOT
MATAHUS U CTICIUAIU3UPOBAHHOTO OOCITYKUBAHMS.

B Tomosornn P2MP 3a cuer onTtumuzanuyd pa3MenieHUs
pa3BeTBUTENEH MOXKHO JOCTHYL 3HAYUTEIHLHOW SKOHOMHUHU ONTHYECKUX
BOJJOKOH M CHHIKEHHMS CTOMMOCTH KaOelbHOU HWHQPPACTPYKTYPHI.
AOOHEHTCKHE y3J1bl HE BIHUSIIOT HAa padOTOCIIOCOOHOCTh CETH B IIEJIOM.
[TonkmroueHre, OTKIIOYEHHE WM BBIXOJ W3 CTPOS OJHOTO WIIH
HECKOJIbKMX a0OHEHTCKMX Y3JI0B HUKAaK HE CKa3bIBaeTCsl Ha padoTe
OCTaJIbHBIX.

[IpenmymiectBa apxutekTypsl PON cBoasTca, BO-NEpPBBIX, K
OTCYTCTBUIO TTPOMEXKYTOUYHBIX AKTUBHBIX Y3JIOB U SKOHOMHUHU BOJIOKOH.
Bo-BTOpBIX, = SKOHOMSITCSI ~ ONTUYECKUE  MPUEMOINEPEAaTUYMKH B
IEHTpAJIbHOM  y371€. B-TpeTbux, HYXHO OTMETUTHh  JIETKOCTh
NOAKIIOYEHUS HOBBIX A0OHEHTOB M  yA0OCTBO  OOCIyXKHUBaHUS
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(moAKJIFOYEHWE, OTKIIYEHUE WM BBIXOJ U3 CTPOST OJHOTO WIIH
HECKOJIbKUX aOOHEHTCKMX Y3JI0B HHUKaK HE CKa3bIBaeTCAd Ha padoTe
OCTaJIbHBIX).

HpeBoBunnass tomnosorua P2MP mno3Bonsier onTuMu3npoBaTh
pa3MEIICHUE ONTHUYECKUX PAa3BETBUTEIIENM HCXOAS U3 PEAITBHOIO
pacrosyiokeHus abOHEHTOB, 3aTpaT Ha MPOKJIAJKY ONTHYECKUIN Kabeb U
IKCIUTyaTalio KabenbHOM ceTu. K HemocTaTkaM MOXKHO OTHECTH
BO3pPOCIIYI0  CJIOXKHOCTH  TexHojsormu  PON  um  oTcyTcTBHE
pPE3EPBUPOBAHUS B IPOCTEUIICH TOMIOJIOT MU JE€pPEBA.

3 Ilpunnun neiictBust PON

entpansueiii y3ea OLT (optical line terminal) — yctpoiicTgo,
yCTaHaBJIMBaeMOe B ILEeHTpalbHOM oduce. I[IpuHUMaeT aaHHBIE CO
CTOPOHBI MAaruCTPaJIbHBIX ceTeil yepe3 muTepdericel SNI (service node
interfaces) u ¢opMupyeT HHUCXOIANIMA MOTOK K aO0OHEHTCKUM y3jaMm
(mpsimoit moTok) mo aepey PON.

Aobonentckuii yzea ONU (optical network unit) — ucnonbs3yercs
takke TepmuH ONT (optical network terminal), mmeer ¢ omHO¥H
CTOpPOHBI a0OHEHTCKHE HHTep(deichl, a ¢ Apyroil — wuHTEpdec ais
nogkitoueHus k- aepeBy PON. Ilepemaua BeneTcs Ha JJIMHE BOJIHBI
1310 HM, a mpueM — Ha anuHe BONHBI 1550 HM. ONU npuHnmaer
nanaple oT OLT, koHBepTHpyeT HUX M IepenaeT abOHEHTaM uepes
abonentckue narepdericel UNI (user network interface).

OnTtuyecknii  pa3BETBUTENb  —  ITACCUBHBIM  ONTHYECKUU
MHOTOTIOJTFOCHHK, PACIpeIeNIIONi MOTOK ONTHYECKOTO HU3IYyUYCHUS B
OJIHOM HAIlpaBJICHUU U OOBEIUHSIONINI HECKOJBKO TIOTOKOB B
oOpaTHOM HarpaBiieHUU. B 0o01eM cityyae y pa3BETBUTENSI MOKET ObITh
M Bxomubix U N BbeIXOJAHBIX MOPTOB. B cersix PON Haumbosiee yacto
UCTIONB3YIOT pa3BeTBUTEIM IXN ¢ OJHUM BXOJHBIM TIOPTOM.
PazgerBuremn  2xN  MOryT  HMCHOJIB30BaTbC B CHCTEME  C
pe3epBuUpoBaHuEM MO BOJIOKHY. Ilo pabodeil monoce mnponyckaHus
pa3BETBUTENM JCISTCA HA CTaHJapTHbIC 0HOOKOHHBKIE (I pad = 10 HM),
HIMPOKOIOI0CHBIE 0AHOOKOHHKIE (I pad + 40 uM) u aAByxokoHHbIE (1310
+ 40 am u 1550 + 40 um). g cereir PON ucnons3yroTcs TOJIBKO
JIBYXOKOHHBIE  pa3BeTBUTEIM. B  yka3zaHHBIX pabOyMX  OKHax
XapaKTePUCTUKHU PA3BETBUTEIIS JOJIKHBI ObITh CTAOUIIBHBIMHU.

OcHoBHasg wuness apxutekrypel PON — wHcnosib30BaHUE BCETO
ONHOTO mpueMmo-nepenaromero monyias B OLT gna  nepepmauum
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uHopMalu MHOXECTBY aboHeHTCKkuX ycTpoiictB ONU u mnpuema
uHpopmanuu OT HUX. UMCIO aOOHEHTCKHX Y3JI0B, MOAKIIOYEHHBIX K
oJHOMY Tipremo-tiepenaromemy Moayiao OLT, MOeT ObITh HaCTOJIBKO
OOJBIINM, HACKOJIBKO MO3BOJISIET OIOJIKET MOIIHOCTA M MaKCHUMalbHasl
CKOPOCTh MpPHUEMOIIEpEAAOIIEeH annaparypsl. s mepemauu Mmortoka
unopmanuu ot OLT k ONU — npsiMmoro (HUCXOJAIET0) MOTOKA, Kak
paBUjIo0, UCTONb3yeTcsa aauHa BoiHbl 1550 uM. HaoOopot, motokwu
JAHHBIX OT pa3HbIX AaO0OHEHTCKUX VY3JIOB B IIEHTPAJIbHBIA Yy3ell,
COBMECTHO 0Opasytoliue oOpaTHbIA (HUCXOAIINI) NOTOK, EpeatoTCs
Ha anuHe BoaHbI 1310 aM. B OLT u ONU BcTpoeHbI MyJIbTUILIEKCOPHI
WDM, paznensronme uCXoAsI1ue U BXOISAINUE TTOTOKH.

Ll eHTRaneHEIq ASOHEHTCHMIA
wsEn YysEn
OLT

SHI Mpamod kaHan

= 1550 Hm /
iF =
-
OBpaTHEH K3aHan -\

= 1310 Hm

K M3rKCcT pan eHEM CeTAM
ABOHE HTCEHE
HHT epd ek

MHTe pd e Mol NoAKA KOYEHKA

kA PazeeTeMTENE DA
121011550 Hm 13101550 um 131001550 Hm

@ [A]
it
FEIE]IE]

g

- B

Mpamck kaHan

]

Pucynok 6 — OcHoBHBIE 251eMeHTHI apXUTeKTypbl PON 1 npuHIum
JNEeUCTBUSA

IIpsaMou moTok

[IpssMOoM MOTOK HAa YPOBHE ONTHYECKUX CHUTHAJIOB, SBJISIETCS
mupokoBemareabHbiM.  Kaxnasii ONU, 4yurtas agpecHble  MOJI,
BBIJICJISIET M3 3TOr0 OOIIEro MOTOKa MpeJHAa3HAYCHHYIO TOJBKO €My
gacTh uHpopManuu. DakTUIECKU, Mbl UMEEM JICJIO C paclpeieICHHBIM
JIEMYJIBTUILIEKCOPOM.

OOpaTHBIN MOTOK
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Bce abonentckue y3nsl ONU BeayT mnepeagady B 0OpaTHOM
IIOTOKE HAa OJHOM M TOW XK€ JJIMHE BOJIHBI, WCHOJIb3Yysl KOHIIECIIHIO
MHOJKECTBCHHOT'O JIOCTYIIa C BPEMEHHBIM pasjaeincHueM TDMA (time
division multiple access). Jlis Toro, 4ro0bl HCKIIOYHTH BO3MOKHOCTh
nepeceuyeHuss CUrHajioB oT pa3Hbix ONU, miIs Kaxaoro u3 HHUX
YCTAHABIIMBACTCA CBO€ WHIMUBUYAJIbHBIE pAaCOUCAHUA MO Iepeayde
JAHHBIX C YYETOM IIONPABKM HA 3aJEPKKY, CBA3aHHYIO C YIAJICHUEM
nanHoro ONU ot OLT. Oty 3amauy pemaet nporokoiad TDMA MAC.

PasznoBuanoctu PON

BPON EPON GPON
Crangapt ITU-T G.983 |EEE 802.3ah ITU-T G.984
MNponyckHas Hucxogawmin noTok — go 622 MouT/c | CrMMEeTPU-HBLIA, Hucxogswwi notok — go 2.5 Mout/c
cnocoBHoCTL Bocxoaauwwi notok — 155 M6ut/c Ao 1,25 MNburlc Bocxogsumin notok — go 1,25 Moutic
SUPREE B : 1490 » 1550 um 1550 Hm 1490 » 1550 um
HUCXOARLErD NOTOKA
RO B0 1310 Hm 1310 Hm 1310 Hm
BOCXOQALWEro noToka
Nepenaya ATM Ethernet Ethernet, ATM, TDM

Pucynok 7 — CpaBaenue texnonoruit BPON, EPON, GPON

Apxutektypa BPON — 3T0 TpaaulioHHasi TEXHOJOTUsI, KOTOpasi
B HACTOSIIEE BpPEMs BCE €IIE MPUMEHSETCS HEKOTOPBIMH CEpPBUC-
npoBaiinepamu B CIIIA, ogHako, oHa OBICTPO BBITECHSICTCS IPYTrUMU
apxutektypamu. B 1o Bpemsi kak EPON Obuta pa3pabotaHa ¢ LEJbIO
CHUKEHHUSI CTOMMOCTH MYTEM UCIOJIb30BaHusl TexHojorun (Gigabit
Ethernet, apxutexkrypa GPON paspabarsiBaiach, 4ToObl OOECIICUUTH
0oJiee BBICOKYIO CKOPOCTb Tepelaud JaHHBIX HHUCXOJSIIETO IOTOKa,
CHU3UTH HAKJIAJHBIE PACXOJibl U O0ECHEYUTh BO3MOXHOCTh IEpEIauu
tpadpuka ATM u TDM. HecmoTtps Ha 100aBIEHHYIO MOJAEPKKY CTapbIX
MPOTOKOJIOB, 3Ta BO3MOKHOCTh TIOKa PEAKO MCIOJIB3YETCs Ha MIPAKTHKE.
BMmecto »atoro apxutekrypa GPON wucnosibs3yeTrcss B  KayeCTBE
TpancnioptHoii  mnargopmel  Ethernet.  GPON  mpenocraisier
MacIITabUpyeMyto CTPYKTYPY KaApoB IPU CKOPOCTSIX mepeaadud ot 622
Mout/c no 2,5 I'6ut/c, noaaepXKuBaeT Kak CHUMMETPUYHYIO OHUTOBYIO
ckopocTh B zepeBe PON 11 HUCXOASIIETO U BOCXOJAIIETO MOTOKOB,
TaK U acCUMETpUYHYI0 U 0asupyercs Ha cragmapte ITU-T G.704.1 GFP
(generic framing protocol, oOmuii MPOTOKOJI KaapoB), oOecreUHBas
WHKATCYJISIHNI0 B CHHXPOHHBIH TPAHCTIOPTHBIM MPOTOKOJI JIFOOOTO THUIA
cepBuca (B Tom unciie TDM).
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4 Pacy€T 3aTyXxaHusi ONTUYECKUX A00OHEHTCKUX JIMHUN CBSI3H

AJNTOpUTM pacyeTa BBITJISIUT CIACTYIOINIMM 00pa3oM:

- pacueT CyMMapHbIX MOTEpPh IJs KaxJA0W BeTBU 0O€3 yuera
MOTEPH B PA3BETBUTEIIAX;

- moo4epeHoe onpeacaeHue KodhPUIIMEHTOB JAeICHUs KaXKI0T0
pa3BETBUTEISA, HAUWHAS C HAaMOOJIee yAAICHHBIX;

- pacder Oro/KeTa IOTeph JUIA  KaXaoro aOOHEHTCKOTrO
TEPMHUHAJIA C YYETOM MOTEPh BO BCEX AJEMEHTAX IEMH, CPABHEHUE €TO C
JTUHAMUYECKUM JIMANa30HOM CUCTEMBL.

[Tockonbky OOBIYHO AaOOHEHTBHI HAXOASATCA Ha Pa3TUIHOM
pPacCTOSSHUM OT TOJIOBHOW CTaHIWH, TO, NPU PABHOMEPHOM JACICHHUU
MOIIHOCTA B Ka)XJIOM pa3BETBUTEIE, MOIIHOCTh HAa BXOJE KaxKJI0Io
ONU 6yaer paznuuna. [Togbop mapamMeTpoB pa3BETBUTENICH CBsI3aH C
HEOOXOJMMOCTBIO TIOJIYUYECHHUSI Ha BXOJE KaXxJ0ro aOOHEHTCKOTO
TepMHUHANAa CETH MPUMEPHO OJIMHAKOBOTO YPOBHSI ONTHUYECKOM
MOIITHOCTH, T.€. MOCTPOUTH TaK Ha3bIBAEMYIO COATaHCUPOBAHHYIO CETh.
OTO NPUHIUIHAIBHO Ba)XXHO IO JBYM NpUYUMHaM. Bo-mepBbIX, s
JNAJbHEUIIIEr0 Pa3BUTUS CETH BaXXKHO HMMETh NPUMEPHO PaBHOMEPHBI
3amac Mo 3aTyXaHHWIo B KaxJ0M BeTBU «jepeBa» PON. Bo-BTopsix, ecin
CeTh HE cOajaHCHpOBaHA, TO Ha CTaHUMOHHBIM TepmMuHan OLT ot
paznuuabix ONU OynyT npuxoAuTh B 00IEM MOTOKE CUTHAIBI, CUJIBHO
OTJIMYAIOIIUECS IO YPOBHIO.

[Ipu BeIOOpE pa3BeTBUTENCH HEOOXOAWMO 3HATh, KakKhe MOTEPHU
OylyT BHOCHUTBCS B L€Nb. [ MpUMEpPHOro oOmnpenesieHus] BHOCUMBIX
noteps ABYXOKOHHBIX (1310uM u 1550 HM) pa3BerBuTesei Thma 1x2,
1x4, 1x8, 1x16, 1x32 Bocnoyib3yemMcs CIEAYIOMIEH CIPaBOYHOU
TaOIULIEH.

Tabnuma 1 — Texuuueckue xapakTepUCTUKH Pa3BETBUTEIECH

Kondurypauus 1x4 1x8 | 1x16 | 1x32
Buocumsie notepu (1b) 7,2 10,5|13,8 | 17,1
JlonmycTmMasi HEpaBHOMEPHOCTb  JICICHUS <0,8 <1,0|<1,5 |<2,0
ONTHYECKON MOIITHOCTH MEXKTY BBIXOJIHBIMH

noptamu (1b)

JlormycTuMble M3MCHCHUS MOTePh

ONTUYECKOW MOIMHOCTH Tipu  1nepenade | <0,3 <0,3 [<0,3 [ <0,3
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MEXIY BBIXOJAHBIM U KaXJbIM W3 BXOJHBIX
NOpTOB,  OOYCIJIOBJICHHbIE  W3MEHEHHUEM

NOJISIPU3AITAN

Bo3sBparnasie norepu (1b) >55 >55 |>55 |>55
HanpasnenHnocts (1b) >55 >55 | =55 | =55

Tabnuia 2 — Paboune yciaoBus 1 KOHQUTYpalus pa3BeTBUTENCH

JInvHa BOJHBI 1260+1360 M, | Kondurypanus | Pazmepsr
1450+1625 am BXIIX ], MM

Makc. BX. | 17 nbm, 1550 um 1x4, 1x8 4x4x40

CUTHAJ

PaGouue ot munyc 40 °C o | 1x16 5x4x40

temneparypbl | wtoc 85 °C

OTtHOCHT. 5%+85% 1x32 7x4x50

BJIQKHOCTD

OO6me mapamMeTphl:

1  Momnocts nepeaaturnka OLT, 1bm

Ucxonss 1U3  TEXHUYECKUX  XapPAKTEPUCTUK  BBIOPAHHOTO
o0opynoBanus, MOIHOCTH nepenatyuka OLT Bappupyercs B AuanasoHe
-1 ~+3 nbwm.

2  YysctBuTenbHOCTh TpueMHuka ONT, 1bm

Ucxonss HU3  TEXHUYECKUX  XApPAKTEPUCTHK  BBIOPAHHOTO
o0opyaoBaHUs, YyBCTBUTEIbHOCTh TpueMHuka ONT Bapbupyercs B
nuarmasoHe -26 ~ -30 nbm.

3 136sITOUHBIE TOTEPHU, 1b

Ucxonss 1U3  TEXHUUYECKUX  XapPAKTEPUCTUK  BBIOPAHHOTO
o0opya0BaHUsI, U30BITOYHBIE TOTEPU KAXJOTO CIUIMTTEpPa COCTABJISIIOT
0,1 nb.

4  3aryxaHue B BOJOKHE, 1b/KM

Tunm ONTHUYECKOTO BOJIOKHA, MPHUMEHSEMOrO IpPU IOCTPOCHUU
nanHou cetu, SMF-28¢ mpousBoactBa Corning Incorporated. B
Ka4eCTBE PACUETHOI'O0 HUCIOJIb3YETCS 3aTyXaHUE Ha TOW JIJINHE BOJIHBI,
rji€e OHO MakcMMalibHO. Takum 00pa3oM, NpUMEM MaKCUMaJIbHOE
3aryxanue npu A=1310 um a = 0,35 n1b/xkm .

Jns KaXIoM ONTUYECKOW JMHHUM NPEANCTaBUM BCE IOTEPU B
JIMHUU B BUJIE€ CYMMBbI 3aTYXaHUH BCEX KOMIIOHEHTOB:
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AY=(li+...+1p)-a+ Np-Ap+ NC : AC +(APA31+ APABm) Jb (1),
rae AZ — cymmapubie notepu B quHuu (Mexay OLT u ONU),

nb;

Ii — JIJIMHA 1-y4acTKa, KM;

N — KOJIMYECTBO Y4aCTKOB;
o — K03 (PUITMEHT 3aTyxXaHusl ONTHIECKOTO Kabes, 1b/KM;
N p — KOJIMYECTBO Pa3beMHBIX COCIMHCHMIA;

AP — CpEHHE TTOTEPU B PA3bEMHOM COCIMHECHUH, 1b;
NC — KOJIMYECTBO CBAPHBIX COCANHEHUM;
AC — CPEJIHUE TIOTEPU B CBAPHOM COEIUHEHUH, 1b;

AP A3; ~ oTepu B 1-ONTUYECKOM pa3BeTBUTENE, Ab;

Pucynok 8 — Ontuueckas TuHuA

[lepBoe cilaraeMoe OTHOCHUTCS K CyMMapHBIM TIOTEpsSM B
ONTHYECKOM Kabeyie, BTOpOE€ — K MOTEpsSM B pazbeMax, TPEThe — K
MOTEPSIM Ha CBapKax, U YETBEPTOE — MIOTEPH B PA3BETBUTEIISAX.

[Tocne sToro, mpou3BeaeM pacdeT 3aTyXaHWs ISl KaKJIOW Ienu
(ot OLT no ONU). Pacuer 0ro/15keTa OTEPH NOJIKEH NOATBEPIUTD, YTO
U1 KaKAoW 1enu oOIas BeJIWYMHA IMOTeph (BKJIOYAs 3arac) He
IPEBBIIIACT TMHAMUYSCKHIH THana3oH CUCTEMEI, T. €.:
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P:PBlemin_PBXZAZ+P3AH (2)
rae P — nuaamudeckud nuana3oH PON, nb;
PB I D(min — MHUHMMAaJIbHasi BBIXOJHAsI MOIIHOCThH IEpeaaTyuKa
OLT, nbwm;

PB y — 1OIyCTUMAask MOIIHOCTb Ha BXOJIE PUEMHHUKA ONU, nbwm;

AZ — cyMMapsbie notepu B tuHuu (Mexay OLT u ONU), ab;

P3 AT sKcruryarauuoHHsid 3anac PON, nb.

OKCIUTyaTallMOHHBIN 3amac HeoO0XOoAMMO MpeaycMaTpuBaTh Ha
Cy4Yal IIOBPEXKJIECHUU B JIMHEWHOM TpPaKTe, YXYAUEHUS YCIOBUU
nepegayy M JanbHeiero pa3sutus cetd. OObIyHO Oepercs 3amac 3-4
nb, HO eciM Ha OTAEIBHBIX CErMEHTaX CETH MPEAnoaraeTcs
MOJKJIIOUEHUE 3HAYUTEIBHOIO KOJWYECTBA IIOJB30BATEICH, TO TaM
3amnac JO0JDKEH ObITh SIBHO OOJIBIIIE.

OnucanHyr0 MOCIEAOBATEIBHOCTh PACUYETOB NPUMEHUM B
JTaJIbHEUIIIEM.

OnpenenuM  mapamMeTpbl  ONTUYECKUX  PA3BETBUTEIEH U
MIPOM3BOJIMM pacyeT ONTHUYECKOro OrojpkeTa cetu i mnpoekra PON,
MPEJICTABIICHHOTO Ha CleaAyrmeM pucyHke. [lorepu B paszbeMHBIX
COEMHEHHUSX MPUHSIThH AP = 0,3 ab, moTepu Ha cBapkax A\C = 0,05 nb,

ko3 puueHT 3aTyxanusi ontuyeckoro kaoens - 0,35 nb/km Ha minHe
BOJIHBI 1310 HM™.

JITMHBI yYaCTKOB: |1 =4 KM, |2 =2 KM, |3 = 2 KM, |4 =4 KM, |5
= 6 KM.

OLT

ONU3

Acl

Pucynok 9 — Pacuert yuactoka OLT-ONU
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[IpousBenemM pacdeT MOTEpPh IO MPUBEASCHHOW BBIIMIE (HopMyIie
JUTA KOKIOW U3 TPEX LECTEN:
OLT-ONUL1:= AZ—l:(I5+I3)-a+4-AP +2-AC +APA3 = (6+2)-0, 35 +

4.0, 3+2-0,05 +3,9=8 nb (3)
OLT-ONU2:= AZ—2:(|5+|3+|4)-05+4- Ap+2-As+A5) 5= (6+4+2)
0,35+4.0,3+4-0,05+3,9=9,51b (4)
OLT-ONU: AZ—3=(I5+I3+I1)-a+4-AP+4-Ab Aoz 1T Ap g3 0™
=(6+4+4)-0,35+4.0,3+4-0,05+3,9=10,2nb ()

CeTp MOXKHO CUHTaTh COAJlaHCUPOBAHHOM, T.K. pazdpoC MEXKIy
3aTyXaHUSIMU 1IeTIe MUHUMAJICH.

IIpoBepuM, HE IpeBBINIACT U OXOKETa MOTEPh, BKIIOYAs 3ariac,
JMHAMHWYECKMU JMAIa30H CUCTEMbI. YUHUTBIBasi, 4To JJ1s cucteMbl PON
UTSTARCOM nunamuyeckuil Auamna3oH coctapiser 29 nb, nonyunm:

29 nb>(10,2+3) 1 (6)

Ecnu ycrnoBue mnoarBepxkpaeTcs Ui LENA C  HAUOOJBIINM
saryxaaneM — OLT-ONU1, ciaegoBatenbHO, OHO OyaeT coOM0aaThCS |
IUISl APYTUX BApUAHTOB LIETEH.

Kak BuaHo u3 mnpumepa, 3ajadya pacuera pa3BETBUTEIEH U
Oro/KeTa MOIIHOCTA HE COAEPKHUT CIOXKHBIX MaTEMaTHYECKHUX
omnepanuid U MOXKET OBITh BBINOJHEHA Jaxe BpyudHyro. IIpu pacuere
JIOCTATOYHO OOJIBIIION CEeTH PEeKOMEHAyeM cocTaBuTh B MS Exel (wim
IpYyroM YJIOOHOM MPUIIOKEHHH) TaOJIMYKy C pacueramMu BCEX
COCTABJISIOIIMX 10 KAXKIO0WU ONTUYECKOM LIETIH.

Ecnu npoexToM omnpenesneHo KOJIUYeCTBO MOIb30BaTeel CETH Ha
NOCHEAYIOIUX  ATamax  pa3BUTHUS, TO  MPOUEHT  MOIIHOCTH
pacCUUTHIBAETCS TaK K€, KaK M B MPUBEJICHHOM Bbillle TpuMepe. Eciau
K€ JaJbHEWIME JTambl pPa3BUTUS 1O CpPoKaM W aO0OHEHTaM
MPOCMATPUBAIOTCSl TIOCTATOYHO CMYTHO, TO MPOIIE BOOOIIE OOONTUCH
0e3 Touek pocra. PeanbHbIl OMNBIT CTPOUTENIBCTBA TMOKa3ad, YTO
3HAYUTEILHO yA00HEe B Kalejie pe3epBHOE ONTHYECKOE BOJOKHO [0
MECT, TJI€ B JajJbHEUIIEM BO3MOXXHO pACIIUPEHHE CETHU. IJTO HE
CJIIMIIKOM JIOPOTO, HE TpeOYyeT KaKUX-TO MPEIBAPUTEIBHBIX YCIOBHBIX
pacyeToB W MO3BOJSET MPU HEOOXOAMMOCTH OBICTPO OpPraHU30BaAThH
JOTIOJTHUTEIbHBIE «BETKW) CETH.
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5 KoHTpOJIbHBIE BOMPOCHI

1.Yto npeacTaBisitoT ONTUYECKUE CETH JI0CTyIa?
2. [1o xakuM HanpaBJICHUS TPOUCXOIUT CTPOUTEIHCTBO CETEH?
3.UTo npeACTaBIAIOT MACCUBHBIE ONTUYECKHUE CETU JOCTymna?
4. TIpoenute cpaBHutTenbHbi aHanu3 BPON, EPON, GPON?
5. Kakyto 3agauy pemaet nporokoa TDMA MAC.?
6. na nmepemaunm moroka umH@opmanuu or OLT x ONU, kakas
HCTIOIB3YETCS IJIMHA BOJIHBI?
7) UTo Takoe ONTUYECKUI pa3BETBUTENH ?
8) Ilepeuncaute riaaBHbIe TpeumyiecTBa PON?

6 Cnucok peKOMEHAYEeMOW JUTepaTypbl sl TOJATOTOBKU K
MPAKTUYECKOMY 3aHSATHIO

1)  CnopaBouyHuK. BOJOKOHHO-ONTHYECKHE CHCTEMBI TIEpeIavn U
kabemu. [Tekct]: yueOnuk nis By3oB / U. W. I'poanes, A. I'. MypansiH.-
MockBa, Pagno u cBs3b, 1993-272c.

2)  ®okun, B.I'. TIpoekTupoBaHHe ONTHYCCKOW CETH JOCTYyIa
[OnexkTpoHHBI pecypc]: yueOHoe mocobue / B.I. ®okuH. -
HoBocubupck: Cubupckuii roCyJ1IapCTBEHHBIN YHUBEPCUTET
TeJeKOMMYHUKaui u uadopmatuku, 2012. - 311 c. // Pexxum gocryma -
http://biblioclub.ru/index.php?page=book&id=431523

3) CereBbie penieHus A-Z.Bce 0 TaCCUBHBIX ONTHYECKHUX CETIX
(PON) [ D71eKTpOHHBIHT pecypcl: CTaThs
http://www.nestor.minsk.by/sr/2004/08/40806.htmi

4) TIlerpenxko M.W. IlaccuBHble ontmuecku cetd PON,uacth
1. Apxutektypa u ctanmaapthl [Tekcr]: yueOHuk mist By30B / Ilerpenko
.. -Mocksa 2004r. Nel, c. 22-28

5) «GPON - The Next Big Thing in Optical Access Networksy,
[Dnextponnoii pecypc]: URL http://www.flexlight-networks.com, Sep.
2002, p. 1-16.



http://biblioclub.ru/index.php?page=book&id=431523

