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Abstract

This paper presents an example project for the construction of a passive optical network (PON) in urban conditions
with a capacity of about 2000 users. The model implemented in this project is FTTB (fiber to the build), and the
technology used is LOG (Lan Over G-PON). Given the current infrastructure and the very technology of building a
LOG communication network, we need a topology of the type providing access to Ethernet, IPTV, to a not very large
number of users. An example network architecture and its main elements are presented. Experimental studies of

problem areas have been made and solutions for corrections have been proposed.
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BBBEJIEHUE

OcHoBara Ha ChCTaBSHETO Ha IJIaH 3a KOH-
CTPYUpPAHETO Ha €HAa KOMYHHKAllMOHHA Mpe-
’Ka OT KaKbBTO W Jla € THUIl € u300pa Ha TOMO-
JIOTHUSl, KOSITO C€ BJMSE OT HSAKOJIKO OCHOBHHU
¢bakTopa - Opoil Ha MOTEHLUAIHU NMOTPeOUTE-
JIM U apXUTeKTypa Ha TepeHa [1,7,9,10].

VHBEeCTUIIMOHHNTE MPOCKTH 33 M3TPaKIaHe
Ha MpPEXH ce u3paboTBaT OT MPOEKTAHTHU, IPU-
TeXaBallld IIhJIHA TMPOCKTAHTCKA MPABOCIIO-
COOHOCT M Ce MPOEKTUpAT, ChIJIACyBaT, OO-
OpsiBaT, M3TpaKJaT U BBBEKIAT B EKCILJIOATa-
L1 CHIVIACHO OTpEeNIEHU U periiaMeHTHUpaHu
oT 3akoHa mpaBuia [2,5,6,9,10]. Crpouren-
CTBOTO Ha ONTUYHM KaOEJHU JIMHUU C€ U3BBP-
[IBa €MHCTBEHO M CaMO TpHU 0JI00peH WHBE-
CTUIIMOHEH MPOoeKT. ChIbpKaHUETO Ha WHBE-
CTHIIMOHHUST TPOEKT BKIIIOYBA CJICIHUTE Ya-
CTH:

Mesicoynapoona nayuna Kongepenyus

» ApXuTeKTypa U KOHCTPYKILIHU:
ApPXUTEKTYpHa ¥ KOHCTPYKTHUBHa JIOKY-
MEHTaLuS;

WHcTanauum M Mpexu Ha TeXHUYecKara
UHPPACTPYKTYPAa;

OTKJIOHEHUsI OT OOLIUTE MPEXHU U TEXHU-
yeckara HHPpacTpyKTypa ;

» Teonesmnuecka:

TpacupoBbYEH IUIAH ;

» TexHonornyHa :

Beprukanna miaHupoBKa;

ITpoexT 3a opraHuM3anus ¥ U3IIBIHEHUE Ha
CTPOMUTENICTBOTO;

Opranu3auus, TpyJaoBa M 31apaBHa 0e3-
OIaCHOCT;

Cnenuduyau 00eKTH;

JIpyTH, IpU CIIOKHU M KOMIUIEKCHU OO€K-
TH.
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NPEICTBSIHE HA IPUMEPEH
ITPOEKT 3A M3T'PAXKJIAHE HA
IMACUBHA OIITUYHA MPEXA (PON) B
T'PAJICKH PAVIOH

B 1031 npoexT ce npeacTass MPOEKT U pea-
nu3anus Ha PON mMpexa 3a npuMepeH rpajicku
peruoH ¢ kamanuteT okoio 2000 morpeduTte-
ns. Ilpensun Hacrosimara MHPPACTPYKTypa U
camara TexHoJorus Ha m3rpaxjgaHe Ha LOG
KOMYHHUKAI[MOHHA MpeXa HU € HeoOXoauma
TONOJIOTUS OT THI, NPEJOCTaBALl JOCTBI 0
Ethernet, IPTV, na HemHoro royisim 6poi mo-
tpebutenu — ¢ur.l. Ilnanupano e Tyk na ce
npuiekar okojio 30% OT JoOMakuHCTBaTa B
palioHa, UMalKu B IpEABUJ KOHKYpPEHLUATA
Ha MUHMMYM JBa ApPYTH JOCTaBYMKa Ha IO-
no6uu yciyru. Kato e mpensuieH pecype u 3a
U3rpaXklaHE Ha MpeXka B CbCEAHM HACEIECHU
MeCTa.

@ue. 1. Hazemna xapma Ha HACENEHOMO MACMO
3a uzepasicoane Ha PON mpescama

[TpeaBmxa ce KamamuTeThT HA TOJT0KEHH-
Te kalenu Ja e Mo-ToJisiM, 3a J1a MOXe Jia ce
U3rpajl ONTHYEH NPHCTEH MEXay O0a30BUTE
CTaHIIMU M cBbp3BaHeTo MM B Backbone mpe-
»ara Ha onepaTopa Al. B rimaBHOTO ChpBBPHO
uma MoHTHpano OLT (Optical Line Termination)
Huawei MAS5600T — ¢ur. 2.

@Due. 2. BvHuweH U0 Ha CbP8bPHO NOMeEUeHUe C
OLT Huawei MA5600T

[To cnemudukamus na Huawei MAS600T
M3XOJHAaTa My MOILIHOCT € OT MOpsbKa Ha +4
no +5dB cmopen HaroBapBaneTto. Biemame
Hali-BUCOKAaTa CTOMHOCT IPU MAaKCUMAJIHO Ha-
ToBapBaHe +5dB u nmpecmsaTame:

OLT+1x2+1x4+1x16=+5-4.0-7.3-13.8=20.1dB

Ta3u CTOMHOCT HAI'BJIHO MOKPUBA MTOCTaBeE-
HUTE U3WCKBAaHMUs 34 TOPHA IPaHUIA HA 3aTHX-
BaHeTo oT -30dB u maBa BE3MOXKHOCT 3a IMOJI-
MsiHa Ha KpaWHMAT paskiaoHuten 1x4 c 1x8
MIPU €BEHTYAJIHO 3abJIBAHE HA KalalMuTeTa Ha
II'BPBUS U BKJIIOYBAHE Ha JOIMBIHUTEICH Opoit
norpedutenu — ¢ur.3. [IpobrembT mpu Taszu
CUTyalus, € 4e MPOMEHSIME ChOTHOILIEHUETO
1:128 n OLT HAMa na pa3no3Hae KIMEHTUTE
Haj 128 mopaau Ta3w npuyuHa, me TpsOBa 1a
ce M00aBAT WM HOBU TUIATKH KBM CHIIECTBY-
BamoTo Beue OLT nnu ga Obae 3aKyneHo HO-
BO YCTPOMCTBO, OT KOETO J1a ObJaT 3aXpaHeHO
npyrurte 128 kiuenTa ot crumutepute 1x8. Che
ChIIIATa Uil U OCTABSIME JIBOEH 3arac MpHu IMo-
JlaraHe Ha ONTUYHHUTE KaOenu.
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Due. 3. llpumepna apxumexmypa na PON
Mpedicama

Cpmio taka Ha camoto OLT ce apanxupat
IIOPTOBE, KOUTO CE€ M3MOJ3BAT 3a KOPIOPATUB-
HU KJIIMEHTH, Ha KoUTo ce n3rpaxna FTTH-u3-
LSUI0 ONTUYHA CBBbp3aHoCT [3,4,8]. B mocoue-
HUS TIPUMEp Ca HU3MOJI3BAaHU 3axXpaHBAIIM OIl-
THYHH KalOenu ¢ KamanuteT oT 96 BIIakHa,
KOUTO (DU3UYECKU C€ pa3IIUTaT Ha ONTHEH
nay nanen - ODF (Optical Distribution Frame)
2U, SUBRA- 8x12 port, simplex, koiito ce
paznonaratr B paka Ha camoto OLT. Ilopanu
MaJIKus Opol Ha JKMBYIIM B pailOHA, MaKCH-
MaJHMs KamaluTeT Ha KaOelHU BJaKkHA €
48FO — ¢wr. 4.

SUMMIT TELECOM CO., LTD. ALL RIGHTS RESERVED 2013

@Due. 4. ODF(Optical Distribution Frame) 2U

3apanu MHPpPACTpyKTypara Ha KBapTajia H
HE M3TpaJIcHaTa KaHAJIHA MpeXa, U3rpaxaaHe-
TO Ha KOMYHHUKAIlMOHHATa MpeXa € BB3IyIl-
HO. KabenuTe W3TErIeHH MEXIy CThIOOBETE
ca ¢ METaJICH CHUJIOB €JIEMEHT, KOHTO HE M03BO-

JIiBa Pa3TATaHEeTo UM, KOETO MOKeE Jia ce TOoJy-
9y OT TeMIlepaTypHaTa pa3jifKa B CE30HUTE.
Mydute, HU3MOA3BaHM B MPOEKTa, CHIIO ca
MOHTHPAHU Ha CTHJIOOBE, KaTO KalmalnuTera uM
€ 3a MHUHUMYM oceM kabenma. Cxemara Ha
apamXUpaHe Ha OINTHYHATA YacT OT MpekaTa
ce 6a3upa Ha MOKPUBAHETO HA BCAKO €IHO J0-
MaKMHCTBO BBB BXOJIa U Oposi KyTUU HE00XO0-
IuMH 3a 3akadaHero uM Ha 100%. 3a npumep
aKo Ha JajJeHa yiauna uMma 16 nqomakuHCTBA
nenuM Ha 8 (MakcUMayHHsIT OpoW KIIMEHTH
KOUTO C€ BKJIIOYBAT B €HA KYTHs) U TakKa IO-
JydaBame HeoOXxoauMmara Opoiika Kytuu. Taka
B TO3M MPUMEP CE€ MOJIy4yaBa, Y€ /10 BCAKA Ky-
TUA TpsOBa Ja ce apaH)kKUpaT 2 ONTUYHH BIIaK-
Ha. Te3n ONTHUYHM BJIAKHA CE TEPMUHUpAT B
KyTUsl Hamupaim@a ce B Iukada, a ONTHYHO
BJIAKHO C€ M3II0JI3BA 33 3aXpaHBaHE Ha BCSIKO
ycTpoicTBo. Taka BilakHaTa Ha BCEKU BXO[
6uBar u3Benenn B SC konektop Ha ODF, B
KOWTO ce TepMUHHUpPAT U ce o0rpuBar. [{o To3u
SC oT TexHuYecKus LEHTbpP Ha oleparopa
cturat BiakHa ot OLT , criurHat npe3
cuiutep 1:16 wnu 1:64. Ilo TO3u HauuH B
TEeXHUYECKUs HEeHTbp ce MoHTUpa U ODF cbe
CIUTUTEPH U TaKa Ce CIECTSABAT TUPEKTHU IOP-
toBe oT OLT. [{upekTeH mopT ce moJi3Ba 3a
KJIIMEHTH Ha pa3cTtostHue Haja 10 kM. M3non3Ba-
HUTE CIUTUTEPH ca 1:8 ¢ BHECEHO 3aTUXBAaHE OT
10 dB u 1:16 ¢ BHeceno 3aruxBane 16 dB. Ha
BCEKH €IMH OT TAX. M3uncnenusita ca Hampa-
BeHu npu Split ratio per PON port 1:64. Bb3-
MOKHO € M3YHCIEHHUSTa J1a Ce HamnpaBaT Ha
Split ratio - 1:128, koeTo 11e HaOKU IBPBOTO
HHMBO Ha criuTBaHe B SC KOHEKTOpa Ja € Ha
1:16 cuurep, KOeTo 11e JOBEAE A0 HamalsiBa-
HE Ha ONTUYHHUA OI0/DKET U CHbOTBETHO CKbCSA-
BaHE HA Pa3CTOSHUETO OT TeXHUYECKHUs IEH-
TP A0 KpaiiHus aboHaT. PecrieKTHBHO TOBa Ou
JIOBEJIO 70 YBEeTUYaBaHe OpOosi HA TEXHUYECKU-
Te nerrpose. [Ipu ontuden 6romxer Ha GPON
TEXHOJIOTUsITa OT okojo 28 dB., ce momy4ana,
Taka 4e MpU TOBA JBOWHO CIUIMTBaHE Ha 1:8,
HU OCTaBa 3amac OT ONTUYEH OIOKET OT OKO-
no 8 dB, xoiTo ce pasmpenens KakTo ciaeaBa:

- B3ema ce cranmapTtHa CTOMHOCT Ha 3a-
TUXBAaHETO B OoNTHYHHUS Kaden mpu 1310nm —
0.33 dB/km, kato Ta3u CTOMHOCT ce yMHOKaBa
M0 ABDKMHATA Ha TPACeTO OT TEXHUYECKUS
LEHTHP J0 KIUCHTA;

- 3aTuxBaHEe T€HEPUPAHO OT ONTHYHU Che-
OUHUTENW Ha obOma croiHocT oT 2.7dB (9 Op.
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cbhenuHeHus no tpacero). C uen npeaocraBs-
HE Ha KaueCTBEHa YCIIyra € HeoOXOoAuMo aa ce
MMa 3amac OT ONTHYHA MOLIHOCT M J1a HE ce
paboTu Ha ropHaTa rpaHHIa Ha OrOJKeTa, 3a-
TOBa ce€ IIPUEMA, Y€ Hal-OTAajleyeHaTa KyTus,
MOXe€E Jla ce Hamupa Ha He moBeue oT 10 km
(T.e. 3aTUXBaHE MO ONTHUYHOTO Tpace Ja € Mak-
cumyMm 6dB) ot TexHuuecku neHTwp. [lo Ta3zm
CXeMa CTOMHOCTTa Ha ONTHYHUS OIOJIKET ce
nonyyaBa: 57 10 + 10 + 6 = 26 dB, koeto ¢
HaIlTbJIHO B HOPMHTE 3a MPEIOCTAaBSHE Ha Ka-
YecTBeHa yciyra. B To3u cilyyail B TeXHHUYE-
CKHS LIEHTHP Ca HU HY>KHH OoKkosio 12-16 mopta
Ha OLT. ToBa 3HaunTenHO HamaisiBa pa3xoja
3a 00opyaBaHe.

NPEJICTBSHE HA IPUMEPHU
WU3MEPBAHMUS B U3TPAKIAHE HA
IMACHUBHA OIITUYHA MPEXA (PON) B
T'PAJICKHU PAVIOH

N3mepBanusTa ce U3BBPIIBAT HA BCSIKO €]I-
HO OT ONTUYHUTE BJIAKHA, U3TPAXKAAIIO ONTHY-
Ha Bpb3ka oT ODF A no ODF b, npu A=1310
nm u A=1550 nm (¢wur.5). [Ipumepen npoto-
KOJI € TToKa3aH Ha ¢wur.6. 3mepBaHeTo cTaBa ¢
pednexromersp JDSU MTS 4000.

Due. 5. BvHwen 6ud na peprekmomemop
OTDR- JDSU MTS 4000

MakcUMaaHOTO ONTHYHOTO 3aTUXBAHE Ce
ompenens B 3aBUCHUMOCT OT [JbJDKMHATa Ha
ontuyHaTa JuHUA L, Opos Ha craiicBaHusATa
N 1 Ha ONTHYHUTE CHEIMHMUTENN N : amax =
a.L +as. N +ac.n, dB.

JlonmyCcTUMH CTOMHOCTH CIIOpEN IIPENopb-
kute Ha G651 + G655 Ha ITU-T ( MexmyHa-
pojieH cbio3 1o TelleKkoMyHUKaIuu) ca:

3aA=1310nm 0<0.4 dB

3a A= 1550nm 0<0.25 dB

L — npmxuHa Ha ONTUYHATA JIMHUS B KHJIO-
METpHY;

as - MaKCHMaJHO CpeIHO 3aTHUXBaHE OT €[I-
Ha 3aBapka as<0.15 dB B eqna nocoka;

N — Opoii Ha ONITHYHUTE 3aBAPKU;

ac - MAaKCHMAaJIHO BHECEHO 3aTUXBaHE OT
eJIMH ONTHYEH cheauuuTel ac <0.35 dB;

n — Opoli Ha ONTHYHUTE CHEIUHUTENH II0
IbIDKUHATA Ha JIMHUATA;

BreceHo 3aTuxBaHe OT 3aBapKUTE MO abCco-
JIIOTHA CTOMHOCT HE TpsOBa na Haxpuiasa 0.1
dB mpu ocpenHsBaHE 3a €IHA 3aBapKa B JBETE
nocoku Ha m3MepBane wiu 0.15 dB npu u3-
MepBaHe caMoO B eqHaTta mnocoka. Cnep mpu-
KJIFOYBAaHE Ha CTPOUTEIHO-MOHTAXHHUTE pado-
T™H TpSI6Ba Aa cC NpCACTABAT CbOTBECTHUTC IIPO-
TOKOJIM CHIJIACHO MHCTPYKIUATA 3@ CTPOUTEN-
CTBO Ha OIITUYHH KaGGHHI/I JIMHUMH.
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Due. 6. I[Ipumeprnu peghrekmoepamu om
uzepadenomo mpace

Ha cnenBammre ¢urypu cbM mokasan Hs-
KOJIKO pe(IEKTOrpaMu C Mpo0OJIeM, €CTECTBOTO
Ha TpobJieMa ¥ HETOBOTO OTCTPaHsBaHE:

e | A B

10 -45,65 dB
f

|
IWJ‘L——_‘*‘
]«—L

0547 dB-

0,286 dB/km

081dB ol
6,44 m /
dBkm
o r

384 dB/km

S~ 2

-0,103 dB o
m
km

Duz.7. Peprexmoepama c npobaem 8
3asapkume
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Ha ¢ur.7 uma npobGiemu cbhc 3aBapku Ha
1206m,2551m,3568m u 5130M. Te3u 3aBapku
He 0sXa 1Mo CTaHgapTa U €€ HAIOXKHU TAXHOTO
npe3aBapsiBaHe.

= g r

,-44.00 dB
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\

0,221 dB/km
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20 gl

Due.8. Peprexmoepama c npobaem 6 cnaumepume

Ha ®wur.8 ce Bumxna onTUYHO Tpace ¢ MOH-
thpad crumtep 1:2 u 1:8 cinex Hero. 3aTuxsa-
HeTo e 1o cranaapt -11dBm.
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Duz.9. Peprexmoepamu c npobaem 8
npenayeanemo

Ha ¢ur.9 cem npencraBun pedrekrorpama
¢ mpobsieM B mpemnayBaneto B mkad. [Tpobie-
MBT C€ pelllaBa KaTo ce MOYUCTAT alalTePUTe
cbe cnupt nof Haysrane u Fujikura one click
cleaner.

[TouncTBar ce yenara Ha KOHEKTOpa U ce
MpbCKa ChC CIUPT. MOXKeE /1a ce HAJIOKH CMsIHA
Ha TMayKopjaTa WM IMpernpaBsHe Ha 3aBapka B
kytusta. Ha ta3u peduiekrorpama Moxe aa ce
BUAM U NZ BiakHo Mexay 1413m. u 2137wm.

1 -36,86 4B

0,153 dB ,LL
AR .
013238 i1

0,057 dB o

0
0,26804R/Bm
0 FAP4SRM
5372,77m
17 dBkm
-0,066 dB
1,980 38%m

Duz. 10. Pegpnexmoepama ¢ npobnem 6
ONMUYHOMO G1AKHO Ha 2642 m

Ha ¢wur.10 ce Bmxma npobieM Ha ONTHY-
HOTO BJaKHO Ha 2642M. Oxkasa ce npoOieM Ha
BJIAKHOTO MEXAy JB€ Mypu - aepeKT BBB
BrIakHOTO. [lopanu aBaHca OT BIakHa, yCIIyra-
Ta Oerie MpexBbpJIeHa MO CIEABaNI0 CBOOOI-
HO.

B
51

Que.11. Peghrexkmoepama c 08oen npobaem

Ha ¢wur.11 uma nBa npodnema. [IbpBusr e
B m3xomanuaT ODF, kato ce Haloxu cMsSHA
Ha onThyHara omamka (pigtail). dpyrusar e
Cr'bHATO BIIAKHO TIPHU apaH)XHUpaHE HA ONTHY-
Hata myda. Cien npeapaHKupaHe Ha CIUIaic
Kacetara B Mydata, mpobiema Oemie oTcTpa-
HEH.

3AKVIIOYEHUE

OnTHYHHTE MpEXH ca MHOBALMATA HA HO-
BUAT BEK B 00JIACTTa Ha TEJIEKOMYHMKAIUUTE,
YUUTO IIBJIEH KalalUTET BCE OLIE HE CME J0-
cturHaiau. OT TEXHOJIOTMYHA TJICHA TOYKA TE
IIPEIOCTABAT €/1HAa HAIbJIHO HOBa Cpela 3a
pa3BUTHE HA TEXHOJIOTUNUTE.

Metoaukara 3a npoekrupane Ha LOG om-
THYHA MPEXKa, KOATO CbM IPEICTaBUI B TO3H
IIPOEKT € €JHa OT MHOTO Bb3MOKHHU BapHalliH.
Ho 14 npenoctaBs BB3MOXKHOCT 3a JIECHA pPe-
JaKLUs U IPOMsHA Ha TPAaCUPAHETO HA ONTHY-
HUTE BJIAKHA, KAaKTO IIPU €BEHTyaJIHA IOBpEna
npu OLT, no TpacupaHara JUHUS Taka ¥ NpU
KpallHUAT KJIWEHT. JlecHaTa akTyaliu3auus
IIPEMHHABAHETO HA MO-CTApUTE CTAaHAAPTH Ha
NaCUBHUTE ONTHYHU MPEXU KbM IMTaOUTOBH-
AT BapUaHT CBHILIO € €JHO OT OCHOBHUTE IIpe-
JUMCTBA Ha METOJIa, ThI KaTO NPU M3rPaxaa-
HETO My aKTHBHUTE YCTPONCTBA CE HaMHUpaT B
HAy4aJ0TO U HETOCPEACTBEHO MpeIu a0OHaTHa-
Ta Mpexa, camMo € oJAMsHaTa UM IIpeMHHAaBa-
M€ OT eJHa KbM Jpyra TEXHOJIOTHs, KOETO €
MIOPEJHOTO JOKAa3aTEeJICTBO 3a I'bBKABOCTTa U
KpEaTUBHOCTTA Ha TO3H TUIl MPEXKH.

[To-ronsmara yact oT GUPMUTE MpPeIOCTa-
BALUIM JIOCTBII 10 MHTEpHET M (PUKCHpaHU
YCIIYTH, IPOSKTUPAIIH MPEXKH OT MOA0OEH THII
M3IMOMI3BAaT UMEHHO Ta3W Bapualus, KOETO ca-
MO 1o cebe CH J0Ka3Ba, 4e TS MMa peasHo
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npunoxenue . C oryie Ha Taka IMOCTaBEHUAT
npoekt, LOG TexHosoruara ocraBsi OTBOpEHa
BpaTa 3a MHOBALIUU B 00JAacTTa HA TEIEKOMY-
HUKALIUNTE.

BJIAT'OJAPHOCTH

To3u nmoknaa U u3CIeABaHUITA B HErO ca
peanu3upaHu no npoekT ,,[lnanupane, npoek-
THpaHe U ONTUMM3AIMS Ha OE3KUUYHU KOMY-
HUKAIMOHHY TUIATHOPMH, YCIYTH U PEIICHUS
3a. 5G wu IoT npunoxenusa”, AOroBop
2205E/2022 r. koM YIHHUT npu TY — "aGpoBo.
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