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BBenenue

CymectByeT HecKoIbKkO paznuyHbix THIOB OCJ (onTHYecKux ceret Joctyna), Ha
koTopble ccbitatorest cranaaptel [TU (Mexnynapoausiii Coro3 Onexrpocssizu) u IEEE
(MHCTUTYT MHXKEHEPOB MO JJIEKTPOTEXHUKE U DSJEKTpoHHKE). B 3aBucMMOCTH OT
apxutektypsl OCJl mexny mnposaiiaepom ycnyr ISP (Internet Service Provider) u
KOHEYHBIM Mosib3oBaTeneM koHpurypamuu OCJ] MmoryT Ha3bIBaThCS:

“Fiber To The Home” (FTTH) — «ontuka B KBapTUPY»

e “Fiber To The Building” (FTTB) — «onTuka B 37aHu€ (CTPOCHUE)»

e “Fiber To The Curb” (FTTC) — «onTuka 10 rpymnibl 37aHUN»

e “Fiber To The Cabinet” (FTTCab) — «ontuka 0 pacnpeneauTeasHoro mkaday

[ToTpeOHOCTh pa3BUTUSI UHPPACTPYKTYPHI IIUPOKOMOIOCHOTO JTIOCTYIA HA OCHOBE
HSKOHOMHYHBIX ONTHYCCKUX TEXHOJIOTHH, UCTIONB3yIonuX npuHiun FTTX, yka3piBaer Ha
He00XoIUMOCTh BHeApeHus TexHosorun PON.

» JlaHHas TEXHOJIOTHUS MPEAYCMAaTPUBAET MOCTPOCHUE CETH JIOCTyIa C OO0JNbIION
MPOIYCKHOM CIMOCOOHOCTHIO MpPU MHMHMMAJIbHBIX KalMUTaJbHBIX 3aTparax. Takoe
pelIeHre  TPEeNIoyiiaraeT Co3JaHue Pa3BETBICHHONM ceTu  (MpeUMYIIECTBEHHO
JPEBOBHIHON TOITOJIOTHHM) 0€3 aKTHMBHBIX KOMIIOHCHTOB — Ha IMACCHUBHBIX ONTHYECKHX
pa3BeTBUTEISAX — CITUTTEpax (splitter).

* Hudopmanus A Bcex Mosib3oBaTeNel nepesaeTcsi 0JHOBPEMEHHO C BPEMEHHBIM
paznenenrem kaHaioB (TDMA — Time Division Multiple Access) OoT OnTHYECKOTro
muHeitHoro TepmuHana (OLT) 10 OKOHEYHBIX ONTHYECKMX CETEBBIX OJIOKOB
(ONT/ONU)', pacronoxeHHbIX y camoro aGoHeHTa. Ilepenaua W mpueM B 00OHX
HaIpaBJICHUSIX MPOU3BOAUTCS, KaK MpaBuwio, 1o oaHoMy OB, HO Ha pa3HBIX IMHAX
BoJH (1490 HM — oT OLT x ONU/ONT u 1310 um — ot ONU/ONT  OLT).

OnTuueckass MOIIHOCTD ¢ Bbixoaa OLT B y3nax cetu aenutcsi (paBHOMEPHO WA
HEpPaBHOMEPHO) TakuM 00pa3oM, 4YTOOBI ypoBeHb curHaina Ha Bxoje Bcex ONT/ONU
OBLT TPUMEPHO OJMHAKOB. B ciyyae, xorma ogHa w3 JJIMH BOJIH (yarie Bcero 1550 Hm)
BbIICNIAETCS BCeM aOOHEHTaM [UJIsl Tepelayd TelleBU3MOHHOro curHama, Ha ATC
yCTaHaBIIMBAETCS ONTUYECKUN MynbTUimiekcop WDM 1151 o0beiuHeHus nepeaaBaeMbIxX
cUTHaJIOB Ha JyiMHaX BoJH 1490 HM (Tronoc, nanaeie) u 1550 um (Bumeo). B oO6patHoMm
HaIpaBJIeHUH CUTHaN (TOJOoC, JlaHHble) Tmepenaercs Ha anuHe BodHbl 1310 HM.
VYupouiennas crpykrypa cetu PON npeacrasnena Ha puc. 1.1

! B kauecTBe aGOHEHTCKHMX YCTPOWCTB MOTYT HCronb3oBaThesi ONU (omTHUecKoe cereBoe YCTpoiictBo) i ONT
(aOoHeHTCKHIT TepMuHan). B cymiecTByromield JguTeparype 3TH TMOHITHSA YAacTO CMCIIUBAIOT. B COOTBETCTBHHM C
pexomenmarsivut = MCD  mox  ONT  moHMMAlOT HWHIUBHIyaJbHOC AOOHEHTCKOE YCTPOWCTBO, OCTaBsAS  3a
MHOT'OIIOJIb30BaTEIL,CKUMH a00HCHTCKUMH yCTporicTBamu abopeBuatypy ONU.
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Puc.1.1 Crpyxrypa cetu PON.

Takum oOpa3zoMm, ocHOBHas wujes TexHoioruu PON — ucnosib30BaHHE BCETO
oJlHOTO npuemonepenatomiero moayis B OLT nns nepepaun nHopmManuu MHOXKECTBY
adonenTckux yctpoiictB ONU/ONT u npuema undopmanuu ot Hux. Peanuzarus 3Toro
MPUHIIUIA MIOKa3aHa Ha PUCYHKE 2.

Yuciio aOOHEHTCKUX Y3JIOB, MOJKIIOYEHHBIX K OJHOMY IMpHEMO-IEpeAaroniemMy
moaymo OLT («mepeBy» PON), MoxkeT OBITh HACTOJBKO OOJIBIIUM, HACKOJIBKO
MO3BOJISIET OIOJKET MOIIHOCTH M MaKCHUMallbHas CKOPOCTh IpUEMO-Tepeaaronien
annaparypsl. Jlns nepenaun notoka mHpopmaruu ot OLT x ONU/ONT — mpsimoro
(HMCXOSIIEero) MOTOKA HMCIoyb3yercs anuHa BOdHBL 1490 M. [loToku naHHBIX OT
a0OHEHTCKMX Y3JIOB B LEHTPAJIbHBIN y3€J, COBMECTHO OOpasyrolue OoOpaTHbIN
(Bocxomsmuii) MOTOK, mepeaatrorcs Ha mHe BOJHBI 1310 HM. [Ipsmoii moTok Ha
YpPOBHE ONTHYECKUX CHUTHAJIOB sBIsIeTCA IIHpoKoBemarenbHbiM  (Broadcasting).
Kaxnapii ONU/ONT, umrtas agpecHble TMOJIsA, BBIACISAECT W3 3TOr0 OOIIEro IMOTOKa
MpeIHa3HAYeHHYIO TOJIbKO €My 4acTh MH(POpPMALIUU.

C ToukH 3peHUs] MacIITAOMPYEMOCTH IO TMOJIOCE MPOIYCKAaHUS JAaHHBIA MOIXOA
y’K€ T0JIpa3yMeBaeT JOCTATOYHO BBICOKYIO IMOJIOCY MPOMYCKaHHs Il a0OHEHTCKOTO
tepmunasia ONU/ONT (mo 40 MO6/c uHAMBUAyabHON TIOJIOCHI MPHU YCTaHOBKE 10 64
ONU/ONT na «uepeBo» PON), HO mpu yBEJIMUYEHHUH 3alpoca Ha TOJIOCY CO CTOPOHBI
PECYPCOEMKHUX YCIYT BO3MOXKHO pactpezenenre Menbiuero koanmyectsa ONU/ONT Ha
onuH npuemornepenaoumii nopt OLT, nmo3Bodsitoiiee BbIACIUTh O0NbIIYIO MOJO0CY IS
Kaxaoro tepmMuHana. C TOYKM 3pEHUS MacIITaOMPYEMOCTH IO yCIyraMm JOCTaTOYHO
3aMEHUTh JOMAIIHWUWA LUIK03 JOCTYINA, €CJIA YK€ YCTAHOBJIEHHBI HE YAOBJIETBOPSET
BHOBb BO3HMKaromuM 3amnpocam. Madpactpykrypnas yacte — ONU/ONT u ontuueckoe
BOJIOKHO — OCTa€TCsl HEU3MEHHOM.

Jis  peanu3any  AaHHOTO pEIIEHHMs B TOYKE NPUCYTCTBUS (omepaTopa,
MPEIOCTABISIONIEI0 YCIYyTru CBSI3M) ycTaHaBiuBaercs oOopynoanue OLT, koropoe



tepmunnpyeT uHTepdericei PON u obecrneunBaeT pacnpeeseHrue MoJib30BaTeIbCKOro
TpaduKa Mo yciayraM ¢ MOMOIIbIO MACCUBHBIX ONTUYECKUX pa3JeiauTesield — CIUTUTTEPOB
10 ONU/ONT. K ognomy nopty PON Bo3mokHO mokiitoueHue 10 64/128 aboHEeHTOB.
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Puc. 1.2. Ilpunmnun aevictBus 1 oOmuii Buja opranuzaruu PON.

ApxumeKmypa NACCUBHBIX ONMUUECKUX cemell

Cetp mo TexHojoru PON cOCTOMT U3 Tpex OCHOBHBIX y4acTkoB (puc. 1.3) —
CTaHI[MOHHOT'O, TUHEHHOr0 U a0OHEHTCKOTO.
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Puc. 1.3. Cxema cetu PON.

* CTAaHUMOHHBIA Y4YaCTOK

OPK

9TO aKkTUBHOE obopynoBanue OLT, WDM
MYJIBTHILUIEKCOP U onthyeckuit kpocc (ODF) BbICOKOM TIOTHOCTH, CMOHTUPOBAaHHbBIC HA



y3ne asektpocBsizun B nomemeHun ATC. OLT pacnonaraerca B nomemenuun ATC,
palioH OOCTy)KHBaHUSI KOTOpOH ormpenenser 30Hy oxBara ceTbio PON. AkTuBHOE
ctaHimonnoe obopyanosanue PON, B kauectBe koToporo BbicTynaer OLT, cBsi3biBaeT
OKOHEYHOE 000py/noBaHHE A0OHEHTOB C CeThl0 WMHTEpHET W APYrMMH HCTOYHUKAMU
yCIIyT 1O mepeaade royioca, AaHHbIX U Bujaeo (ycayra Triple Play).

Jluneitnpie moptel PON o6GopynoBanuss OLT nonkiodaroTcs K ONTHYECKOMY
Kpoccy Bbicokoi tioTHocTH ODF ¢ moMolipio onTHYecKuX MHYpoB (MaTYKOPAOB) WK
OKOHIIOBAaHHBIX MHUKpOKaOesneil (mpeaTepMUHUPOBAHHBIX MPOU3BOAUTEISIMU 3aKa3HBIX
Habopos BOK).

Ontuueckuit  kpocc ODF  npennaznauen pua  pacnpenenenuss BOK  mo
HaIpaBJICHUSIM, IEPEKPOCCUPOBKHU (KOMMYTALIUN) U COETUHEHUS cO cTaHIMOHHBIM BOK
4yepe3 CIulaic-miIacTUHbI (KacceThl U OOKChI NJisi cBapHBIX coeauHenuii). ODF nomken
pacnosiaraetcsi B ToM ke nomernennn ATC (aBTo3an, 1ex, Kpocc), I/ie U pa3MeniaeTcs
croiika ¢ OLT.

* JluHeiHbIA y4acTOK — 370 coBokynHOocTh BOK, mikadbl, KOpoOKH, CILTUTTEPHI,
KOHHEKTOPBI U COEIMHUTENH, PACTIOIATalOIINECs] MEXAY CTAHIIMOHHBIM U A0OHEHTCKUM
yuactkoM (yuyactok mMexay ODF u OPK (ontuueckas pacnpenenurtenbHas KOpoOKa),
KakK MoKa3aHo Ha puc. 1.3).

JlunelHbIN y9acTOK, IPHU CTPOUTEILCTBE KOTOPOTO TPEOYeTCs MPOU3BECTH

pa3zHooOpa3Hble TPYJOEMKHE CTPOUTEIbHO-MOHTAXXHBIE PAa0OTHI ISl YCTaHOBKU
OOJIBIIOr0 KOJMYECTBA MACCUBHOTO 000pyAOoBaHUs, TpeOyeT Hanbojiee BHUMATEIbHOTO
MOAXOAAa MJii ONTUMAJBbHOIO €ro IOCTPOCHMsS. PekoMeHayeTcs WCIOIb30BaTh
TEXHOJIOTMM U METOJbI, KOTOPBIE MO3BOJISIIOT MUHUMU3UPOBATH TPYA03aTPATHl U BpEMS
CTPOUTENBCTBA, a TAKXKE€ YMEHBIIUTh CTOUMOCTh MCIOJBb30BAHHOIO 00OpYIOBaHUS IS
MOHTaxa. JIMHENHBIN y4acTOK ONpeaensieT NToropyro tomnonoruto PON.

B cetu PON ot OPIII (ontuueckuit pacnpenenutenabubliil mkadg) 1o ONU/ONT
CBA3b OCYIIECTBIIAETCS 4YEpE3 NACCHUBHBIE ONTHUYECKHE CIUIUTTEPBI, KOTOPbIE
ycranaBnuBatoTcess B OPK w/unu B OPLL (pexke B MexaHUUYECKUX ONTUYECKUX My(Tax).
Ha cetu moxxer OBITh HCIOJIb30BaHa Kak OJHOYpOBHEBas (OJHOKAcKagHas) cxema
BKJIFOUEHHUS CIUTUTTEPOB 0€3 MOCIIeIOBATENBHOIO UX BKIIOUEHUS JIPYT 3a APYroM, TaK U
MHOTOKackajHas CcxXemMa C I[OCJeOBaTeIbHbIM pa3MelleHueM (pucyHok 1.4)
CIUIUTTEPOB.
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Puc. 1.4. CxeMbl BKIIIOUEHUS CIUIUTTEPOB.

KonndecTBo ypoBHEH KackaJUupOBAHUS CETU 3aBUCUT OT CYMMapHOTO BHOCHUMOTO
3aTyxaHusl CIUIUTTEpOB, Kod(ddunuenta pazserBieHuss PON wunrtepdeiicor OLT (y
EPON 510 ot 1:32 no 1:64; y GPON 310 ot 1:64 no 1:128) u TpeboBanuii k mnosioce
MPOMyCKaHUs JUIsl  Kaxjaoro aboHeHTa. Yem MeHbIIE KOJIMYECTBO YpPOBHEH
KaCKaJUpOBaHUsI CIUIMTTEPOB, TEM TIpPoOIIe Ce€Th abOHEHTCKOTO JocTyna W,
COOTBETCTBEHHO, OOJBIIIE BO3MOXKHOCTEM OBICTPOTO YCTpaHEHHUS HEUCIPABHOCTEM,
MOBBILLICHUS] KAYECTBA CBSI3M 3@ CUET UCKIIFOYEHHUSI BO3MOXHBIX NIEPEXOIHBIX UCKAKEHUN
Ha MHOIOCTYNEHYaTON Iepenadye curHaiaoB. Vcmosib30BaHUE B apXUTEKTypE CETH
MHOT'OKaCKaJHOW CXEeMBbI C MOCJEI0BATEIBLHBIM pa3MeIIeHUEM MO3BOJISIET OoJiee THOKO
pacmoJioKUTh pacupeaeauTenbuble yerpoiictea 1 BOK, T. €. onTUMallbHO MOCTPOUTH
cetb PON.

JIMHEeHbIE y4acTOK B CBOIO OYEpPEdb COCTOMT U3 MAruCTPAIbHOTO H
pacupeneuTEIBHOIO YYaCTKOB.

* MarucrtpajabHblii yuactok cetu PON sBnseTcs OTHUM U3 OCHOBHBIX 3JIEMEHTOB
BCEH maccUBHOM onTH4ecKkoi ceTH. [IpaBUIBHBIN BHIOOP CUCTEMBI MTOCTPOCHHS CETU U
€€ TOIOJIOTHH, ONPEAECICHUE YCIOBUI Y MPUHIUIIOB OPraHU3alMy JOCTYyNa MO3BOJISIOT
ONTUMM3UPOBATH 3aTPAThl HA pa3BUTHE ceTU B nanbHeimeM. Ha yuactke cetn PON ot
ATC po OPII, wnaxomsmerocs B 30He obOcayxuBanus ATC, npousBogutcs
MarucTpaibHoe pacrnpenenenue OB. ['nmaBHag 3amadya MarucTpajabHOIO ydacTKa —
noaBecTu Tpedyemoe koiamdecTBO OB MakcuManbHO OJM3KO K CKOHIICHTPUPOBAHHOM
rpyrnie abOHEHTOB Hanbojee ONTUMAIbHBIM 00pa3oM C y4eTOM TOMOJIOTHU U €MKOCTH
kaOenpHOW KaHamu3anuu. Ha a0OHEHTCKO€ OKOHYaHWE MAarucTpajd  Bcerna
yctanaBnuBaercs OPIL, OPK wnu cnenmanbHast MexaHu4ecKasi ONTOBOJIOKOHHAs My(dTa
¢ obseruyeHHbIM goctynoM k OB.

* PacnpenenurenbHbiii yyactok cetu PON — 3710 ywacrok ot OPII wim
noabe3aHbix OPK 10 3TaXHBIX pacnpeeIUTeNbHbBIX AJIEMEHTOB CETH B MHOTO3TAXKHBIX
xunbix 3nanusax. PacnpenenutensHbli BOK Beixogutr 3z OPUI u mpoxnaabiBaeTcs



BHYTPU  3JaHUK 10  BEPTHKAJbHBIM  CTOSIKAM  WJIHA B METaJUIOPYKaBe
(MOMMBUHWIXIOPUAHOW TpyOE) MO JIECTHUYHBIM KJIETKaM, OT TOJBaJbHOTO JI0
YepJayHOro MOMEIIECHHUsI 4Yepe3 BCe ATaXHW 3[aHus (HarpaBieHHE BbIOMpAeTCs 10
Mecty). B pacnpenenauTenbHblil y4acTOK BXOJAT: y4acTok ceTH oT ynuuHoro OPII no
Ka0eIpHOr0 BBOJA B JKUJIOW JIOM M pacHpeleNuTeIbHbIe YCTPOMCTBA HEITOCPEICTBEHHO
B JKUJIOM JIOME.

* AOOHEHTCKHMH YYacTOK — J3TO IIepcoHajbHasi aOOHEHTCKas pa3BoOJKa
o/1HOBOJIOKOHHBIM BOK  (peke JBYXBOJIOKOHHBIM WM YETHIPEXBOJOKOHHBIM) OT
AIIEMEHTOB OOIIMX pacHpeleNuTeNbHbBIX YCTPONCTB /10 ONTUYECKOHM pO3ETKH U
aktuBHOro obopynoBanusi ONT B kBapTupe aOOHEHTa; WM A0 T'PYNIOBOIO CETEBOTO
y3na ONU, cMOHTHpOBaHHOrO B OQucCe KOPHOPATUBHOTO KIMEHTA (Y4aCTOK MEXIY
OPK — ONT, kak mokazano Ha puc. 3). B aOOHEHTCKHI Y4YaCTOK TakKXe BXOJUT
akTMBHOE oOopynoBanue Ha ctopoHe abonenta (ONU/ONT), kotopoe sBisieTcs
HEOTBEMJIEMBIM 3JIEMEHTOM TexHosioruu PON u HaxomuTcss 1OJ yIpaBlIE€HUEM
oneparopa. ['paHulla OTBETCTBEHHOCTHU ONeEpaTropa (TOYKa JIeMapKalMH) MPOXOIUT IO
BHYTPEHHUM BBIXOJHBIM HHTep(deiicam ycTpoHcTBa, JMOO MO CHCTEME YIpaBICHUS
YCTPOMCTBa, B CiIy4ae, €Clid yCTPOUCTBO MOAAECPKUBAET QYHKIIUU PA3AEIbHOTO JOCTYIA
K TI0JIb30BATENIbCKUM U OINEpPATOPCKUM HacTpoiikaM. AOOHEHT He JOJKEH HMETh
BO3MOXXHOCTH  NPUMEHEHHs  Mpou3BoibHO  BbIOpaHHoro ONT wimm  ONU.
NunuBunyansubiii abonenTckuii Tepmudan ONT wim rpynmooii cereBoit yzen ONU
coaepkat BxojHou ontuueckuit uHTepdeiric PON. ONT/ONU moryT uMeTh pa3indHbIe
BbIxoAHbIe uHTepdericel TunoB FXS, FXO, 10/100/1000Base-T, RF B pa3znom
COYETAaHMU M KOJUYECTBE [JIsl TMOAKIIOYEHUS WHIMBHUIYaJIbHBIX aOOHEHTCKHUX
OKOHEYHBIX YCTPOMCTB.

Tononozuu noCmpoeHnus nacCCUBHbIX oOnmuiecKux cemeiul

* Tomonorus «3Be3aa» (mpeacTaBieHa Ha puc. 1.5) npuMeHseTcs NMpu IUVIOTHOM
pacnosioxkennun aboHeHToB B paifone ATC. [laHHas TOMOJOTUsA XapakTepusyercs
MHUHHMMAaJIbHBIM KOJIMYECTBOM ONTHUYECKUX PA3BETBUTEIEH U €AUHCTBEHHBIM MECTOM HX
yCTaHOBKH. J[OCTOMHCTBA JaHHOM TOIMOJIOTHH: yI0OCTBO B 0OCITY>KUBaHUH, IPOBEICHUN
HKCILTYyaTallMOHHBIX U3MEPEHUN U OOHAPYKEHUSI MeCTa MOBPEXICHUS IMHUU.
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Puc. 1.5. Tomonorusa «3Be3na».



* Tomonoruss «mmHa» (MpeAcTaBieHa HAa puc. 1.6) mnpumeHserca Mpu
pacnoyio)keHru aOOHEHTOB BAOJb ONTUYECKON MarucTpanu. Jlanuas tomnosorus Tpedyer
HOJIPOOHOr0 pacyera ypoBHS ONTUYECKOTO CHTHala JJIs MOJ00pa COOTBETCTBYIOIIHMX
HEpPaBHOMEPHBIX pa3BETBUTENEH (C HEPABHOMEPHBIM pa3[eIeHUEM MOUIHOCTU 10
OTBOJaM) TakuUM o00pa3oM, uTOObl BXOJHAs ONTHUYECKas MOIIHOCTh Ha KaXJIOM
ONTUYECKOM MPUEMHHKE COOTBETCTBOBAJIA €r0 YYBCTBUTEJIBLHOCTH (IMAMa30oHy BXOJIHON
MOIIIHOCTH) o0OoOpyAoBaHHs. Tomonorusi peKoMEHJoBaHA JUIsi MPUMEHEHUS IpHU
JUHEWHOM pACHOJIOKEHUU TMOJb30BATENIE BAOJNb MArUCTpald W TOJNBKO IIPH
HEOOJIBIIOM KOJIMYECTBE KaCKaI0B.
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Puc. 1.6. Tononorus «mmHa» ¢ UCIOJIB30BAaHUEM HEPABHOMEPHBIX PAa3BETBUTEIICH.

* Tomonoruss «aepeBo» (mpeAcTaBieHa Ha puc. 1.7) npuMmeHsieTcs MpU
pa3HECEHHOM pACIOJIOKEHUN aOO0HEHTOB. ONTHMaJbHOE PaCHpEEICHUE MOILIHOCTU
MEXAY pa3Iu4YHbIMUA BETBSIMU pelaercs mnoa0opoM Ko3(DPUIIMEHTOB JeiIeHUs
ONTUYECKUX pa3BeTBUTENEH. JlpeBooOpa3Has TOMOJOTUsl THOKas C TOYKH 3pPEHUS
MOTEHIMAJILHOTO Pa3BUTHUS U pacIIMpeHus a0OHEHTCKOM 0as3bl.
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Puc. 1.7. Tononorust «aepeBo».
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[MpakTryeckasa paboTa
PacueT onTHYECKOH JIHHHH CBA3H

2.1. Henb padboThI

Llenpio JaHHOW MPAaKTHUECKOH pabOTHhI SIBJISIETCSI O3HAKOMJIEHHE C TPUHIIU-
MaMH PacyeToB ONTHUYECKOM JIMHUU CBSI3U, TPOBOIUMBIX MPH MPOEKTHPOBAHUU Ce-
TH goctyna. B paboTte paccmMaTpHBalOTCSI IPUHIIMITBI pacueTa JJIHHbI pereHepanu-
onHoro yuactka BOJIC, a Takxe 3aryxanust u gucnepcuu BOJIC.

2.2. TeopeTHueckHe cCBeIeHHs

OO6mui BUA BOJIOKOHHO-ONTHYecKoM JinHuK cBsizu (BOJIC) npencrarieH Ha
pHucC.

HepaikeMHLIE (CHaPHEIE)
COETHHENHA B MydTax

A <Lpy i
T HF I | e

OxKoHeYHBIH \ / LETP OKoOHeYHLIH
PasnenMiaLle

NYHKT HyHKT
CoEIHHEHHA B

ONITHYECEHE KpOCCax

Puc. 2.1. Obwuii sud eonoxouno-onmuueckou auruu césdu (BOJIC)

OnTHUECKHH CUrHAJI IO Mepe pacnpocTpaHeHHs B onToBosiokHe (OB) 3aTy-
xaeT. [loTepu cBETOBOTrO U3TyUYEHHsI B ONTHUECKOM BOJIOKHE MOKHO Pa3fe/IuTh Ha
HECKOJIbKO BHJIOB.

1. TToTepu Ha morjouieHre B paboyed 00JacTH CIEeKTpa, 00YCJIOBJIEHHbIE
XBOCTAMH PE30HAHCOB aTOMOB B KPUCTAJUTHUECKON pelIeTKe.

2. IloTepu Ha MOJISIPU3ALMIO ONITHYECKOTO CUIHAJIa MAaTEPHAJIOM CBETOBOJA.

3. Tlorepu Ha paccesinue Penesi, onpenessiomeecs rjlaBHbIM 00pa3oM HEOI-
HOPOJHOCTSIMH NOKa3aTeJisl MPeJIOMJIEHHS], KOTOPbIE BOZHUKAIOT B POLIECCE CBap-
KM CTEKJIOBOJIOKHA, & TAK)K€ HEPETYJISIPHOCTBIO TPAaHHLBI CEpALEBUHA—000JI0UKA.

4. TloTtepw 3a cueT HaJIMYMsI IPUMECEH BOZHUKAIOT 32 CUET MOTJIOMEHH ST SHEP-
MM Ha PE30HAHCHBIX YacTOTax MOHAMHU Npumeced (B OOJbIIEH CTENEHH HOHAMH
ruapokcrwibHON rpyrmel OH— u nonamu metaimos Fe2+, Cu2+, Cr34-). Ilpu
9TOM B 00JIACTH PE30HAHCOB COOCTBEHHBIX KOJIEOAHUH HOHOB IPUMECEH UMEIOT Me-
CTO BCIUIECKH ITOTJIOLICHHUS.

5. JlonoJIHUTENbHBIE MOTEPH HA U3rU0AX ONMTOBOJIOKHA.

6. Ilotepu B 3aIIUTHOM 000JI0UKE BO3HUKAIOT 32 CUET TOTO, YTO MPH BHYT-
PEHHEM OTPAKEHHH YaCThb SHEPrHH MPOCAYMBAETCS BO BHEIIHEE MPOCTPAHCTBO,
okpyxatwomee OB u 3aTyxXaeT no 9KCNOHEHIHATIbHOMY 3aKOHY.
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7. TloTepu TEpPMOMEXAHHUECKOTO XapaKTepa, 00YCIOBJIEHHbIE PA3JINYHEM B
TEMIEPATYPHBIX KOA(P(PHULIHEHTAX Y IJTHHEHHS CTEKJIa U MaTepraa 3alMTHOH 000-
JIOUKH, B cuiy 4ero B OB MosiBASIOTCSI BHYTPEHHHUE MEXAHUYECKHE HANpSIKEHHS,
NPUBOJSLIME K YBEJIUUEHHIO 3aTyXaHHSI ONITHYECKHUX CHIHAJIOB.

8. IloTepu B MecTax CBapKH (CpPOCTKaX, HEPa3beMHBIX COEUHEHUSIX) CTPO-
UTEJIbHBIX [JIMH KaOeJsisl U B pa3beMHbIX COEIUHEHHUSIX.

HGO6XOIII/IMO TAKKC YUUTHIBATD YXYOIICHUC XAPAKTCPHCTHK KOMIIOHCHTOB YUaCT-
Ka TpacCbl CO BPCMCHEM.

JLJ1s1 MHKEHEPHBIX pacueToB MPUMEHSIIOT (popmyiy (2.1), koTopasi ¢ focTa-
TOYHOM TOYHOCTBIO MIO3BOJISIET ONPEAEIUTDb 3aTyXaHHe KaOeJIbHOH MarucTpai Ha
YUaCTKE 3aJaHHOM JJIMHBI:

o¢=L"0g +Ncp(xcp +Npcapc+at+a3a (2.1)

rae L — mosHasi AyivHa KabeJsisi Ha pacCUMTBIBAEMOM YUacTKe, KM; Ocy — KO9(-
(buLIMEHT 3aTyXaHUsl B CBETOBOJAX, AB/KM; N, — YHCIO CPOCTKOB (HEPasbeM-
HBIX COEQUHUTENEH, My(T); O, — 3aTyxaHue B cpoctkax (pasno 0,02 nb), nb;
Npc — UHCJIO Pa3beMHBIX COETHHHTEINIEH; O — 3aTyXaHHE B PA3bEMHbBIX COEMIH-
HUTENSX, 1B; 0 — OOMyCK Ha TemmepaTypHble U3MEHEHHUs 3aTyXaHHsl ONTHYe-
CKOro BOJIOKHA, 1B (nns tepputropuit CHI' nanHbIM mapamMeTpoM npeHeOperaroT);
0, — oKcryaTanuonHbid 3anac B BOJIC, HeoOXoqumbld 1151 KOMIEHCALWH MOTe-
PH MOIIIHOCTH CHUT'HAJIA, CBSI3aHHOM C MPOBEIEHUEM PEMOHTHBIX U IOTOJHUTEIbHbBIX
pabot Ha KabeJe, yXyAlmeHHeM rapaMeTpoB ONTHUYECKOTO BOJOKHA U anmapaTypsbl
MpUEMa-TIEpeIaum, a TAKKE OPYTHX OTKJIOHEHHH MapaMETPOB yUacTKa B MPOLECCe
9KCIUTyaTauuu (mpuHuMaeTcsi paBubiM oT 6 o 10 nb), nb.

[Tpu mpokagke BOJOKOHHO-ONTHUECKOM JINHUM Ha OOJIbIINE PACCTOSIHUS Ka-
0esb YKJIaJpIBAETCS YUaCTKAMH, COOTBETCTBEHHO CBOGH CcmpoumeavHou O0auHe,
MOJl KOTOPOH MOHUMAIOT HEPA3PbIBHYIO IJIMHY OJHOW YMAKOBKH (KaTyIIKH) OINTH-
yeckoro kabesns. CTpouTesbHas JjMHA KabeJsl BIOUpaeTcs MpH pa3paboOTKe Mpo-
€KTa Ha MarucTpajb C eJIbl0 MUHUMH3AUH «00pe3K0B». OObIYHO ONTHUECKUH Ka-
0eJib UMeeT CTPOUTENbHYIO AJIMHY OT 1 10 6 KM (MOXKET ObITh U MEHbIIE B TOM CITY-
yae, €CJIM TaK HYKHO 3aKa34uKy). THIOBBIE CTPOUTENBHBIE JJIUHBI 1JIs1 ONTOBOJIO-
KOHHOTO Ka0eJist 111 MarucTpajbHbIX JUHUN CBsI3U 4—6 KM. COOTBETCTBEHHO, 9TH
IJIMHBI KaOeJist JOJIKHBI ObITh COEJUHEHBI MeX 1y coOoi. Kak npaBuio st coenu-
HEHMS JIJIMH KaOeJsis MCMOJIb3YIOT CBapHbIEe COEOUHEHHST BOJIOKOH (CpocTkH). [Ipu
9TOM, YUHUTBIBasI, YTO KaXkJbIH OMTHUECKHHN Kabesib MOKET COAepKaTh HECKOJbKO
BOJIOKOH (B2, a KaK MpaBuJo, 1 0oJiee), epe]] CBapKOH OH IOJKEH ObITh pa3aesieH
Ha OTAEeJIbHbIe BOJIOKHA. MeCcTO CBapHOTO COEAUHEHHS IJIMH KabeJsl 3alMInaeTcst
My TOH, B KOTOPOH 00s13aTeJIbHO AOJIKEH ObITh OCTABJIEH 3aMac BOJOKOH JJIs1 KOM-
MEHCAIlMH BO3MOKHOTO pacTsIrMBaHMsI KalOess (MOXET MPOUCXOOUTh, HalpUMep,
BCJIEJICTBHE MPOBUCAHUSI Kabesisi Mol COOCTBEHHBIM BECOM IMPH BO3AYIIHOM MPO-
KJaaKe 100 U3-3a IBHKEHHS MOUBBI MPH YKJIaAKe Kabessl B TpyHT). B kauectse
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npuMepa Ha puc. 2.2 npuBeaeHa ¢oTtorpagusi onTHUecKor MyThl 411 MOHTaKA
roponackux kabenen MOI'-Y-23-1K4845.

Puc. 2.2. Onmuueckas my¢pma 05 monmasica zopodckux kabeseii MOI'-Y -23-1K4845

MuHUMaIbHOE KOJUUECTBO CPOCTKOB BOJIOKHA (M, COOTBETCTBEHHO, MY(T)
Ha pacCUMTBhIBA€MOM yuacTke onTuueckoro kabdenst BOJIC onpenensietcs no ¢op-
MyJie

L
N =, (2.2)

LCTp
rae Lerp — CTPOUTENIbHAS JJIMHA KAOEIsl, KM.

3atyxanue currana B kabese BOJIC npuBoauT K HEOOXOAUMOCTH yCTaHOB-
KU HeoOcayscusaemvix pezenepayuortvix nynkmoa (HPII), koTopble BoccTaHa-
JIMBAIOT YPOBEHb CUrHaJIA B JIMHUM. Y ipomeHHas cxema HPII noka3ana Ha puc. 2.3.
Takxe, Ha curHan BOJIC BiusieT Tako# mapameTp, Kak ducnepcusi, KOTopasi IpH-
BOJUT K HAJIOKEHHUIO NIEPEJABAEMBIX UMITYJIbCOB H, KaK CJIEACTBHE, K UX UCKAXKE-
HUIO. UeM [JIMHHEe JIMHUS, TeM O0Jibliie BHOCHMbIE UCKAXKEHUSI UMITYJIbCOB, UTO B
CBOI0 OYepe[b, TAK)Ke HAKJIAIbIBAET OIPAHHUUEHMS] HA MPOMYCKHYIO CIIOCOOHOCTh
kabesiss. MakcumasibHOE paccTosiHMe, KOTopoe MokeT ObITh Mexay HPII, Ha3pia-
€TCsl JJIMHOM PEreHEPALMOHHOIO yuacTKa Lypy.

PasneMHOE CORHHECHHS

(aganTep-KOHHEKTOR)
OnrHaecKii / \ OnTHyeckuii
Kpoce Kpocc

"TIHTTeH "

MaTuko CpocTok
CpocTok PA MaTuxopa
(cBapka) P {cBapxka)
MecTo BROA Kabens MecTo BBO/IA Kabemns
B Kpocc (8 HPII) B Kpocc (B HPII)

Puc. 2.3. Ynpowennas cxema Heobcaydcusaemozo pezenepauuorrozo nynkma (HPII)

IIpumeuanne. Ynpomenno, HPIT cocTouT U3 ABYyX ONTHYECKHUX KPOCCOB U COOCTBEHHO
pereHepaTopa. OnTuyeckui Kabesb 3aBOJUTCSI B ONTHUECKHUH KPOCC U TMPH MOMOIIH CBAPHOTO
COEAMHEHHS €r0 BOJIOKHA COEAUHSIOTCS C TAK Ha3bIBAEMbBIMH «ITUT TEHJIAMH», KOTOPBIE ITPEACTAB-
JSIOT U3 ce0s1 KOPOTKHH OTPE30K ONTHUECKOro BOJOKHA, OKOHLIOBAHHBINA C OJHOM CTOPOHBI OIl-
TUYECKHUM KOHHEKTOPOM. KOHHEKTOpBI MUI' TEHJIOB BBIBOASTCS HA JIMLEBYIO MaHEIb ONTHUECKOTO
Kpocca. [lanee, mpu moMomnM naTykopiaa (OTpe3oK ONTHYECKOro BOJOKHA B MSTKOH 0OOJIOUKE,
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OKOHIIOBaHHBIN ¢ 0OEHX CTOPOH ONTHYECKUMH KOHHEKTOPaMH) MIPOU3BOAUTCSI COEAMHEHHE C pe-
T€HEPATOPOM.

Tako# ke MPHUHLKUI HCIIOJIb3YETCS U B OKOHEUHBIX ITYHKTaX BOJIOKOHHO-ONTHYECKOH Ma-
ructpaii. Ha BXozie B OKOHEUHBbIHM ITyHKT TAaKXK€ CTABHTCSI ONITHYECKHH KPOCC, B KOTOPOM Maru-
CTpaJibHbIM Kabesb pa3BOJUTCS Ha MaHe b Kpocca MPH MOMOIIM «ITUI'TeHJIoB». B camoM okoHeu-
HOM ITyHKTE HUCHOJIb3YIOTCS YK€ ONTHUYECKHE MATUKOPIBI.

JlInHa pereHepaloHHOro yyacTKa AOJIKHA yAOBJIETBOPSITh 3HAUEHHUSIM Kak
3aTyXaHMsl, Tak U gucnepcud. [1oaTomy Mpou3BOOUTCS pacueT IJIMHBI pereHepa-
LHOHHOTO YYacTKa CHavasa, HCXO/Isl H3 JOIyCTHMOTO 3HAUCHHS 110 3aTyXaHuio L,
3aTEM — UCXO[S U3 TpeOyeMbIX 3HAUEHHUH TUCTIEPCHH U MPOIYCKHOM CHOCOOHOCTH
Ly, U3 monyueHHbIX ABYX 3HaueHWH Lj, ¥ Lj, JIMH PEreHepalloOHHOrO yuacTKa
BBIOMPAETCS] HAUMEHBILEE 3HAUEHHE, KaK OTBEYAIOIIEEe YCAOBHSIM 3aTyXaHHS U AHC-

NepCHUH.

MaxkcumanbpHO OOMyCTHMAas OJIMHA PEreHEpalMOHHOIO ydacTKa IO 3aTyxa-
HUIO OMPEAESSIETCS] UYyBCTBUTEJIBHOCTBIO CUCTEMBI MIEPEAAUH U PACCUUTHIBACTCS MO

¢opmye

L= (2.3)

IA€ Dmax — MaKCHUMaJIbHbIM 9Hepretudyeckui norenuyan BOJIC, koTopsii onpe-
NEJISIETCS XapaKTEPUCTUKAMHU aIllapaTyphl.

MakcuMasibHO AONYCTHMAs JJIMHA PEreHePalMOHHOIO yyacTKa Mo Jucnep-
CHH ONpeJiesisieTCsl YyBCTBUTEJIbHOCTBIO CUCTEMBI TIEPelaul U PACCUMTHIBAETCSI 110

¢opmyne

an.cn.

L3 = :
Py ch

2.4)
rae Frp cn. — NPOIYCKHAs CLIOCOOHOCTH CBeTOBOAA HA 1 KM myMHbL, ITH-KM; Fox —
CKOPOCTbD TiepeJaun BOJOKOHHO-ONTHUECKOH CUCTeMBI, [ ouT/C.

[TponyckHasi crmocoOHOCTh CBETOBOJAA HAa | KM IJIMHBI ONpenesseTcs, Uc-
X051 U3 HOpMHUPOBaHHON Ha 1 km gucnepcun T curiana B BOJIC. ducnepcus B
o0lIeM cllydae XapakTepHU3yeTCsl TpeMsl OCHOBHBIMH (haKTOpaMHu.

1. Paznnuue cKkopocTer pacpOCTPaHEHHU S HAMTPABJISIEMbIX MOl — MeHCMO-
dosast ducnepcusi Tpypq.

2. Hanpasnsionmue CBOWCTBA CBETOBOJHOH CTPYKTYPbl — B80HOB00HAS
Jucnepcusi T,,.

3. CpolicTBa MaTepHasia ONTHYECKOTO BOJIOKHA — MamepuaibHast ducnep-
CUSL Trpar-

JJ1s1 0THOMOOBOTO BOJIOKHA OCHOBHBIM BHJIOM JIHCIIEPCHH T SIBJISIETCSI Ma-
TEepUaJIbHAsl JUCIIEPCUS Tyqr, KOTOPYIO B HOPMHPOBAaHHOM Ha | KM BHIIE MOXHO
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onpeAeuTs no popmyJie
T=Tya =AL-M(A), (2.5)

rae Al — NIMpHHA CTIEKTPa HCTOUHHKA JIa3€PHOTO H3JydyeHHsl (HM), MacropTHOE
3HauUeHHe 000pynoBaHus nepenaud; M (A ) — ynenbHasi MaTepuaibHast UCTIePCHs,
ric/(KM-HM), IACMIOPTHOE 3HAUCHHE Il BOJIOKHA B ONTHUYECKOM KabeJe.

3Hasi HOPMHUPOBAHHYIO JUCTIEPCHIO, MOXKHO OMPENEIUTh MPOIMYCKHYIO CMO-
COOHOCTB CBETOBOJIa HA 1 KM JJIHHBI IO (popMyJie

0,44
an.cn.: T (26)

Hasee, nocunras Ly, 1o dopmyJie (2.4), HeOOXOAUMO ONPEAETHTb PEaIbHYI0
MaKCHMAJIbHYIO JJIMHY PEr€HEpPalMOHHOrO y4yacTKa 1o ¢opmyJe
— min(73 TR
Lpy = min(Lpy; Lpy)- (2.7)

3Hasi IJIMHY pereHepaloHHOr0 y4acTKa MOKHO ONpedesuTh TpedyemMoe Ko-

muuectBo HPIT o popmyne

L
Nupn = 7 (2.8)
Py

KonnuectBo HepasbemHbix coenuHeHnd Bo Bcex HPII paccuuteiBaeTcs no
dopmyie
HpPI1
ch)) = 2 Nypr1- (2.9)

KonnuectBo pazpeMubix coeguHeHun Bo Bcex HPII paccunteiBaeTcst mo popmyie
Hp1I
Np}:’ =4 - Nypr1- (2.10)

3nas konuuectBo HPII u yuutsiBasi ctpyktypy BOJIC, nokaszaHHyio Ha
puc. 2.1, u cxemy HPII (puc. 2.3) MOKHO ONpee T KOJIMYECTBO PA3bEMHBIX CO-
eIuHeHuH no popmyie

__ a7HpPO on
Npe = Np&" + Ny s (2.11)
rae Nye = 2 — KOJIMYECTBO Pa3beMHbIX COCIMHEHUH B OKOHCUHBIX MyHKTaX.

OObwiee KOJIMUECTBO HEPA3bEMHBIX COEIMHEHUH MOKHO OINpPEAeSUTb 1o dhop-
MyJie

_ AJK HpI on
Nep = Nep +Nep +Nep (2.12)
rae Ngy = 2 — KOJIMYECTBO HEPa3beMHbIX COCAMHEHHH B OKOHEUHBIX ITyHKTaX.

Tenepp, Korjga paccuMTalbl Bce HEOOXOAUMbIE MapaMeTpbl, MOXKHO PacCUH-
TaTh nosiHoe 3aTyxanue BOJIC no dpopmyne (2.1).
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2.2.1. IIpumep pacuema 3amyxanuss BOJIC

st mpuMepa paccuuTaeM BOJIOKOHHO-ONTHYECKYI0 MAaruCcTpaib IJIMHOH
L =120 xm.

BospmewM crienyromue napaMeTpsl AJis pacueTa:

K03 (UIMEHT 3aTyXaHUs B CBeTOBOJaX — Oz = 0,35 nb/kwm;

3aTyXaHHE B CPOCTKAX — Op = 0,02 nb;

3aTyXaHHE B PA3bEMHbBIX COETHHUTENAX — Ope = 0,3 1b;
sKcryaTaudoHHbid 3anac B BOJIC — o, = 6 1b;

CTPOMTEJIbHAS JUIMHA Kabenss — Lerp = 4 KM;

MaKCHMaJIbHbIM 9HepreTuueckur norenyan BOJIC — D« = 33 nb;
CKOPOCTb MEPEAAUH BOJOKOHHO-ONTHUECKON cUcTeMbl — Fix = 3,2 T'0uTt/c;
IIMPUHA CTIEKTPA HCTOYHHKA JIa3ePHOTo usnyueHus — AA = 0,8 uwm;
ynenbHast qucniepeust — M(A) = 3,5 nc/(km-HM);

JOMYCKOM Ha TeMIlepaTypHble U3MEHEHHsI 3aTyXaHHUsI ONTHYECKOrO BOJIOKHA
npeHeoperaem.

HauuHaeMm pacuet c onpepesieHHs] MAaKCHUMaJbHO JOMYCTHMOM IJIMHBI pere-
HEpALMOHHOIO yyacTKa. BHavane He0OX0JUMO OIpEeNesMTh JJIMHY pereHepaloH-
HOT'O Yy4YacTKa, UHCXO[s U3 AUCTIEPCHH.

HopmupoBannas nucnepcus no popmyie (2.5) paBHa
7=0,8-3,5=2.8 nc/km.

CrnepnoBatenbHo, 1o popMmyie (2.6) nponycKHast cmiocOOHOCTb CBETOBOJA Ha 1 KM

JOJIHHBI paBHA

0.44
Fup.en. = 27—8 = 157,14 I'Ty - km.

MakcHMaJIbHO JOMyCTHUMAs AJIMHA PEreHEPAllMOHHOrO yyacTKa o aucnepcuu (op-

MyJa (2.4)) paBHa
1 157,14

Py 3,2

3HauuT, npensapuresibHO, KoauuecTBo HPII Ha paccunThIBaEMOR BOJIOKOH-
HO-ONTHYECKOH MarucTpaiy OyaeT paBHO

~ 49 kM.

120
NI{lIPH - 49 =2.

Tenepb MOkeM OLEHUTh MAaKCUMaJIbHO AOMYCTUMYIO IJIMHY pereHepalyoH-
HOT'O y4acTKa 1o 3atyxaHuio (¢popmyina (2.3)). KosmdyecTBO pa3beMHBIX COEOUHE-
HUM no popmyJie (2.11) Oynet paBHO

Npe =2+44-2 = 10.
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Torna MAaKCHMAJIbBHO OOMYyCTHUMaAs OJIMHA PCr¢HECPAIIMOHHOIO y4YaCTKa II0 3aTyXa-

HHIO paBHA
o _33-(10-03+6)

~ 67,6 KM
Py 0,02 ) '
0,35+ =~
[TonydeHHbIH pe3yibTaT OOJIbIlE Lgy, cJIe1OBaTeJIbHO, COrJIAcHO (2.7),

Lpy = Ly, = 49 xm,

a xosimuectBo HPII paBHO
NHPH — 2

[Tpu Takom kosnmuecTBe HPIT MarucTpanb Oyner pasnesieHa Ha TPU ydacTKa.
Ha nmpakThke UX AJIMHBI BBIOUPAIOTCSI B COOTBETCTBUH C Pebe(pOM MECTHOCTH U
TEXHHUYECKOM BO3MOXKHOCTBIO MpoBecTH o0ycTpoicTBo HPII. B npumepe npocto
pasaesiuM MarucTpajb Ha TPH PABHBIX YYaCTKa IJIMHOM

L 120

= = 40 kM.
Nppn+1  2+1

Lyq. =
PaccunTaem KOIMUECTBO HEPa3bEMHBIX COEJUHEHUHM (MY(T) Ha KaXXKJOM M3

yuacTkoB. [1o popmyie (2.2) oHO paBHO

40

Torpa obmee uuciao MydT Ha BceX yuacTKax kabesist OyeT paBHO
Ng, =9-3=27,

a MOJIHOE YHCJIO HEPA3beMHBIX COeAMHEHUH Ha BCeW MarucTpasu no popmye (2.12)
PaBHO

Tenepp paccuMTaeM MOJHOE 3aTyXaHHE BOJOKOHHO-ONTHUECKOH MarucTpa-
4 1o popmyJe (2.1).

o =120-0,35+33-0,02+10-0,3+6 = 51,66 nb.

2.2.2. Cnucok ucnoav306aHHLIX UCIMOYHUKOB

1. PacueT 3aTyxanusi 1uHuM [Dnextponnbii pecypc] / TECH Solid: [caiir].
URL: http://www.techsolid.ru.

2. Pacuer HOMHHAJIBHOM IJIMHBI PETEHEPALMOHHOTO YYaCTKA H Pa3MELCHHS
HPII [Dnextponnsiii pecypc]. URL: http://tss-vosp.narod.ru.
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3. PacueT nimHBI pereHepallMOHHOIO yyacTKa [DJIeKTpOHHBIA pecypc] //
TechShape.ru: [caiit]. URL: http://www.techshape.ru.

4. JlucniepcHsi CUTHAJIOB B ONTHYECKOM BOJIOKHE [DJEKTPOHHBbIN pecypc] //
TERALINK: [canT]. URL: http://www.teralink.ru.

5. OCHOBHbBIE THMBl UCKAXEHHH ONTHUECKOTO CUrHaja [DJIEKTPOHHBIA pe-
cypc]. URL: http://test.inf.sfedu.ru.

6. Bonpockl o ctangapTam Ha KaOeJibHble CHCTEMBI [ DJIEKTPOHHBIN pecypc]
// Madex Ltd.: [caiT]. URL: http://www.madex.ru.

2.3. IlopsiioK BbINOJTHEHHS 3aJaHHS

1. BoiOpatb u3 Tabu. 2.1 coryiacHo cBoeMy HOMepY BapHaHTa UCXOJIHbIE AaH-
HbIE JJIS1 pacueTa.

2. Paccunrarp moJIHOE 3aTyXaHHE BOJIOKOHHO-ONTHYECKOH MAaruCTpaJH.
[Ipu pacuere DOMyCKOM Ha TEMIIEpATypHbIE U3MEHEHHUS 3aTyXaHHsI ONTHUECKOTO
BOJIOKHA MTPEeHeOpeyb.

3. PaccuuTarth 3aTyXaHHE HA yU4aCTKE BOJOKOHHO-ONTHUECKOH MarucTpaiu
mexay aBymsi HPII. IIpu pacuete nonyckom Ha TemMriepaTypHbIE U3MEHEHHUS 3aTy-
XaHHUsI ONTHYECKOTO BOJIOKHA MPeHeOpeyb.

4. HapucoBarb sl OTYETA CXEMY OOIIEro BHAA MOJYYEHHOW BOJIOKOHHO-
ONMTHUUYECKON MarucTpasu rno odpasiy puc. 2.1.

Tabauua 2.1
Bapuanmut sadanus (ykazansl coeaacno Homepy cmydenma 8 dHcypHase)
Ne L | Lep | Ocg | Ocp | Opc | O | Dmax Fox AL M(Q)
Bap. | KM | KM nb nb ob | ob | nb | I'éut/c | HM | nc/(KM-HM)

1 150 3 1055(10,03]| 03 | 6 28 3,6 0,6 3,3
2 160 | 3,5 | 0,6 | 0,04 035 | 7 29 3,8 0,7 3,4
3 170 | 4 |10,65(005| 04 | 8 30 3,4 0,8 3,5
4 180 | 45 | 0,7 | 0,06 045 | 9 31 3,2 0,9 3,6
5 190 | 5 0,75 1007 | 03 | 10 | 32 3,5 0,6 3,7
6 200 3 0,8 10,08 035]| 6 33 3,7 0,7 3,8
7 210 | 3,5 10,850,031 04 | 7 34 3,3 0,8 3,3
8 1220 4 09 10,04 |045]| 8 35 3,9 0,9 3,4
9 23045 ]0551005] 03 1| 9 36 4,1 0,6 3,5
10 | 240 | 5 0,6 | 0,06 035]| 10 37 3,6 0,7 3,6
11 | 145 3 10,65|1007| 04 | 6 28 3,8 0,8 3,7
12 | 155 3,5 | 0,7 | 0,08 | 045 | 7 29 34 0,9 3,8
13 | 165 4 10,75 10,03| 0,3 8 30 3,2 0,6 3,3
14 | 175 45| 08 0,04 1035| 9 31 3,5 0,7 34
15 | 185 5 [085]005| 04 | 10| 32 3,7 0,8 3,5
16 | 195 3 09 |0,06 (045 | 6 33 33 0,9 3,6
17 | 2051 3,5 (055007 03 | 7 34 3,9 0,6 3,7
18 | 215 4 0,6 0,08 |035]| 8 35 4,1 0,7 3,8
19 | 225|145 | 0,65]003] 04 | 9 36 3,6 0,8 33
20 | 235 | 5 0,7 10,04 0451 10 37 3,8 0,9 3,4

—
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Oxonuarue maba. 2.1
Bapuanmut 3adanus (yKazarvl cozaacHo Homepy cmyOeHma 8 HcypHaae)
Ne L | Lep | Ocg | Ocp | Opc | O | Omax | Fex | AL M(A)
Bap. | KM | KM b nb ab | ob | ab | I'bur/c | HM | mc/(XM-HM)
21 | 150 3 0,75 1 0,05 | 0,3 6 28 3,4 0,6 3,5
22 | 165|135 | 0,8 | 0061|035 7 29 3,2 0,7 3,6
23 1180 | 4 0,85 |0,07 | 04 8 30 3,5 0,8 3,7
24 195145 | 09 | 008045 9 31 3,7 0,9 3,8
25 | 210 5 0,55 10,03 | 0,3 0 32 3,3 0,6 33
26 | 225 3 0,6 10,04 (1035| 6 33 39 0,7 3,4
27 |240| 3,5 |0,65]|005| 04 | 7 34 4,1 0,8 3,5
8
9

—

28 | 190 | 4 0,7 | 0,06 | 0,45 35 35 109 3,6
29 1200 45 0,775 10,07 | 03 36 3,7 10,7 3,7
30 {210 | 5 0,8 1008|035 10| 37 3,3 0,8 3,8

—

2.4. KoHTpOJIbHBIE BOMPOCHI

1. IIpuunHbBI OTEPb CBETOBOIO M3JIyUEHHSI B OTHUECKOM BOJIOKHE.
2. IlpuHumm pacueTa 3aTyXaHHsl B BOJIOKHE ONITHYECKON MaruCTPaJIM Ha y4acT-
K€ 3aJJaHHOM IJIUHBI.
3. TloHsITHE CTPOUTENBHON AJIMHBI ONTHYECKOrO Kadesl.
CriocoObl COeIMHEHUSI CTPOUTEJIBHBIX JJIMH Ka0esl.
CTpyKTypa 1 Ha3HAYEHHUE ONTHUYECKON MY(THI.
Hasnauenue u ynpomentnas cxema HPIT gina BOJIC.
[TonsaTne nucnepcuu ontuyeckoro curHana B BOJIC.
Bunpl nucnepcun ontuueckoro curaana B BOJIC.

© NNk
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[MpakTnyeckasa paboTa
Pacuet onTHueckoro 010pxera PON

3.1. enb padoThI

Llenbio JaHHOW MPAaKTHUECKOH pabOThI SIBJISIETCSI O3HAKOMJIEHHE C MPUHLIU-
namH pacueToB onTHueckoro Owmxera PON, npoBoAMMBIX MPH NPOEKTUPOBAHHU
CETH AOCTyIa.

3.2. TeopeTHueckHe cBeIeHHsI

PON (Passive optical network) — TE€XHOJIOTHSI TACCUBHBIX ONTUUYECKHUX Ce-
TEH NEpeauy JaHHBIX.

OcnHoBHOM npuHMn TexHosoruu PON 3akiiodaeTcs B TOM, 4YTO MEKIYy MPH-
eMonepeaanomuM MoayJieM nentpaipHoro ysina OLT (Optical line terminal) u yna-
nenHbiMU aboHeHTcKuMH y3namu ONT (Optical network terminal) co3maercs nos-
HOCTbIO TACCUBHASI ONTHYECKAs CETh, UMEIOLIast IPEBOBUAHYIO TOMOJOTHI0. B mpo-
MEKYTOUHBIX y3/1aX AepeBa pa3MellaloTCsl NACCUBHbIE ONMUUECKUe paseemasume-
au (cnaummepsl) — KOMIIAKTHBIE YCTPOUCTBA, HE TPEOYIOIUE MUTAHUSL U OOCITy-
KHUBaHHUSI.

Opun npuemonepepaomui moayas OLT nososisier nepenasats HHpOpMa-
10 MHOXecTBY a00HeHTCKUX ycTporcTB ONT. Uucno ONT, noaKIIOUEHHBIX K
onHoMy ontHueckoMy Beixoqy OLT onpenesnsieTcsi KOHCTPYKTHBHBIMH OCOOEHHO-
ctsiMu KoHKpeTHOro OLT u crangaprom PON (MakcumasnbHbIM KO3 (PHUIHEHTOM
CIUIMTTEPOBAHHUS 1JISI OJHOTO BBIXOA).

st obo3HaueHust Bcero cemencTBa TexHosoruit PON uacto npumMensieTcst
abopesuatypa XPON. BeigessiioT ciegyiomue TeXHOJOTHH.

1. APON (ATM PON). Ctangapt ITU-T G.983. UcTopryecku nepBblii CTaH-
gapt PON (1998 r.). Tpancnoptabiii mpoTokoa — ATM. Hucxoasmui noTok —
1550 aMm, 155 Mout/c. Bocxonsmu# nmotok — 1310 1M, 155 Mowut/c. B Poccuu 060-
pynoBanue APON npousBoactBa komnanuu Terawave Communications (CIIA)
BrepBble ObUIO npeactasieHo B 2001 r. B nepuon 2002-2005 rr. B Poccun 6bu10
MOCTPOEHO HECKOJIbKO JECSTKOB CETEH OCTYyIa Ha 9TOM 00opynoBanuu. B 2005 .
obopynosanue Terawave APON cusito ¢ mpousBojactBa. Obopynosanne APON
OpYyTruX NpousBoauTesier B Poccuu He npepyaraiocs.

2. BPON (Broadband PON). Cranmapt ITU-T G.983, kKoTOpBIH SIBASETCS
passutHeM ctangapra APON (2001 r.). Tpancnioptabit npotokon — ATM. Huc-
xoasimuH moTok — 1550 HM, 622 M6uT/c, B 60Jiee no3aaux Bepcusix — 1490 um
(1550 am ocBoOOXk meHa ais Buaeo). Bocxomsimuit motok — 1310 HM, 622 MowuT/c.
O6opynoBanre BPON mupoKko HCnosib3yeTcst AJisi MOCTPOEHUSI ONTHUYECKUX Ce-
TeH JOCTyIa ONepaTOPCKOro Kjiacca U MOJKIIOUEHHS] KOPIOPATUBHBIX a0OHEHTOB
(YATC no E1 wnn FXS, nokansasie cetu o 10/100 Base-T). Tak kak BPON wuc-
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MOJIb3yeTCSI B OCHOBHOM [JIs1 PEIOCTAaBJICHUsI YCIIyT CBSI3W OW3HECY, ero MHOraa
HasbiBaloT "Business PON".

3. GPON (Gigabit PON). Crangapt ITU-T G.984 (2005 r.). TpancnopTHBIH
npotrokon — GFP (Generic Framing Protocol). Hucxogsimmit notok — 1490 Hwm,
2,4T6utr/c wm 1,2T'6ut/c. Bocxomamud notoxk — 1310HM, 1,210uT/c wmam
622 Mowut/c. Ilepsbiit ctangapt Ha GPON (G.984) Obin npuHsT B KoHue 2005 T.
BeinymenHoe panee o0opynoBanne GPON Oosiee mpaBUJIBHO paccMaTpHUBATh KaK
obopynosanue pre-GPON. B 2008 r. npunsit HoBbI# cTanaapT GPON ITU G.984.6
(2008r.), c mogaepkKoH 10 128 aDOHEHTOB HAa AEPEBO HA PAcCTOSIHUM 10 60 KM.
OOBIYHO MPOU3BOJIUTENIM YCTAHABIMBAIT CKOPOCTh BOCXOMSINIEr0 MOTOKA BIBOE
HHKE CKOPOCTH HUCXOJISILIETO MOTOKA, YTO JAET BO3MOKHOCTh YMEHBIIHTb MOLI-
HOCTb nepefaTuika aboHeHTcKoro ONT.

4. EPON (Ethernet PON) nin GEPON (Gigabit EPON). Cranmapt IEEE
802.3ah. Tpancnoptaeii npoTokoa — Ethernet. Hucxogsmuit notrok — 1490 Hwm,
1000 M6wuT/c. Bocxoasimu# notok — 1310 Hm, 1000 M6uT/Cc. OcHOBHOE MpenumMy-
mecTBo 0bopyaoBanusi EPON — nuskas nena no cpasienuio ¢ BPON. Henocrat-
KM cyniecTBylomero obopynosanusi EPON — BeposiTHble mpo0JieMbl ¢ niepeaaue
TDM TtpadwuKa, B 4aCTHOCTH, NOTOKOB E1.

5. 10GEPON (10 Gigabit Ethernet PON). Crannapt IEEE 802.3av.

OO6masi cxeMa ceTd AOCTyna, NoCTpoeHHOH no TexHoJioruu PON, npeacras-
JieHa Ha puc. 3.1.

OnTHYecKHe CeTeBbIe
TepMHHANLL, ONT

OnoTHYe cCKH THHe HHEIH

TepnmHan, OLT [pHEMEHK

MepeaaTawk Hucxoaammi

—
1490 HM -I* NOTOK [laccHBHELH L | l'lepe,qamnxl
4

ONTHYECKHH T
ﬁ e PasBeTBHTEN: | %
[IpHeMHHEK Bocxoaanpai 1xN
1310 M MOTOK

[MepegaTyHK

Puc. 3.1. Obwas cxema cemu docmyna, nocmpoenHoi no mexroaozuu PON

Onmuueckuil 6r00x#cem mMouHocmu CETH AOCTYIIA, TOCTPOSHHOM MO TEXHO-
sgorud PON, omnpenensieTcss Kak pasHULA MEXIY MOIIHOCTBIO nepenarynka OLT
U 4yBCTBUTEJIbHOCTHIO NTpUeMHHKa B ONT. MomuocTe nepenatunka OLT paBHa
oobiuHO Ppr7 =1-4 nb. YysctBuTenbHOCTh NpueMHHKa ONT 00bluHO paBHa
Pont = —(26-29) nB. CrieioBaTeibHO, ONTHUECKHI O10IKET MOIMHOCTH Ppoy, BbI-
YHCJISIEMBIN KaK pasHOCTb Mexay Porr u PonT, B cpeaHem paBeH okouio 30 ab.

Jist mepenaur mpsiMOro U 0OpaTHOro KaHaJOB HCHOJb3YETCSl OJHO ONTH-
YeCcKOe BOJIOKHO, MOJI0ca MPOMYCKaHHUs KOTOPOro AMHAMHUYECKH pacrpenesser-
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cs Mexny abOHEeHTaMH, WJIM ABa BOJIOKHA B ciyuae pesepBHpoBaHMs. Hucxoms-
mui notok (downstream) OT IEHTPAJIBHOTO y3Jia K aOOHEHTaM UAET Ha AJIMHE
BOJIHBI 1490 HM 1 1550 HM [iist yeayru KabesbHOro Bujaeo. Bocxoasiye noToku
(upstream) oT aOOHEHTOB UAYT Ha AJKUHE BOJHBI 1310 HM. {1 Kaxkgoro HarpasJe-
HHSI TIepe1au UCTIOJIb3YeTCsI TEXHOJIOTHsI MHOKECTBEHHOTO IOCTYIIAa C BpEMEHHBIM
pasngenenueM (TDMA), kak nmokasaHo Ha puc. 3.2.

B ABOHEHTBI ABOHEHTBI

ONT-A ONT-A
[alsfc| | [a]B]c] [alB]|c]

oLT = [+ —> ONT-B oLT u ONT-B
poQ

ONT-C ONT-C

(a) (6)

Puc. 3.2. Bpemernnoe pazdenenue kananros 8 PON:
(a) Hucxodsimuii nomoxk (downstream); (6) socxodsuue nomoxku (upstream).

st noctpoennss PON Hcnosb3yeTcsl TOMOJIOTHSI «TOUKa—MHOTOTOUKa» H
caMa CeThb KaK IPaBWJIO UMEET APEBOBHIHYIO CTPYKTYpy. Kaxnpli BOJIOKOHHO-
ONTHUYECKUI CErMEHT MOJKJIIOUAETCSI K OQHOMY MPHEMONEPEIaTUMKy B EHTPAJIb-
HOM Y3Jie (B OTJIMUHE OT TOMOJIOTHH «TOYKAa—TOUKa», UTO AAET 3HAUUTEbHYIO 9KO-
HOMHIO B CTOUMOCTH 000pynoBaHus. OHH BOJOKOHHO-ONTHYECKUN CETMEHT ce-
T PON MoXxeT oxBaTbiBaTh A0 32 aOOHEHTCKHX Y3JIOB B paguyce a0 20 KM ajist
texHosiorud EPON/BPON u no 128 y3noB B paguyce 1o 60 KM 1151 TEXHOJIOTHH
GPON. Kaxipiii aDOHEHTCKHH y3eJ1 pacCCUMTaH Ha OOBIYHBIH )KUJIOH JOM HJIH OpuC-
HOE 3[JaHHE U B CBOIO OYEPEIb MOKET OXBAThIBATh COTHH a0OHEHTOB. Bece abOHEeHT-
CKHE y3JIbl SIBJISIIOTCSI TEPMHUHAJIBHBIMH, U OTKJIIOYEHHE WJIK BBIXOJ] U3 CTPOSI OTHOTO
JMOO0 HECKOJBKHUX a0OHEHTCKHX y3JI0B HUKAK HE BJMSIET Ha pabOTy OCTAJIbHBIX.

Kak yxe oTMeuanoch paHee, OCHOBHBIM CETEBBIM YCTPOHCTBOM B TEXHOJIO-
ruu PON sBiisieTcsl acCUBHBIN pa3BeTBUTENb — CILTUTTEP. PasznnualoT nBa tuma
CIUIMTTEPOB, MOKA3aHHbIX Ha pHC. 3.3.

CBapHoO# ciomHTTep 1:2 II1aHapHEId cioHTTEp 1:8

Puc. 3.3. Caapnvie (FBT) u naanapnueie (PLC) cnaummepbot
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1. Caapnvble (uau cnaasuvie) cnaummepowl. BeimosiHeHsl o TexHosioruu FBT
(Fused Biconical Taper) — nBa BOJIOKHA C yJaJ€HHBIMH BHEITHHUMH 0O0OJIOUKa-
MU CIUIaBJISIIOT B 9JIEMEHT C JOBYMSI BXOJAMH MU JBYMs BbixoAamu (2:2), mocie
Yyero OJIMH BXOJ 3aKPbIBAIOT 0e30TpakaTesIbHbIM METOIOM, (POPMHUPYS CILTUTTEP
1:2. ITocnegoBaTebHBIM COEJUHEHHEM CIUIABHBIX CIUIMTTEPOB 1:2 MOKHO MOJTY-
YUTb JIEMEHTBI C OOJBIMMH KO3 (PHUIIMEHTaMH JIeJICHHS, HO OOBIYHO Y BbIMOJHEH-
HBIX IO 9TOM TEXHOJIOTHH CIUIMTTEPOB KO(P(PHUIIMEHT AeJIEHHs He npeBbimaeT 1:8.
FBT crumuttepsl 1:2 MOTyT HCIIOJIB30BATHCSI HA IEPBOM CTYIEHH B TOMOJIOTHH «JIH-
HelHasi KOMOMHHPOBAaHHASI IMHA» COBMECTHO C TJIAHAPHBIMHU CILIUTTEPAMH BTO-
poit crynend. Y FBT crmtTepoB 1:2 MOXHO oOecnieudTh pa3iMuHOE pa3aesieHHue
MOIITHOCTH Mek Ay Bbixogamu oT 50/50 no 5/95. DTa BO3MOKHOCTb UCTIOJIb3yETCS B
JIMHEHHOW KOMOMHUPOBAHHOM IHHE [1J1s1 00eCieYeHH s MAaKCUMaJlbHO PaBHOMEPHO-
ro pacnpeaesieHusi MOIHOCTH MEXAY IUIAHAPHBIMU CIUIMTTEPAMH BTOPOM CTYyIie-
HU. 3HaueHus 3aTyxaHusl FBT crumTTepoB mu1sl pa3iuyHbIX ACIUTEIEH MOMIHOCTH
npuBeeHbl B Ta0I. 3.1. 3aTyxande Ha JuMHAX BOJH A = 1490 aM 1 A = 1550 M
OJHHAKOBO.

2. Ilaanapuele cnaummepst. BoimosHeHsl nomopio TexHosioruu PLC (Pla-
nar Lightwave Circuit), Korga Ha NoJyIpOBOJHHKOBOM IJACTHHE (POPMHUPYETCS
MHOECTBO MHKpojenuTesed 1:2, 00beJUHEHHbIX B CIUIMTTEP C HYXHBIM KO3(-
(punrieHTOM AesieHrsl. DTO MO3BOJISIET U3rOTABIMBATh KOMIAKTHBIE U HAJIeKHBIE
CIUIUTTEPBI C YHCJIOM BBIXOJHBIX BOJIOKOH 110 32. [1naHapHble CIULIMTTEPBI COCO0-
Hbl paboTaTh B Oojiee MHUPOKOM AuanazoHe temrneparyp (ot —45°C mo +85°C),
yem cruiaBHbie (0T —40°C no +75°C). OmHako ctouMocTs cruiuttepoB PLC Bbiie
crouMocTH cruTTepoB FBT. 3nauenus 3atyxanusi PLC cnmTTepoB aJist pas3iny-
HBIX JeJIUTesIe MpUBeaeHsbl B Ta0I. 3.2.

Tabauua 3.1
3uauenusi samyxanusi FBT cnaummepog 051 pa3auunelx deaumenel MOUWHOCMU HA PA3HBIX
OAUHAX B0NH

Tenurens A =1310uM, | A = 1550 HM™M, Meurens A =13108M, | A = 1550 HM™M,
nb nb nb nb
50/50 3,17/3,19 3,12/3,17 25/75 6,29/1,42 6,28/1,28
45/55 3,73/2,71 3,73/2,72 20/80 7,11/1,06 7,21/1,06
40/60 4,01/2,34 3,92/2,32 15/85 8,16/0,76 8,17/0,82
35/65 4,56/1,93 4,69/1,96 10/90 10,08/0,49 10,21/0,60
30/70 5,39/1,56 5,53/1,57 5/95 13,70/0,32 12,83/0,35
Tabauua 3.2
3nauenusi samyxanust PLC cnaummepog 051 pa3auunslx deaumenei
Henurens | 3atyxanue, n1b || Heautens | 3aryxanue, 1b || denurtens | 3aTyxanue, nb
1x2 43 1x8 10,7 1x32 17,2
1x3 6,2 1x12 12,5 1 x64 21,5
1x4 74 1x16 13,9 1x128 25,5
1x6 9,5 1x24 16,0
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st popmupoBaHMs ceTH AocTyna no TtexHosorud PON Kak npaBuio uc-
MOJIb3YIOT ABA THUMA CETEBbIX TOMOJIOTHH.

1. HpeBoBumHas Ttonojorus («aepeBo»). Ctpourcs Ha PLC crumrrepax.
Kak rnmpaBujio HIMeEeT [1BE€ UJIH TPH CTYIIEHH.

2. JluneniHas komOMHHMpoOBaHHas muHa. MmeeT nee crynenu. Ha nepBoii cTy-
neHu ucnosb3yotcst FBT crumrrepsl, Ha BTopoit — PLC crimuTTepsl.

J1st mpriMepa pacCMOTPHM BO3MO3KHBIE PEATTH3ALUH TOMOJOTHH CETH TOCTY-
na PON c genenuem curnana 1x64. To ectb Ha 1 Beixog OLT OyaeT npuxoauTbest
64 ONT. Ha puc. 3.4 npuBeaeHbl ABYX- U TPEXCTYyNEHYATAs] APEBOBUAHBIE TOIMOJIO-
rud. B ta0i. 3.3 npuBeaeHsl BO3MOKHbIE BapuaHThl feaurened PLC crimmTTepos.

TpexcmyneHyamaoe

Agyxcrynendamos depeao
depean - ( s (
NS N | ?| —_
I I PLC Ak
I 2 cTYHENE

Puc. 3.4. Isyx- u mpexcmynenuamasi dpegosudnvie monoaozuu cemu docmyna PON

Tabauya 3.3
Bapuanmui deaumeneti PLC cnaummepog dasi dpedosudnou monoaozuu cemu docmyna PON
¢ Jenenuem cuenana 1 x64

JIByXcTyneHuarasi TONOJIOTHs TpexcTyneHuaTast TONOJIOTHS

1 cTynens 2 cTyneHb I crynens | 2 cTyneHb | 3 CTyNeHb
I1x8 Ix8 I1x4 I1x4 x4
1x4 I1x16 Ix2 I1x8 Ix4
1x16 Ix4 Ix8 1x2 Ix4
1x2 1x32 I1x2 1x2 1x16
1x32 I1x2 I1x2 Ix16 I1x2

Ha puc. 3.5 npHBeieHbl OCHOBHBIE peaIM3allH JIMHEHHOH KOMOHMHUPOBAaHHON
IIMHBI C OOLIHUM JeJIEHHEM CHUrHasia 1 x64.

[Tpu onieHKe 3aTyXxaHHsI BaKHO 3HATh, KAKMM OOPa3oM CIUTUTTEP COEIHUHEH C
ONTHUECKOH TPAaCCOMU: MPH MOMOIIK CBAPOK WJIM MPH MOMOIIM KOHHEKTOPOB. Cy-
IMECTBYET HECKOJIbKO BAPHAHTOB COSIMHEHHMSI CIIJIUTTEPOB.

1. CapHo# (Bce BBIXO/IbI CIUTUTTEPA CBAPHBAIOTCS C BOJIOKHOM):

e MUHHMAaJIbHOE 3aTyXxaHue curiana (O,g ~ 0,01-0,05 nb);
e MaKCHMaJIbHbIe TPYI03aTPaThl IIPH MOUCKE HEUCIIPABHOCTH B CETH.
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2. MexaHuuecKu# (Bce BBIXOAbBI CILTUTTEPA COEIHUHSIOTCSI C BOJOKHOM IpH
MOMOIIM KOHHEKTOPOB):
® MaKCHMAaJIbHOE 3aTyXaHHe CUTHaNA (Oyex ~ 0,25-0,5 nb);
e MHUHHUMaJIbHbIE TPY03aTPaThl MPH MOUCKE HEUCITPABHOCTH B CETH.
3. KomOunHMpOBaHHBIMA (YaCTh BBIXOJIOB CIUIMTTEPA CBapUBAETCS C BOJIOK-
HOM, OCTaJIbHasl YaCTh — COEJIUHSIETCSI KOHHEKTOPAMH):
® OITHMAaJbHOE 3aTyXaHHE CUTHAJIA;
® CpeOHHE TPyHO3aTpaThl IPH MOUCKE HEUCIIPABHOCTH B CETH.

Ha npakTuke nmpoBaiaepsl yaiie BCero BBIOUPal0T KOMOMHHUPOBAHHBIA BAPHAHT CO-
€JUHEHUSI CIUTUTTEPOB, 00ECTIEUNBAIOMINN KOMIIPOMHCC MEXK1Y 3aTyXaHHEM CHI'HA-
Jla ¥ y100CTBOM NOUCKA HeUcnpaBHOCTeN B ceTH. Ha puc. 3.6 npuBeneHsl peainsa-
MM KOMOMHUPOBAHHOTO COEJIMHEHMS JJIsl «JIepeBa» U KOMOMHHPOBAHHOMN JIHHEH-
HoM mmHbL. [Ipn aTom ONT 8cezda nodk arouaromcesi npu nOMOouU KOHHEKMOopOos.

Juneinan KoMbunupoaannan wiuna 16FBT+1x4

1x4 1x4 1x4 x4 1x4 1x4 1x4 1x4 1x4 1x4 1x4 1x4 1x4 1x4 1x4

leryment 595 595 595 595 10/90 10/90 10/90 10/90 10/90 10/90 20/80 20/80 30/70 30/70 5050

Juneiinan KomOUHUposaHH AR Auneinan KomiunuposanHan
wuna SFBT+1x8 wuna 4FET+1x16
Ix8 I1x8 1x8 1xB 1IxB 1xB 1x8 ix16 1x16 1x16

Z CTYIEHE Z cTynenn
: z z 3 e 2 £ PLC

FBT
leryment g0 10/00 20/80 20/80 30/70 30/70 50/50 lerymens  ag70 30/70 50,50

Puc. 3.5. Ocnognble peaaudauuu AUHEUHOU KOMOUHUPOBAHHOU WUHBL D451 cemu docmyna
PON c obwum deneruem cuerana 1 x64

Tak:ke OJHOH W3 COCTABJISIIOIIMX 3aTyXaHHs SIBJISIETCS 3aTyXaHHE CHTHaJa
COOCTBEHHO B BOJIOKHE, KOTOPOE 3aBUCHUT OT PACCTOSIHMSI Nepeaun (IJTUHbI Kabe-
JIs1) U JUTHHBI BOJIHBI H3nyueHus. s miuabl BosHbl A = 1310 HM KooddHIHeHT
3aTyXaHHs B BOJIOKHE paBeH O = 0,36 nb/xm. s miunsl BosHbl A = 1490 HM |
A = 1550 uM K03(p(PHUIIHEHT 3aTyXaHHs B BOJIOKHE paBeH O = 0,22 nb/km.

Kpome paccMOTpEHHBIX BBIIIE COCTABJISIOMMX 3aTyXaHHS, B HEM PEKOMEH-
JIyeTCs1 MPEAYCMOTPETh OKOJIO Ofpe; = 3 1B 9KCILTyaTallHOHHOIO pe3epBa.

OxoHuaTeJIbHAS (bOpMy.Ha OJI OIITHUYECKOI'O 6IOJI)KCTa ITO 3aTYXaHHIO:
& = 0L+ OlcpNeg + OlyexNVviex + Olern + Opes, (31)

rae L — cymmapnas mimHa ontoBoslokHa OT OLT no koneunoro ONT; Ny —
KOJIMYECTBO CBAPHBIX COEIUHEHUH Ha MYTH CJIEAOBAHUS CUTHANA; Nyex — KOJHYE-
CTBO MEXAHMUYECKUX COEIMHEHUH Ha MyTH CJIEAOBAHUS CHTHAJA; Oy — CyMMap-
HOE 3aTyXaHHe CUr'Hajla Ha KacKaJe CIUIMTTEPOB (Ha MyTH CJIeI0BaHUsI CUTHAJIA).
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0O Konmexrop (MEXaHHYECKOE COEIHHEHEE)

Puc. 3.6. Peaausauuu KoMOUHUPOBAHHOZ20 COeOUHEHUS 0A51 «Oepesa» U KOMOUHUPOBAHHOU
AUHEUHOU WUHbL

[TonyueHHBIH ONTHUECKHH OIOMKET IO 3aTyXaHHIO HE HOJIKEH IPEeBbIIIATh
OITHUYECKHH OI0JIKET MO MOIIHOCTH

o < Ppon. (3.2)
3.2.1. IIpumep pacuema onmuueckozo 6rodxacema PON

Jist mpumepa paccyuTaeM onTHUeckud OwomxkeT ceth goctyna PON c ne-
JIeHWEM cHrHasia 1x32 u KOMOMHHUPOBAaHHBIM METOLAOM COEAHHEHHS CILUIUTTEPOB.
[Tpu pacuete OyaeM CUMTATbh, YTO JAJIMHA BOJHB A = 1310 HM.

Hcxomubie qaHHbIE:

MomHocTb nepenatunka OLT Pprr = 3 1b;

yyBCTBUTENbHOCTDb NpueMHUKAa ONT Poyr = —27 ab;

mirHa ontoBoJiokHa oT OLT mo koHeunoro ONT L = 15 kwm;
3aTyXaHHe CUIHaJla B CBAPHOM COeAMHEHHH Oz = 0,05 ab;
3aTyXaHHE CUTHAJIa B MEXAaHHUYECKOM COEUHEHUH Oyex = 0,5 1B;
9KCILTyaTAMOHHBIA PE3EPB Olpe; = 3 1B,

OpEeBOBUAHAS ABYXCTYyNeHYaTasi Tonojorus 1 x4+1x8;
JIMHEHHas1 KoMOMHUpoBaHHast muHa 4FBT+1 x 8.

Pacuer

OnTryeckui OI0IKET MOITHOCTH PAaBEH
Pron = Port — Pont = 3 — (—27) =30 nb.

Paccuntaem onTuueckuit OI0IKET MO 3aTyXaHHUIO ISl 3aJaHHOW JPEBOBUI-
HOM [BYXCTYIEHUYATOH TONOJOruu. CXxemMa TONOJIOTHH ITPUBEJEHA HA pHUC. 3.7.

PaccunTaem 3aTyxaHue Ha cruMTepax corjacHo puc. 3.7 u tabdiu. 3.2.
Oenn = OC})ZC4 + (X}l)zg =7,4410,7=18,1 nb.
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Puc. 3.7. Cxema dpesosudroii dgyxcmynernuamoii monoaozuu 1x4+1x8 cemu docmyna PON
¢ denenuem cuenana I x32 u KomMOUHUPOBAHHBIM COeOUHEHUEM CNAUMMEDPOB

OO61ee KOJTMUYECTBO CBAPHBIX COETUHEHUH HA MY TH CJIEJOBAHUSI CUTHAIA OT BBIXOAa
OLT go ONT, cornacHo puc. 3.7, paBHO

Neg =2.

OObuiee KOJUUECTBO MEXAaHUUYECKHUX COEJAMHEHUH Ha MYyTH CJIeI0OBAaHHSI CUTHAJA OT
Bbixona OLT no ONT, cornacho puc. 3.7, paBHO

Nyex = 4.
Tenepb paccuntaeM ONTHUYECKUHN OIOIKET MO 3aTyXaHUIo 1o ¢popmyJie (3.1):
o=0,36-154+0,05-240,5-44 18,143 = 28,6 n1b < Ppoy.

Takum 06pa30M, paccMaTpHuBacMas TOIIOJIOTUA MOKET OBITh UCIIOJIb30BaHA ITpH 3a-
JaHHbIX UCXOOHbIX OAHHDbIX.

Tenepb paccuMTaeM MaKCHMaJbHO BO3MOXHYIO JJIMHY CETH NOCTyMHa Mpu
JAHHOM TOMnoJIOTHH. 171 9Toro BbiBegeM U3 popmyJibl (3.1) u cooTHOmEHUs (3.2)
dopmyny (3.3) ayist pacueTa MAaKCUMAJIbHOM JIJIMHBI CETH:

P, PON — (aCBN CB + aMeXNMCX + Olcnn + O5pe3>

Lax = o . (3.3)

[IpoBenem pacuer:

[ ixarixg_ 30— (005-2405-4+18,1+3)
max 0,36

~ 18,9 xm.

Paccuntaem onTtuueckuil OIOJKET MO 3aTyXaHUIO JJIs1 3aJaHHOH JIMHEWHOM
KOMOHHMpPOBaHHOM mHHbI. CuuTaTh OyaeM mJjis camoro yaaieHHoro ot OLT abo-
HeHTcKoro ONT. Cxema TOnoJjioruy npuBeIeHa Ha puc. 3.8.

PaccunTaem 3aTyxaHue Ha CIutMTEpax corjacHo puc. 3.8 u tadh. 3.1.

70 70 50
Gonn = Oy 1 + g o+ g5 + Opfe = 1,56+ 1,56+ 3,19+ 10,7 = 17,01 B
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FBT 30/70 FBT 30/70 FBT 50/50

ONT ONT

Puc. 3.8. Cxema aunetinoi Komburuposanrou wursl 4FBT+1x8 cemu docmyna PON c
OeneHuem cuerana 1 x32 u KOMOUHUPOBAHHBIM COeOUHEHUEM CNAUMMEDPO8

OO61ee KOJTMUECTBO CBAPHBIX COETUHEHUH Ha MY TH CJIEJOBAHUSI CUTHAIA OT BBIXOAa
OLT po ONT, cornacHo puc. 3.7, paBHO

N =1.

OOuiee KOJMUECTBO MEXAaHUUYECKHUX COEJMHEHUH Ha MyTH CJIeI0OBAaHHSI CUTHAJA OT
Bbixona OLT no ONT, cornacho puc. 3.7, paBHO

Nyex = 3.
Tenepb paccunTaeM ONTHUYECKUN OIOIKET MO 3aTyXaHUIO 1o ¢opmyJie (3.1)
o=0,36-154+0,05-740,5-3417,01 +3 = 27,26 nb < Ppop.

Takum O6p330M, paccMaTpuBacMas TOIIOJIOTUA MOKCET OBITH HUCITOJIb30BAHA ITpH 3a-
JaHHbIX UCXOOHbIX OAHHDbIX.

Tenepb paccunTaeM MaKCHMaJIbHO BO3MOXKHYIO IJTHHY CETH JOCTYyTIa 1o op-
myJe (3.3)

JAFBT+1x8 _ 30— (0,05-7+0,5-3+17,01 +3)
max - 0.36

~ 22,6 kM.
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3.3. IlopsaaoK BBHINIOJIHEHHS 3aIaHHSA

1. BoiOpatb U3 Ta0:1. 3.4 coriacHo cBoeMy HOMEepY BapHaHTa UCXOJIHbIE 1aH-
Hble 1J1s1 pacueta. Bee pacueTsl mpoBogsrcs mis cetd gocryna PON ¢ nenenunem
curnaia 1x64. I[Ipu pacuete cuuTath, 4TO AaHHA BOJHB A = 1310 HM.

Tabauuya 3.4
Bapuanmut 3adarnus (yKasamwl cozaacho Homepy cnydenma 8 HcypHaJe)
o | Porr | Pont | L | Ocp | Oex | Opes 2-cTym. 3-cTym. Twun coen.
Bap. | nb nb KM | nb nb | b | «aepeBo» «JIepeBO» CIUIUTTEPOB

1 2 =27 (16 {0,02| 0,3 | 3,5 | 1x8+1x8 | 1x4+1x4+1x4 KOMO.
2 25 | —-275|170,03| 04 3 | Ix4+1x16 | 1x2+1x8+1x4 cBap.
3 3 —28 |18 10,04 ] 0,5 | 2,5 | I1x16+1x4 | 1x8+1x2+1x4 MeX.
4 35 | =285119 10,05] 0,3 | 3,5 | Ix2+1x32 | IxX2+1x2+1x16 KOMO.
5 4 —26 [201]0,02| 0,4 3 | 1x32+1%x2 | 1x2+1x16+1x2 cBap.
6 2 —29 |21 [0,03| 0,5 | 2,5 | Ix8+1x8 | 1x4+1x4+1x4 MeEX.
7 25 | =27 [22]10,04] 03 | 3,5 | Ix4+1x16| 1x2+1x8+1x4 KOMO.
8 3 -27,512310,05| 04 3 | 1x16+1x4 | 1x8+1x2+1x4 cBap.
9 3,5 =28 124 10,02] 0,5 | 2,5 | 1 x2+1x32 | 1 x2+1x2+1x16 MeX.
10 4 | —=28,512510,03| 0,3 | 3,5 | 1 x32+1x2 | IX2+1x16+1x2 KOMO.
11 2 -26 |16 10,04| 0,4 3 1x8+1x8 | Ix4+1x4+1x4 cBap.
12 | 25 | =29 | 170,05 0,5 | 2,5 | Ix4+1x16 | 1x2+1x8+1x4 MeX.
13 3 =27 |18 10,02] 0,3 | 3,5 | 1x16+1x4 | 1x8+1x2+1x4 KOMO.
14 | 35 |—-27,5|19]0,03| 04 3 | 1x2+1x32 | 1x2+1x2+1x16 cBap.
15 4 —28 (200,04 | 0,5 | 2,5 | Ix32+1x2 | Ix2+1x16+1x2 MeEX.
16 2 [ —28,5[21[0,05| 03 | 3,5 | 1x8+1x8 | 1x4+1x4+1x4 KOMO.
17 | 25 | =26 [22]0,02| 04 3 | Ix4+41x16 | 1x2+1x8+1x4 cBap.
18 3 =29 12310,03] 0,5 | 2,5 | I1x16+1x4 | 1x8+1x2+1x4 MeX.
19 | 3,5 =27 (24 10,04| 0,3 | 3,5 | Ix2+41x32 | Ix2+1x2+1x16 KOMO.
20 4 | =27,512510,05| 0,4 3 | 1x32+1x2 | 1x2+1x16+1x2 cBap.
21 2 —28 |16 [0,02] 0,5 | 2,5 | 1x8+1x8 | 1x4+1x4+1x4 MeX.
22 | 2,5 | =285|17 10,03] 0,3 | 3,5 | I x4+1x16 | 1x2+1x8+1x4 KOMO.
23 3 —26 [ 18 10,04| 0,4 3 | I1x16+1x4 | 1x8+1x2+1x4 cBap.
24 | 3,5 —29 |19 [0,05]| 0,5 | 2,5 | Ix2+1x32 | 1 x2+1x2+1x16 MeEX.
25 4 =27 12010,02| 0,3 | 3,5 | 1 x32+1x2 | Ix2+1x16+1x2 KOMO.
26 2 | =27,5|21003] 04 3 1x8+1x8 | 1x4+1x4+1x4 cBap.
27 | 2,5 =28 12210,04] 0,5 | 2,5 | I1x4+1x16 | 1x2+1x8+1x4 MeX.
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OxoHuarue maba. 3.4
Bapuanmut 3adanus (yKazarvl cozaacto Homepy cmyOeHma 8 HcypHae)

Ne | Porr | Pont | L | Ocg | Oyex | Opes | 2-CTyIL 3-cTym. Twun coen.
Bap. | 1b nb kM | ob nb | b | «aepeBo» «JIepeBO» CIUIATTEPOB

28 3 —28512310,05] 0,3 | 3,5 | 1 x16+1x4 | 1x8+1x2+1x4 KOMO.

29 | 3,5 —26 [2410,02| 0,4 3 [ Ix2+1x32 | 1x2+1x2+1x16 cBap.

30 4 =29 12510,03] 0,5 | 2,5 | 1 x32+1x2 | 1 x2+1x16+1x2 MeEX.

2. Paccuurtath onTHyeckHii OI0IKET CUCTEMBI IO MOIIHOCTH.

3. PaccuuTarh ONTHYECKUH OI0JKET CUCTEMBI MO 3aTYXaHHIO [JIs1 3aJaHHOH
OPEBOBUIHON NBYXCTYNMEHUATOW TOMOJIOIMH. CONMPOBOIUTH BBIUHCJIEHUSI CXEMOH
TOMOJIOTHHU C YKAa3aHUEM THMNOB coequHeHuH. Caenatb BbIBOJ O BO3MOKHOCTH UC-
MOJIb30BAHUSI JAHHOM TOMOJIOTHM (IIPH 3aJaHHBIX UCXOJHBIX 3HAUEHHUSIX) AJISI CH-
CTEMBI C paHee BbIYMCJIEHHBIM ONTHUECKUM OI0JI)KETOM MO MOIIHOCTH.

4. PaccuutaTh ONTHUECKUH OIOJIKET CUCTEMBI 10 3aTYXaHHIO JJIsl 3aJIaHHOH
OPEBOBUIHON TPEXCTYNEHYATOH TOMOJOTHU. COMPOBOAUTH BBIYMCIICHHSI CXEMOH
TOMOJIOTHHU C YKAa3aHHEM THIOB coequHEeHUH. Caenarb BbIBOJ O BO3MOKHOCTH HC-
MOJIb30BAHUSI JAHHOW TOMOJIOTHM (IIPH 3aJaHHBIX MUCXOJHBIX 3HAUEHUSIX) AJISI CH-
CTEMBI C paHee BbIYMCJIEHHBIM ONITHUECKUM OI0IKETOM MO MOIIHOCTH.

5. Paccuurtath ontuyeckui OI0IKET CUCTEMBI MO 3aTyXaHUIO JJIsl TUHEHHON
KoMOMHHpOBaHHOH MHHBI «4FBT+1 X 16» (mis1 ONT, moaKII0OUEHHBIX K MIEPBOMY,
MOCJIEAHEMY M OJTHOMY M3 MPOXKYTOUHBIX CIUIMTTEPOB BTOPOH CTyneHH). ConpoBo-
OUTb BBIUUCJIEHUSI CXEMOM TOIOJIOTHH C YKa3aHHEM THINOB coeguHeHuH. Caenatb
BBIBOJI O BO3MOKHOCTH HUCIOJIb30BAHUSI JTAHHOW TOIOJIOTHH (IIPH 3aJaHHBIX UCXOJI-
HbIX 3HAUEHHSIX) [IJIsI CHCTEMbI C paHEE BbIUHUCJIEHHBIM ONTHUYECKHM OI0JIKETOM IO
MOIIHOCTH.

6. PaccunuTatb onTHYECKHUN OIOJIKET CUCTEMBI O 3aTyXaHHUIO JJIs TIUHEHHON
KoMOuHHUpoBaHHOHM MHHBI «8FBT+1%x8» (minsa ONT, mogk/ouyeHHbIX K MepBOMY,
MOCJIEAHEMY M OJTHOMY M3 MPOKYTOUHBIX CIUIMTTEPOB BTOPOH CTyNeHH). ConpoBo-
IOUTb BBIUUCJIEHUSI CXEMOM TOIOJIOTHH C YKa3aHHEM THINOB coeauHeHuH. CaenaTtb
BBIBOJI O BO3MOKHOCTH HUCHOJIb30BAHUSI JTAHHOW TOIOJIOTHH (IIPH 3aJaHHBIX UCXOJI-
HbIX 3HAUEHHSIX) [IJIsI CHCTEMbI C paHEE BbIUHUCJIEHHBIM ONTHUYECKHM OI0JIKETOM IO
MOIIHOCTH.

7. PaccunTaTh ONTHYECKUH OI0AKET CUCTEMBI MO 3aTYXAHUIO AJIs1 JIUHEHHOM
KOMOMHMPOBaHHOHN mMHBI « I6FBT+1x4» (mynst ONT, noAK/II0YEHHBIX K NIEPBOMY,
MOCJIETHEMY H OJHOMY M3 ITPOKYTOYHBIX CIUIMTTEPOB BTOPOH cTyneHH). ConpoBo-
OUTh BBIUMCJIEHHSI CXEMOM TOIMOJIOTHH C yKa3aHHeM THUIOB coequHeHud. CrnenaTth
BBIBOJI O BO3MOKHOCTH HUCIOJIb30BAHUSI TAHHOW TOMOJIOTHH (TP 3aJaHHBIX UCXOJI-
HbIX 3HAUEHHSIX) [IJIsI CHCTEMbI C PAHEE BbIUUCJIEHHBIM ONTHUYECKHM OI0JIKETOM IO
MOIIHOCTH.

8. Cpenatb BBIBOJ O TOM, KaKasl U3 TOMOJIOTHH JIydlle MOAXOAMT (TI0 3aTy-
XaHHIO) [JIs peanusanuu cetu goctyna PON.
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9. J1Jis1 BBIUMCJIEHHOTO PaHEe ONTHUECKOro OIJKETa CUCTEMbI MO MOIIHO-
CTH U KaXJOH M3 3aJaHHBIX TOMOJIOTMH (IPEBOBHUAHBIE TOMOJIOTHH, 3aJaHHBIE B
TabJ1. 3.4, a Takke JJUHEHHbIe KOMOMHUpOBaHHbIE IMHUHBI «4FBT+1 X 16», «S§FBT+1 X 8»
U «16FBT+1 x4») paccunTaTh MakCUMaJbHO BO3MOXHYIO IUHY ceTH (oT OLT no
camoro yaaiaeHHoro ONT).

3.4. KoHTpoJbHBIE BONPOCHI

Texnosorust PON u BapuanTsl TexHosioruu XxPON.

[IpsiMo# 1 0OpaTHBIM KaHaibl epeaayn JaHHbix B PON.
Onrtrueckuti O101keT ceTd PON 1o MOIMIHOCTH.
Ontuueckuit 610akxeT cet PON 1o 3aTyXxaHuio.

CapHbl€ CIUTUTTEPHIL.

InaHapHble CIUIUTTEPBI.

Tononoruu cetu poctyna PON.

CrniocoObl COeIMHEHH I CTLTUTTEPOB.

[IpuHOMND OLIEHKK MaKCHMaJbHOM IJIMHBI ceTh noctyna PON.

WO R W=
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