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MHoOromMoaoBbie OnITHYECKHE BOJIOKHA

3aK0H OIITHKHA

B ONTOBOJIOKOHHBIX  TEXHOJIOTHUSX  HMCIIOJIb3YETCS
BOJIHOBAsI TEOpHUA CBeETa. 1.€. CBET PacCMarpyUBACTCI Kak
AJIEKTPOMArHuTHAas BOJIHA OIPEACICHHOW MiuHbL. [lia ee
TPAHCHOPTUPOBKHU HCHOJIB3YIOTCSA M30JIUPOBAHHBIE ONTHUYECKH
pO3pavyHbie cpeanl. B OMHOPOAHOM CpEJIE AIEKTPOMATrHUTHAS
BOJIHA PACIPOCTPAHIETCS MPSIMOJIMHENHO, OJTHAKO HA TPAHMIIC
M3MEHEHUSI  IUIOTHOCTA  CPE€JAbl €€  HalnpaBJIEHUE U
Ka4€CTBEHHBIU COCTaB MEHSFOTCSL.
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Beogumaa B ONTUYECKOE BOJSIOKHO MOLLUHOCTb MWCTOYHUKA
n3ny4vyeHna bygeT onpenensaTbca YACIOBOM anepTypon.
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[Mpnyem, 4em Oonblle 4ucroBaa aneptypa, TeMm Oornblue
ny4dyen nonaget B OB, n Tem 6onblle OyoeT pasHuua BO BPEMEHMU
NX NPOXOXOEHNSA BOMNOKHA AnvHonm L/




YucaoBas aneprypa. OHa CBA3aHA ¢ MAKCUMAJIBHBIM YIJIOM ®A BBOAMMOTO B BOJIOKHO U3JIYYEHHS U3
CBOOOJTHOTO MPOCTPAHCTBA, NMPU KOTOPOM CBET HCIIBITHIBAET IOJIHOE BHYTPEHHEE OTpPAXKEHUE U

pacIpocTpaHsaeTcs o BOJIOKHY, bopmynoit:
NA =sin®,
@OupmMbl - H3FOTOBUTENIM BOJOKHA JKCHEPUMEHTAIBHO H3MEPSIOT yron OA ©  yKa3blBalOT

COOTBCTCTBYIOIICC 3HAYCHHC YHMCIIOBOU AlICPTYPhI IJIA KaXKA0I'0 IMIOCTABJIACMOI'0 THUIIa BOJIOKHA.

Yucnosas aneprypa onpeaensieTcs AJis:
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* OIITUYECKUX BOJIOKOH ¢ rpaaueHTHBIM 11111 mo dopmyne: NA = 2 (T)Hy
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HopmupoBannasa  4yacrora. DOTOT  mapameTp,  ONPENETSIONIMM  YUCIO  MOJ,  paBeH:

— ._: T é’

Ecnu 0<v<2,405, To pexxum pabOTHI BOJIOKHA OJHOMOMAOBBIM, ecnu v>2,405 - MHOromomoBblid. Yem
MEHbIIIE AuaMeTp cepueBuHbl OB, TeM MeHbIlIee YUCIIO MO MOXKET PaclpOoCTPaHSATHCS MO HEMY U
TE€M MEHBIIIEE PACIINPECHUE MOTYYAIOT ONTUYECKUE UMITYJIbCHI.

CoOTBETCTBEHHO YBeJIMUYMBAETCS KO3 dUIMEHT mupokonogocHoctu OB.

Takum oOpazom, ogHomonoBoe (OMB, anr. SMF — single mode fibre) moxer mepenaBars Oojee
IIMPOKOIIOJIOCHBIE CUTHAJIBI, 4eM MHOTOoMO10Boe (MMB, anrin. MMF — multi mode fibre).




HJduamemp Mo008020 rorisi.

0 BaxHbiM nHTerpansHbeiM napametpom OMB sBnsietca guameTrp MoOoBOro
nonsa.  JTOT  napameTp  ucnonb3dyetca  npu  aHarmmse  OMB.
B MMB pa3smep cepgueBuHbl NMPUHATO OLEHMBaTb AuameTpom (2a), B
OHOMOAOBbIX BOMOKHax - C MOMOLLb Anametpa moaooro nons (dMrl).
OTO CBfAI3@HO C TEeM, 4YTO 3Heprnss ocHoBHoM moabl B OMB
pacnpoCcTpaHAeTCca He TONbKO B cepaueBuHE, HO M YacTUYHO B oborouke,
3axBaTbiBasg €€ npurpaHnyHyto obnactb. [Moatomy dMI1 Gonee TO4HO
OLeHMBAET pa3Mepbl MOMepeyHoro pacnpeneneHns 3Heprum OCHOBHOM
moabl. BennuuHa dMI1 saBnsieTcss BaXKHOW NpU CTbIKOBKE BOJTIOKOH MeXay
cobon, a TakKe Mpu CTbIKOBKE MCTOYHMKA U3ITyYEHUS C BOSIOKHOM. OTOT
napamMeTp YUCIIEHHO paBeH YOBOEHHOMY PacCTOSHWKO OT OCU BOJSIOKHA A0
TOM TOYKW, rae NMOTHOCTb ONTUYECKOW MOLLUHOCTW nagaet B 2,72 pasa no
CpaBHEHUIO C MakCUManbHbIM 3HAYEHUEM.




HdnuHna eonHbl omceyku (cutoff wavelength)

MuHumanbHass AOnuHa BOJSHbI, MPU  KOTOPOM BOJIOKHO
nooaepXmMBaeT TONbLKO OAHY  pacnpoCTpaHsieMyd  MoAay,
Ha3blBaeTCss OJIMHOM  BOSIHbl  OTCEYKU. ITOT napameTp
XapakTepeH Ansi ogHOMO4oBOro BosiokHa. Ecnun paboyvasa anuvHa
BOMMHbl MeEHblUEe AfUHbI BOSMHblI OTCEYKU, TO MMEET MECTO
MHOromMoAoBbIN PEXNM pacnpocTpaHeHus cBeTa.
Mo NOCTy pa3nu4aloT BONTOKOHHYI ANWHY BonHbl oTceYkn (ACF)
n kabenbHyto annHy BonHbl oTcedkn (ACCF). T[lepsas
COOTBETCTBYET crnabo HanpshKeHHOMY BOSIOKHY. Ha npaktuke e
BOMIOKHO MOMeLlaeTcs B Kabenb, KOTOPbIA MpU Mpoknaake
NUCMNbITbIBAET MHOXECTBO W3rMboB. Kpome 9TOro, CWIibHbIE
NCKPUBMNEHUS BOMIOKOH MPOUCXOOAT nNpU  UX YyKNagke B
cnnancookcax. Bce aTo BeaeT K nogaBneHunto NnoboYHbIX Mo U
cmveweHnto ACCF B CTOPOHY KOPOTKUX ASIMH BOSTH MO cpaBHe)l\-lgFro
C :
ACF onsa ctynenuwatoro OMB onpegensaetcs BblpaXXeHnem Buaa.

hcp = 2T@ 3455




PacnpOCTpaHeHne ¢cB€Ta B MHOTOMOA0OBOM OIITHYECCKOM

BOJIOKHE

[IepBO€ UCIIOIB30BAHHOE B CUCTEMAaX CBSI3M ONTHUYECKOE BOJOKHO (OB) ObL10
MHOTIOMOIOBBIM. [[711 0OBSICHEHHUS 3TOTO TEPMHUHA OOPATUMCS K PUCYHKY

Crynenuaroe OB

B cocTaB onTOBONMOKHa BXOAAT:
1 - cepaueBuHa - nl
2 - obonoyka - n2
3 - 3awmTHas obonoyka
nl » n2 Bceraa!




CepaieBuHa U 000J0YKa M3TOTABIMBAKOTCS U3 KBAPILEBBIX CTEKOJ C
OKA3aTeNSIMHU TPEIOMIICHHS N, U N, COOTBETCTBEHHO, [7I€ N > N,. XOPOIIIO
M3BECTHO, 4YTO JIy4 CBETa, MaJAlOIIMI IMOJ] YIJIOM ( Ha TPAaHUILy pasjaena
JIBYX Cpel C pasTMYHBIMA TOKA3aTeIsIMK TPEIOMICHHS N, H N,
MCTIBITHIBACT SIBJICHUS MPEIOMJICHHS M OTpaxkeHus. B ciydae, korna n > n,
BO3MOXXHA CHUTyalysi, MpPU KOTOPOHM CBET MOJHOCTBK) OTPA3UTCSA OT
rpaHMIlbl pa3jiena, T.€. OyaeT Ha0moAaTbCs 3Q@PEKT MOJTHOTO BHYTPEHHETO
OTpKEHHUS. YCIOBMEM BO3HUKHOBEHUS ATOro »JPdexra sBiaseTcs
BBIMOJIHEHHE HepaBeHcTBa O < O, rme O, - kpurudeckud yrou,
ONPEAEISIEMbIN U3 BBIPAKCHUS
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[paaneHTHOe OB.
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O0OHOMOO080e ornmuy4yecKoe
8OJIOKHO

BonokHo, amameTp cepaueBuMHbl W COOTHOLUEHME MoKa3laTenemn
NPENOMIIEHNA CepaueBUHbI M ODOMOYKM KOTOPOro BblOpaHbl Takum
oOpa3om, YTO B HEM MOXKET pacnpoCTPaHATLCSA TONbKO OHa Moaa.

CyLlecTBYeT HECKONbKO pa3HOBUAHOCTEN OOQHOMOAOBbLIX OMTUYECKUX
BoriokoH (OOB) cooTBeTcTBYyWOLIMUX  pekoMmeHaauusm  MCO-1  nu
CcTaHOapTU30BaHHbIX.

maHOapmus3ayusi 3aHUMaem eaXHoe Mecmo 8
meJsieKOMMYHUKaUuUOHHOU UHOycmpuu.

Hanunume crtaHgapta Ha TOT UMM WMHOW BWL MNPOAYKUMWM U yCnyr
CyLLECTBEHHO  obneryaetr  B3aWMOOTHOLLEHUS npousBoauTensd n
noTpebutensi, cnocobCTBYET MOBLILEHUIO KadeCTBa ToOBapa U BHEOPEHMIO
HOBbIX TEXHOMOMMMN.




CmaHOapmHoe 00HOMOO080€ ONMMUYECKOE

80J/10KHO (SM)
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Cmpykmypa 0OHOM0308020
onMmu4ecKko20 80JI0KHa

[MoTpebHOCTL B YyBENIMYEHMN MOSOCHI
nponyckaHnss W ganbHOCTU nepegayu
CUrHana npumBena K HeobxoaumocTn
NPUMEHEHUS oAHOMOL4O0BOIro
OMNTUYECKOro BOJIOKHA, B HEM MOXET
pacnpoCcTpaHATLCS TONMbKO O4Ha Moaa.
FABneHne MexmogoBoM aucnepcum B
TakOM BOJSIOKHE OTCYTCTBYET, a LUMPUHa
Nosiocbl  NPOMYyCKaHUs OrpaHNYMBaETCS
XpomMaTun4yeckom avcrepcuen.
CtaHgapTHOe  0QHOMOAOBOE  BOJIOKHO
npegHasHavyeHo ans paboTbl B AnanasoHe
annH BonH 1,285-1,330,, B KOTOpPOM
BENMMYMHA XpoMaTUYEeCKOM aucnepcun B
ONTNYECKOM BONOKHE gocTturaet
MUHUManNbLHOro,  GNMU3KOro K Hyso
3Ha4veHusa, a Takke 1,55 MKM.
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Knaccuchukayusi munoe eosi0kHa coa2s1acHO
pexkomeHOayusim MC3I-T.

Cmandapm G.650

CtaHpapt G.650 paer obwme onpegeneHMs TUMNOB BOMOKOH, MepevYeHb
OCHOBHbIX XapaKTepUCTUK U NapamMeTpoOB OAHOMOAOBbLIX BOJSIOKOH, a TaKxe
METOA0B N3MEPEHNSA N KOHTPOMSA 3TUX NapaMeTpoB.

Cmandapm G.651

CtaHpapTt G.651 pacnpocTtpaHsieTcss Ha MHOroMO40BOE ONTUYECKOE BOSIOKHO C
anameTpom cepaueBuHbl 50 Mkm 1 obonoydkn 125 mkm (ctynenyatsie OB). 3tot
TN BOJSIOKHA B HaCTosdWEee BpPeMsa UCMNOMb3yeTcss TOMbKO B  KOPOTKMX,
BHYyTpMobbekToBbiX BOJIC ¢ paboyven anvHon BonHbl 0,85 n peako 1,31 Mkm.

Cmandapm G.652

OoHOMOOOBOE BOMOKHO C HECMELLUeHHoW paucnepcuen (Nonyymno  LMPOKoe
pacnpoctpaHeHne ¢ 1983 roga). Ero napametpbl onTUMM3MPOBaHbI AN
ananasoHa anuH BonH 1,31 MKM, B KOTOPOM BOJSIOKHO WMEET HyrMeByto
XpPOMaTUYECKYID  AMCNEepCUd U MUHMManNbHoOe  3aTyxaHue. [dunametp
ceetoBeayLien xunol BonokHa — G.652 paseH 9 mMkm, a obonodkn — 125+2
MKM. OTO BOSIOKHO MCMOSb3YETCs AN 04HOBONHOBOW nepeaayvm u cnekrpasnbHOro
YyNroTHEHNA, B AnanasoHe gnuH BonH 1,55 Mkm 1 obecneumBaeT nepenady
nHpopmaummn co ckopoctamm ao 10 I'out/c Ha cpegHue paccTosiHus (4o 50 km).




Cmandapm G.653

PacnpocTpaHsieTca Ha O0OQHOMOAOBOE BOSIOKHO CO CMELIEHHOM
HyneBon Aaucnepcnen B obnactm A=1,55 MKM. 3TO BOJSIOKHO MMeEET
HyneByl0 AOUCNEPCUMIO B 00NacTM MUHUMarnbHbLIX MNOTEPb BOJSIOKHA, 4TO
OOCTUraeTca 3a cyeT bonee CNoXHOW CTPYKTYPbl CBETOBEAYLUEWN XUIbl, a
MMEHHO cneunanbHO 3agaHHOMY  pacnpegeneHuto  KoadduumneHTa
NpenoMneHna no guameTpy Xunbi.

BonokHo Tvna G.653 ucnonb3yeTca B NPOTSXKEHHbIX MarnctparnbHbIX
LLIMPOKOMOSIOCHBIX JIMHMAX U CETSX CBA3U, OHO obecnednBaeT nepenady
NHOPMAaLMN Ha HECKONbKO COTEH KUITIOMETPOB cO ckopoctamun o 40
[Oont/c. OgHako No HeEMY MOXHO nepenaBaTb TOMNbKO OOWH CMEKTParbHbIN
KaHan wuHgopmaununm, TO €CTb OHO HEe MOXeT ObiTb WCMNOoNL30BaHO B
BOJTOKOHHO-OMTUYECKNX CUCTEMAX W CETAX, B KOTOPbIX MPUMEHSIOTCS
BOJTOKOHHO-OMTUYECKNE YCUNUTENN U MNNIOTHOE ONTUYECKOE CreKTpanbHoe
mynstunnekcmposanue (DWDM-TexHonorun).




Cmandapm G.654

Ctangapt (G.654 cogepXuT  onucaHue  XapaKTepPUCTUK
OOHOMOAOBOIO BOMOKHA, UMEKLLEro MUHMManbHble notepun Ha A=1,55
MKM. OTO BOJSIOKHO 6bINo pa3paboTaHo Ans NPUMMEHEHUST B NOABOAHbLIX
BOJIC. 3a cueT bonbLwux, Yyem y BonokHa ctaHgapta G.653 pasmepos
CBETOBEAYLUEN XWUMnbl, OHO MO3BONSET nepenaBaTb Ooree BbICOKME
YPOBHU ONTUYECKOM MOLLHOCTWU, HO B TO XXe BpemMa obrnagaetr bonee
BbICOKOWM XpomMaTuyeckom gucnepcmen B guanasoHe A=1,55 mMkm.
BonokHo Tuna G.654 He npeaHasHayeHo Ans paboTbl HA Kakou-nmbo
OpYron BomnHe msnydyeHus kpome A=1,55 Mkwm.




Cmandapm G.655

CtaHpapt G.655 oTHOCKMTCA K BOMNMOKHY CO CMELLEHHOW HEHYNEBOW
oncnepcnen — NZDSF (Non-Zero Dispersion Shifted Fiber). 3710
BOJSTOKHO npeaHasHayYeHo Ans NpUMEHeHUs B MarnctparnbHbIX BONOKOHHO-
ONTUYECKMX JIMHUAX M rnobanbHbIX CeTAX CBA3U, ncrnonbayowmx DWDM-
TexHonornm B gnanasoHe AnuH BosnH 1,55 Mkm.

BonokHo — G.655 umeeTt cnabyto, KOHTpONUPYEMYIO ANUCNEPCUIO B
C nonoce (I=1,53-1,56 mkm) 1 6onbLUON AnamMeTp CBETOBEAYLLUEN XWUIbl
No cpaBHeHWO C BonokHoMm Tuna G.653. IOTO0 cHwxaeTr npobnemy
YeTbIPEXBOSIHOBOITO CMELUEHUS U HENUHENHbIX 3PIEKTOB N OTKpbiBaeT
BO3MOXHOCTU  NPUMEHEHNs1  3MPEKTUBHBLIX  BONOKOHHO-ONTUYECKNX
ycunuTterneu.

BoilwenpueegeHHasa Knaccudukauma ONTUYECKUX BOMOKOH MO WX
OCHOBHbIM XapakTepuCTMKaM [JaHa C TOYKM 3peHusi Monb3oBaTens.
OpgHako cnegyet UMETb B BMAY, YTO Y NMPOU3BOAUTENEN U MNOCTaBLLVKOB
MOXET OblTb CBOSl Krnaccudukaums W MapKUMpoBKa, CBA3aHHasi C
OCODEHHOCTAMW MPOM3BOACTBA. [eM He MeHee, AaHHble mMaTtepuarnol
noMoryT noTpebutensm npasBuribHO copueHTupoBaTbea npu Bolibope BOK
ONnsa CTpouTenbCTBa HOBbLIX N pacwmperHus gencraeytownx BOJIC.




Hucnepcus

Ancnepcus
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Mexxmodoeast oucrniepcusi
MexxmMogoeaa guchepcuA
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[TOCKONBKY UCTOYHUKN U3NYYEHUS He naeanbHbl, UCMyCKaeMble UMW BOJSIHbI HE
COBCEM  MAOEHTMYHbLI M MOIYT  pasnuyatbCAa  NO  HanpasbfiEHUIO
pacnpocTpaHeHnsl. EanHnyHasa HesaBucMMasi TPaeKTopusa pacrpoCcTpaHeHud
BOJSTHbI MeHyeTcs mogon. O4yeBMaHO, YTO Ny4, HanpasneHHbIN napannensHo
OCM  CBeTOBOda  MPOXOOAUT  MEHbLlee  pacCTosHWEe,  HexXenu  nyd
PacnpoCTPaHAKLMNCA NO TPaeKkTopun JOMaHOM 3a cuyYeT a3dpdekTa
oTpaxeHusi. Kak cneacrteBue, J1ydMm  OOCTUIHYT  KOHUA  cepaedHuka.
3HavyanbHbIN CBETOBOWM WUMMNYSIbC COAEPXUT HEKOTOPOE MHOXECTBO BOJH,
BXOOSALWMX B CBETOBO4 No4 pasHbiMM  yrmamui. B utore umMnynsc
packraabiBaeTCcsi Ha MHOXECTBO OTAEmNbHbIX BOSH, OJOCTUraloWmnx npueMHUK B
pa3Hble MOMEHTHI.

UmeHHO amom pa3bpoc epemMeHU U Ha3bieaemcsi MexxXmodoeoll

nepcueu.




MexyacmommHasi (6osiHoeo0OHas1) ducnepcusi.

Mex<4acmomHaa gucnepcus vV t
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NCTOUHUKN W3NYyYEHUA TEHEepUpPYT HEe OAHY ONWUHY BOSMHblI, @ HEKOTOpPOEe WX
KONMMYEeCTBO, OnpedensiemMoe CcnekTpom wusnydeHma - AA. CornacHo 3akoHam
dbur3nkn bonee KOpOTKME BOMHbI PacnpoCTpaHsatoTcs bObicTpee, a cnegoBaTernibHO
BOMHbI AOCTUraldT KOHLA CBETOBOJA B pa3Hble MOMEHTbl BpeMeHu. Ecnn
N3Ha4arnbHbIA CBETOBOM UMMYNbC COOAEPXKUT HEKOTOPOE MHOXECTBO BXOASALUMX B
CBETOBOJ BOMIH C pPa3HOM 4acTOTOWM, TO OH packnaabiBaeTcss Ha MHOXECTBO
OTAENbHbIX BOSH, JOCTUralOLWMX NPUEMHUK B pa3HOE BPEMS.

UmeHHO 3mom pa3bpoc epeMeHU U Ha3bieaemcsi MeX4acmomHouU
ducnepcuedl.
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MamepuasnbHasi ducrnepcusi

MamepuankHaA gucnepcua v 1

CKOpPOCTb NPEOoOOSIEHNS pPacCTOSIHUMA BOSTHOW 3aBUCUT HE TOMbKO OT
4acToTbl, HO WM OT nMJIOTHOCTM cpeabl pacnpocTpaHeHus. [lokasaTerb
npenomMneHns - n, npu donee TWATENTLHOM PAacCMOTPEHUN, 3aBUCUT OT ANUHBGI
BONMHbl. BcnegctBume 3TOro BOSHbI, MMEKOLWME pasHylo anuHy, obnagatot
Pa3HbIMW CKOPOCTSIMW PacrnpoCTPaHEHUSA N OKa3blBAKOTCA B NPUEMHUKE B pas3Hoe
BpEMSI.

O4yeHb 4acTo O00beaMHAT nocrnegHue [aBa MOHATUS Nod  TEPMUHOM
XxpomaTtudeckasa aucnepcusi. Hawmbonee o0OT4YETNMBO OHa MNPOABMSAETCA B
OOHOMOOBOM BOJSIOKHE, B BUAY OTCYTCTBMA MEXMOO0BOW OANUCMEPCUN.




1 MaTtepunanbHass aucriepcusi 0OycrnoBneHa 3aBMCUMOCTBIO MoKasaTens
NPenoMneHust BOrIOkHa OT ANMHbI BOMHbI. B BbipaXkeHne ans aucnepcun
OOQHOMOJOBOrO BOSIOKHA BXOoAMT AnddepeHumanbHas 3aBUCMMOCTb
nokasarens nNpPenomMIieHNsa OT AJMHbI BOSHbI:

% d*n,
Tmat(A}“ﬁL) = A}«L——?- = AKLM(?»)
¢ dk
1 BonHoBogoHast gucnepcua obycnoBneHa 3aBMCUMOCTBIO KO3dhduuMeHTa
pacnpocTpaHeHuUsa Moabl OT ANUHbI BOSHbI:

T, (AAL)=AA-L-2n%A/ch = AL-L-N(A)

roe BBeaeHbl koadpdpuumeHTol M(I) n N(I) - yoenbHble maTepuanbHas u
BONHOBOAHAA OMCNEPCUN COOTBETCTBEHHO, a AA(HM) - ylIMpEeHue AONVHbI
BOIHbI BCINEACTBME HEKOrEPEHTHOCTU UCTOYHMKA U3NYYEHUS.

PesynbtupytoLlee 3Ha4yeHune KoapdpuuymeHTa yaenbHoun
XpomaTtundeckon aucnepcum onpepensietca kak D(A) = M) + N(A).
YoenbHas gucnepcus UMeeT pasmepHoOCTb Nc/(HM*KM).




0 Ecnn koapdmumeHT BONHOBOAHOWM AMcNepcun Bcerga bonblie Hyng,
TO KO3dh(PUUMEHT mMaTepuanbHON OUCNEPCUN MOXET ObITb Kak
NONOXUTESbHBLIM, TakK N oTpuuaTtenbHbiM. 1 30ecb BaXXHbIM ABMAETCS
TO, YTO Npu onpeaeneHHon anuHe BornHbl (NpumepHo 1310 + 10 HM
ONS CTyneH4yaTtoro OAHOMOOOBOrO BOJSIOKHA) MPOUCXOOUT B3auMMHas
komneHcauus M(A) mn N(A), a pesynstupytowaa aucnepcma D(A)
obpawiaetcs B Hynb. [OnnHaA BOMHbI, NPU KOTOPOW 3TO MNPOUCXOAMT,
HasblBaeTCss [ONIMHOW  BOMHbI  HynesBou aucnepcum  A,. OObI4HO
yKasblBaeTCA HEKOTOpPbLIN OuanasoH AfWH BOSH, B npegenax KoTopbiX
MOXEeT BapbnpoBaTbCs A, A11s1 AAHHOTO KOHKPETHOrO BOOKHA.




OJdHOoMOO0B80€ 80JIOKHO CO CMeWEHHOU Hyriesou
ducnepcuel 8 obnacmb 1,55 Mkm - OnnuHa 80Js1HbI

(DS)

B aTom BonokHe obnactb MMHMMyMa ONTUYECKUX NMOTEPb cOBNagdaeT
Cc obnacTblo MMHMMAarbHOM XpomMaTudeckon aucrnepcun. NapameTpbl 3TOro
ONTMYECKOro BOMIOKHA pernameHTupytTca pekomeHdauyueu G.653 MC3-
T. BonokHO coO cMelweHHOW AOucnepcuen XopoLllo COBMECTUMO C
ONTUYECKUMU YCUITUTENAMU, MOCKOSIbKY MHTEepBan ANWMH BOMMH B KOTOPOM
OMTUYECKOE BOJIOKHO MMEET Haunydwue napameTpbl Mo 3aTyxaHu u
aucnepcun cosnagaeTr C MnosiocouM MakCUMarsribHOro YCUMeHuUa OnTUYECKUX
ycunuTtenen Ha apobmneBomM BOSTOKHE.

Takon Tun BOMOKHA NpeanoyTUTENEH A9 BbICOKOCKOPOCTHbLIX JIMHUW
CBA3M C Oonbwon OfMHON  pez2eHepauyuoHHO20 y4yacmka, 6e3
NPUMEHEHNSA TEXHOMOIMMN ONTUYECKOro YMNIoTHEHUS. BO3MOXHO Takxke
NPUMEHEHNE 3TOr0 OMNTUYECKOro BOJSIKHA B CUCTEMAxX CO CreKTpasribHbIM
YASTIOTHEHMEM (WDM) npu orpaHn4YeHHON NPOTSKEHHOCTU
pereHepaunoHHOro Yy4yacTtka, MOHMXKEHHOW MOLWHOCTM nepenaBaemMoro
curHana v orpaHUYeHHOW NMNOTHOCTM CrekTpanbHbIX KOMMOHEHT




OO0HOoMOO0B80€e onmu4YecKoe 80JIOKHO CO CMeWEHHOU
HeHyneesou ducnepcuel (NZDS).

BHeopeHne TEXHOMOrMM «rmiaomHo20» 4acmomHOo20 YIJIOMHeHUs
(DWDM) BKkyne c MCnornb3oBaHWeM 3pOMeBbIX OMTUYECKUX ycunutTenen
NpUBESO K pa3paboTKe HOBOro TUMNa ONTUYECKUX BOSTOKOH.

[Mpn ncnonbsosaHun TexHonormm DWDM B onTnyeckoe BOSOKHO
ogHoBpeMeHHO BBoauTcs 6onblioe konnyecTtso (oo 100) onTuyeckux
KaHanoB Ha B6rmM3kux AnMHax BOMH, KaXXabl N3 KOTOPbIX HECET CBOWN,
He3aBUCUMbIN OT APYrMx MHPOPMaLMUOHHbLIW MOTOK, HO NPU 3TOM
HaknagblBalTCs onpedesieHHbIe mpebosaHuUsi Ha caMO ONTUYECcKoe
BOJTIOKHO.

OTO OTCYTCTBME WCKaXEHUN CurHana nepegaBaemMoro Kaxaow
CheKkTpanbHOM KOMMOHEHTOM MO OTAESIbHOCTU, YTO 9SKBUBANEHTHO
OTCYTCTBUIO XPOMAaTUYECKON ONUCNEPCUN.

B cnyyae OTCyTCTBMS XpOMaTUYECKOM AUCHEPCUN  BO3HUKAET
npobsiema HesluHelHbIX 3¢hghekmoe, 00OycnoBneHHasi  BbICOKOM
MOLLHOCTbIO ONTUYECKUX CUTHANoOB B BOSTIOKHE.




Hanbonee BaxHbIM Ansi cuctem, ncnosnbayrowmx DWDM-texHonormnu,
aBnaeTcs aghghekm YembIpexeosIHOB020 CMeweHuUsi, NPUBOLAALLNN
yepes3 B3anMoAeNCTBUE OTAESbHbIX CrEKTParbHbIX KOMNOHEHT CO Cpeaown
(cepoueBnHon OB) Kk B3aMMOOEWCTBUIO CNEKTParnbHbIX KOMMOHEHT APYr C

OpYyrom.

O PEKT YETLIPEXBOSTHOBOIO CMELLEHUA NPUBOAUT K TOMY, YTO NOcCre
npoxoxgeHns  DWDM-curHanom  onpegeneHHoM  AfWHbI - BOJSOKHA
BO3HMKAOT KOMMOHEHTLI Ha KpaTHbIX 4YacTtoTax, T. €. CTaHOBUTCH
HEBO3MOXHbIM demMysibmuriyiekcupogaHue cuzHara.

Mogudpukaumnsa npoduns
nokasartens rnpesioMreHmns

[ > c————ae-— |
BenMynBaeT
Y MeHsas doopmy npodomna nokasaresns
BOJITHOBOZHYHO (2n1v6 )
COCTABNSAIOLLYO npenomneHus (2s1y6uHy rpoeasioe),

CyLLECTBYET BO3MOXHOCTb co3gaBaTb NZDS-
BOJSIOKHA KaK C MNOSIOXXUTENLHOW, TaK U C
oTpuuatenibHOW BeNUYNMHOW AUCnepcuun, YTo
OTKpPbIBAeT BO3MOXHOCTb cbanaHcmpoBaTb
AVNCNEPCUI0 B ONTUYECKOU NNHUKN 6e3
NCNONb30BaHNA OOMNONHUTENBbHLIX YCTPONCTB.

aucnepcum n NpUBOAUT K
yMeHbLUeHnio  adpdoekTa
YEeTbIPEXBOMHOBOIO
CMELLEHUS




OTO BOMOKHO MpegHasHa4yeHo Ans WCMNOMb30BaHMSA B NUHUAX C
bonbLon MNPOTSXKEHHOCTbKD  pereHepauuoHHoro yyactka ¢ DWDM
YNNOTHEHNEM curHana. Pabounn gmanasoH Anst 3TUX ONTUYECKUX BOJSIKOH
1,530-1,565 wMKM, ypoBeHb XpomaTuyeckon aucnepcmm B paboyem
avanasoHe 0,1-6 nc/HM*KMm.

Takon ypoBeHb AuCrepcun OOCTaTOMHO HWU3OK Ans TOro, 4toObl
obecneuntb ckopocTb nepegadn oo 10 MOuT/c B Kakgom crnekTparbHOM
KaHane, M B TO Xe BpeMsi AOCTaTOMHO BbLICOK Ana 9ddEKTUBHOIO
nogasrieHNs HenuHenHblX 3addoekToB npu  umcnonb3oBaHum DWDM-
TexHonornn. [daxe 6e3 wucnonb3oBaHna DWDM-texHonormm 3TOT TUM
BONMIOKOH  obecneunmBaeT OOsfblUyd)  MPOMYCKHYD  CMNOCOOHOCTbL U
NPOTSHKEHHOCTb  pez2eHepauuoOHHO20 y4Yacmka, 4YemM CTaHOapTHoe
OHOMOAOBOE BOSOKHO.

MHTepecHOM OCOBEHHOCTbIO [JAaHHOIO TUMa BOMOKHA SABMSETCH
BO3MOXHOCTb NOMy4YeHNs BONTOKOH C O4MHAKOBOW MO BefIYMHEe, HO pasHom
no 3Haky amcnepcuen (NZDS+ n NZDS- BonokHa), YTo OaeT BO3MOXHOCTb
NOCTPOEHMUSA JIMHUA CO CKOMMEHCUPOBAHHON, BNU3KOW K HYMO ANUCNEPCUEN,
6e3 npuMeHeHUs1 OOMONHUTESbHbBIX YCTPOMCTB.

Ha cerogHAWHW OeHb BbIMYCK BOSIOKOH CO CMELWEHHON HEeHyneBoW
aucnepcuen  HanaxeH Tpems  dwupmamu - Fujikura, Lucent
ology u Corning,



Zum Tum 15um
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BoslokHO cO cmMeweHHoU
(Hyneeoli) ducnepcued.
Cnekmp cueHana nocie
npoxoxoeHusi 25 KM uckaxeH
4embIpPEXBOJ/IHOBbIM
CMeuWweHuUeM.

2 Tun 15um
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1 Hmigen
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10 aBinen

-

mBo/IOKHO cO cMewEeéHHOU,HO
HeHyneeou ducnepcueu.
Cnekmp Cu2Hana nocre
npoxoxoeHusi 50 km



[Tomepu e onmu4yecKux 80J/IOKHaXx.

3aTyxaHue (ocnabneHue) - yMeHbLUEeHNE ONTMYECKON MOLLHOCTWU CUrHana npwu
ero nepegade no BOJOKHY. 3aTyxaHWe BONOKOHHONO CBETOBOAA OOycnaBnvBaeTCs
rmaBHbIM 06pa3om dU3NYECKMMM NPOLIECCAMM - MOMMOLLEHNEM N pacCesHNEM.

MoTepn cocToAT N3 COBCTBEHHOrO MOTIOWEHMS O B MaTepmane cepaeyvHuKka u
MOrMOLLEHUS U3-3a Hanu4yus B cepaedyHuke npumecen 0(

PaccessHne OTHOCUTCSI K CBETY, OTKJ'IOHeHHOMy e NyTW, MO KOTOPOMY OH
pacnpocTpaHsetca. Npu paccesHun cBeTa B BOSIOKHE, My4M PacxoaAaTcs B HOBbIX
HanpaBneHusx, N YacTb U3 KOTOPbIX MMEET Yrom, NPeBbIIaloLLNA NPeaenbHbIN Yron
MOMHOrO BHYTPEHHErO OTPaXKEHUSI BOJIOKHA. OTU NyyYu YXOASAT M3 cepaedHuKka
BOJIOKHA B OKpY)XalolLlee ero BELLUecTBO, a ApyrMe OCTalTCA B CEpPAEYHUKEe, HO
N3MEHSIIOT HanpaBneHne - HaYMHaKT PacnpPOCTPAHATLCS Ha3a K MCTOUYHUKY.

YacTuyHo paccesHne HensbexHo Ansa BorokHa (PeneeBckoe paccesiHue).

YacTnyHo Bbi3biBaeTCs n3rmbamm BOMOKHA U HEeOOQHOPOAHOCTAMUN B BOJIOKHE,
BbI3BaHHbLIMU MpouecCcoOM Nnpomn3BoacTtBa.

[NonHbIN KoadPpunumeHT 3aTyxava cBeToBoAa onpegenstoT n3
opmynbl a=a _+o_ +o +o , rae o - yYUTbIBAET MOTEPU 3a CYET MpUMecen, o -
cobcTBeHHoe rnornoilerve, o - r|0Tep|/| Ha pacceuBaHue, 3aBucdallne oT MaTepma‘i'la
cBeToBoda 1 paboyen ,u,nleb? BOIHbI, O - kabenbHble NOoTEpPU, BO3HUKAKOLWINE U3-3a
pasnnyHbIX  HapyLleHUn reomMeTpum  cBeToBOAda (coe,u,MHeva, N3rndsl,
MUKPOU3rnodbl). [loTepn BONoOKHa 3aBUCAT OT AJIMHbI BOMHbI ONTUYECKOTO U3Ny4YeHus
n MuHUManbHbl B gnanasoHe oT 800HM. o1 700HM




1 OnTnyeckue NOTepU xapakTepusytoTCs BENMYMHOM 3aTyXaHUsi CBETOBOM
MOLLHOCTM (UNMN MHTEHCUBHOCTM) Ha eOVNHUYHOWN ONWHEe CBEeToBOoAa,
Bblpa)keHHOW B geuudbennax Ha kunometp (ab/km):

B=10Ilg(Psex/Pebix)/L ;
PBX 1 PBbIX MOLLHOCTW CBETOBOIMO M3fly4EHUA Ha BXOOEe U Ha BbIXoAde
cBeToBOda OSinHOU L, namepsemon B Kum.

[MpnymMHamMu notepb ABMASATCA pasnnYHble BUAbI NOMMOLWEHNS cBeTa B
cepOueBMHE BOMOKHA, a TakkKe BbITEKAHWE nyyen u3 cepaueBuHbl B
000MOYKY 1 NoTepn B 0OOMOUKE.

860 HM

1360 HM
1565 Hm
1625 UM
1530 HM

3 |} | ! ] V0 B ] | | 1 (L |
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Peneeeckoe  paccesiHue,  3HadeHWe  KOToporo  ybObiBaeT
NPONOPLMOHANbHO YETBEPTON CTENEHN ONHbI BOMHbLI: B =ae A

pen= persn
CobcmeeHHOe Mex30HHOe rnoasioweHue. 3aMeTHO Inullb B
KOPOTKOBOMHOBOW obnactn A < 0,6 MKM.

MoznoweHue Ha  kKosiebaHusIx  pewemku:  orpaHu4mMBaeT
nponyckaHne CBeToBoAa C ANMHHOBOMHOBOW CTOPOHbI CNekTpa.

lMpumecHoe mnoznouweHue. [lonocbl MPUMECHOTO MOrMOLLEHUS
anemMeHToB rpynnbl xenesa (Fe*t2, Crt2, Cu*?, Ni*?) nonagatoT B obnacTb
HauMBbLICLLEN MPO3PAYHOCTU KBapLEBOro BOMOKHA. 3aMeTHOe MnpUMeCcHoe
NOrnoLeHne, OT KOTOpPOro TPyaHO M36aBUTLCS B KBaApLEBOM BOOKHE,
obycnoeneHo ruapokcunsHon rpynnon (OH).

KpomMe ykasaHHbIX NPUYMH 3aTyxaHne cBeTa MOXET ObiTb CBSA3aHO,
KaKk C KadeCTBOM MW3roTOBMEHMA CBETOBOAA, TaK W C YCrOBUSAMU €ro
akcnnyatauun. Cpeon HUX. TEXHOSormyeckme pasbpocbl napameTpoB
ceeToBoda (SNNMNTUYHOCTL CepaueBUHbI, (rykTyaumm ee guMameTpa wu
nokasaTenss NpenoMmrieHusl); sBMeHust CBsA3aHHble C  gedektamu
aKcnnyatayum (MUKPOM3INGHLI, MUKPOTPELLNHBI, MexaHn4eckune
HanNpsxeHns, B TOM 4Yucne Bcneacteme nykryaumn TemnepaTypbl U T.0.);
SIBNEeHUs1 CBsA3aHHble C gerpagauuni (CTapeHuem) ©n  OelCTBUEM
NOHN3UPYIOLWErO n3nyyeHnsi. B coBpeMeHHbIX BOSTOKOHHbIX CBETOBOAAX 3TU
noTepun MoryT ObiTb CBEeAEHbLI 40 MUHUMYMa U 3aMETHbIX AerpagauoHHbIX
SIBIIEHMN B HUX 3a Mepuog aKcnnyaTaunm He HabnogaeTca.




Pesynbmupyrowas mabnuybi napamempoe 0GHOMOO08bIX 80JIOKOH 10
pekomeHlayusm MC3-T
XapakTepucTukm BoNokKoH rno PekomeHgauum G.652.

XapaktepucTuka G.652.A G.652.B G.652.C G.652.D
[1nnHa BOSHbI, HM 1310 1310 1310 1310
[nameTp MogoBOro NsATHA, MKM 8,6-9,5+0,6 8,6-9,5+0,6 8,6-9,5+0,6 8,6-9,5+0,6
OunameTp 0601104KN, MKM 125,041 125,041 125,041 125,041
AnameTp 3aMTHOro NOKPLITUA, MKM 250,015 250,015 250,015 250,015

3KCLl,eHTpI/ICI/ITeT cepaueBuHbl, MKM

0,6 makcumym

0,6 makcumym

0,6 makcumym

0,6 makcumym

CnnioLeHHOCTb 060N0oYKU 1,0% 1,0% 1,0% 1,0%
MaKCUMYM MaKCUMYM MaKCUMYM MaKCUMYM
[1nnHa BOSHbI OTCEYKM Kabens, HM 1260 1260 1260 1260
MaKCUMYM MaKCUMYM MaKCUMYM MaKCUMYM
MoTepwn Ha makpounarmnbe, b 0,1 makcumym 0,1 makcumym Ha | 0,1 0,1
Ha 1550 HM 1550 HMm MaKCMMYM Ha | MGKkCUMyM Ha
1550 HMm 1550 Hm
NpoBepoyHoe HanpsxkeHne, [Mla 0,69 MMHUMYM 0,69 MUHUMYM 0,69 mnHumym | 0,69 MUHUMYM
[nvHa BonHbl Hynesown gucnepcuun, HM | ot 1300 ot 1300 ot 1300 ot 1300
no 1324 no 1324 no 1324 no 1324
KoadhdpumumeHT xpomaTmnyeckon
aucnepcun, nc/Hv*km, He bonee, B
WHTepBane ANVH BOJSH: 3,5 3,5 3,5 3,5
1285-1330 18 18 18 18
1525-1575
3Hak gucnepcum + + + +
KoadbdmumeHT 3atyxanusa, ob/km; Ha 0,5 1310 0,4 1310 |0,4 all* 0,4 all*
€ BOJTHbI, HM - - 0,35 1550 0,35 1383 10,35 1383
0,4 1550 0,4 1625 |0,3 1550 0,3 1550
KoadduumeHT 0,5 (0,2 0,5 0,2




Xapakmepucmuku e0J10KOH no PekomeHdayuu G.653.

XapaKTepUCTUKH BOJIOKOH

XapakTrepucTHKA G.653.A G.653.B
JIJIMHa BOJIHBI, HM 1550 1550
JlnaMeTp MOJIOBOTO MSATHA, MKM 7,8-8,5+0,8 7,8-8,5+0,6
JuameTp 0007109KH, MKM 125,0+1 125,0+1
JlnameTp 3alUTHOTO MOKPHITUS, MKM 250,015 250,0+15
ODKCIEHTPUCUTET CEPJILIEBUHBI, MKM 0,8 MakcCumMyM 0,6 MakCUMyM
2,0% 1,0%
CruronieHHOCTh 000JI0UKH
MAaKCHMYyM MAaKCHUMYyM
1270 1270
JlmHa BOJIHBI OTCEYKH KaOes, HM
MAaKCHMYyM MAaKCHMYyM
0,5 makcumym Ha | 0,1 Mmakcumym Ha
[Torepu Ha Makpousruoe, n1b 1550 1w 1550 1t
IIpoBepounoe Hanpskenue, ['Tla 0,69 MUHUMYM 0,69 MUHUMYM
JlmrHA BOHBEI HYJICBOM JUCIIEPCUN, HM ot 1500 or 1300
4 AHCTEpEHH, 110 1600 10 1324
Koadduiment xpomaTruieckoit nucnepcu,
nic/HM* KM, He OoJiee, B MHTEpBaJIe JJIUH BOJIH:
1525-1575 3,5 3,5
abunuerT 3aryxanus, 1b/km;
0,35 1550 0,35 1550
0,5 e/ Vkm 0,20 rc/Nkm




XapakTepucTHKH B0J0OKOH 0 Pekomengannn G.654.

XapakTepuctuka G.654.A G.654.B G.654.C
[1nnHa BOsHbI, HM 1550 1550 1550
[nameTp MogoBOro NsaATHa, MKM 9,5-10,5+0,7 9,5-13+0,7 9,5-10,5+0,7
OunameTtp 060n04KM, MKM 125,011 125,041 125,011
[dnameTp 3aMTHOro NOKPLITUSA, MKM 250,015 250,015 250,015

OKCLEHTPUCUTET cepaLEBUHBI, MKM

0,8 makcumym

0,8 makcumym

0,8 makcumym

CnnoLLeHHOCTb 000N0YKN 2,0% 2,0% 2,0%
MaKCUMyM MaKCUMyM MaKCUMyM

[lnnHa BonHbI OTCEYKM Kabens, HM 1530 1530 1530
MaKCUMyM MaKCUMyMm MaKCUMyM

MoTtepun Ha makponarnde, b

0,5 makc Ha 1625 HM

0,5 makc Ha 1625 HMm

0,5 makc Ha 1625 HMm

lMpoBepoyHoe HanpskeHue, [Tla

0,69 MUHUMYM

0,69 MMHUMYM

0,69 MUHUMYM

[nvHa BorfHbI HYyNeBoWn AUCnepcun, HM

KoahpmumneHT xpomaTudeckon
aucnepcuu, Nnc/HM*km, He bonee, B

MHTEpBane AJiMH BOJIH:

1525-1575 20 22 20
3Hak gncnepcun + + +
KoadhpuumneHT 3aTyxanus, ob/km; - - - - - R
WHE BOMHbI, HM - - - - - -
0,22 1550 0,22 1550 0,22 1550
0,5 0,2 0,2




Xapaktepuctnku BonokoH no Pekomenpgaumm G.655.

XapaKTepI/ICTMKM BOJIOKOH

Xapaktepuctuka G.655.A G.655.B G.655.C G.655.D G.655.E
[nnHa BosHbI, HM 1550 1550 1550 1550 1550
[nameTp MogoBOro NsATHa, MKM 8,0-11,0 8,0-11,0 8,0-11,0 8,0-11,0 8,0-11,0
10,7 +0,7 10,7 10,6 +0,6
Anametp 060n04KN, MKM 125,041 125,0¢1 125,041 125,041 125,0¢1
[vameTp 3alLNTHOro NOKPbLITUA, MKM 250,015 250,015 250,015 250,015 250,015

3KCLI,€HTpVICVITeT cepaueBnHbl, MKM

0,8 makcumym

0,8 makcumym

0,8 makcumym

0,6 makcumym

0,6 makcumym

CnnioLweHHOoCTb 000MN0YKN 2,0% 2,0% 2,0% 1,0% 1,0%
MaKCUMyM MaKCUMyM MaKCMMyM MaKCUMYyM MaKCMMyM

[1nnHa BonHbI OTCeYKM Kabens, HM 1450 1450 1450 1450 1450
MaKCUMyM MaKCUMyM MaKkCMMyM MaKCUMyM MaKkCMMyM

MoTepwn Ha makpousrube, ob 0,5 makcumym | 0,5 makcumym | 0,5 makcumym | 0,1 makcumym | 0,1 Makcumym
Ha 1550 Hm Ha 1625 HMm Ha 1625 HM Ha 1625 Hm Ha 1625 HM

[MpoBepoyHoe HanpsxeHwue, [Tla

0,69 MMHUMYM

0,69 MMHUMYM

0,69 MMHUMYM

0,69 MMHUMYM

0,69 MMHUMYM

KoadhpumumneHT xpomaTmnyeckon
aucnepcuu, nc/HM*km, He bonee, B
WHTepBane ANWH BOSH:

1460-1625

1530-1565 0,1-6 1-10 1-10 2,6-6,0 2,6-6,0

1565-1625 - - - - -

4,0-8,9 4,0-8,9

3HaK gucnepcumn +u- +U-— +u- +u-—- +u-

K NUMEHT 3aTyxaHus, ab/kw; - - - - - - - - - -

Ha gnuH - - 0,35 | 1550 0,35 1550 0,35 1550 | 0,35 1550
0,35 1550 0,4 1625 0,4 1625 0,4 1625 0,4 1625

Koadhdpmumnent PMD, nc/ 0,5 0,2 0,2 0,2




Xapakmepucmuku e0os10koH no PekomeHdayuu G.657. e0s10KkHO obrnadarowee HU3KOU

eocripuumM4usocmbrO K usaubam.

XapaKTepVICTVI KN BOJTIOKOH

Xapakrepuctuka G.657.A G.657.B
[1nnHa BOMHbI, HM 1310 1310
HAnameTp MOOOBOro NATHA, MKM 8,6-9,510,4 6,3-9,510,4
OunameTp 060M04KN, MKM 125,0+0,7 125,0+0,7
OKCUEHTPUCUTET CEPALIEBUHBI, MKM 0,5 makcumym 0,5 makcumym
CnnoLweHHOCTb 060MoYKK 1,0% 1,0%
MaKCUMYyM MaKCUMYyM
[nvHa BonHbI cpesa kabens, HM 1260 1260
MaKCUMYyM MaKCUMYyM
[MoTepu Ha makpousrnde, aob:
pagunyc, Mm 15 10 15 10 7,5
KONM4YeCTBO BUTKOB 10 1 10 1 1
Makc. npy 1550 Hm 0,25 0,75 0,03 0,1 0,5
Makc. Npu 1625 HmM 1,0 1,5 0,1 0,2 1,0

[MpoBepoyHOEe HanpsxkeHue, [Tla

0,69 MUHMMYM

0,69 MUHMYM

KoathdmumeHT Xxpomatnyeckomn aucnepcuu,
nc/HM*km, He 6onee, B MHTepBane AnuH
BOJSH:

1285-1330

1525-1575

He siBnsieTcs onpegenstowen




