Pacyer uudponbix suHuii SHDSL

OC00eHHOCTH HALMOHAJIBHOH IKCIUIYaTAIIMH

Texnonormu XDSL yxe Bropoli pgecaTok jer B Poccuu MO3MIMOHHMPYIOTCS KAk
BpeMeHHbIe. [laxke TepMUH Takoll €cTh — «3aIulaTO4yHOE pelieHuey. IIpeamnonaraercs, 4yTo paHo
WIM MO3JHO Ha CMEHY Meau npujaer ontuka. Ho B xoje opraHuzanuy BHAEOTPAHCIASLMH HA
YYaCTKOBBIX M30HpaTeJbHBIX KOMHMCCHAX OBUIO IPOJEMOHCTPUPOBAHO, YTO JIOCTYI B
3HAYUTEIIBHOM UHUCJIE CJIy4aeB MOJXET ObIThb OpraHW30BaH MPAKTHUYECKH TOJIBKO  C
ucrnoyib3oBanneM TexHojoruii SHDSL. DTu TeXHONOrMM yXKe HECKOJBKO IOCICTHUX JIET
pa3BuBarOTCS Ha ocHoBe mnpuemoriepenatunkos SHDSL 128-TCPAM, o6ecnieunBaromumx
MIOJIHOAYIUIEKCHYIO CBSI3b C JIMHEMHON ckopocTbto 10 15360 kOur/c 1o onHOW mape.
[IpencraBieHHble Ha phIHKE HU(POBBIE CUCTEMBI MEPEAAY, PACIPEIesisl TOTOK M0 HECKOJbKUM
rapam, MO3BOJIAIOT CO3/1aBaTh CUCTEMBI cO CKOpocThio A0 (1...8)x15360=15360...122880 kout/c
IpPU YaCTMYHOM HJIM MOJHOM' MCHOJIB30BAHMH MAPHONH EMKOCTH CYHIECTBYIOIIMX KaOeabHBIX
JIMHUH CBSI3U, HA KOTOPBIX Yallle BCEro BCTpeydatoTcsl kabenu yersepounoit ckpyrku tunos KCIIII,
3KII u MKC.

[Tomumo KaOenpHBIX JMHUM, MPOJOXKEHHBIX B TPYHTE WM B KaOEIbHON KaHalW3alluy,
CBSI3b 3aYacCTYI0 OpPraHM3YyeTCsl MO BO3AYIIHBIM JIMHUSM CBSI3HM, C UCIHOJb30BaHUEM Kaleneu ¢
IPY30HECYIIMM TPOCOM M KaOEIbHBIX JIMHUW, COCTaBJICHHBIX U3 PAa3HOPOIHBIX HAIMPAaBISIOMINX
cucteMm. CoBpeMeHHbIe cucteMbl Ha ocHoBe SHDSL obecnieunBatoT ycToUuBYI0 paboTy U B 3THX
YCIIOBUSAX, TMpeojosieBass TOPOH BecbMa CYIIECTBEHHYI0 HEPaBHOMEPHOCTh YacCTOTHBIX
XapaKTEepUCTUK TIepelayd, OJHAKO HaJM4YHe MepPeKPecTHBIX MoMeX J0 Cero JAHS SBISeTCS
CYIIECTBEHHEHUIITNM MIPETIATCTBHEM TS ipruemMorniepeaaTankoB SHDSL.

HecMoTpst Ha MIMPOKYIO pacpOCTPaHEHHOCTh, BOIPOCY 00CCIICUCHHS IKCILTyaTalldOHHON
HaJIS)KHOCTH co3naBaeMbix TuHuid SHDSL 1o celi 1eHp He yaenseTcs JOJDKHOTO BHUMaHus. Tak,
B HOPMATHMBHBIX JOKyMEHTaxX (CTaHIapTax OpraHu3aluii) OOBIYHO OTCYTCTBYIOT HOPMBI
MPOCKTHPOBAHKS W KOJMYCCTBEHHBIC KPUTCPUH, HAa OCHOBAHWU KOTOPBIX MH(pOBas JTUHHS
BBOJUTCS B 3Kciuryaranuio. ClieyeT 3aMeTHTh, YTO OTCYTCTBHE HOPM M COOTBETCTBYIOIICH
MIPOU3BOJICTBEHHOW JWCIMILIMHBI TMPUBOJAMT K YPE3MEPHOMY POCTY  OIKCILIyaTallMOHHBIX
u3jiepkek. M MIMEHHO B TaKkOM METOIUYECKOH HEOOECHEUYEHHOCTH 3aKII0YArTCs OCOOEHHOCTH
HAIMOHAJILHOM KCIuTyaTanuu. TyMaH HEM3y4EHHOCTH 3THX 0COOCHHOCTEH MpU3BaHa paccesiTh
JIAHHAs CTaThs.

1 Kak 6yaeT nokasaHo HMKe, 3HadeHne ckopocTi 122880 K6uT/c, obecrneunsaemoe 8-napHON ANHUEN BO3MOXHO SNLLb Ha
COOTBETCTBYOLMX HOPMaM Kabenax npu ANnHe pereHepaLMoHHOro y4yacTka He 6onee 1 Km.



TepMmuHoIOTHA

Coxkpamienne SHDSL o3nauaer Single-pair High-speed Digital Subscriber Line —
OJIHOTIapHAsi BBICOKOCKOpPOCTHass a0OHEHTCKas JinHuA. VIMEHHO «oJHONapHas», a He
«CUMMETpHUYHas», KaK YacTO NIPHUXOAUTCS cibliate. HecMOoTpst Ha TO, YTO COBPEMEHHBIE
npuemonepenatyuku SHDSL 06b14HO mperycMaTpuBaiOT HOAKIIOYCHUE HECKOJIBKUX Map, aKIEHT
Ha «OAHOMApHOCTUY coxpanuiica ¢ Hadaia 2000-x rogoB. Umenno toraa iuauu SHDSL npumim
Ha cMeny nuHUSAM HDSL, xoTtopbie s obecrieueHus mepenadn IBYXMETaOUTHBIX MMOTOKOB Ha
3HAUUTENIbHBIE PACCTOSIHUS OBLIM BBIHY)KJEHBl MCIOJIb30BaTh 1O TPEX Map C MOHWKEHUEM
CKOPOCTH JI0 784 KOUT/C B KX IOM.

IlepBrie mpuemonepenatunkn SHDSL mponsuranmces Kak cpeacTBa, CHocoOHBIE
obOecreunTh TpaHCISIUI0 MOTOKOB E1 Ha TO ke paccrosHme, uto 1 HDSL, HO Bcero ymmib 1mo
oxHo# mape. IIpaBna, oueHb CKOPO CHOCOOHOCTH PACHPECNIATh MOTOK HAa HECKOJBKO Map BHOBb
cTajyia BOCTpeOOBaHHOM, 1 OblJIa COOTBETCTBEHHO O0OECIIEUeHa, a BOT Ha3BaHUE OCTAJIOCh.

B texnuueckoit nokymeHTanuu komnaHuu «AJ[C» crmocoObl MOIYISIUMN YIIOMUHAIOTCS
kak TC PAM 16/32/64/128, 4t0o cOOTBETCTBYET 0003HAYCHUSIM, HCIIOIb3yeMbIM B PEKOMEHIAIINU
MCO-T G.991.2: 16-TCPAM, 32-TCPAM. Hano ckazath, 9TO B TEXHUYECKOW JHTEpaType
earHoe 0003HayeHHe TaKk M HE ObLJIO BbIPadOTaHO, BCTPEHAIOTCSA, HANpPUMEp, U TaKue:
TC PAM-32, 32 tc-pam. Bce onm otpaxkaror cymuHocTh moaymsaiuun — Trellis Coded Pulse
Amplitude Modulation, To ecTh aMIUTUTYJHO-MUMITYIbCHAs MOIYISAIHMS C PEHICTYATHIM
KoaMpoBaHueM. BcTpeuarorcs M ommOouHble ToJKOBaHUS abOpeBuarypel TCPAM — «Trellis
Coded Phase-Amplitude Modulation — ®a3oBo-amIuIMTyqHAasS MOIYJISIHS C KOAMPOBAHHUEM
Tpenmucay. Tyt cpa3y Heckonbko omubok. M3o0peratenst Tpemmuca, K coxaleHHIO, HayKa HE
3HaeT, cloBO «trellisy mo-aHriuiicku 0003HAYaeT «pemeTkay, (pazoBoO-aMITUTYTHON MOIYIISIIHT
3/IECh TOXE HET, KaK HET W HECYIIEro T'apMOHHYECKOTO CHTHalla, KOTOPBI MOXHO OBIJIO OBI
MOJ1yJIMpPOBAaTh.

Unes monynsiuu K-TCPAM cocTouT B TOM, 4TOOBI B COOTBETCTBHH C TPYIIOW OWUT
MEPEHOCUMOTO IHU(PPOBOTO TOTOKA (OPMHUPOBATH OJHO3HAYHO OMpPEACTIIEMYI0 3TOW OUTOBOM
KOMOWHAIIMCH BEJIMYMHY HANpPsOKCHHUS, BbIOMpaeMyl0 U3 K  BO3MOXKHBIX  3HAYCHHIA
dopmHpoOBaHUE HOBOTO 3HAYCHUS aMIUTUTY/IbI HATPSHKSHHS POU3BOIMUTCS C TAKTOBOM 4acTOTOM.
YeM BBIIIIEC YaCTOTA U YeM OOJIbIIIee KOJTMUYECTBO OMT MEPEHOCUTCS 33 TAaKT, TEM BBIIIE CKOPOCTb.
Bepxusisi rpaHHIIa MOJIOCH YacTOT CIEKTpa (OpMUPYEeMOTO CHUTHAla OMPEACISIeTCs TOJIOBUHOU
TAaKTOBOW 4acTOThl. [Ipy yBeNWYECHHWHU 3aTyXaHHWs HIIM POCTE YPOBHS TOMEX TaKTOBas YacToTa

IIOHMXKACTCA AJIA oOecreyeHus YCTOﬁqHBOﬁ pa6OTbI J'II/IHI/II/IZ.

2 MNoppobHble cBeAeHMA O NPUHLMNAX NOCTPOeHMA npremonepeaaTimkos SHDSL n3n10XeHbl B cnpaBoyHuKe TexHonozuu
wupokonoaocHoz2o docmyna xDSL. CripasoyHuk nood obuweli pedakyueli B.A. banawosa — M.: 3ko-TpeH03, 2009.


http://adc-line.ru/mc04-dsl-bis-m.html
http://www.itu.int/ru/Pages/default.aspx
http://www.itu.int/rec/T-REC-G.991.2-200312-I

ena Bonmpoca

I[Ipu co3ganum 1HMQPOBBIX JIHMHUKA Tepefaydl BaKHEHIIUM BONPOCOM  SIBJISIETCS
OIpE/IENICHUE ONTUMAIBHON JJIMHBI PEr€HEpPallMOHHOIO ydyacTka. OTBET Ha 3TOT BOIIPOC YacToO
IIPUXOJUTCS UCKATh SKCIEPUMEHTaIbHO. [0 ONTHMaIbHOCTHIO 37€Ch OOBIYHO TOHUMAETCS
MUHHMMH3AIMs COOTHOILICHUSI HeHa/kadecTBO Q, oOmpenensieMoro OTHOLICHHEM CYMMBI

IOHCECCHHBIX 3aTpaT K MPOU3BCACHUIO CKOPOCTH ICPCAadn Ha 06H_Iy}0 JJINHY JIMHUHN

Q_C+T+G+B+E (1)
~ R(L)xLo
rae
C=cxL, - CTOUMOCTB Ka0eJst ¥ paboT Mo ero MpOKJIAIKe,
T=tx2 - CTOMMOCTb JIBYX TTOJIyKOMIUIEKTOB OKOHEYHOTO 000PYI0BaHNS,
G=gxn - CTOUMOCTB PEreHepaTopoB,
B=bxn - 3aTpaThl Ha CTPOUTEIBHO-MOHTAKHBIC H H3MEPUTEIbHBIC PAOOTHI,
E=exn - 3aTpaThl 3a NEPBBIN IO/l SKCIUTyaTalluy JIUHUH,
N=Lo/L-1 -konuyecTBo pereHepaTopoB B JIMHHUH,
R(L) - CKOPOCTB nepeaun Hu(GpoBOi IMHUHU B 3aBUCUMOCTH OT JUIMHBI y4aCTKa,
L, - 001as JUIMHA KabenbHOM JTMHUY,
L - JNTMHA PETeHEePaHOHHOTO yJacTKa.

Ecmm xonmmdecTBO pereHepaTopoB N >>1, TO CTOMMOCTBIO TOJYKOMIUIEKTOB MOXHO
npenebpeus (T =0) , a ecnu kabenpHAs TUHAS YoKe HaxoauTcs B akcrutryatamnuu ( C = 0 ), To Jierko
BUACTH, UTO

ng+b+e

R(L) x L @)

To ecTb 3aTpaThl CHUKAIOTCS Kak ¢ pocToM ckopocTr TuHUM R(L), Tak ¥ ¢ pocTOM JJIMHBI
pereHepaMoHHOr0 yJacTka L, HO Bo3pacTaroT npy yBeIHYCHUH:

g - IEHBI OJJHOTO pereHepaTopa,

b - crouMocTH CTPOMTENBHO-MOHT@KHBIX M H3MEPHUTEIBHBIX pabOT TPH YCTaHOBKE
pereHeparopa,

e - 9KCIUTYaTallMOHHBIX 3aTPaT B pacueTe Ha OJIMH PEreHepaTop.

Kak Oynmer 4MCIeHHO MOKa3aHO HIKE, YBEJIWYCHUE JUIMHBI L TIpu BBIOpaHHOM CKOPOCTH
R mnpuBomuT K HEOOXOIUMOCTH OOCCIICYCHHUs BBICOKOTO KadecTBa KaOens CBS3H, YTO
MPAKTUYECKU 3aTPYIHUTENBHO, €CIHM HCIOJB3YeTCs YyXKe CYIIeCTBYIOIas KaOelbHas JIMHUS.
[TosToMy, MUHUMH3HPYsS cooTHomieHHe Q, cieayer obecrednTh XOTS Obl HEyBEIMYCHHUE

ypcnutens B (2). JIo6as 3KOHOMHS TI0JI€3Ha°, 0JJHAKO BCET[a HEOOXOAMMO 3HATh U TIOHUMATh €€
1eHy — cM. tabmn. 1.

3 Cnepyet 3ameTUTb, YTO SIMHUM SHDSL 06bIMHO MOHTUPYIOTCA HE CMeLMaaM3npPoBaHHbIMU OPraHM3aUMaMmM, a CUIaMU
cneuuanncToB onepaTopa cBA3M, NO3TOMY HEOHOCHOBaHHAA IKOHOMMA MpPK BbIBOPE MPOEKTHOTO PeLleHUs, MOHTaXe U
NyCKO-HanagKe, NpUBOAMT K POCTY NOCAEAYHOLMX SKCMNIYaTaLMOHHbIX PaCXO40B, BbIHUMAEMbIX U3 TOFO e KapmaHa.



Tabauya 1. Tpaouyuonnvie cnocodowvr onmumuzayuu npoexma aunuu SHDSL

JencTBus

O06ocHOBaHHE

ITpumeuanus

VBenuveHue JIMHbL
pEreHepaoOHHOro
yuactka L B memsax
9KOHOMUU TIPH
3aKyIIKE U MOHTaXke
000pyI0BaHUS

IIo OpeaAcIbHbIM TEXHUYCCKUM
XAPAKTCPUCTUKAM NPUEMONICPCAATINKOB

ITo xapakrepucTukaM NpUEMOI EPEIATUUKOB
B YCIJIOBHSIX OTCYTCTBUS B KaOelle HHBIX
nuQpOBBIX JIMHUH, TO €CTh 0€3 yueTa
MEPEXOIHBIX BIUSHUI

C yueroM HOpM 3aTyXaHHUS EPEXOIHBIX
TIOMEX, BRIOPAHHBIX «HE JIJIsl TOrO Ka0es»

[o pakTHUecKUM XapaKTepUCTHKAM JIHMHUHA
IIPEIBIAYIIMX ITOKOJICHUN

B nponecce u nocine
peanu3anuu IpoeKTa ormnepaTop
HE UMEET CBEJICHUN O
pacueTHOM U (paKTHUIECKOM
3arace IoMeX 03alUIIICHHOCTH

Bopr0a 3a cHmKeHME
LICHBI perenepaTopa

«bBroIKETHRIE» CHCTEMBI ITepeaaun TOKE
paboTaroT

pabor - cHukenue D

Ortka3s ot
3aueM 4To-IM00 U3MEPSTh, €CIIM BO MHOTHUX
BBITTOJTHEHUS
SIX JIMHUSI [TPU BBOJIE B IKCILTyaTaIH
H3MEpUTETbHBIX CIyHasx i PH BBOJIC B SKCILTyaTaLHIO

BITOJIHE pabOTOCIIOCOOHA

He cniocoGcTByroT pocty
TEXHUYCCKOI'O YPOBH:A
MPOEKTHOT'O PEICHHS.
HOTCHHI/IaHBHO ITOBBIIIAIOT
HOCIIeYIOINe
JKCILIyaTal[HOHHBIE 3aTPaThl €
Ha o0ecIieueHrne yCTOMUYNBOCTH
JIMHUHN

BennumHa sKCIUTyaTallMOHHBIX 3aTpaT € MOKeT ObIThb CBEAE€HA K HYNIO, €ClIU I0CIe
IrPaMOTHOTO TMPOEKTUPOBAaHUS W MOHTaxa ULupoBas JHUHUA YCTOWYMBO padoTaer Ha
Heo0X0AMMOM ckopocTy nepegadd. OCTanoch ONPEAEIUThC C TEM, YTO TAKOE «IPAMOTHOCTBY» U
«YCTOMYHMBOCTBY, K UEMY U ITPUCTYITHAM.

YCcTOHYHNBOCTH

VY cTOWYNBOCTD
nomexo3zamumieHaoct  SNR - Margin,

U (POBBIX JTUHUT

XapakTepu3yercs
OTpeNeNsieMOll T1OCJe YCIENIHOTO YCTaHOBJIEHUS

BEJINYNHOUN 3amaca

COCIIMHEHUS IyTEM JIOTIOJHHUTEIBHOTO YBEIMUCHUS 3aTyXaHUsS WM YBEIMYCHUS YPOBHS IIIyMa,
NPy KOTOPOM JIMHHUSL COXpaHseT pabOTOCIOCOOHOCTh Ha YCTaHOBJIEHHOHW ckopoctn (MCDO-
T G.991.2 u G.996.1). I'pannia Mexay pabOTOCIIOCOOHBIM M HEPAOOTOCIIOCOOHBIM

COCTOSHHEM JIHMHHH COOTBETCTBYET BEpPOSTHOCTH €AMHWYHOHM ommOkm mepemaun P =107, a

BenmnunHy SNR Margin, sIBISIONIYIOCS ITapaMeTpOM HACTPOUKH 000pyI0BaHUS ITU(POBOM JIMHHH,
yacTo Ha3biBaloT «KayecTBOM curnama».

YcroiunBOCTh JIeTKO obecrieunBaeTcs Nnpu yBenuueHuu «KadecTBa curHala», TO €CTh
3amaca nomexosamuiieHHocTH SNR Margin. OnHako Takoe yBeJIMYEHHE CYIIECTBEHHO CHM)KACT
JUIMHY pereHepallMoHHOro y4yactka L Ha 3amanHOl ckopoctu R. Hampumep, npu yBennmueHUU
«KauectBa curnana» ¢ 0 go 20 nb mis oGecnieunBaeMoit ckopoctn 6016 kouT/c mmHa L Ha
kabene KCIII-1x4x0,9 camxaercs ¢ 5300 10 1900 M, To ecTh Ha 64% - cM. puc. 1. 1 Hao6opor,

cCiin paHEee

YCTAaHOBJICHHOC

obopynoBaHue

nudposoit

JIMHUH oOecrneynBaio €C

pabotocrnocoOHOCTh ¢ «KauecTBOM CHrHalla» paBHBIM, K mpumepy, 20 nb, TO CHIXKEHHE 3TOTrO
3amaca 0 BIOJIHE IOCTaTOYHOro ypoBHs B 5 ab npu mmmne nuHuu 4000 M 103BOJIUT yBEITHYUTh
CKOpOCTh ¢ 2752 1o 6976 komT/c, To ecTh Ha 153%.

BropsiMm mapamerpowm,

OIpCACIIAIOINM OKOHOMHUYCCKHEC II0Ka3aTCIn CO3I[8.B3.€MOI>1

uudpoBoil auHUK cornmacHo (2), sIBIsieTCsl 3aBHCHMMOCTh Xapaktepuctuku R(L) oT kauecTBa
kabemns. He yrmyOnsisick B mopoOHOCTH, KOTOPBIE HCYEPIIBIBAIOIIE OTIPE/ICIICHBI B PEKOMEHIAIIUH
MCO-T G.991.2, onuceiBaromeil cpeau npovero U MeroAsl ucnslranuil auHuid SHDSL, MoxHO
yTBEpXKJaTh, YTO KauecTBO Kalensi JOCTAaTOYHO XapaKTePH30BaTh KOA(PPUIMEHTOM 3aTyXaHHS
o( f) u3aTyxanuem mepexoaubix momex Ha OnvkHeM koHe NEXT(f).

4 Bce cKkopocmHbie Xapakmepucmuku, Ucrosb3yemMble 8 Cmamse, NocmpoeHsl ¢ MoMouwbio npo2pammesl xDSLcalc,
paszpabomaHHol KOMNAHUAMU « AHAAUMUK-TC» u « MHghopmcucmema». ucmpubymue npozpammel docmyneH Ha calimax

www.analytic.ru unu www.informsystema.com



http://www.analytic.ru/products/6/soft/
http://www.analytic.ru/products/6/soft/
http://www.informsystema.com/html/xDSLcalc.htm
http://www.analytic.ru/
http://www.informsystema.com/

KoodumuenT 3aryxaHus® onpefensercs THIOM H30IAIUM Kabens, JuaMeTpoM

TOKOIIPOBOJAIIUX KW U JJII UCIIPABHOTO Kabest MMPAKTUYCCKU cTaOuJICH.
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Puc. 1. Cxopocmuvie xapaxmepucmuxu SHDSL 128-TCPAM ¢ 3asucumocmu om naznauennozo 3anaca
nomexosawuwennocmu SNR_Margin ¢ ycrosusix coomeemcmeus npumensiemozo kabens KCIII-1x4x0,9 nopme
samyxanust nepexoonsvix nomex NEXT(1000 xI'u)=50 ob

5> B nporpammy xDSLcalc nonb3osatenem moryT 6biTb BBeEeHbI XapaKTEPUCTUKM NtobBbIx Kabeneit. B coctas ancTpubyTusa
NPOrpammbl BXOAAT XapaKTepPUCTUKN Kabenel, 3anMCTBOBaHHbIE U3 CneaytowmnX UCTOYHMKOB:

TII - TexHOMO2UU WUPOKOMOAOCHO20 0ocmyna xDSL. Cripaso4HuK nod obuw. ped. B.A. banawosa — M.: Iko-TpeH03, 2009;
KCIIM - KO.A. lNapgeHos. Kabenu anekmpoceasu. — M.: Iko-TpeHd3, 2003;

MKC, 3K - A.C. BopoHuos u 0p. KoakcuasbHble U 8bICOKOYACMOMHble cuMmempu4Hslie Kabenu cesasu - M.: PuC, 1994;
TUM - TY 3571-008-12154334-2006. Kabenu manonapHsie 8bICOKOYACMOMHbie 014 4ugppoabix cemeli aboHEeHMCKo20
docmyna. Paspabomarsl komnaHueli « HIIM « UHopmcucmema ».



YacToTHBIE 3aBUCHUMOCTH  IIE€PEXOJHOTO  3aTyXaHHs BeAyT ce0sl  CyLIECTBEHHO
pa3HoOOpa3Hee — CM. pHC. 2, Ha KOTOPOM IIPEJICTaBICHbI HECKOIBKO U3MEPEHHBIX XapaKTEPUCTUK,
BCS COBOKYITHOCTh KOTOPBIX JOJDKHA MPOTEKATh BBINIE KPUBOM, BHIOMpPAEMOil B KaUeCTBE HOPMBI.
Ha pucynke 3T0 cruiomiHas KpuBas KpacHOTO IIBE€Ta, YOBIBAHHWE KOTOPOH B JOTapH(PMHUECKOM
Macitabe COrjlaCHO MHOTOYHCIICHHBIM HCCIIEIOBAHUSAM COCTaBIseT 15 nb mpu necaTukpatHoOM
yBeIMYEHHH YacToThl (T.e. Temn uzMenenuss NEXT(f) pasen munyc 15 n1b/nex)®.
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Puc. 2. [Ipumep wacmomusix xapaxmepucmux nepexoono2o samyxanus Ha onuschem konye NEXT(T) o namu 6yxm
kabens THIIII 2x2x0,52, usmepenuvix ¢ 08yx KOHY06. 3HaYeHUe HOPMbL HA YACTOMe HOPMUPOBAHUSL
NEXT(F=1000 x/y)=69 0b

AHanu3 pe3ynbTaToB MPSMBIX U3MEPEHHH HEPAaBHOMEPHOCTH YACTOTHBIX XapaKTEPUCTHUK
MEPEXOIHOTO 3aTyXaHHs MO3BOJISET YTBEPXKIAaTh, YTO YCPEAHEHHbIE YAaCTOTHBIE XapaKTEPUCTHKU
MPOTEKAIOT C TEM K€ TEMIIOM HapacTaHUs, YTO U HOpMa, IPUYEM PACCTOSTHUE MEX]Ty BHIOPaHHOM
HOPMO# U yCPETHEHHON XapaKTePUCTHUKON (CUHSISI TYHKTUPHAS JIMHKS HAa PUC. 2) COCTABIISICT

ANEXT(f) =8+ 2 1B 3)

Ckopocts mepemaun corsiacHo Qopmyne IlleHHOHa omnpeaenseTcss COOTHOIICHHEM
CUTHAJI/TIOMEXa B HCIIOJIB3YEeMOM II0J0CE€ YacTOT M, TaKUM 00pa3oM, H3MEHEHHE CKOPOCTH
MPOTIOPIIMOHABPHO M3MEHEHHIO BBIPAKCHHOW B AeruOenax 3aluiieHHOCTH. [Ipu BbIYMCICHHH
ckopoctd B mporpamme XDSLcalc cumraercs, uro mporexkaHue (aKTHUECKOW KpPUBOW
3aIMILIEHHOCTH B TOYHOCTH PABHO 33JaHHOM HOpME. DTO NPHUBOJUT K TOMY, YTO MporpaMma
xDSLcalc BbIunc/Isier rapaHTHPOBAHHYK0 CKOPOCTh WJIM HOpMY CKOpocTH. i onpeneneHus
peanucTuuHOoi ckopoctu cienyet noaHsATs HopMy NEXT Ha 8 n1b, HO nenath 3T0 MOXKHO TOJIBKO

TOorga, koraga 3aB€a10MO U3BCCTHO, UYTO Ka4CCTBO KaOeJIbHBIX Y4aCTKOB CTa6I/IJ'H>H07.

5 CKOpPOCTb CHUKEHMA NEPeXOAHOro 3aTyxaHuA Ha BAMMKHEM KoHLe pasHa 15 Ab/aek. 3Ta BeAnunHa onpeaenseTcs
€MKOCTHbIM XapaKTepom CBA3n Mexay napamu (20 ab/aek), Ho caep:KMBaeTca yBeanyeHnem paboyero 3aTyxaHus ¢
HapacTaHuem 4YacToTbl (MUHYC 5 Ab/aek).

B otanume ot NEXT(f), sKBMBaNEHTHasA 3alUMLLEHHOCTb Nepeaayn CUrHanoB Ha AanbHemM KoHue — ELFEXT(f) xapakTepusyetcs
CKOPOCTbIO CHUMMKeHMA 20 AB/aeK, YTo Kak pas oTpaykaeT 0AMHAKOBOCTb CKOPOCTEN M3MeHeHMA paboyero 3aTyxaHus u
No/Ie3HOr0 CUrHana, M Co3aaBaeMolr UM NepexosHON NOMEXM.

7 Y106bl paboTaTb C HaMPaBAAIOLLMMMA CUCTEMAMM CTaBU/ILHOTO KayecTBa, 6b110 6bl OCTaTOUYHO KUTb B FepmaHuy,
N3YMUTENbHOMY NOPAAKY COAepKaHUA KabenbHOro X03sA1MCcTBa B KOTOPOI BblA CBUAETENEM OA4MH M3 aBTOPOB HacTosALLEN
cTaTbu. Ho noyemy 6bl Ham He nocTapaTbeca 0becneunTb AOIKHYI0 CTabUIbHOCTL KabeNbHbIX XapaKTepUCTUK B CBOEM cTpaHe?
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I'pamorHOCTD
Jlnist onpenesieHHOCTH TOCIEAYIOIIET0 HM3JI0KEHUSI HEOOXOIMMO OTOBOPUTH MPHHLUIIBL,
COTJIACHO KOTOPBIM KBAU(UIIUPYETCs KauecTBO kKademneit csizu st SHDSL:

e HIKHSA rpanuna crnekrpa curnana SHDSL cocrasnsier okomno 5 kI';

e wmakcuManbHas ckopocth SHDSL 128-TCPAM pasna 15360 x6ut/c u obecneunBaercs
npu TaktoBoi yactore 15360/6=2560 xI'11; 31ech unciio 6 moka3pIBaeT KOJINYECTBO OUT
1M (dPoBOTO TOTOKA, TepeHocuMoe 3a oauH TakT: 28"D=128, a nokazarens momynsmn
128 — KOJMYECTBO BO3MOKHBIX YPOBHE HANPSIKEHUS',

® BEpXHss I'PaHMIIA CTIIEKTPa PaBHA MOJOBUHE TAKTOBOM 4acTOTHI U cocTaBisieT 1280 kI

® CHIKCHHE CKOpPOCTH  OOeCmeuMBaeTcs CHW)KEHHEM  TAaKTOBOW  YacTOTHl |
COIIPOBOKJAETCS MPOMOPIIUOHAIGHBIM YMEHBIICHHEM BEPXHEW TPaHMIBI 3aHUMAaEeMOM
MIOJIOCHI YacTOT;

e B IE/AX oOecmedeHus 3ajaHHOro 3amaca ycroiuumBoctd SNR_Margin  ckopocts

CHWKAeTCst TpH pocte pabouero 3aryxammsi o f)xL wu magennn mepexomHoro
3aTyxaHus’;
e 3HaucHUs KOdpduimenTos 3aryxanus o f) mpuBogsATCS B CripaBOYHMKAX;

® BLIPAXKCHUC I OMPCACTICHUSA HOPMBI IIEPEXOAHOI0 3aTyXaHUuA UMCECT BU/:

NEXT(f) > NEXT(F)-15xIg(f /F) 4)
rae f =5...1280k['y - yacTora B nuanazone SHDSL;

F =1000k['m - 9acTOTa HOPMHPOBAHHUS MEPEXOIHBIX BIHAHNHY;

NEXT(F) - HOpMa MIEPEXO/THOTO 3aTyXaHus Ha Jactore F .

8 MNokaszaTeNb MOAYNALMM COOTBETCTBYET KOMMYECTBY BO3MOMHbIX AAUCKPETHbIX COCTOSHWI YPOBHA HaNpaXeHUs, BeANUYMnHa
KOTOPOro, B CBOKO 04Yepesb, OAHO3HAYHO CBA3aHA C KOAOM BblAEe/1EHHON YacTU NepeHOCUMOro LMbpPoBOro NOTOKA.

Mpu 32-TCPAM nepeHocuTca 5 61T 3a oauH TakT (2°=32), a 128-TCPAM nepeHOCUT 3a TaKT yxke 7 6uT (27=128).

OamH buT BCceraa pacxoayeTtca Ha u3bbiTouHoe trellis-kognpoBaHue, NoBbiWatoLLee NOMEXO3aLUULWEHHOCTb, U, TAKUM
06pa3om, MaKCMMmanbHas NosesHan CKOPOCTb Nepeaayn pasnundaerca He B 128/32=4 pasa, Kak 3T0 MOrno bbl NoKasaTbes, a
b B (7-1)/(5-1)=1,5 pasa, 4To TOXKe BecbMa CyLLLeCTBEHHO, KOHeYHO. MpY TaKom yBeNNYEHNU CKOPOCTU COrIacHO TEOPUN
K.LWeHHOHa, NoATBEPKAEHHOM NPAKTUKON, pacxoayeTca okono 4,5 ab pecypca 3anaca NOMexo3aLLMLLEHHOCTH.

° PacyeT CKOPOCTM BbIMOAHAETCA MO AOCTATOYHO CAOMKHBIM MOAENAM, YTO He NO3BONAET NPeAN0KUTb NPOCTbie GOPMYbI AN
YHMBEpPCA/IbHble HOMOrPamMbl. B cTaTbe NpeacTaB/ieHbl Ppe3y/ibTaTbl PacHeToB, BbINOJHEHHbIE NOCPEeACTBOM CBOOOAHO
pacnpocTpaHaemoi nporpammsl XxDSLcalc, B KOTopoli Mcnonb3oBaHa MOAENb MOMEXO3aLLMLLEHHOCTM NpUeMonepesaTinKkoB
SHDSL. PacyeT ocHOBaH Ha aHa/AM3e COOTHOLIEHUS CUTHAA/LLIYM B MOOCE YaCTOT, COOTBETCTBYHOLLEN TAKTOBOM YacToTe
nepeaaTynKa, MU3MepAEMOro Ha BXo4e NpMeMHUKA U NepecinTbiBaeMOro Ha BbIXoZ, nepesatymKa ¢ y4eTOM 3aTyXaHuA B
NvHUK cBasu. NMoapobHoe onncaHne moaenu npueeaeHo B ctaTbe Kouepos A.B. Pacyem ckopocmHo2o nomeHyuanaa SHDSL
// dnekmpoceass. — 2008. - No6. - c.61-63.

10 YyacToTa HOPMMPOBAHMA NEPEXOAHOro 3aTyxaHnA BblbpaHa B BepxHel YeTBepTy AmManasoHa vyactoT SHDSL.
3Ta yacTb cnekTpa PAM-curHana Hanbonee ocnabaeHa 13-3a 3aTyxaHus paboyero cMrHana u B HaMbonbluen cTeneHu

noasepxeHa BIMAHUIO NepexogHblX MoOMeX, 3aTyXxaHne KOTOPbIX CorsiacHo (4) reHepasbHO yMmeHbLaeTCA C POCTOM HacCTOTbl.
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KonTtpoib u HOpMBI

Cojka HOPM NepPeXOqHOTO
3aTyxaHus NpeicTaBieHa B Tabm. 2. B
MOCIICTHUX  CTPOKax  TaOMWIbBI IS

VKa3aHHBIX THUIIOB KaOelel MpUBEICHbI
PCKOMCHAYCMBIC 3HAYCHUSA, IIOJTYUCHHBIC
Ha OCHOBAaHUH OOpaOOTKU pe3yabTaTOB
H3MepeHHﬁ, OpeaAOCTaBJICHHBIX B TOM
YuClie  II0JIb30BATEISIMH  aHAJIHM3aTOPOB
CHCTEM TIIepefaud u Kaleled  CBs3H
AnCom A-7 (puc. 3).

WNHTepec k wu3MepeHuro kabeneit
CBs3M TpH HWHCTAUIsIuK Jimanid SHDSL
9acTO BO3HHMKAET JIMIIb TOT/A, KOTJa
«Hape3Ka» Kabens Ha pereHeparroHHbIE
YYaCTKH BBITIOJTHEHA Ype3MEepHO
ONITUMHUCTUYHO, B PE3yIbTAaTe YETO JIMHUS
He paboTaeT Ha 3aJaHHOW CKOPOCTH,

MPUYMHBI Yero MOJPOOHO  OCBEIIEHBI
BbIlIe (cM. Tabm. 1). DTOT CHMCOK MOYHO
JIOTIOJTHUT:

® Ha JIMHUU UMCIOT MECTO IIOMEXU

Puc.3. Konmpony ananuzamopom AnCom A-7 coomeemcmeus
nepexo0H020 3aMyXanus HOPMAam peKoMeHOayuu
MCO-T L.19. Konmpons kauecmea kabens 00adiceH

BbINOIHAMBCA He HA eOUHCMBEHHOU Yacmome u dajxce He Ha

HECKONbKUX OUCKDEMHBIX YACIOMAX, A 8 CUTLY CYUeCMEeHHOU

HEPAGHOMEDPHOCTIU POMEKAHUS YACTIOMHOU XAPAKMEPUCTIUKY

NEXT(f) 6 ouanazone wacmom nnanupyemoti x npumerenuo

yughposoti aunuu ¢ wazom He 6oaee 10 kl'y

OT CTOPOHHHX HCTOYHHKOB, CIICKTpaJIbHAasd IMJIOTHOCTh MOIMHOCTU KOTOPBIX HMPEBLIIIACT

ypoBeHb Munyc 120 nbwm/TT,
npuemanka SHDSL,;

COOTBETCTBYIOIMA YPOBHIO COOCTBEHHBIX IOMEX

e mapaMeTpbl Kabelsi He COOTBETCTBYIOT HOPMaM.

Tabnuya 2. Hopmsl nepexodnozo 3amyxauus

Jlaanbie
HOPMAaTHBHOTO [Tepecuer HOpMBI HA
HopMaTHBHBIE JOKYMEHTHI - HOKYM}?EIT); - IIiIaIEC;(O'IT(yFlil(l)gg()KIISEI)I,,
KF'H NEXT(F), nb
b

Pexomengarus MCD-T L.19 150 56
MHoronapHbie MeHbIC CETEBbIC KaOCIIH,
ofecrnevynBaroIe 0THOBPEMEHHYI0 paboTy 1024 52 52
HeCKOJIbKuX cinyx0, Takux kak POTS, ISDN u
xDSL 2048 44
IF'OCT P 53538-2009 160 60
MHorormapHble Ka0eu ¢ METHBIMU KHIJIAMH IS 1100 55 55
eNel NIMPOKOTIOJIOCHOTO JOCTYIIa 2200 50
TV Ha coBpeMeHHbIe Ka0enu, Ha IpuMepe 160 77
TV 3571-008-12154334-2006 nnst kaGeneit TLI 1024 65 65
MIPOU3BOJICTBA KOMITAHUU
«HITIT «Mapopmcuctemar 2048 60
Pexomenayembie Hopmbl st ucnpasubix | KCIIIT - - 50
Kkalesiedl pa3IMYHBIX THIIOB, 3KII - - 50
HAXOISIIIUXCS B IKCILTYaTALMU MKC - - 50

Or[epaTop CBsA3H, KOHCYHO, MOXKET HCIIOJIb30BATh B KAYCCTBC HOPM U TC XaAPAKTCPUCTUKH,

KOTOPBIC OMPCACIICHBI €r0 OIIBITOM. SHCCB

BaXHO HMIMCHHO TO, YTOOBI BBITIOJTHUTH pacycCThl U

BBISICHUTH BO3MOYKHBEIC 00CTOSTEIILCTBA A0 TOIO, KaK MPHUCTYIATh K 3aKYIIKaM 060py,u013aH1/151 n

pa60TaM Ha JIMHUU.


http://www.analytic.ru/products/6/info/
http://www.itu.int/rec/T-REC-L.19-201005-I
http://www.analytic.ru/articles/lib366.pdf
http://www.informsystema.com/html/wires_of_gruz.htm
http://www.analytic.ru/products/6/characteristics/
http://www.itu.int/rec/T-REC-L.19-201005-I

[Tpu BBIOOpE HOPM ClleAyeT MMETh B BHUJY, YTO 3aTpaThl Ha CO3/aHUE LU(PPOBON JTUHUU
npu MpoKiIazke HoBoro kabens (1) wim mpu MCHONB30BaHUM yxke uMeromerocs (2) Oymayt
CHIDKATBCS TIPH POCTE KauecTBa Kadelst He MeHee uyeM Ha 4,5%0 Ha Kaskablii Jerudes1 MoBBIICHIS
3aTyXaHHusd TEepeXOJHBIX MoMeX. Takoil IMoKazaTellb JIErKO OMNpPENeNUTh, BOCIOJIb30BAaBIINCH
MPEJCTAaBICHHBIMH HI)KE PE3YJIbTaTaMU PAacue€TOB CKOPOCTHBIX XapakTepucTuk. Hampumep:
e mycTh JuiMHA ydacTka Ha kabene KCIIII-1x4x0,9 (cm. puc. 4) pasaa 4000 m,
e toraa npu yBenmmueHUH NEXT(1000xI'1) ¢ 40 mo 50 nb (t.e. ma 10 ab) ckopocTh
BozpacteT ¢ 3904 1o 7104 kouT/c,

® T.K. IPUBEACHHbIE 3aTpaThl OOpPATHO MPOMOPLHOHANIBHBI CKopocTH — cM. (1) u (2) wu,
€CITU TIPUHSATH 3aTPaThl HA HEKAYECTBEHHOM Kalele (MepexofHOe 3aTyXaHUue COCTABIISET
mambs 40 nb) paBabiMu 100%, To mpu mcmonb30BaHUM Kabens ¢ kadectBoM 50 nb
npuBeieHHbIe 3aTpaThl coctasaT 3904/7104x100%=55%,

e TakuM 00pa3oM, CHIDKEHHME 3arparT mpu pocte kadectBa Ha 10 nb cocraBut 100-

55=45%, 4TO M MO3BOJISET OLIEHUTh POCT SKOHOMHUYECKUX MOKa3aTeslel MPOeKTa 3a CUeT
obecnieyeHns KkadyecTBa kabens senuunHoi He menee 45/10=4,5% na nenuodern.



CxopoctHbie xapaktepuctukun SHDSL

BosBpariasch K BRIPOKEHHUIO 3aBUCUMOCTH CKOpOCTH R OT kadecTBa Kabelis, MpeaCTaBUM
Ha puc. 4...7 pe3yabTaThl pacyeTa CKOPOCTHBIX XapaKTEPUCTHUK JUIA Kabemei pacipoCcTpaHeHHBIX
TUIIOB TPHU PA3NIUYHBIX 3HAYCHUSX HOPMBI MEPEXOJHOTO 3aTyXxaHusd. Pe3ynbTaThl pacuera
MIPUBEJICHBI HA PUCYHKAX CIUIOUIHBIMU JIMHUSIMHU.

JIOTIOMTHUTENBHO Ha TpadUKd TOYKAMU OTOOPKEHBI PE3yNbTaThl, COOTBETCTBYIOILIUE
CKOPOCTHBIM BO3MOJKHOCTSM IU(POBBIX cucTeM mepenaadun cemerictBa MCO04-DSL, cepuiino
BbiyckaeMbIx koMranuenn Q00 «AJIC». Pe3ynbTaThl M0JIy4eHBl B XOJI€ JIMHEHHBIX UCIIBITAHUN
Ha pealbHBIX Ka0elsixX CHUCTeM Nepefadyd, OCHOBaHHBIX Ha mpueMonepenatankax SHDSL.
[IyHKTHpHOM JIMHHEN ITPEACTABIICHBI PE3YIbTAaThl HHTEPIIOJISILIUN SKCIIEPUMEHTAIbHBIX 3HAYCHU .

R, KOuT/C

i Kabenn=KCIIII-1x4x0.9
EmMrocts M=2
3arpyska m=2

NEXT F=1000xT"11
NEXT=40gb ---a---
NEXT=501b ---b---

14000

xDSL=SHDSL 128-TSPAM.PAM
SNR Margin=51b
TTomexu=SHDSL

12000

\

\ Pe3ynbTaTbl NMMHENHbIX
ncnbitaHnitlCN MC04-DSL.

(Mmogem MC04-DSL2.bisM) -

CKOpOCTb Nepeayv B 04HON nape

npw 3arpyske obenx nap B «4eTBEPKEN

1 3904k6ut/c

] 4000Mm
o 2000 | 4000

6000 8000 | 10000 | 12000 | 14000 16000 18000 20000 22000 24000 LM

Puc. 4. Cxopocms SHDSL 128-TCPAM oxns kabens KCIIII-1x4x0,9 npu 3azpysxe 06yx nap 6 uemeepke
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http://adc-line.ru/images/oc-2-cp-1036.jpg
http://adc-line.ru/mc04-dsl-bis-m.html
http://www.adc-line.ru/
http://adc-line.ru/mc04-dsl-bis-m.html

R, KBuUT/C

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

=

Pe3ynbTaTbl NTMHENHbIX

\ ncnbiTaHmin LICMN MC04-DSL
(MooeM MC04-DSL2.bisM) -
CKOpOCTb Nepefayn B 04HOMN nape

Kabenp=KCINI-1x4x1.2
EMkocts M=2
3arpy3ka m=2

NEXT F=1000xl'11
NEXT=40ab ---a---
NEXT=501b ---b---

xDSL=SHDSL 128-TSPAM.PAM
SNR Margin=51b
TTomexu=SHDSL

npu 3arpyske obenx nap B «4eTBEpKe»

=

" 12000 = 14000 | 16000 18000 | 20000 = 22000 24000 Lm

Puc. 5. Ckopocms SHDSL 128-TCPAM oxns kabens KCIIII-1x4x1,2 npu 3azpysxe 08yx nap 6 uemeepke
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http://adc-line.ru/images/oc-2-cp-1036.jpg
http://adc-line.ru/mc04-dsl-bis-m.html

R, KBuUT/C

i Kabemp=3KII-1x4x1.2
15000 - Emkocte M=2
i 3arpy3ka m=2
. NEXT F=1000xI 11
140007 NEXT=40gb ---a---
. NEXT=501b ---b---
13000 :
| xDSL=SHDSL 128-TSPAM.PAM
12000 SNR Margin=5ﬂ]3
] [Tomexu=SHDSL
11000 :
10000 :
9000 :
8000 - Pe3ynbTaThbl TMHERHBIX
| ucnbiTaHun LICIM MC04-DSL
. \ (MooeM MC04-DSL2.bisM) -
7000 - \ CKOPOCTb Nepesayv B 0AHOW nape
] npu 3arpy3ke obenx nap B «4eTBEPKEN
6000 :
5000 :
4000 :
3000 :
2000 :
1000 :
0

2000 | 4000 | 6000 8000 . 10000 | 12000 | 14000 | 16000 | 18000 20000 | 22000 24000 LM

=

Puc. 6. Cxopocms SHDSL 128-TCPAM o015 kabens 3KII-1x4x1,2 npu 3azpysxe 08yx nap @ uemeepke
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R, kbut/C

15000

14000

13000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

=

Kabtemp=MEKC-Nx4x1.2
EMkocts M=2
3arpyska m=2

NEXT F=1000xI11
NEXT=40ab ---a---
NEXT=501b ---b---

xDSL=SHDSL 128-TSPAM.PAM
SNR Margin=51b
TTomexu=SHDSL

Pe3ynbTaTbl NMHENHbIX
\ ncnoitaHmin LLCIM MCO04-DSL

\ (Mmoaoem MCO04-DSL2.bisM) -
CKOPOCTb Nepesayu B 04HOW nape
npu 3arpy3ke obenx nap B «4eTBEPKEN

=

2000 4000 6000 8OO0 10000 12000 14000 16000 18000 20000 22000 24000 Lm

Puc. 7. Cxopocmv SHDSL 128-TCPAM o015 kabens MKC-Nx4x1,2 npu 3aepy3ke 08yx nap 6 uemeepke

13



AHanu3 TNPENCTAaBICHHBIX PACUETHBIX XapaKTEPUCTUK, COOTHECEHHBIX C JIaHHBIMU
JINHEMHBIX UCIIBITAHUM, ITOKA3bIBACT:
® JUIMHA PEreHEePallMOHHOTO Yy4YacTKa Ha 3aJaHHOM CKOPOCTH CaMbIM CYIIECTBEHHBIM
00pa3oM 3aBUCHT:
O OT 3aJ[aHus 3amaca MoMeXo3alluIeHHOCTH (puc. 1),
O OT Ka4ecTBa Kadels, BEIPaKaeMoro
" k03 UIIMEHTOM 3aTyXaHWs, XapaKTePHBIM JUIsI KaKIOTO THIIA
KaOeIs CBS3H,
" HOpPMOU MEepexX0JHOTO 3aTyxaHus (puc. 4...7);
® JaHHBIC JIMHEHHBIX WCIBITAHWN, HAJIOKEHHBIE HA PACUYCTHBIC XapaKTEPUCTUKH,
MO3BOJIIIOT ¢ ydeToM (3) OICHWTH BEIWYMHBI HOPM TIEPEXOJHOIO 3aTyXaHHS
YICTIONB30BAHHBIX KaOeIbHBIX THHMIHA:
o KCIIII-1x4x0,9  NEXT(1000xI'11)=62-8=54 nb (cm. puc. 4),
o KCIIII-1x4x1,2  NEXT(1000xI'11)=60-8=52 1b (cm. puc. 5),
o 3KII-1x4x1,2 NEXT(1000I'11)=52-8=44 nb (cm. puc. 6),
o MKC-Nx4x1,2 NEXT(1000kI'11)=58-8=50 nb (cm. puc. 7).

[IpakTudecknii OMBIT YCTAaHOBKH LH(POBBIX JUHHUHA CBUACTEIHCTBYET O TOM, 4YTO
peannuzyeMasi Ha HCIPaBHOM Kabesleé CKOPOCTh MOXKET CYIIECTBEHHO M3MEHSTHCS OT ydacTKa K
YYacTKy, HECMOTps Ha TO, 4YTO JJIMHBI yYacTKOB paBHBl. MHHHMAaNbHAsh CKOPOCTh MOXKET
omyckatbesi 10 20...40% ot makcumansHO nocturayroro 3HaueHus (100%). IMpuumHO#N Takoin

«HEAOCTAYM OOBIYHO SABIAETCS HMEHHO nagcHue IMepPeEXOJIHOTO 3aTyxaHI/1$112 J0 3Ha4YCHHUA

NEXT (1000 I') oxosto 30 ab (cp. puc. 8 u 9).

1 mmenHO JJI1 TOTO, 4TOOBI IJIAHOMEPHO BECTHU MPOCKTHBIC, MOHTAXHBIC U ITYCKO-
HaJIaTOYHBIC pa6OTI)I Ha JIMHUH, CICAYET KOHTPOJIHNPOBATH KabenpHbBIE Y4YaCTKH, HaKallJIuBas
CTaTUCTHUKY, 00paboTKa KOTOPOIl MO3BOJISIET BHIPAOOTATh HOPMY:
e HOpMa He JI0JDKHA OBITh YpEe3MEPHO BENIMKa, YTOOBI HE IPUBECTH K YBEJIWYCHHUIO 3aTpat
Ha 0OpBOY C ee HapyIICHUSIMH H3-3a HEMPOTHO3MPYEMOTO pocTa mapamerpa D+€ B
BbIpaxkeHuH (2);

e HOpMa HE [OJDKHA OBITh Ype3MEpHO HU3Ka, YTOOBl YMCHBIICHHE MPOHM3BEICHUS
R(L) x L ®e mpuBeso ObI K pocTy 3aTpaT corjiacHo (2);

® KOMITPOMHUCCHBIC 3HAYCHUS HOPM IIPEACTABJICHBI B HUXKHUX CTPOKax TaoI. 2.

Padouunii miau

Onpenenuth GakTHUECKYIO0 CKOPOCTh HU(POBON JIMHUU SKCIIEPUMEHTAILHO CPABHUTEIBHO
MPOCTO — JJIE ATOr0 HEOOXOJMMO MOJKIIOYUTH COOTBETCTBYIOLIUE H3MEPHUTENbHBIE MPUOOPHI
BMECTO pereHepaTopoB (MOKHO HCIIOJIb30BaTh M CaMU pEreHepaTophl, MpaBla, Mepea ATUM
ClieqyeT BBIMIOJIHUTh MOHT@X BCEro OOOpyIOBaHHMs Ha JMHUU). A BOT ONpPEICIUTH
AKCIEPUMEHTAJIHLHO (B MOJIEBBIX YCIOBUSX, & HE B JIAOOPATOPHUH) MIPEACIbHYIO ATHUHY Ha 3aJaHHOM
CKOPOCTH MPAKTUYECKU HEBO3MOKHO. J[JI 3TOr0 HY»KHO MHOTO KONaTh U pe3aTh, HO 3TO JOJITO U
4TO Jenath ¢ oOpe3kamu kabens? VIMEHHO B STOM ciydae HCIOJIb30BaHHE MPEACTABICHHBIX
CKOPOCTHBIX XapaKTepUCTUK u mporpammbl XDSLcalc mo3BoJiseT BBINOJHUTH OIpPEICIICHUE
MpeIebHOM JUIMHBI ydacTKa i oOecriedeHrsi He0OX0MMOM CKOPOCTH.

Ho wyacro kaGenp yxe mojienieH Ha y4acTKu. Hampumep, MHOTHE JIMHUM, BBIITOJHEHHbIE
kabenem KCIIII, Obumm «Hapesansl» moj MKM-30C mpumepno no 4000 m. B stom ciyuae
nporpamma XDSLcalc mo3BossieT, onepupysi 4YeTHIPbMs B3aMMOCBS3aHHBIMH ITapaMeTpamMH —
JUINHA y4acTKa, CKOpPOCTb, 3amac IMOMEXO3alIUIIEHHOCTH W HOpMa IEPEXOJHOT0 3aTyXaHWs,
KBAJTM(HUIIMPOBAHHO II€PETUBATH» PECYPChl 3THX MapaMeTPOB U3 OJTHOTO B IPYTOil.

11 OueHKa Be/IMYMHBI NEPEXOAHOr0 3aTyXaHUA Mo AaHHbIM KOCBEHHbIX M3MEPEHUI He MOXKET BbITb UCMO0/b30BaHa
HenocpeacTBEHHO 414 HOPMUPOBAHUA Kabesei, HO 3ameyaTesIbHO UANOCTPUPYET COOTBETCTBME PacYeTHOW Moaenu,
peannsoBaHHOM nporpammoit xDSLcalc, akcneprmeHTaNbHbIM AaHHbIM.

12 NluHmna moxeT 1 npocTo He paboTaThb, HO TOrAa NpUYMHa ByAeT 3aKkN4YaTheA B NOBPEXAeHUn Kabens.
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Takum o00Opa3zom, mporpamma XDSLcalc oTkpbiBaeT HOBbIC BO3MOYXHOCTH MOJICITUPOBAHUS
nuauii SHDSL 1 X cKOpOCTHOM 3arpy3ku, 4TO MpeJiaraeTcs 1e1aTh B COOTBETCTBUH C ATAallaMu,

OTIpe/ieIeHHBIMU B Ta0II. 3.

Tabauya 3. Omanwl peanuzayuu npoexma ycmanosxu yugposou aunuu SHDSL

HaunmenoBaunue sramna

Meron peanuzanuu

IIpumeyanus

Ornpenenuthb
1| THm HcMOJIb3yeMOTro KadeJis 1 ero
apaMeTpsl

N3yuenue naHHbIX yyera

[Ipy HamuMK JaHHBIX

Onpenenuth TMHENHYIO
2| ckopocTh mepenayu R, HeoOXoauMyt0
JUISL pEIICHHUS 3aJ1a91

CHUCTEMHBIN aHAIIN3

YyecTh nepCreKTUBbI
pa3BUTHUS

3a1aTh HOPMY MIEPEXOJHOTO Hcnonp3oBaTh
3| 3aryxanus NEXT(F=1000 kI'm) YHeCTE JaHHEIC CTaHIAPTHI
Y Ta0IUIBI 2 Aap
OpraHu3anum

Onpenenuts JUIMHY
4| pereHepalMoHHOTO ydacTka L

[To nanueM puc. 4...7
WJTH TI0 TIPOTPaMMe
xDSLcalc

CdopmupoBaTh MPOEKTHBIE YCIOBHS,
ONPENETUTH YHUCIIO PErEHEPATOPOB

[TpumMeHUTH pe3ynbTaThl
pacuera JUTHHBI
pereHeparnoHHOTO
ydJacTKa K TJaHHBIM
Ka0eJIbHOMN Tpacchl

VrTounuth 3Hauenus L
0 y9acTKaM

BrmmonauTe MacrIopTU3aluIo Kaxaoro

y4acCTKa

y4acTKa Mo TPaIUIIHOHHBIM H3mepuTenbHbIE
MOKa3aTesIM UCITPABHOCTH H TEXHOJIOTHHI
ITocne BEIMOJTHEHUS
JIOTIOJTHUTEIBHO U3MEPUTH XDSL\I'oanoctuIlapsl u S
6| hakTHUYeCKUE BEITMYNHBI: SHDSL 128-TCPAM, o
— paboT 10 MOIKITIOYCHUS
® pabovero M MepexoHOTO MO I/IEP>)KUBAEMBIC
pereHepaTopon
3aTyxaHus, aHaJIM3aTOPOM
® 3ar1aca [IOMeEXO03aIUIIIEHHOCTH Ha AnCom A-7
TpeOyeMol CKOPOCTH
BrmmomHuTH
pu oOHApYKEHUHU
Heo0X0IUMBIE
MOBPEXKACHUS KaOeIbHOTO [ToBTOPUTH C 1.6
BOCCTAaHOBUTEILHBIE

paboThI HA YYacTKe

pu 0OHAPYKEHUH
HECOOTBETCTBUS HOpMaM
MEPEXOAHOTO 3aTyXaHHsI WIN
CKOPOCTH TPOCKTHBIM
YCIIOBHSIM

YCTaHOBUTH Ha y4acTKe
JOTIOTHUTEIbHBIH
pereneparop

[ToBTOpUTH C 1.6

IIPU TIOJTHOM COOTBETCTBUU [Tpuctynuts K
apaMeTpoB MPOEKTHBIM - YCTaHOBKE JIMHEHHOTO
YCIOBHSIM o0opynoBaHus

BCECTHU YUYCT HAHHBIX
nmacropTu3anuun

\‘
3aBepIaronue MepOIPUSTHS IIPOCKTA

B nensx HakoruieHus
OTIBITA U KOPPEKLUHU
HOPM IIEPEXOTHOTO
3aTyXaHus
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ITagenune cKOpOCTH NPH MOJTHOM 3arPY3Ke «4YETBEPKH»

B npaxtuke ycranosku SHDSL gacTsl cirydan, kora o00pyJoBaHHE BHAYAJIE BKIIOYACTCS
B OJIHOTIAPHOM BapHaHTE HCIOJIb30BaHUSA KaOEJsl «UETBEPOUHOI» CKPYTKH, a yepe3 HEKOTOpoe
BpeMst Kabelb «I0YIUIOTHSAETCS» TMOKIIOUYCHHEM BTOPO Maphl B «4eTBepke». [Ipu aTom Bonpeku
OXKU/IaHUSIM YABOEHHE CKOPOCTH HE HACTYyMaeT M0 NPUYMHE HEIO0CTaTOYHOIO MEepPEeXOJHOTO
3aTyXaHUs M PUC. 8 MOKA3bIBAET, YTO JaXKe Ha COOTBETCTBYIomEM HopMaM o NEXT kabene (cM.
TabJ. 2) Takoe MmaJieHue CKOPOCTH, HAYMHAS C JUIMHBI Yy9acTKa OT 7 KM, MOXET ObITh Oojiee uem
ABYKpPATHBIM. To ectp YCTaHOBKa JOIOJHHUTCIBHOIO O6OPYI[OB3,HI/I$I NI BBIIIOJIHCHHEC
JOITOJIHUTECIIbHBIX MOHTAXXKHBIX pa60T B 3TOM CJIydaC HC MMECT HUKAKOI0O TCXHUYCCKOTO CMBICIIA
W, CJIeIOBaTEeNbHO, BpeaHAa IKOHOMHYECKH. Ha ydacTkax ¢ mHON 10 4 KM CKOPOCTH TOXE
najaer, Ho JIMib 0 69% OT UCXOHOM, MOATOMY «JI0YIJIOTHEHUE» YETBEPKH MOBBICUT CKOPOCTH
He MeHee yeM Ha 38%, Ho He Ha 100%, Kak TOro XOTeI0Ch ObI.

R KBWT/C

) Kabenp=KCIIII-1x4x0.9

EmkocTe M=2

3arpyzka m=1 ---a---

3arpyzka m=2 ---b---

NEXT F=1000xI11

NEXT=50nb

XDSL=SHDSL 128-TSPAM.PAM
SNR Margin=51b
ITomexu=SHDSL

13000

11000

10048k6ut/c
] 00%

10000

9000 +

3arpyxeHa TONbKO 0AHa Nnapa B YETBEPKE -
8000 CKOPOCTb MaKCMMasibHO BO3MOXHas,

1 OrpaHMyYMBAETCS TONbKO 3aTyXaHUeM CUrHana u
] 69126ur/c) COBCTBEHHBIMU LyMaMM NpUEMHMKA

] o/ Uy

i 69% ( 6528Kk6uT/C

1 100%
6000 o
5000 4 ManeHne CKOPOCTU BABOE NpM

1 3arpyske BTOpOW Napbl B «4eTBEpKe»

] W3-3a2 B3aMMHOIO B/IMSIHWS ABYX NUHWIA
4000 +
3000 :
2000 +
1000 4

, 4000m 7000m | |

o 2000  adoo | 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 Lnm
Puc. 8. Cxopocms SHDSL 128-TCPAM 0z ciyuaes 3azpysxu moasko 00HOU RAPbL U 000UX RAD 8 (4emEEPKe»
KCHIT-1x4x0,9 npu nopme NEXT(1000 x'y)=50 ob
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Cxopoctabie xapaktepuctukn SHDSL npu Huzkom kauyectBe kabeis

Ecnun mmHUA COCTOMT M3 HECKOJIBKUX pPETEHEPAlMOHHBIX YYacCTKOB, TO CKOPOCTb
HAUXy/IIEro U3 HUX OyJIeT OrpaHUYMBATh CKOPOCTh BCel JIuHUU. [IpyumHa CHIKEHUS CKOPOCTH
MOXET 3aKJII0YaThCsid B CYIIECTBEHHOM MaJCHUM NEpPeXOAHOro 3aryxaHusi. Ecnu mpoBeneHue
BOCCTaHOBHUTCIIBbHBIX pa60T 3aTPYAHUTCIILHO, a YCTaHOBKa Ha aBapHﬁHOM Y4acCTKe
JOTIOJIHUTEILHOTO pEreHeparopa HEBO3MOXHA, TO MOBBICUTh CKOPOCTb MOXKHO H3MEHEHUEM
nokazatenss Monaymsuuud. Ha puc. 9 mpencraBieHbl CKOPOCTHBIE XapaKTEPUCTHKH KaOers,
cooTBeTCTBYMOMIEro pekomenayemont Hopme o NEXT. 3xeck Habmromaercst oxumaeMblil 3G hexT
— YBEJIMYEHUE IO0Ka3aTelsl MOIYJALMU CIOCOOCTBYET NOBBILIEHHIO CKOpocTH. CKOpocTh Ha
aBapuitHOM Kabeie oTpaxaer puc. 10, T1eMOHCTPHPYS] BO3MOXHOCTh IMOBBIIICHUS CKOPOCTH TIPH

YIPOIIEHUH MOIYIAuu. Tak, 1uist JuHbI Beimie 550 M HamTydIIue rmokaszaTenu OyayT IpH THIIE
moayssitin 32-TCPAM.

R, kbBuT/c,
15000 +
14000 +
132000 4
12000 +
11000 +
10000

9000

8000

7000

6000

Ka6enn=KCIIII-1x4x0,9

Emrocts M=2

3arpyska m=2

NEXT F=1000I"11

NEXT=50nb
xDSL=SHDSL_128-TSPAM.PAM ---a---
xDSL=SHDSL 64-TSPAM.PAM ---b---
xDSL=SHDSL 32-TSPAM.PAM ---c---

~

xDSL=SHDSL_8-TSPAM.PAM ---g---

32-TCPAM: .
SNR Margin=51b
\6080'(6"7/‘: TTomexu=SHDSL

3000 4

4000 A

3000 ~

2000 ~

1000

0

[(®]

—

32-TCPAM:
— 2688k6ut/c (Hopma)

4000m 7000m |

0

1000 2000 3000 | 4000 | sooo . eooo 7000 s0oo . ooog Lm

Puc. 9. Ckopocms SHDSL 0ns noxkazamens mooyasyuu om 4 0o 128 npu nopme NEXT (1000 xkl'u)=50 ob

R, kOuT/ )
13000 4
12000 +
11000 +
10000 +
000
8000
7000
6000
5000
4000 A
3000
2000

1000 ~

b Kabens=KCTITI-1x4x0,9

Emrocts M=2

3arpyska m=2

NEXT F=1000xI11

NEXT=30mb

xDSL=SHDSL 128-TSPAM.PAM ---a---
xDSL=SHDSL 64-TSPAM.PAM ---b---
XDSL=SHDSL 32-TSPAM.PAM ---c---

xDSL=SHDSL_8-TSPAM.PAM ---g---

SNR Margin=51b
ITomexu=SHDSL

32-TCPAM:
0,
1984k6uT/c (33% OT HOpMbI) 32-TCPAM:

——= = 7000m 896K6uT/C (33% OT HOpMbI)

-—1
1

4000m

1000 2000 3000 4000 s000  eoo0 7000 8000 ooog Lm

Puc. 10. Cxopocms SHDSL 05 noxazamens mooyasyuu om 4 do 128 npu asapuiinom NEXT (1000 xI'y)=30 0B
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Tun moxynsuun 32-TCPAM mpencraBiasiercss Hambojiee 3Q(eKTHBHBIM, TaK Kak
JEMOHCTPUPYET HAWITYYIIME MOKazaTelan Ha aBapuiHbIX kabemsx (puc. 10). Ha xadecTBEHHBIX
kabensax (puc. 9) ¢ mmuuoit ot 3000 M cxopoctHbie Xapakrepuctuku SHDSL ¢ moxynsueit 32-
TCPAM nuips HEe3HAUUTENBHO YCTYNAIOT MOAysinusaM 64- u 128-TCPAM.

CoBpeMeHHbIe Kabeu s cuctem XDSL

Ecnu xabenbHas nUHMA €II€ HE MOCTPOEHA, TO Ui €€ MPOKIAAKH CIeIyeT HMPUMEHSThH
COBPEMEHHBIC T.H. MH(PPOBbIC KaOeIHW, CICNUATBHO pa3paboTaHHbIE I oOecredeHus
MUHHMU3AIMU IPUBEICHHBIX 3aTpaT. Tak, coriacHo (1), mpuBeaeHHBIC 3aTpaThl CHUKAIOTCS TIPH
noJbeMe XapakTepucTHkn R(L) wiM mpu CHUKEHHH KOJMYECTBA PEreHepaTopoB 3a cueT
obecrieyeHns pocra HepexoaHoro 3aryxaHus. OTedecTBEeHHbIE KaOeIbHBIE 3aBOJIBI BBITYCKAIOT
Takde KaOenw, HOMEHKJIAaTypa KOTOPhIX INpejicTaBieHa Ha caiTax: Www.saranskkabel.ru -
Capanckkabenb, Www.elixcable.ru - Drukc-kabens, Www.odeskabel.com - Opeckabens,
www. informsystema.com - HIIIT «udopmcrcTemMa» u Apyrux.

Hanpumep, snexTpudeckne XapaKTepUCTUKN Kabele MatonapHbIX BBICOKOYACTOTHBIX IS
uugpossix cereit gocryna cepun THII, Boimyckaemsix HIIIT «MHpopmMcucTemay, 3HaUUTEIHHO
BbIe TpeboBanuid, npenbsaBiusieMbix TOCT P 53538-2009 — cm. Tabmn. 2. A sKCIUTyaTallMOHHBIE
XapaKTePUCTUKH Kabesel ¢ BOJAOOIOKUPYIONUMHE SJIEMEHTAMHU U T.H. MOHOJIUTHOW KOHCTPYKIIUU
HUCKOJIBKO HE XYK€ XapaKTepUCTHK Kalenel ¢ ruapopoOHbIM 3amnonHeHueM. Kpome kalenei,
MpeJHAa3HAYSHHBIX IS MPOKIAIKH HEMOCPEJICTBEHHO B TPYHT M B KaOeNbHYIO KaHAJIM3AIUIO,
MPEINPUATHE BBITYCKaeT KaOeIH ¢ TPY30HECYIIMM TPOCOM, TpeIHA3HAYCHHBIC IS TTOBECKHA Ha
omopax. Ha pwuc. 11 mpuBenensl ckopocTHblie xapaktepuctuku kaOemeit TIIIT 2x2x0,52;
THIImITnT 2x2x%0,64 1 THIIMI T 2x2x0,9 npumenutensHO K auausM SHDSL 128-TCPAM.
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R, kBuT/C

15000

14000

13000

12000

11000

10000

9000

=]
[=1
=
=
1

7000 E
6000
5000
4000
3000

2000

1000

Puc. 11. Cxopocmuvie xapaxmepucmuxu SHDSL 128-TCPAM na kabensx cepuu TLII

Kabens=TIII Nx2x0,52 ---a---
Kabens=TIII Nx2x0,64 ---b---
Kabens=TILII Nx2x0.9 ---c---
EMEocTE M=2
3arpyska m=2
NEXT F=1000xI11
NEXT=651b
XxDSL=SHDSL 128-TSPAM.PAM
SNR Margin=51b
ITomexu=SHDSL
a
TLM Nx2x0,9
4000m
10560k6uT/C
- C
LM Nx2x0,64% [
4000m
7744k6mt/c TLIN Nx2x0,9 7000m 6450k6uT/c
TLIM Nx2x0,52
4000m
6272Kk6MT/C
TLM Nx2x0, 7000m  3200k6mT/C
T x2x0,52 7000 2240Kk6mT/cC
4000Mm 7000m
2000 4000 6000 8000 10000 | 12000 = 14000 16000 18000 20000 22000 24000 Lm
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BoiBoabI

[IpencraBneHHblii  MaTepual TO3BOJSIET CHUCTEMAaTU3MPOBATH IMPOCKTHPOBAHHE U
peanu3anuro nudposbix uHui SHDSL Ha ocHOBE pacueTa UX XapaKTEepUCTHK C UCIOJIb30BAHNEM
nporpammbl XDSL calc.

[TpuBeneHHbIE TPUMEPBl CKOPOCTHBIX XapaKTEPUCTUK IOATBEPKICHBI pE3yibTaTaMu
JMHEHHBIX HcnbITanuit o6opynoBanus MC04-DSL (monem MCO04-DSL2.bisM) u kom4ecTBeHHO
JEMOHCTPUPYIOT BIIMSHUE HA CKOPOCTh TMepeJadd Tuma Kademns, ero 3arpy3Kd, 3amaca
MOMEXO03aLIUIEHHOCTH M MEPEXOJHOT0 3aTyXaHus. [Ipumepsl HE MCUEPIIBIBAIOT BO3MOXHOCTEH
nporpammbl XDSL calc, kotopast mo3BosisieT:

® JICIIOJIB30BaTh MOJIENH JIIOOBIX Kabenel u n3BecTHhIX Iu@possix muaui (SHDSL, ADSL,
ADSL2, ADSL2+, VDSL?2),

® MOJEIHMPOBATH JIO0YIO 3arPy3Ky Majio- U MHOTOIIAPHBIX Ka0esnel nu(ppOoBbIMUA JTUHUSIMU.

[Tokazano, uto 3arparsl Ha co3ganue quauu SHDSL u npu npoxnanke HoBoro kabens, u
IIpU KCIOJIb30BAHUU HMMeEIOIeNcss KaOeabHOM JMHMM CHIDKaloTcd He MeHee uyeM Ha 4,5% Ha
KaKIbIi enmnées1 00eCeYeHHOTO CHUYKECHUS BIUsSHUS Tiepexoanbix moMex (NEXT).

[IpencraBneHpl dTambl pealu3aluyd IMPOEKTa YCTAaHOBKH IMQpoBbix nuHHA SHDSL
HaNpaBJICHHO OOECTeUMBAIOIINE YYET, KOHTPOJIb M CHIDKEHHE BJIHSIHUS TIEPEXOIHBIX MOMEX
(NEXT), kak npu npOeKTUPOBAHHUH, TAK U OTIEPATHBHO B MPOLIECCE pPeaTU3alMU MPOCKTA.

Matepuan cratbl OTHOCHTCS K cuctemam SHDSL, oaHako HHYTO HE MeMIaeT
pactpoCTpaHUTh W3JI0KEHHBIA MOIX0J Ha MUGPOBHIC JIMHUM WHBIX TUIOB W HA3HAYEHUS - HA
ADSL2+ u VDSL2. Pacuer u KOHTPOJIb 3THX JIMHUH TaK ke oOecreueHbl mporpamMmmoit XDSLcalc
u anaym3aropamu AnCom.
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