Cokpamenne DSL  pacmmdposeiBactcss kak Digital Subscriber Line (uudposas
abonentckas nuHMs). DSL sBiseTcs AOCTATOYHO HOBOH TEXHOJIOTHEH, IO3BOJISIONICH
3HAYUTENHbHO PACHIMPUTH TOJOCY MPOMYCKAHHS CTAphIX MEIHBIX Tele(OHHBIX JIMHHH,
COCTUHSIONINX TeJIe(OHHBIE CTAHIINK C WHANBUIYAIbHBIMU a0OHEHTAMHU.

Pazaununbie TunbI TexHoaoruii DSL n kpaTkoe onucanue ux padoThl
DSL o6benunsier cieayromnme TeXHOJIOTHH.
ADSL (Asymmetric Digital Subscriber Line — acummerpuynas nudpoBas aODOHESHTCKas
JTUHHMS)
JlaHHAsT TEXHOJIOTHUS SBIISIETCS aCHMMETPHYHOM, TO €CTh CKOPOCTh MEpeJayd JaHHBIX OT
CeTH K TIOJb30BATENII0 3HAYUTENIBHO BBIIIE, YeM CKOPOCTh IMepelayd JaHHBIX OT
MOJIb30BATENSI B CETh. lakas acUMMETpHs, B COYCTAHUU C COCTOSIHUEM <ITOCTOSIHHO
YCTAaHOBJICHHOTO COCAMHEHUsI», AenaeT TexHojaoruto ADSL uneanbHOM sl opraHu3aiuu
nocTyna B ceth MHTepHeT, nocTyna K JiokaibHbiM ceTssM (JIBC) u 1.1, [Ipu opranusaiuu
TaKUX COCJMHEHUM TOJIb30BaTeM OOBIYHO TOJY4YaloT Topas3lo OodbIIui 00BeM
unpopmaruu, yeM nepenaioT. TexHomorus ADSL  obecneunBaeT  CKOpOCTH
CHUCXOJAIICTO» MOTOKA JAHHBIX (OT CTAHIIMM B CTOPOHY IOJI30BATEIIs) B Mpeaeiax OT
1,5 Mowurt/c 1o 8 MOuT/C 1 CKOPOCTh «BOCXOJIAIICTO» MOTOKA JaHHBIX (HANpaBJICHUE OT
moJib30BatTeNiss B cTopony craniuu) ot 640 Kowut/c mo 1,5 Mout/c. ADSL mosBossiet
nepeaaBaTh JAaHHBIE CO CKOpocThio 1,54 MoOwut/c Ha pacctosHue 10 5,5 KM 1Mo oaHOMN
BUTOM mape mpoBoaoB. CkopocTh nepemaund mopsaka 6 — 8 Mowut/c MoxeT OBITh
JOCTUTHYTa MpHU Tepejade JaHHBIX Ha paccTosHWe He Oojee 3,5 KM IO MPOBOJaM
nuametrpom 0,5 Mm.
ADSL wucnonesyer TtexHonoruto FDD (wactoTHOe pasnmeneHue s oOecredeHUs
AYIUICKCHOW CBSI3M), KOTOpas IMO3BOJISICT BBIACIUTh OJHY I[OJIOCY YacTOT JUJIs
BOCXOJIAIIErO MOTOKA JAaHHBIX, a JAPYTYyI0 IMOJIOCY YacTOT — JUIsl HUCXOJSIIETO MOTOKa
JaHHBIX. JTO MO3BOJISIET PACIIUPHUTH UCIIOIB3YyEMYIO TI0JIOCY YacTOT MPHUOIU3UTEIBHO 10
1 MI'u. Ha pucynke 1 noka3aH mnpumep ucronb3oBaHusi TexHonoruu FDD  nns

PasaciICHus BOCXOOAICTO U HUCXOAAIICTO ITIOTOKOB JAHHBIX U CINIUTTEPA.
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BapuaHT TtexHosorun ADSL, oGecneunBaromuii CKOPOCTh «HUCXOJSIIET0» MOTOKA
aaHHBIX 10 1,5 MOuT/Cc U CKOPOCTh «BOCXOJSIIEIO» MOTOKA JaHHBIX 10 512 Kout/c miu
no 256 Kout/c B 000ux HampaBiCHHSIX.

IDSL (ISDN Digital Subscriber Line — uudposas abonentckas aunust |DSN)
Texnonoruss |IDSL obGecneunBaeT NOJHOCTBIO JYIUIEKCHYIO IepeAady JdaHHBIX Ha
ckopoctu 110 144 Ko6wut/c. B otnmune or ADSL Bo3moknoctu |IDSL orpannumBarotcs
TOJIBKO Tepeaueil TaHHbIX.

HDSL (High Bit-Rate Digital Subscriber Line — BbicokockopocTHas mudpoBas
aOOHEHTCKAas JIMHUA)

Texnonoruss HDSL mnpenycmaTtpuBaeT opraHu3alii0 CUMMETPUYHON JMHUU TEpenaydu
naHHbIX. brnaromapst ckopoctu nepenaun (1,544 MoOut/c 1o nByM mapaMm MPOBOAOB H
2,048 Mout/c mo Tpem TmapaM TPOBOJOB) TEICKOMMYHHKAIIMOHHBIC KOMIIAHHU
ucnonb3ytor TexHonmoruro HDSL B kauectBe anbrepHatuBbl jmHusM T1/ELl. Xots
paccrosinue, Ha kotopoe cucreMa HDSL nepenaer nannsie (a ato mopsaka 3,5 — 4,5 km),
MEHbIIE, 4YeM TMpu HcHoiab3oBaHuu TexHojmorun ADSL, nns Hemopororo, HoO
s pexkTuBHOTO, yBenudeHUs auHbl JuHUU HDSL TtenedoHHBIE KOMIIAHMM MOTYT
YCTaHOBUTH CHEIMaNbHbIEC MOBTOpUTENU. Mcnionb30Banue st opranusanuu suaun HDSL
IBYX WU TpeX BUTHIX Map TeNEPOHHBIX MPOBOJOB JENAET 3Ty CUCTEMY HCATbHBIM
pemenneM aiisa coeaquaenns Y ATC, cepBepoB HTEpHET, TOKaIbHBIX CETEN U T.I1.

SDSL (Single Line Digital Subscriber Line — ognonuneliHas 1udpoBas aOOHEHTCKas
JTUHHMS)

Texnonoruss SDSL umeer aBa Baxubix oTinuusg or HDSL. Bo-nepBbix, ucnoiab3dyercs
TOJIBKO OJITHA BHUTas mapa MpOBOAOB, a BO-BTOPBIX, MAKCUMAJILHOE PACCTOSIHUE Mepe/lauu
orpanndeHo 3 kM. B mpegenax storo paccrosHus TexHosnoruss SDSL oOecneuunBaer,
Harpumep, paboTy CUCTEMbl OpraHU3alMK BUACOKOH(DEPEHIIHH.

VDSL (Very High Bit-Rate Digital Subscriber Line — cBepXBBICOKOCKOPOCTHAs
1 poBast aOOHEHTCKAsT JTUHHS)

Texnonoruss VDSL sBnsercs Haumbonee «ObicTpoit» TtexHonorueit XDSL. Omna
o0ecreynBaeT CKOPOCTh Mepe/layl JaHHbIX «HHUCXOMSIIEro» NoToka B mpenenax ot 13 o
52 Mowur/c, a CKOPOCTh TIepeiauu JaHHBIX «BOCXOJSIICTO» MOTOKA B mpeaenax ot 1,5 mo
2,3 Mowut/c, mpuyeM Mo OJHOW BUTOW mape Tene(OHHBIX MPOBOJOB. B cHMMeTpHUYHOM
pPeKUME TOANCPIKUBAIOTCS CKOpocTH 10 26 MoOut/c. MakcumanbHOE pacCTOSHUE
nepeayu JaHHbIX 11 3Tod TexHosoruu coctariasieT oT 300 merpoB no 1300 Metpos.
Texnomorust VDSL mMokeT UCTIOIB30BaThCA ¢ TEMU ke TieisiMu, uto 1 ADSL ; kpome Toro,
OHAa MOJKET MCIMOJIb30BAThCS ISl NEpPEelauyld CUTHAJIOB TEJIEBUICHUS BBICOKOW UYETKOCTHU

(HDTV), Buzeo 1o 3amnpocy u T.II.



JlaHHAsT TEXHOJIOTHS MOKET OBITH YCIIEIIHO BHEIPEHA MyTeM COoKparneHus 3()(eKTHBHOM
JUTHHBI aOOHEHTCKOM JIMHUHU 3a CYCT PACHIMPEHHUS CETH BOJOKOHHO-ONTHUYCCKUX JTHMHUN H
UX BHEAPECHHS B CYIIECTBYIOIIYIO CETh JocTyma. Takas apxuTekTypa n3BectHa kak F T TC
(Fibre to the Cabinet, T.c. BOJOKOHHO-ONTHYECKHI KaOelIb 0 MOHTAaXHOrO IKada).
koHuenuusa VDSL noka3zana Ha pucyHke 2.
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(anropuT™MBI MOTYJISIIIIH),
MO3BOJISIIOLIME TIepeaBaTh JaHHBIE C JIOCTaTOYHO BBICOKUMHU ckKopocTsmu. [Ipu sTom
nepeaBacMble B JIMHUIO CUTHAIBl UMEIOT TaKWe MapaMeTpbl, KOTOpble O0ECreyrBaroT
BO3MOXHOCTbh JJOCTOBEPHOI'O IpHEeMa U HE OKa3bIBAIOT KAaTAaCTPO(OHUUECKOro BIMUSAHHS Ha
paboTy coceqHNX UHPOPMALIMOHHBIX KAHAJIOB.

Anroputm 2B1Q mnpencrasisier coO0l OOWH M3 BapHAHTOB pealM3alldd aMIUTUTYIHO-
UMITYJIbCHOW MOJYJSIUA C YETHIPbMSI YPOBHSIMU BBIXOJHOTO HampsDKeHUs 0e3

BO3BpallieHUs K HyJieBoMy ypoBHIO (NRZ).

Konosas | Kogoeriit | st hopMupoBaHus JIMHEHHOTO KOJa BXOJAHOM MHGOPMAIMOHHBIN

I'pyIiina CHUMBOIJI IMOTOK ACIUTCA HaAa KOAOBBLIC TI'PYIIIBI IO IOBa outa B KaX(HOﬁ. B

00 -3 3aBUCUMOCTH OT KOMOHWHAIIMU 3HAYCHUN OUTOB KOJOBOM TPYIIIHI
01 -1 €l CTaBUTCSI B COOTBETCTBHUE OJAWH U3 YETHIPEX KOJTOBBIX CUMBOJIOB,
10 +3 KaXJO0MY W3 KOTOPBIX, B CBOIO OYE€pPEIb, COOTBETCTBYET OAWH W3
11 +1 YPOBHEMN HANIPSKEHUS.

[Tockonbky B JaHHOM clydae JBYM OWTaM CHUTHajla CTaBUTCS B COOTBETCTBHE OJUH
KOJIOBBIM cHMBOJI, nH(OpManroHHast ckopocTh (data rate, ckopocTh mepeaadu JTaHHBIX)
BJIBOEC MPEBBIIIACT CUMBOJIbHYIO (Symbol rate) - ato o3HauyaeT, 4To MOAY/ISIMOHHAS CXeMa
2B1Q oOecneyuBaeT TMOCTOSHHYIO — BEJIMYUHY  CHEKTpajbHOM 3 (dEeKTUBHOCTH
MOJIyJIMPOBAHHOIO cUrHajia = 20utal/l 1.

Anroputm 2B1Q He oOecneunBaeT mojjepkaHue OajlaHca TIOJOXKUTEIbHBIX U
OTPHULIATEJIBHBIX MMITYJIBCOB BBIXOJHOTO HAIPSDKCHHS W, CJIEAOBATEIBLHO, BXOTHOU KO
2B1Q nomxeH ObITH MpeaBapUTEILHO 00padoTaH CrelualbHBIMU MPOIEYPaMH, KOTOPBIC

JOJIZKHBI 00eCIIeYnTh I101aBJICHHUC MOCTOSIHHOM COCT&BJISIIOH.ICﬁ.
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nepefaun ot 64 kbut/c
25 110 2320 kGuc.

Anroput™ KBaapaTypHoi ammuiutyaHod wmoxymsuuu (QAM - Quadrature Amplitude

Modulation) mnpexacraBiasier co0OH pPa3sHOBUAHOCTH MHOTOMO3UIIMOHHON aMILIUTY/IHO-

(1)&30BOI‘/JI MOAYJIIUN. OT0T AJT'OPUTM IMHUPOKO HCIOJIB3YCTCA B COBPCMCHHLIX MOJCMAX

st kaHatoB TY (KOMMyTHpYeMbIC JIMHUH).

HpI/I HUCIIOJIB30BAHUN  JAHHOTO  AJITOpUTMa HCpCHaBaeMBIﬁ CUTHAJI KOOUPYCTCA

OJTHOBPEMCHHBIMU HM3MEHeHMsiMH aMIuiuTyabl cuHpasnoit (I) u kBagparypHoit (Q)

KOMITOHCHT HCCYIICI'O TapMOHHUYCCKOT'O KoaeOaHus (fC), KOTOPBIC CABUHYTHI 110 (1)2136 Apyr

OTHOCHTEIbHO Jpyra Ha [1/2. PesyapTupyronuii curHan Z ¢GopMUpYeTCs B Pe3yJbTaTe

CYMMHUPOBAHUSI 3THX KOJICOAHUIA.

LJT

Takum oOpa3oMm, TMpU HCMIOIB30BAHUM KBaJApaTypHOU
aMIUTUTYJHOM MOJyJALMMU TepeAaBaeMas HHpopManus
KOJUPYETCS OAHOBPEMEHHBIMH U3MEHEHUSAMU aMILUIUTYIbI U
¢da3pr Hecymero konebanus. Ha pucyHke mnpencraBieH
OPUHIMUI (POPMUPOBAHUS PE3YJIbTUPYIOUIEro Kojebanus Z
. (BeKTOp OTMEYEH 3€1eHBIM 1IBETOM) IyTEM CyMMUpPOBAHUS
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BEKTOpa KBaJpaTypHO# cocrtaBisiomedi Q (kenTwlid) ¢
BEKTOpOM cuH(pa3Ho coctapistomei | (cunuit). i naHHOTO
aNropuT™Ma  CYyIIECTBEHHO, 4YTO TOpU  MOIYJIUPOBAHUU
cuH(pa3HOW W KBaJpaTypHOH COCTAaBISIOIIEH HECYIEro
KOoJeOaHMsl HCIONb3YyeTCsl OJHO MU TO K€ 3HAYeHHe IIara
U3MEHEHUS] aMIUIMTyAbl. [lo3TOMy OKOHYaHHMs BEKTOpPOB
MOAYJIHPOBAHHOIO KOJeOaHHs 00pa3yloT MPSMOYTOJIbHYIO
CeTKy Ha (a30BOM IIOCKOCTH aAekicTBHTEnbHOU - Re{Z} u

MHUMOM - |M{Z} cocraBisommMX BEKTOpa MOIYIHPOBAHHOIO

curHaina. Yucmuo Y3J10B 9TOM CETKU ONpCACIIACTCA TUIIOM HCIIOJIB3YyCMOI'O aJIrOpHUTMaA

QAM. Cxemy pacmoiyiokeHusi y3J0B Ha (ha30BOMl IMIOCKOCTH MoayiupoBaHHoro QAM

KoJieOaHus IPUHATO Ha3bIBaTh co3Be3aueM (constellation).

Ha npuBenennom

BBIIIC PUCYHKC MMpCaACTaBJICHO PAaCIIOJIOKCHUC BCKTOPOB

MOJyJIMPOBAHHOTO KoyieOaHus - co3Bezaue st anroputmMa QAM-16. KpacHeiM 11BeTOM



OTMEYCHBI 3HAYCHHUS MOIYJAMOHHBIX CHMBOJIOB, KOTOPBIM COOTBET-CTBYIOT yKa3aHHBIC
TOYKH (Pa30BOM IIOCKOCTH MOAYIMPOBaHHOTrO KoseOanus { M3, m2,m1,m0} .

AJTOpuT™M aMIuIUTyIHO-(Da30BOM MOIYIALMU C moaaBieHueM Hecyieh carrier (CAP)
SIBIIICTCSL OJHUM M3 HauOoJiee IIHPOKO HCIOJIB3YeMBIX B HacTtosiiee Bpems Ha DSL-
JUHHUSIX METOI0B MO YJISIHH.

—_— CHHUM [IBETOM Ha PUCYHKE (CM. HIJKE) OTMEUYEH CIEKTp

L _ TIEpe/IaBacMoro  TOJIE3HOTO  CHTHAJIA. MaxkcumanbHas

sy ™ oy yacToTa JTOr0 CHrHajga mMmeeT 3Hadenwe fmax. Yacrora
‘ L MOJYJTMPYIOIIETO KOJeOaHUS-HOCUTEIS MeeT 3HaueHue fC.

oo v’ [locle  BBIIOJHEHHS  IPOLEAYPHl  I'apMOHHYECKOMN

e -
i AMIUIUTYTHOM MOAYJISIIMUA CHEKTP TMOJIE3HOTO CHUTHala

w—=' TIEPEHOCUTCS B 00NacTh uactoThl fC m mpuoOperaet
3epKalibHble cocTapisiomue. Ha pucyHke 3TOT CHEKTp momMedeH 3eleHbIM IBeToM. Jliis
BOCCTAHOBJIEHHs IIEPEJaHHOI'O CHTHaJla Ha IPUEMHOM CTOPOHE JIOCTATOYHO IEeperaTh
TOJIbKO OJHY U3 3€pKaJbHBIX KOMIIOHEHT CIEKTpa MOAYJIUPOBAHHOTO CHUTHAjA.
[apmonuka ¢ yacToTod fC Takke SBISETCS KOMIIOHCHTOM CIEKTpa MOIYJIMPOBAHHOTO
CUTHajJa, OJHAKO IIPU BOCCTAHOBJIIEHWU CHUrHaja 0e3 He€ TakkKe MOXKHO OOONTHCH.
TeopeTnuecku, aMIIMTy1a STOM TApMOHUKH HEceT HHPOpMalLUiO 00 ypOBHE OCTOSHHOU
COCTaBJISIOLICH Mepe1aBaeMOro CUTrHaia (COCTaBISIONIAs CIIEKTPa CUTHAJIA C YaCTOTOW =
0). B cwity 3TOr0 JaHHas rapMOHHMKA HE SIBIISICTCSI B TIOJHOW Mepe MHGOPMATHBHOM, U €
NoTepss HE TNOBJIMIET Ha KAad4eCTBO BOCCTAHOBJIEHHOTO CHUTrHajia. XOTS HUCKIIOYEHHE
rapMoHuku fC w3 mepegaBaeMoro curHajga BeIET K BO3HUKHOBEHHIO OIPEICIICHHBIX
TPYAHOCTEH TIpM BOCCTAaHOBJIEHUM CHUTHajla, 3Ta MpOLEAypa BIIOJIHE OIPABJAHA,
MOCKOJIBKY TIO3BOJISIET CYIECTBEHHO CHHU3UTh YPOBEHb HEWMH(OPMATHUBHOTO CHUTHAJA,
nepeaaemMoro B IMHUIO. KpacHbIM 1IBETOM Ha PUCYHKE MOKa3aH CHEKTP MOAYIMPOBAHHOIO
Kose0aHusl, KOTOPbIA CHOPMUPOBAH B COOTBETCTBUU ¢ MpUHIIMNamMu anroputma CAP.
AnroputM DMT
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L 1L e LI | L QAM, naHHBIN anropuUTM
UCIIOJIb3YyeT HE OJIHY YacTOTy, a IPYIIy HEeCymuX 4acToT. lIpW HCMOIB30BaHUM TOTO
aNropuT™Ma MOAYJISILIMKA BECh PACUETHBIM JUAINA30H YacTOT JMHUM JETUTCA HAa HECKOJIbKO
yuacTkoB mupuHod mo 4.3125 kI'm. Kaxaplii U3 3THX y4YacTKOB HCIOJNB3YeTCS s

OopraHu3alvu HC3aBUCHUMOI'O KaHalla IICpcaavn JaHHBbIX.



