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BBenenue

JMucnummuaa «OnTtudeckue MUGPOBbIE TEIEKOMMYHHKAIIMOHHBIE CUCTEMBI
(OLITC)» M3y4aeTcs CTyICHTaMU HaIIPaBJICHUS 11.03.02
«VHPOKOMMYHHUKAIIMOHHBIE TEXHOJIOTHH W CHCTEMbI CBSI3W» MPOGUIIS MOATOTOBKU
«OnTHyecknue CUCTEMbl U CETH CBSI3M» B 6, 7, 8§ cemecTpax U OTHOCUTCA K OJIOKY
CHEUUANIbHBIX AUCUHUIUIMH. B pamMkax JEKIMOHHOTO Kypca OCBauBaeTcs
TEOpPETUYECKUIM MaTepuasn mo ydeOHou nureparype [1-3], mpuoOperaroTcs HaBBIKU
MPAKTUUYECKUX PACUETOB, BHITIOJIHSIETCS KYPCOBOM MTPOEKT.

JlanHoe  y4eOHO-METOAUYecKoe TOoCcOoO0ue  SBISIETCS YacThlo  y4eOHO-
METOJMYECKOr0 KOMIUIEKCAa W TMpeJHa3HAYeHO JJISI TOATOTOBKH M IPOBEICHUS
nabopaTtopHeIX pabor. B mocoOum CcomepKHUTCS HEOOXOMMMBIN TEOPETUUCCKUI
MaTepuaj, MeTOJMYECKUE PEKOMEHIAIINH JIJIsl BBITIOJTHEHHUS J1Ta00paTOPHBIX padoT.

[Tocobue comepXUT oOmMHCaHWE IIECTH JiIabopaTOpHBIX paboT. PaboTsl
BBITIOJTHSIOTCS. TIPU UCTIOJIB30BAaHUU KOMILIEKCa «BOJIOKOHHO-ONTUYECKHE CUCTEMBI
nepeayu JaHHBIX C BPEMEHHBIM M BOJIHOBBIM YIUIOTHEHHEM KaHAJIOB» B CTEHIOBOM
ucnonaernu npousBoacTBa OO0 HIII «Yutex-IIpodun».

JlaGopaTopHbiii KOMIUIEKC «BOJOKOHHO-ONTHYECKHE CHCTEMBI Iepeaayn
JTAHHBIX C BPEMEHHBIM U BOJHOBBIM YIJIOTHEHHUEM CUTHAJIOBY» MPEIHA3HAYCH IS
OTpa0OTKM Y ONTUMM3AIMU TMPOrPaMMHO-AIMAPATHBIX CHCTEM, METOJIUK U
TEXHOJIOTUW Tiepefayd JIaHHBIX B JIOKaJIbHBIX M TIJ00albHBIX ceTsax OBM ¢
MCII0JIb30BaHUEM BOJIOKOHHO-ONTUYECKUX KAHAJIOB MEpeaayu JaHHbBIX:

. be3 ynioTHeHus1 KaHaNOB;

. Co cnekrpanbabiM yutotHeHneMm - WDM u CWDM ymunotHenue;

. C BpemeHHbIM yIuioTHEHUEM - TDM yroTHeHue;

. C [ByHampaBJICHHOM TIepeladyeil MaHHBIX HA OJIHOW JJIMHE BOJIHBI -
Rx/Tx ynnorHenue;

. C KOMIUIEKCHBIM YIIJIOTHEHUEM KaHAaJIOB.

JlanHO€ y4eOHO-METOAMYECKOE MOCcOOHe MpeIHA3HAUYCHO ISl CTYIAEHTOB BCEX
dhopm 00ydeHHs, O0YJArOITUXCS 10 HANPABICHHUIO OATOTOBKHM OakamaBpoB 11.03.02
"MH()OKOMMYHUKAIIMOHHBIE TEXHOJIOTUU U CUCTEMBI CBs3H", mpoduip "Ontruueckue
CUCTEMBI U CETHU CBA3U".



OcHOBHBIE TCOPETUNYECCKUE CBECICHUA

B BOJOKOHHO-ONTHMYECKUX CETAX MCHOIB3YIOT Iepeaadyy KOIUPOBAHHOTO
W/WW MOJYJIMPOBAHHOTO CHUTHAJA 10 ONTHYECKOMY BOJIOKHY. B kauecTBe Hecylei
4acTOThI MCTOJB3YeTCS MH(PPAKPACHOE U3IYYEHHE C JUIMHAMH BOJH W3 JIMAra30Ha
800-1800 um. Ilpocreimmii kaHaid CBSI3U C MCIIOJIB30BAHMEM BOJOKOHHOW ONTHKHU
M300paxeH Ha pucyHke 1.

1IG— Tx 1310 » Rx |FI1G

1310

Pucynok 1 — IIpocTenmmii BOJTOKOHHO-ONTUYECKUM KaHAIl CBSI3H

Crnenyer oOpaTUTh BHUMAHHE, YTO KaHAJI CBSA3HM Ha PUCYHKE MPEIyCMaTPHUBACT
OJTHOCTOPOHHIOIO TIepeaady MaHHBIX. [aKoe TMOCTPOCHHUE MOXKET TPHUMEHSITHCS B
cUCTeMax Tepenayd, Iie oOpaTHas CBs3b HE HY)KHA, B YAaCTHOCTH, NIPU Tepenaye
TEJICBU3MOHHBIX WM JIPYTHX CHUTHAJIOB HEMPEPHIBHOTO BEIIAHUS OT HCTOYHHUKA K
norpebutento (morpedutensm). s momydeHus MOJTHOLEHHOW JBYHAINpaBICHHOU
nepenayn JaHHBIX HeOOXOJMMO HCIIONh30BaTh BTOPOM 3JIEMEHTAPHBIM KaHa CBS3H,
HO C 0OpaTHBIM HATPABIICHUEM TIepeadyn JaHHBIX. Takas IByHaNpaBiIeHHAs CUCTEMa
nepenavn JaHHBIX H300pakeHa Ha PUCYHKE 2.

2000m
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Pucynok 2 — JIByHarnpaBiieHHbI ONITUYECKUI KaHaJ CBSI3U

He tpynHo 3aMeTwTh, 4TO ISl MOJYYEHHUS JABYXCTOPOHHEro0 KaHalla JaHHBIX
TpeOyeTcsi yABOCHHOE KOJIUYECTBO OOOPYIOBAHUS M BOJIOKOHHO-ONTUYECKUX JIMHUMI
CBSI3U.

B cuny manoro 3aTyxaHusi ypoOBHSI CUTHajla MpU Mepeadye Mo BOJIOKOHHO-
ONTUYECKUM JIMHUSAM, UX UCTIOIB3YIOT JJIsl IEpe/lauld Ha 3HAaYUTEIbHbIC PACCTOSTHUS —
OT EAWHUIl JI0 ThICAY KWUJIOMETPOB. B Takux [UIMHHBIX JIMHUSAX CaAMbIM
JOPOTOCTOSIIIIUM SIBJIIETCSI ONTOBOJIOKHO M CTOMMOCTh MPOKJIAAKKA ONTOBOJIOKHA. Ho
naxe 0e3 YIUIOTHEHHWS TaKWe KaHaJIbl CBSI3M OKAa3bIBAIOTCS Oojiee BBITOAHBIMU B
AKCIUTyaTallil OTHOCUTENIBHO BCEX IPYTUX CIOCO00B nepeaadyn nHPopMalyy 3a cuer
psana daxkrtopoB. Ha ONTOBOJOKHO HE BIUAIOT TMOMEXU OT 3JIEKTPOMAarHUTHBIX
uCcTOYHUKOB. OT/ENbHBIC BOJIOKHA B Kabelie He OKa3bIBAIOT HUKAKOTO BIIHSIHUS JIPYT
Ha Jpyra. Hecymias ONTOBONOKOHHBIX JIMHUW OIpeAensercss UIMHOM BOJHBI
pacupoCcTpaHseMOro B ONTOBOJOKHE AJIEKTPOMArHUTHOTO W3JIy4€HUs, KOTOpas
00br4HO Jexut B quanazone 700 - 1800 um (428 TI'n — 167 TT'1r). OnTOBOIOKOHHBIE
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JUHUU CBSI3M HMMEIOT OYeHb Mayoe 3aryxaHue. ONTOBOJIOKHO HE MOJBEPKEHO
XUMHUYECKOMY Pa3pyIICHUIO MO/ AeHCTBUEM aTMOC(EepHBIX sBieHui. CpeqHuil Cpok
CIIyKOBbl ONTOBOJIOKOHHOW JIMHUM TPUHUMAETCS PaBHBIM 25 JET, peallbHO MOKET
ObITH HaMHOTO OoJibIIe. KoanuecTBO BOJIOKOH B 0JfHOM Kabene — 32... 144 (maubomee
pacnpoCTpaHEHHbIE 3HAYCHHs [UJII MarucTpajbHBIX KabOenel), dYTo CHIDKAeT
CTOMMOCTh MPOKJIAJIKK B Iepecyere Ha oAHO BoJoKHO. CaM kabenb B mepecyeTre Ha
OJIHO BOJIOKHO C YBEIMYEHHUEM HX KOJIMYECTBA TAKXKE CTAHOBUTCS JICLIEBIE, a
YPOBEHb 3alIMIIEHHOCTH BOJIOKOH BBIIIIE.

[IpueMo-niepeaaronie ONTUUYECKUE YCTPONCTBA BBIMYCKAIOTCA B psae (hopm-
(bakTopoB, ¢ KOTOPHIMU Bbl MOXKETE O3HAKOMHUTBHCS B CIEIMAILHOMN JHTEepaType. B
nabopaTopHOM KoMIulekce ucnonb3oBanbl SFP monynu. [lanHbie Momynu ObIBaOT
OJIHO- U JIBYXBOJIOKOHHBIMH. J[JIsI JBYXBOJIOKOHHBIX MOAYJEH €CTh JIBE€ OCHOBHBIE
XapaKTEPUCTUKU: JIJTUHA BOJHBI U JAJIbHOCTh, KOTOPBIE XapaKTEPU3YIOT MEepPEAaTUuK.
A TIpUEMHHKHU TakKuX MOAyJel paboTaroT BO BCEM JUANa30HE UCIOJIb3YEMbIX YaCTOT
B BOJIOKOHHO-ONTHUYECKUX CETSX.

st MOBBIIICHUS MPOMYCKHOMN CITIOCOOHOCTH MIPOKJIAbIBAEMbIX
ONTOBOJIOKOHHBIX JIMHUN MIPUMEHSIOT pa3IUYHbIC BUIbl YIUIOTHEHUSI KAHAJIOB.

Ha cerogusiminuii nenp HauOosiee MIMPOKOE PaCHpOCTpaHEHUE TMOJYUUIIU
CIeNyIOUMEe BHUAbl YIJIOTHEHUS KAHAJIOB: BPEMEHHOE YIUIOTHEHUE KaHAJIOB,
BOJIHOBOE€ YIJIOTHEHHE, MOJIOBOE YIUIOTHEHUE, OJISIPU3ALUOHHOE YIUIOTHEHUE.

Yninoraenue TDM (Time Division Multiplexing — TDM). DTo ynnoTHeHue ¢
BpEMEHHBIM pazzenenueM. [IpakTuueckue peanu3anud MOTYT OBITh pa3HbIe: OJIOYHOE
(mobaiiToBoe W ap.), TUOO TOOMTOBOE yIUIOTHEHHE KaHaia. CIO0XKHOCTh CHUCTEM
TaKKe pa3JiMuHa W 3aBUCUT OT KOJMYECTBA YIUIOTHAEMBIX KaHAJIOB U WTOTOBOMU
MPOIYCKHONW CIOCOOHOCThIO. B KauecTBe mpumepa B YCTAaHOBKE HCIOIb3YETCS
YIUIOTHEHUE ABYX KaHayioB 1.25 Gbit B onuu kanan 2.5 Gbit.

YiorHenue WDM (Wavelength-division multiplexing).
MynbTUIIIEKCUPOBAHUE C Pa3eICHHEeM O JJIMHE BOJIHBI. JlaHHBIN crioco0d paboraer
Ha SIBJICHUM JUCIEPCUU CBeTa. JlIs HEKOTOphIX MaTepHalloB IOKa3aTelb
MPEJIOMIICHUS JJIsl Pa3HbIX IJIMH BOJH Pa3HbIi, YTO MO3BOJISIET C MOMOIIBIO MPU3MBI
pa3NoXKUTh CBET Ha cocTaBisiomue. Mcropuueckn HM3HAYalbHO HCIMONIb30BAJIOCh
pazzneneHre Ha naBe JIuHBI BoiHbBL: 1310 m 1550 HM, COOTBETCTBYIOIIEE OKHAM
PO3PAaYHOCTH ONTOBOJIOKHA. JIJIMHBI BOJIH PACTOJIOKEHBI JOCTATOYHO AAJIEKO JIPYT
OT Jpyra, 4To MO3BOJSAET HUCIOJIL30BaTh MEPENATUUKUA C OTHOCHUTEIBHO IIUPOKUM
CHEKTpOM. YTUIOTHEHHE Ha crutuTTepax (mynbruriekcopax) 1310/1550 sBnsercs
BEChbMa JICHIEBBIM CIOCOOOM, TaK KakK HE TPEAbSIBISECT BBICOKMX TpPEOOBAaHUM K
npuemo-tiepenarankaM. C pa3BUTHEM TEXHOJOTHHU TMOSBUIWCH JIPYTHE CIOCOOBI
YIUTOTHEHUS C PA3EIICHUEM I10 JJIMHE BOITHBI.

Ymaornenue CWDM (Coarse WDM). ['pyboe MynbTUILIEKCUPOBAHUE C
4acTOTHBIM pa3HocoM. Hcmonb3dyembie B HacTosiiee Bpemss CWDM pabGotaior B
nosioce ot 1270 am g0 1610 uM, npomexytok Mexay kaHaitamu 20 M (200 I'T),
MOXHO MYJIbTUILUIEKCHUPOBATH 16 (18) crieKTpaJibHBIX KaHAJIOB.



Ymiiornenue DWDM (Dense WDM). [InoTHbIE WDM.
MynbTuIiekcupoBaHue ¢ pasHocoM kaHaioB He Menee 100 I'Tu. Ilo3Bonsier
opraHu3oBaTh He Oosiee 40 KaHAIOB.

YMeHbIlIeHUE HTUPUHBI KAaHAJIOB MPEIbSIBISET BICOKHE TPEOOBAHUS K TPUEMO-
NepeaaroluM ycTpoiicTBaM. B mepBylo ouepenp IIMpHUHA CIEKTpa H3JIYyYECHHUS U
CTa0MJIBLHOCTL BO BpeMeHu. sl mojjepkaHus XapaKTEPUCTUK U3JIydaTeseu
UCIIOJIB3YETCSI OOpaTHBIC CBS3HM, TEPMOCTAOWIN3AIUIO W3ITydaTelss U JAPYTHe MEpHI,
YTO CYIIECTBEHHO IIOBBIIIAET CTOMMOCTH NpHEMO-TiepeAaromux moayneit. Ilo
croumoctd DWDM noutu Ha nopsaaok ngopoxxke CWDM.

Yminornenue HDWDM (High Dense WDM — HDWDM). BbicokoIioTHBIE
WDM. MynbrumnekcupoBanue ¢ pasHocoM kaHamoB 50 IThu u wmenee (Ha
ceroaHamuani aeHp a0 25 I'T1), uTo mo3BoiseT opraHm3oBarh Oonee 64 KaHAIIOB.
CTOoMMOCTB TaKMX CUCTEM emie Boime, ueM DWDM.

Ymiuornenue Rx/TX (ymioTHeHHE 1O HampaBieHUIO). YIUIOTHEHUE Ha
nupkynsaropax. Hupkynamop — Tpex u 0Oojee MOPTOBOE YCTPOWCTBO, HMMEIOIIEE
OJIHOHAIPABJICHHYIO Mepelady 13 mopTa B MopT. JJis TpexXmopToBOro MUPKYIATOpa €
noptamu A, B, C nanHble MOT'YT IIepe1aBaThCs TOJBKO B CIACAYIOUIUX HAMPABICHUSIX:
m A BB, u3 BcC, us CB A. PaGoraer naHHbplli npubop Ha ABYX (PU3MUECKUX
SBJICHUSIX: TOJSpU3alMsl CBETa M BpallleHUe IUJIOCKOCTU  MOJSPU3AIUU.
[TonsipusyromumMu  CBOMCTBAMHM  00JIaJIal0T HEKOTOpble KpHUCTaIbl. Hampumep,
TypMaiuH. B KkadecTBe mpuMepa ONTHUECKH BpAIAIOIIETO BEIIECTBA MOXHO
MPUBECTH pacTBOp caxapa B Bojae. Eciu cocTaBUTh ONTHYECKYIO CHUCTEMY,
COCTOSIIIIYI0 M3 JBYX KPUCTAJIOB TYpMAaJIMHA IJIOCKOCTh MOJISIPU3ALMU KOTOPBIX
pa3BepHYTHI HA 45 TPaaycoB, a MEXIY HUMHU CPEAY, ONTUYECKU BPAILAONIY0 Ha 45
rpaaycoB, TO B OJHOM HAMpaBJICHUH CBET OYJET MPOXOIUTH MOJHOCTHIO, TaK Kak
MOJISIPU30BAHHBIN MOTOK MUHYS ONTHUYECKU BPAIAIONIYIO Cpely MOBOpAYMBAETCS HA
45 TpamycoB M BBIXOJWUT CKBO3b BTOPOW MOJIAPU3AIMOHHBIN (PWIBTP C TaKUM K€
yIJIOM TOJIIpU3aIliU, KaK y HEro, He Tepsis MOIIHOCTH. B oOpaTHOM HampaBieHUU
CUTHaJI HE MPOXOJUT, T.K. IJIOCKOCTU MOJSPU3AIMK M3HAYAIBHO pa3BEPHYTHI Ha 45
IrpagycoB, a TpU MPOXOXKIAECHUHM YEpe3 ONTUYECKH BpaIllAIONIyI0 Cpeny
JIOTIOJTHUTEJILHO TIOBOpaunBaeTcs Ha 45 rpagycoB. CyMMapHBIil OBOPOT COCTaBIISIET
90 rpagycoB, W CBETOBOWM IIOTOK TMOJHOCTBIO 3a/IEpP’KUBAETCA HAa BTOPOM
NOJISIPU3ALIMOHHOM (UIIBTPE.

Takas cuctema (C¢ MONAPU3ALMOHHBIMU (UIBTPAMHU) TepsSeT KaK MUHHUMYM
MOJIOBUHY MOIIHOCTH (€CJIM M3HAYAIBbHO CBETOBOM MOTOK HE OBLI MOJIIPU30BaH). DTO
MPOUCXOJUT HU3-32 OTCEUEHUS] MOIIMHOCTH CBETOBOI'O TOTOKAa C IJIOCKOCTHIO
MOJIIPU3AIINY HE COBIAJAIONICH C TTOIIPU3AIIMOHHBIM (QUITBTPOM.

Jnst  yMeHbIIEHMsT TOTeph B LUPKYJISATOPAaX  UCHOJIB3YIOT  AddexT
06yIyuenpeomaeHusl. JIBynydenpenomiieHre CBOWCTBEHHO HEKOTOPBIM
KpUCTAJJIaM, B KOTOPBIX AMDJIEKTPUYECKAS] MPOHUIIAEMOCTH SBISIETCS TEH30PHOM
BeNIMUMHOW. Hanpumep, KpUCTallIbl UCIAHACKOTO IINAaTa U KaJbIUTa. 32 CUET ITOTO
SBJICHUSI HEMOJISIPU30BAHHBIN Jyd, MPOXOASIIMN 4Yepe3 KpUCTall, pacnagaercs Ha
7IBa JIy4a C TMEPHEHAMKYJISIPHBIMU IUIOCKOCTSMU TOJsSipU3aiui (OOBIKHOBEHHBIM U
HEOOBIKHOBEHHBIN J1y4). [Ipu neprneHaukyIsipHOM NaJeHUH Ha MJI0OCKOCTh KpUcTalia

7



OOBIKHOBEHHBIN JIyd HE MEHSET CBOEr0 HamlpaBlICHHs, a HEOOBIKHOBEHHBIM Iyd
OTKJIOHSIETCA TI0CIIE MPOXOXKIEHMs TpaHULbl pasjena AByX cped. C moMOIIbIO 3THX
K€ KpPUCTAIJIOB JBa Jiyda C NEPHEHAUKYISPHBIMU IUIOCKOCTSMH MOJISIPU3ALAU
MOXXHO coOparTb B OJIMH HeNojspu3zoBaHHbIM. [loTepu MomHOCTH mnpuU
WCIIOJIb30BAaHUU KPUCTAJUIOB C JBOMHBIM JIYYEIPEIOMIIEHUEM CYIIECTBEHHO HUXKE,
YeM Ha MOJISAPU3YIOLINX KpHUcTaiax.

VYIJIOTHEHHE Ha LUPKYIATOPAX MPEIbSBISAECT BHICOKHE TPEOOBAHMS K YPOBHIO
oOpaTtHoro orpaxkenusi. Paccmorpure pucynok 10 uz nabopamopuoit pabomur Ne 4.
[IpencraBpTe, YTO B CE€pEelMHE JIMHUM CBSI3U YCTAHOBIIEHO 3epKajo. OTpakeHHue oT
HEro MpUBEJET K TOMY, 4TO nepeaardyuk Tx Oyaer paboTaTh Ha CBOH K€ MPUEMHUK
Rx.

OtpaxkeHus B ONTUYECKUX JUHUAX NPUCYTCTBYIOT B TOW WM MHON Mepe, 3a
CYET 4YEro Ha IPUEMHHKE NPUCYTCTBYET CHUTHAJI IIOMEXH, CO3JaBaE€MbIii
nepeaTYuKoM. YPOBEHb NTOMEX HE JOJIKEH MPUBOJIUTH K JIOXKHBIM CpabaThIBAHUSAM
npuemMHuka. Ha sTtom ke npuHIune (OJHOHAINpaBieHHAs Tiepenada) padoTaroT
ONTHUYECKNE U30IATOPHI.



Onucanue ﬂaﬁopaTopnoro KOMILJICKCa

OO6muit BuA 1a0OPaTOPHOrO KOMIUIEKCA IpencTaBieH Ha pucyHke 3. OH
COCTOMT M3 Ja0OpaTOpPHOM YCTAHOBKM, Ha KOTOPOM pacCIONOXKEHbl H3y4aeMble
KOMIIOHEHTBhI, U JBYX KOMIIBIOTEPOB, KaXIbli M3 KOTOPBIX CHaOXeH JAByMs
uHTepdeiicamu 1 1'0ut/c, 4YTO MO3BOJISET CO3/1aBaTh KaHabl € (DAKTHUECKOU
MIPOITYCKHON CITOCOOHOCTHIO Oonee 1,8 ['0out /c mpu oObeanHEeHNN HHTEPPEICOB.

Pucynok 3 — O6muii Bua komiuiekca. Coctas: 1, 5 — KoMnbIoTepHl; 2, 4 — CIBOSHHBIS
po3erku RJ45, coequHeHHbBIE ¢ CeTeBBIMU MHTEp(deiicaMu KOMIIBIOTEPOB; 3 —
nabopaTopHasi yCTaHOBKaA; 6 — AWK 71T ONTHYECKHUX IITHYPOB

[TogpoOHoe ¢oTo 1abOpaTOpHONM YCTAaHOBKHM MPEACTABICHO HA PUCYHKE 4.
PacnonokeHHOE Ha YCTaHOBKE OOOpYAOBaHHE pa3/IeICHO Ha TPYNIbl (JIEBYIO H
MpaByl0), OTHOCSIIHMECS (B OOJIBIIMHCTBE JIAOOPATOPHBIX pabOT) K JBYM KOHEUHBIM
MyHKTaM OINTHUYECKOTro KaHayia cBsi3u. OHO MpEeCTaBICHO MEIMAKOHBEPTOpaMHU, a
TaK)Ke pa3IuYHbIM 000PYIOBAaHUEM JIJISl YITIOTHEHUS KaHAJIOB CBSI3H.

IIaccuBHOE o0opynoBaHue NMPeACTABJICHO: CWDM
MYJIbTUILIEKCOPaMU/IEMYIbTUILIEKCOPaMH, WDM MYJIbTUILIEKCOPAMHA Ha
1310/1550uam. B cpenHeil 4acTH YCTAaHOBKM HaXOJWUTCS ONTHYECKHM KpOCC C
BBIBEICHHBIMU  ONTUYECKUMU  COCAMHEHUSIMU  PACIOJIOKEHHOI0O Ha  HEM
o0opynoBaHusi. B kauecTBe TUHUU CBS3M UCIONB3YIOTCA 4 OIHOMOJOBBIX BOJOKHA
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nmHorn no 1000 m. B Bepxneid wactu pacnonoxensl Tpu OADM  mopyns,
ONITHYECKHUE COCTUHEHUSI KOTOPHIX BBIBEICHBI C 00EUX CTOPOH ONTHUYECKOTO Kpocca.

T [ h BT 8 RO (T T ‘

Pucynok 4 — JlabopaTopHasi ycTaHOBKa

CoctaB 1a60paTOHON YCTAaHOBKU (PUCYHOK 4):

CWDM mynbTHILIEKCOD;

WDM wmynerumiexkcop 1310/1550;

OnTtuyeckuil UPKYIATOP (YIUIOTHUTEND 10 Hanpaiienuto (Rx/Tx));
Monayns ynnotHenus TDM;

MenuakoHBepTOp;

OADM monyns 1550 ADD / 1570 DROP;

OADM wmonyns 1310 ADD / 1330 DROP;

OnTuyeckre pazbeMbl YCTAHOBICHHOTO 000PY10BAHHUS;
Ontuyeckue auaum 1000 m;

0. TlaTykopjbl aKTUBHOTO 00OPYIOBAHUS.

2O XN B LD =

AKTHBHOe o0opyaoBaHMe JaOOpPaTOpPHON  YCTaHOBKH  IPEACTaBICHO
MEIMaKOHBEPTOPAaMU U MOAYJISIMU YILutoTHeHUs: TDM.

MenunakonBeptop 1 I'Our, mnpeoOpasyromuii  ONTUYECKHH  CUTHAJ
AIEKTPUYECKU U 00paTHO TpecTaBiieH HAa pUCyHKE 5. C 3JeKTpUYECKON CTOPOHBI
MeanakoHBepTop uMmeer poszerky RJ45 (8P8C) mns coemunenus ¢ cerssmu 1000-
BaseT wunu 1000-BaseTX (3meck u nmanee ynomunaetrcsi Tosnbko 1000-BaseT). C
ONTUYECKOW CTOPOHBI KOHBEPTOpP CHAaOXKEH THe3a0M JUIsl mnoakiatodeHus SFP
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MOJIyJI€i, KOTOpPblE€ MOXHO BBIOPATh M3 UMEIOLIMXCS HA PHIHKE B 3aBUCUMOCTH OT
MOCTABJICHHBIX 33/1a4: Ha TpeOyeMyIo JUTMHY BOJIHBI U paccTosiHue. B maboparopHoi
yctaHoBke mnpumeHenbl 1I'0ur SFP momymum na 1310, 1330, 1550, 1570 vM u
pacctosgaue 10 60 kM. [lnsg paboTbl MeAuMaKOHBEPTOpa HEOOXOAMM HMCTOYHUK
nutanus 5 B 1A. biok nuranus pacmoyioxeH BHYTpU J1a00paTOPHOM YCTaHOBKH.

Pucynok 5 — MenuakoHBepTOp
1 - pa3beM nuTaHus ¢ kabenaeMm; 2 - MaTYKOp/ AJIsl COSUHEHHS C CETEBBIM
nHTep(deicoM KOMITbIOTEpa; 3 - CABOCHHBIN ONTHUYECKUM IIHYP
untepdetica 1,25 I'our.

Ha pucynke 6 MOXHO 03HAKOMUTBLCSI C BHEIITHUM BUJIOM MOJYJISI YIUIOTHEHUS
TDM. On wumeer tpu rHe3ma SFP: omno mis cerm 2,5 I'6utr m aBa mnsa cereid
1,25 T'owur.

Pucynok 6 — Moayns ymiorHenuss TDM
1 - pazbeMm nuTanus ¢ kabenewm; 2 - ontuaeckuit maTEpdeiic 2,5 I'6ut; 3 -
HaTYKOPJL U1 COETMHEHUS C CETEBBIM MHTEp(EiicOM KOMIIBIOTEPA; 4 - CIIBOCHHBIN
onThyeckuil muyp unrepderica 1,25 I'our

st pazHOOOpa3usi B yCTaHOBKE OJHO THe310 1.25 ['Out ucronb3oBaHO st

npeoOpazoBanusi curHama B onTudeckyro cetb 1000Base-LX, a Btopoe ¢

anekTpudeckum uHTepdeiicom 1000Base-T. O6parure ocoboe BHUMaHHUE HA TO, YTO
11



ontuueckuit uHtepdeiic 2,5 I'6ut sBuserca ogHOBOIOKOHHBIM. WDM crnutTep,
pazaensatonui npueMHuk u nepeaatuuk 1310/1550 um Bectpoen B cam SFP monyib.
OIHOBOJIOKOHHBIE MOJYJM B OTJIIMYKME OT JBYXBOJIOKOHHBIX, I'JI€ BaXXHa TOJBKO
JUIMHA BOJHBI TepeAaTyHKa, BBIMYCKAIOTCA MapHbIMU. [l pa®oTel Momyns
ymiotHeHus TDM Takke HeoOXoauM UCTOYHUK nmuTanus SB 1 A.
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Ykazanue mep 0€3011aCHOCTH

Heo6xomumo cobmtogaTh MpaBwiia TEXHUKH O€30MMacHOCTH IMpU padboTe ¢
KOMIIBIOTEPOM.

Ha nuneBoii yacTu yCTaHOBKM OTCYTCTBYET HAIlpsDKEHHE, OMACHOE JUIS JKU3HH.
Ha 3anHeild yacth ycTaHOBKM pacmnoiokeH pasbem 220B, rues3no npenoxpaHuTens
1A, a TakKe KJIaBUIIIa BKIIOYCHHUS.

AKTHBHOE ONTHYECKOE 00OpYy/IOBAaHUE CHAOXKEHO IMEpEeNaloNIiMHU Jla3epaMu ¢
OTHOCHUTEIHHO BBICOKOW MOIIHOCTBIO W3NIydeHus. B memsx 0e3omacHOCTH
PEKOMEHTyeTCs:

® Bo BpEMsA KOMMYTAallUU ITOJAKIIOYAaTh aKTUBHOC o60py;1013aHHe K CXEMEC B
IMMOCJICAHIOKO O4YCPCAb.
° He 3ariiablBaTb B OINTHYCCKHC PO3CTKH, PACIIOJIOXKCHHBIC HaA

nabopaTopHOU yCTaHOBKE (TJIa3 BCE paBHO HE CIOCOOEH PETUCTPUPOBATH HAJTHUHE
M3JIyYEHUS HAa UCTI0JIb30BAHHBIX B KOMIUIEKCE JITMHAX BOJIH).

. He wnampaiaste LC KOHHEKTOpHI ONTHUYECKHUX IIHYPOB B JIMIIO U
0COOEHHO riasa.

IHomuute! JlazepHble 0KOTM CETUATKU IJ1a3a MPAKTUUYECKH HE JIEYaTCd U MOTYT
MPUBECTU K YACTUYHOUN WJIM MOJHOM MOTEpe 3peHus !

[IpaBuna paboThl ¢ ONTHYECKUM 000PYOBAaHUEM.

Bce ontuueckue wmHypbl cHaOxeHbl KoHHekTopamu tuma LC. Topisl
KOHHEKTOPOB 3alUIIEHbl CHElUaJIbHbIMU KoJimaukaMu. KoHHEKTOp paccuuTaH Ha
500 xoMMyTaIui npu COONIOACHUU MpaBUil oOpaleHus ¢ HUMU. [Ipu akkypaTHOM
oOpallleHH ¢ KOHHEKTOPAMHU KOJMYECTBO KOMMYTALUKA MOXKET OBITh CYIIECTBEHHO
BoImie. [1o BHemHeMy Buay U npuHIuy GyHKImoHupoBanus LC KOHHEKTOp MOXO0XK
Ha koHHEKTOp RJ-45. C ogHOl CTOpOHBI OH CHAOXKEH 3allEeIKOM, KOTOopasi HaJAeKHO
YAEPKUBAET €r0 B ONITHYECKON PO3ETKE.

Jli1is1 npucoeuHeHUs] ONITHYECKOI0 IHYPa K po3eTKe He00X0AUMO:

. BeITamuTs 3arnymKky U3 ONTUYECKON PO3ETKH U IOMECTUTD €€ B YMCTHIN
KOHTEUHED.

. CHATP 3aIUTHBIN KOJIAYOK C KOHHEKTOPA U MOMECTUTh €r0 B YHMCTHIN
KOHTEUHED.

. BcTaBuTh KOHHEKTOP B ONTHUYECKYIO PO3ETKY 0€3 yCWIMU N0 IIeldyKa

Jliis1 oTCOCAMHEHHUS ONTHYECKOI0 IIHYPAa HE00X0AMMO:

. Haxatp Ha 3a1enKy U BBIHYTh KOHHEKTODP U3 PO3ETKHU.

: B3sTh 3alMTHBIN KOJIIAYOK M3 YUCTOrO KOHTEUHEPA U HANETh HA TOPELL
KOHHEKTODA.

. B3arp 3ariymiky u3 4YHMCTOrO KOHTEHMHEpPA M 3alUUTUTH ONTHUYECKYIO
PO3ETKY.

[Tpu pabore ¢ ONTOBOJOKOHHBIMH KOMIIOHEHTAMH HEOOXOIHUMO COOJIOIATh
YHCTOTY OINTHYCCKHMX KOHHEKTOpoB. He momyckaercss NpuKacaTbCs pyKaMu H
npeaIMeTaMH K TopIilaM KOHHEKTOPOB. B cityuae 3arpsisHeHUsT HEOOXOAMMO OYUCTHTD
KOHHEKTOPBI ~ CICIHUATM3UPOBAHHBIMA CPEACTBAMHU  (M3OMPOIWIOBBIA CIIUPT H
0e3BOpCOBBIC CAN(ETKN).
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JlabopatopHnas padora Ne 1

OnTuyeckue ceTu 0e3 YIVIOTHEHUSI KAHAJIOB

L{env pabomer: ViccienoBath ONTUUECKYHO CETh 0€3 YIJIOTHEHHUS KaHAJIOB.

Ilopsaook npoeedenusn 1adbopamopmoi paoomol.
CoOparb onTUYECKUI KaHAl CBA3U 110 CXEME, NIPEACTABICHHOM HaA pUc. 7.

2000m
Tx 1310 370 2 Rx
1G— RJ45 RJ45 —1G
Rx < 1550 Tx 1550

Puc. 7. Ontuueckas cetb 6€3 yIJIOTHEHUS KAaHAJIOB.

[loakmounTh MEAMaKOHBEPTOPHI K CETEBBIM HMHTEp(eiicaM KOMITbIOTEPOB.
BKIIOUUTh KOMMBIOTEPBI, MPOU3BECTH HACTPOIKY CETEBBIX HMHTEp(eicoB.
[IpoBeputh HaIMUKME CBSI3HU.
3arpy3uTh KaHal JaHHBIMU B TOJYAYIUIEKCHOM U TOJIHOAYILJIEKCHOM
pexxume. OLEHUTh CKOPOCTh M 3a[CPKKY nepenadu aaHHbiX. [IpoBeputs ¢
nmakeTaMu pasHoit mmuHbl. JlnuHa nmo ymomuanmio, 500, 1400, 1500, 1600,
2000, 4500, 5000, 10000.
OueHuTh 3arpy3kKy pecypcoB KOMIIBIOTEpA B PEKHUME MaKCUMAaJIbHOM
Harpy3Ku Ha ceTeBoi uHTepdeiic.
OueHuTe CTOMMOCTD MOJIYYUBIIIETOCs B 1a00paTOpHOM paboTe KaHaia CBA3U,
yICJIbHYIO CTOMMOCTb TIEPEIauM B pacueTe Ha MPOIYCKHYH CITIOCOOHOCTh Ha
KUJOMETP (pa3Ae/iuTh CTOMMOCTh Ha IMPOMYyCKHYI0 criocoOHocTh (Gbit) u
iy UM (km)). CTOMMOCTH — ONTHYECKOro  uHTepdeiica ¢
MEAUMaKOHBEPTOPOM NMpUHATH paHoid 300y.e. CTOUMOCTb ONTUYECKON JTMHUU
ly.e/meTp, croumMocTh Tpokiaaaku Sy.e./merp. IlepecuunTaiite cTroumMocTh U
YIECJIbHYI0 CTOMMOCTB JIJI KaHajla o CIICAYIOKUMU NapameTpamu:

e Ontuueckas quHus 100 kM, kabeap 96B0OIOKOH 10 LIEHE 4y.€. 3a METP

Ka0es.

e (CroumocTts npokiiaaku 20y.e 3a MeTp

e Croumocts ontudeckoro unrepdeiica 400y.e.

e Bce BOJIOKHA UCTIOJIB3YIOTCS
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Cooepycanue omuema

CxeMa KaHama CBA3M MEKIY KOMIBIOTCPAMH, BKITIOYAIOINAd CCTCBBIC
UHTCP(PCHCHL.

Cropcok MCTIONMB30BAaHHBIX KOMAHT AT KXKIOTO M3 KOMIBIOTCPOB B TIOPSIKE
MPUMEHCHIS C PE3Y ABTAaTAMHU BBITIOTHCHMSL

BBIBOZBI OTHOCHTECIIBHO CKOPOCTH TIEPEIAYH, TPOTHKCHHOCTH JTHHHH,
CTOMMOCTH KaHaJIa.

Konmpononsie sonpocei.

e Ha xaxom yposre mozermu OSI paboraer meamaxkomseprop? Kak o
BBITIOJTHACT CBOKO padoTy”’

e Bmusict nu Ha paboTy MCAMAKOHBCPTOPA pa3Mep MaKeTa v MoucMy ?

e MOXKHO M ¢ TIOMOIIBIO MCIUAKOHBSPTOPA INICPCaaTh HHPOPMALHIO HA
100 km? Ecam 7a, TO 9TO U1 ATOTO HAIO CASTATh

e Bimger nmm HarpeB MEIMAaKOHBEPTOpPA HAa KaueCcTBO €ro paboTel U
oucMmy ?
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JlabopaTtopHas padora Ne 2
Cetu ¢ ymiiornenuem TDM

Llenb paoomei: ViccnenoBatb ONTUYECKYHO CETh C YIUIOTHEHUEM TDM.

ITopsaook npoeedenus 1abopamopHoi paoonmol
Cobpatb cxemy, U300paKeHHYI0 Ha pUCYyHKE 9

Tx 1310 Rx
1G— RJ45 RJ45—1G
Rx |4 Tx 13101

Rx Tx 1570

Tx 1330[2,5G| 4000m [2,5G| Rx
1330 je—] 1550

Tx | 1310, | Tx
1G—1 RJ45 1550 RJ45 p—1G

Puc. 9. Ontuueckas cetb ¢ ymiotHeHueM TDM

[ToaKIIOUNTE MEAUAKOHBEPTOPBI K CETEBBIM HMHTEp(ericaM KOMITBIOTEPOB.
BK/IIOUUTH KOMIBIOTEPBI, MPOU3BECTH HACTPOMKY CETEBBIX HHTEP(ENCOB
TaK, 4ToObl OHM MpPUHAMICKAIM ABYM pasHeiM [P-noacersam. [IpoBeputs
HaJIM4ue CBA3M B KaXKI0W U3 MOACETEN

3arpy3uTh KaHaJl JaHHbIMM B TOJYAYIUIEKCHOM W TMOJIHOAYIUIEKCHOM
pexxume. OLUEeHUTb CKOPOCTh U 3aJEp:KKy repenaud AaHHbIX. [IpoBeputs ¢
nakeTamMu pasHod ajuHbl. JlnnHa no ymonuanuto, 500, 1400, 1500, 1600,
2000, 4500, 5000, 10000.

OueHuTb 3arpy3Ky pecypcoB KOMIIBIOTEPA B PEKUME MaKCUMAJIbHOM
Harpy3Ku Ha ceTeBoi MHTepdeiic.

OueHuTe CTOUMOCTD MOTYUYUBLLIETOCs B JIADOpATOPHOM padoTe KaHasa CBs3H,
YAEIBHYI0 CTOMMOCTb NEPENAYU B pACUETE Ha MPOITYCKHYHO CIIOCOOHOCTh Ha
KWJIOMETp (pa3AesuTh CTOMMOCTb Ha MPOMYyCKHYH crnocoOHocTh (Gbit) u
IuHy  uHud - (kM)).  CTOMMOCTb  ONTHUYECKOro  HUHTEepdeiica ¢
MEIUAKOHBEPTOPOM  mpuHATHL paHoil  300y.e. CroumMocTh MOZIyJIA
ymnotHeHuss TDM  800y.e. CtoumocTb onTu4eckod JuHMM ly.e/metp,
CTOMMOCTb Mpoknaaku Sy.e./metrp. [lepecuntaiite CTOUMOCTb U YJEJbHYIO
CTOMMOCTH ISl KaHaJia Co CJIEAYOLMMH napaMeTpaMmu:
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e Onrrueckas maausa 100 kM, kademp 96BOIOKOH TI0 1IeHE 4v.€. 3a METP
kabes.

o Croumocts nmpokitagxku 20y.¢ 3a METp

e CrommMocTs ontrucckoro uHTepheiica 400y.c.

e Bce BOOKHA HCTIONB3YIOTCA

Co3aatb 00be JUHEHHBIC HHTEP(SHCHI, BKITIOYHUTh HX B 0HY [P-rioaceTs.
[TpoBepUTh HATUYKC CBSI3U B KAKIOU U3 MOACCTCH
3arpy3uTh KaHal JaHHBIMH B MONYAYIUICKCHOM W TIOJHOAYTUICKCHOM
pesxkume. OLCHUTE CKOPOCTh U 3aJCPAKKY Tepeaadu JaHHbIX. [IpoBeputs ¢
nakeTaMu pazHou AauHbel. JmmHa mo ymomuanuio, 500, 1400, 1500, 1600,
2000, 4500, 5000, 10000.
OucHUTE 3arpy3Ky pPECYPCOB KOMITBIOTCPA B PCKHMC  MaKCHMAIbHOM
HAarpv3Ky Ha CETEBOU HHTEP(CIAC.
O1eHUTE CTOMMOCTSD TIOJTYIHBINICTOCS B TaOOPaTOPHOH padoTe KaHaIa CBS3H,
VACTbHYIO CTOMMOCTD TICPCAAYU B PACUCTC HA MIPOIYCKHYH CLOCOOHOCTh Ha
KAJIOMETP (pa3AciuTh CTOMMOCTh Ha TIPOIYCKHYIO criocoOHOCTh (Gbit) u
amHy  guHad - (kv)). CToMMocTh  omTHYcCKOro — uHTepdeiica ¢
MeanakoHeepTopoM mpuHATE  padodt  300yv.e. CromMocTe MOIynA
ywtotHeHust TDM  800y.e. Crommocte onTuueckod mauHuu ly.e/merp,
CTOUMOCTh MPOKIagku 3y.c./metp. Ilepecuntaiite CTOMMOCTE U VACIBHYEO
CTOMMOCTH JJISI KaHasIa CO CIICAYIOMIIMHU TTapaMEeTPaMH:

e Omnrrueckas muausa 100 kM, kaderp 96BOIOKOH TI0 1IeHE 4v.€. 3a METp

kabes.

e CromMocTs mpoknaaku 20y.c 3a MCTp

e CroumMocTp onrrraeckoro uuTepdeiica 400y.¢.

e Bce BOOKHA HCTIONB3YIOTCA

Cooepxcanue omuema

Cxema KaHala CBA3M MEXKIY KOMITBIOTEPAMH, BKIFOYAIOINAA CETCBBIC
uaTcpdeiicel. CHOMCOK  HMCIMOMB30BAHHBIX KOMAHA, AT KakIoro U3
KOMIBIOTCPOB B TMOPSAKES TMPUMCHCHUA C PE3yabTaTaMH  BBITOTHCHUA.
BBIBOOBI OTHOCHTEIBPHO CKOPOCTH TICPSAAdH, TIPOTSHKCHHOCTH JTHHHH
OTHOCHUTEJIFHO KaHama 0¢3 viutoTHeHms. CpaBHCHUE CTOMMOCTH KaHAJIOB C
vIDTIoOTHeHHEM TDM oTHOCHTENTBPHO KaHANOB C ymioTHeHHeM WDM u
KaHaNoB 0€3 VIUIOTHCHU.

Koumpoasnsie sonpocet.
o Kak paboract TDM-vIuioTHuTE /B ?
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Bmuser mu npumenenne TDM Ha wuCnons30BaHHE PECYPCOB
OTIIPABUTECIIA U TIOJIVUATES U TIOUCMY /

Bmusier nu npumeHeHune TDM Ha CKOpPOCTh M 3aACpsKKY MEpeaayu
TICPeaaTH JaHHBIX B TToueMy ?

[Touemy TDM-ymnotauren paboTarOT Ha Pa3HBIX AJTMHAX BOJH?!
Otkyna TDM-ymmotautens OGepét amunabl BomH 1330 m 1570 ama
TIepeavH JAHHBIX B CTOPOHY KOHBEPTOPOB aOOHESHTOB?

JIOMKHBI JTH COBMAaAaTh THIOB HHTEP(EHCOB (MEIHBIH/ONTHICCKHI),
MICPCAAFONINX U MPUHUMAOIINX JAHHBIC B OJWH UHTCPBAJI BPCMCHH, HA
CTOPOHAX VILIOTHUTCIISL, HANPABJICHHBIX K AOOHCHTY ?

Ilouemy B gaHHON padoTc a1 MCAHOTO HWHTCpeiica Ha OFHOU
CTOPOHE TIAPHBIM HAa JAPYIOM CTOPOHE ABIIETCS ONTHYCCKHUH
untepderic? Kak 310 uameHUTH?

[lpuBeauTe TPHUUHBL, TPSMATCTBYIOIHC TMEPEIade MaHHBIX Ha
MAKCHUMAaJIbHO BO3MOXKHOU CKOPOCTH.

18



JlabopaTopHuasi padora Ne 3

Cetn ¢ ymiornenuem Rx/Tx

Lenv pabomer: ViccaenoBath ONTUUECKYIO CETh € YIIOTHEHUEM RX/TX.

Ilopaook npoeedenusn nadbopamopHoil padomol
CoOpartsb cxemy, n300pakeHHy0 Ha pucyHke 10

T R
Tx 1550 N 4000m < Rx
1G={RJ45 RJ45 =1G
Rx 1550 Tx 1550|

Rx Tx

Puc. 10. Cets ¢ yrmotHeHueM Rx/Tx.

[ToakmounuTh MEAMAKOHBEPTOPHI K CETEBBIM HMHTEp(EeiicaM KOMIIBIOTEPOB.
BKJIIOYMTH KOMITBIOTEPHI, MPOU3BECTH HACTPOMKY CETEBBIX HMHTEP(EICOoB.
[IpoBepuTh HaNMUME CBA3N.
3arpy3uTh KaHajl JAHHBIMM B TOJYAYIUIEKCHOM W IOJHOAYIUIEKCHOM
pexume. OUEHUTh CKOPOCTh M 3aJCPKKY Iepenauu JaHHbiX. [Iposeputs ¢
naketamMu pasHoi JiauHbl. JliimHa o ymoauanuto, 500, 1400, 1500, 1600,
2000, 4500, 5000, 10000.
OueHuTh 3arpy3Ky pecypcoB KOMIIBIOTEPA B PEKUME MaAKCUMAIbHOM
Harpy3Ku Ha ceTeBOil MHTEp(ENiC.
OueHuTe CTOUMOCTS TOJYUYUBILIErocs B JIaDOparopHOil padoTe KaHala CBSI3H,
YACIbHYIK) CTOUMOCTbD II€PEIauu B pacyeTe Ha MPOITy CKHYIO CIIOCOOHOCTh Ha
KAJIOMETP (pa3Ae/iuTh CTOMMOCTh Ha MPOMYCKHYIO crocoOHoCTh (Gbit) u
qumHy  JuHAd - (km)). CTOMMOCTh  ONTHYECKOro  MHTep(eiica ¢
MeIUaKoOHBEpTOpOoM TpuHATH paHo 300y.e. CTOMMOCTH LMPKYJIATOpa
(Moayas yruioTHeHMs 110 HampasiieHU0) 600y.e. CTOMMOCTh ONTHYECKOM
TMHUM  ly.e/MeTp, CTOMMOCTb TpokJaaku Sy.e./merp. Ilepecuuraiite
CTOMMOCTb M YJACJIbHYKH) CTOMMOCTb JUI KaHajla CO CIEAYIOUIMMHU
napameTpamu:

e Ontuueckas unus 100 kM, kadeab 96BOJOKOH 1O LieHE 4y.e. 3a METp

Ka0es.

e Croumocts npoksaaxu 20y.e 3a MeTp

e Croumoctb ontudeckoro unrepdeiica 400y.e.

e Bce BOJIOKHA UCIIOJIB3YHOTCS
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Cooepcanue omuema

CxeMa KaHama CBA3M MEKIY KOMIBIOTCPAMH, BKITIOYAIOINAd CCTCBBIC
UHTCP(PCHCHL.

Cropcok MCTIONMB30BAaHHBIX KOMAHT AT KXKIOTO M3 KOMIBIOTCPOB B TIOPSIKE
MPUMCHCHUSL C  PE3VJIbTATAMH  BBITIOJIHCHWS. BBIBOABI  OTHOCHTEIBHO
CKOPOCTH Tepeaayud, TPOTHKCHHOCTH JIMHUKM OTHOCHTSIIbHO KaHama O¢3
ytotHeHus. (Cacnmaiite BBIBOABI OTHOCUTEIBHO CTOMMOCTH CETCH C
VIDIOTHCHHECM 10 HAMPaBJICHUIO OTHOCHUTCIBHO JAPYTUX KAHATOB (W3
nadoparopHbix padot 1, 2, 3).

Konmpo.tvrsie sonpocui.
e Bmusger mm mnpuvenenne Rx/TX Ha WCMONB30BaHUE PECYPCOB
OTMPABUTCII U TIOTYYaTCIs U TToUcMy !
e Bmuger mu npumenenne Rx/TX Ha CKOPOCTh W 3aICpXKKy TICPeaadH
JAHHBIX U TTOYCMY ?
e OOsm3aHel M MBI B 3TOH paboTe WCIOMB30BAaTh MEIUAKOHBEPTOPHI,
TICPCAAOIKC Ha AUMHC BOIHBL 1550 HM?
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JlabopaTopnas padora Ne 4

Cetu ¢ ymiaornennem TDM-CWDM

I{eawv padomesi: VccneaoBate ceTH ¢ OJHOBPEMCHHBIM OPUMCHCHHCM JBYX
CrocoOO0B VITIOTHCHHUA KaHaJIOB.

Hopaook nposedenun 1adopamopnoii pabomeot
B kagecTse 6a3oBoM HCTONB3VHTE cxeMy ¢ viuotHeHneM CWDM Ha puc.
11. Ilpuaymaiite cnoco0 noAKIIOUEHHsT MOAVJEH yIuoTHeHus TDM, c
VU4CTOM TOTO, YTO B HHUX HCIOJIb30BAHBI OJHOBOJIOKOHHBIC MOIYJIH.
CorjmacyHTe CHOPOSKTHPOBAHHYIO cxeMy ¢ mnperomasareneMm. Cobepure
TIOJIVUUBIIVIOCS CXEMYV.
[TogkmrounTe MEAMAKOHBEPTOPHI K CETCBBIM HMHTEpP(EiicaM KOMITBIOTCPOB.
BKIIOUHTC KOMIIBEOTCPBI, MPOU3BCCTH HACTPOUKY CCTCBBIX HHTCPYCHCOB.
[TpoBepbTE HaMMUHE CBA3M.
3arpy3uTe KaHaa JaHHBIMH B MOJYAYIUICKCHOM W TOJHOAVIUICKCHOM
peskume. OLeHHUTE CKOPOCTh M 3aJCPAKKY Mepeaadu JaHHbIX. [Iposepete ¢
nakeTaMu pazHou AauHbel. JmmHa mo ymomuanuio, 500, 1400, 1500, 1600,
2000, 4500, 5000, 10000.
OreHUTE 3arpy3Ky pPeCypcoB KOMITBIOTEPAa B PEKHME MaKCHMaIbHOM
HAarpv3Ky Ha CETEBOU HHTEP(CIAC.
O1eHUTE CTOMMOCTSD TIOJTYIHBINICTOCS B TaOOPaTOPHOH padoTe KaHaIa CBI3H,
VACIBHVIO CTOUMOCTB MIEPCAAYH B PACUCTE HA MPOITY CKHYIO CIIOCOOHOCTh HA
KAJIOMETP (pa3AciuTh CTOMMOCTh Ha TIPOIYCKHYIO criocoOHOCTh (Gbit) u
amHy  JguHad - (kv)). CtomMocTe  omTHucckoro  umHTepdeiica ¢
MeanakoHeepTopoM mpuHATE  padodt  300yv.e. CromMocTe MOIynA
yiiotacHust TDM 800y.c. Cromvmocte CWDM mynbrumickcopa 400y.c.
CTOUMOCTh  ONTHYCCKOW JHHHUM ly.€/METp, CTOHMOCTh TIPOKJIAIKA
Sy.e./metp. llepecumnTaiite CTOMMOCT U VACIBHYK) CTOMMOCTE JJISI KaHAIa
CO CIACIYIOIIHUMH MTapaMEeTPaMH:

e Onrrueckas maausa 100 kM, kademp 96BOIOKOH TI0 1IeHE 4v.€. 3a METP

kabes.

e CrommocTs mipoknaaku 20y.€ 3a METp

e CroumMocTp onrrraeckoro uuTepdeiica 400y.¢.

e Bce BOOKHA HCTIONB3YIOTCA
Cooepcanue omuema
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CxeMa KaHala CBSI3M MEXKIY KOMOBIOTCPAMH, BKIIIOYAIOIIAS CCTCBBIC
uaTepdeiicel. CmMCOK HCTOMB30BAHHBIX KOMAHA I KaKIOTO W3
KOMITBIOTCPOB B MOPSAKE TNPUMEHCHHSI C PE3VJIbTATAMHM  BBITIOJIHCHMUSL
BBIBOZBI OTHOCHTCIRHO CKOPOCTH TICPEHavH, MPOTHKCHHOCTH JTHHHUH
OTHOCHUTEJIFHO KaHana Oc3 vmmotHeHms. Caenaite BBIBOABI OTHOCUTEIIBHO
VACTbHOU CTOMMOCTH KaHa0B ¢ yiioTHeHHeM TDM-CWDM otHOCHTETBEHO
APYIUX COcOOOB YIUVIOTHCHUS, @ TAKAKE KAHATOB 0€3 YILIOTHCHUSL.

Konmponsnsie sonpocsi
o OOBsacHUTE pabOTY JaHHOM TOTIOIOTHH.
o [louemy u s gero padoraet ceazka TDM-WDM?
e Kakagd MakcHMabHAsd CKOPOCTh mepedaadd maHHeIX Mexkay CWDM
PCanbHO MOKET HaOMOAATHCS B KAYKIBIA MOMCHT BPEMCHH !
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JIadbopaTropnas padora Ne 5

OHeHKa BPEMCHHU IPOXOKACHUA CUTHAJIA HA
PA3INYIHLIX JJIHHAX OITHYECKOM JINHUH

Leawv padomer: OnpeaeMTeE CKOPOCTE U 3aACPIKKY MPOXOXKICHUS CHTHAIA
10 OINTOBOJIOKOHHOH JHMHHUHM. BpuUCTUTE KOIP(UIHUCHT MPCIOMICHUS
OITTOBOJIOKHA.

Hopsaook nposedenus j1abopamoproil pabomot

CoOpars cxemy ¢ ymiorHeHueM Rx/Tx kak B maGopartopHoi pabore Ne 4
puc. 10

[ogkmrounTe MEAMAKOHBEPTOPBI K CETEBBIM HMHTEPQEHcaM KOMITbIOTEPOB.
BKTIOYHTE KOMITBIOTEPBI, MPOHU3BECTH HACTPOHKY CETCBBIX HHTCP(EHCOB.
[TpoBeputh HaTUUUE CBSI3U.

OnpegemuTe cpefHee BpeMs MPOXOKACHUS CHTHaIa C TIOMOIIBIO KOMAaH/IbI
ping ¢ ormpaekoi He McHee 100 makeroB. Onpeaenure AOBEPUTCIIBHBIMA
HUHTEPBAJT TTOJIVICHHBIX PE3YIIbTATOB 1T JOBEPUTEIBHON BEPOATHOCTH 99%.
W3MeHsst ATMHY JIMHUU MEXKAY LUPKyasTopamMu Ha 3, 2, 1, OxM mosyuurte
BpeMS TIPOXOKACHHUA curHajaoB misg 6, 4, 2, Oxm (Tyma m oOpartHo). [na
ONMPEACICHUSI BPCMCHH NPOXOXKACHUS CHUTHAIOB /151 HCUCTHOH JJTUHBI
(1,3,5,7xm) nmogxkmounTe Mexkay Rx oupkyiagTopa u Rx mpreMHNKa THHHEO
1000m. TlonydueHHBIE pe3yabTaTHl OPOPMHUTE B BHAC TaOmuiel. Berawcmire
CpeaHee BpPEMs PAcpPOCTPAHCHHUS CBETa HA |KM B ONTOBONOKHE, Kak
pasHHILy 3aACPKeK UM Pa3IMdHbIX JTHH OMNTOBOMOKHA. Ompeaenmre
CKOPOCTh CBCTAa B oOTOBOJOKHE. Onpeacnure KO3(h(PUIUCHT MPCIOMICHUS
OTNTOBOJIOKHA.

[loaTBEpAUTE MOJVUCHHBIC PE3YIAbTATBI IMyTEM IIEPEXBaTa MAKECTOB Ha
ceTeBOM HMHTEpP(EIice KOMITBIOTEpA B PEXKUME MEeTTH. [ 3TOTO CoeauHmTe
Tx u Rx Ha npueMHONH CTOPOHE C MOMOLIBIO ONTHYECKOro HIHypa Im.
HMcnonb3yWTe COOTBETCTBYIOIME KOMaHABI, COOEpUTe cTaTUCTUKY A1 100
nmaketoB U Oomee. OnpeaeauTe AOBEPUTCIBHBIM HWHTCPBAT MOIYICHHBIX
PC3YJIBTaTOB C BCPOSTHOCTHIO 99%.

Cooepxcanue omuema

Hcnonb3oBaHHBIE CXEMBI KAHAJIOB  CBSI3W  MEXAY  KOMITBIOTEPAaMH,
BKJTFOUAIOIUC CETCBRIC HHTEP(eHChl. CIMCOK MUCTIOIB30BAHHBIX KOMAH, A15
KaKOJOTO M3 KOMIBIOTEPOB B TMOpPAAKE NPHUMEHCHHS C pe3vbTaTaMd
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BBIMIOJHEHUA. BBIBOABI OTHOCUTEIBHO CKOPOCTH PACOPOCTPAHCHUS CBETA B
ONTOBOJIOKHE € VKa3aHHEM TOYHOCTH TMPOBCACHHBIX H3MEPEHHH U
JOBEpPUTEIIBHOrO mMHTEpBana. (CaemaiTe BBIBOABI OTHOCHUTCIIBHO 33JCPOKCK,
MPOUCXOAAIMNX HA CCTCBOM HHTEpP()EHCe M 3aIeP KEeK PacIPOCTPAHCHHS TIO
ontoBosIOKHY. (Caenaiite  BBIBOABI  OTHOCHUTEIBHO — PACIPOCTPAHCHHUS
ONTHYCCKUX CUTHAJIOB Ha Pa3HbIX JJTHHAX BOJH.

Koumpoitbrsie eonpocei

e Ha uyT0 M Kak BIMsICT KO3 (PPULIUCHT ITPEIOMIICHHS ONTOBOJIOKHA?

e Uem orpaHMvcHa MPOIyCKHASI CIOCOOHOCTh OMTOBOJIOKHA?

e U0 0O3HAUACT TCPMUH «AHUCMICPCHS» W KAK OH BIMSICT HA CKOPOCTh,
JaTBHOCTD TICPEAAYN JAaHHBIX ?
Kak BiusieT Ha 3KCOCPUMEHT YILIOTHUTETb RX/TX?
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JIadopaTropnasi padora Ne 6

Certu ¢ oqHoBpemennbiM CWDM, Rx/Tx,
TDM yniorHeHuem

Ileav padomsi: ViccacnoBaHUC CCTH C OJHOBPCMCHHBIM HCIIONIb30BAHHUCM
BCEX JOCTYIHBIX HA YCTAHOBKS BHAOB VIUTOTHCHHUA KAHAJIOB.

Hopaook nposedenun 1adopamopnoii pabomeot
B kadectBe 0a30BOM CXEMBI HCHOJB3VMTE C€E€Thb C OJHOBPEMCHHBIM
yiiotHcaueM TDM-CWDM. Beeaure B CXCMy  AOTIONHHUTCIIBLHBIN
OTJHOCTOPOHHMH  KaHal,  OpuMcHss1 — mupkymaropel. Cormacyure
CTPOSKTHUPOBAHHYIO CXeMy ¢ mpenoaasarenieM. CoOepHTe TMOIVAHBIIVIOCSA
cxemy. [lloaxmounte MEIMAKOHBEPTOPHI K CETEBBIM  HHTEpdeiicam
KOMITBIOTEPOB. BKITFOUMTE KOMIBIOTEPBI, MPOU3BECTH HACTPOMKY CETECBBIX
uaTepericos. [IpoBepbTe HAMMUUE CBSI3H.
[TocnemoBarepHO 3arpy3uTe KaHATBI JAHHBIMA B TIONYAYIUICKCHOM H
MOJTHOAYIUICKCHOM  peskuMe. OICHUTC CKOPOCTh M 3aACPAKKY MCPCIavH
JaHHBIX Ha pa3HbIX wHTCp(deiicax. [IpoBepbTe ¢ MaKeTaMU Pa3HOU AJTUHBI.
Hmuaa o ymomaarmo, 500, 1400, 1500, 1600, 2000, 4500, 5000, 10000.
OucHUTEe 3arpy3Ky pPeCypcoB KOMITBIOTCPA B PCIKUMC MaKCHUMATIbHOU
Harpv3KH Ha CETEBOM MHTEP(ETiC.
O1eHUTE CTOMMOCTB HOJIVIMBIIETOCS B JabopaTopHOH paboTe KaHala CBsI3H,
VACTHHYIO CTOMMOCTD TICPEIaiy B PacueTe Ha MPOIYCKHYIO CIIOCOOHOCTE Ha
KAJIOMCTP (pa3AciuTh CTOMMOCTh Ha MPOMyCKHYIO criocoOHocTs (Gbit) u
mmHy JmHAA - (kM) CTOMMOCTR  omTHUecKoro  wmHTepdeiica ¢
meaunakoHsepTopoM mpuHATh paHor 300y.e. CTOMMOCTE LHPKYIATOPA
600y.e. Crommocte WDM mymerumrekcopa 100y.e. Crommocts Momyma
yiotacHus TDM — 800y.e. Croumocte CWDM myapturmickcopa 400y.c.
CTOUMOCTh  ONTHYCCKOW JHHHUM ly.€/METp, CTOHMOCTh TIPOKJIAIKA
Sv.c./metp. Ilepecunralite CTOMMOCTh U VACIBHYIO CTOMMOCTD ISl KaHANA
CO CICAYIOLIUMHE MapaMETPAMHU:

e Onrrueckas maausa 100 kM, kademp 96BOIOKOH TI0 1IeHE 4v.€. 3a METP

KadesL.

e CrommocTs mipoknaaku 20y.€ 3a METp

e CroumMocTp onrrraeckoro uuTepdeiica 400y.¢.

e Bce BOOKHA HCTIONB3YIOTCA
Coodepucanue omuema
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Cxema KaHama CBSI3M MCKIY KOMITBIOTCPAMHM, BKJIFOYAKOINAS  CCTCBBIC
uaTepdeiicel. CIMCOK  HCTOMB30BAHHBIX  KOMAHA I KakKIOoro W3
KOMITBIOTCPOB B TIOPSAJKC TPUMCHCHUSA C PC3YJIbTATAMH BBIIOJHCHUSL.
BBIBOAB OTHOCHTEIBHO CKOPOCTH TEPEAAYH, NPOTHKCHHOCTH JIMHHA
OTHOCUTC/IbHO KaHaja 0c¢3 vmmoTHeHus. CAciaalTe BBIBOIBI OTHOCHUTCIBHO
VIACIbHON CTOMMOCTH KAaH&JIOB JAHHOM CETH OTHOCHTEIBHO APYTHX
CrocoOO0B VIUVIOTHCHUS, A TAK/KE KAHAJI0B 0€3 VIUIOTHCHUS.

Konmponsnsie sonpocsi
O6mwsicHuTe PaboTy JAHHOW TOTIOJIOTHH.
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