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BBEJAEHUE

B nannyio mMetoguyeckyro pa3paObOTKy BKJIIOUYEHBI JIBE J1a0OpaTopHbie paboTHhl,
KOTOPBIE BBIMOJHSIOTCS HAa CHEHIHAIIM3UPOBAHHOM CTEHAE «BOJIOKOHHO-ONMTHYECKHE
CUCTEMBI [IepeIay JaHHBIX C BPEMEHHBIM U BOJHOBBIM YIUIOTHEHUEM KaHAJIOBY.

Meroanueckue peKOMEHAAIMU COAepKaT CISAYIONINE pa3ielibl: 1eidb paboThl;
TEOPETUYECKAsl YacTh; MOPSAJOK BBINOJHEHUS pabOThl; KOHTPOJIbHBIE BOIPOCHI IS
JIOITYCKa K BBITIOJHEHUIO U MOATOTOBKHU K 3aIIUTe paOOTHI.

JlaGopaTopHbie padoOThl BBIMOJHAKTCH CTYAEHTAMH MO0 MOATPyNIam
B cocTaBe 2 — 3 YeJIOBeK.

[ToaroToBKa K BBIMOTHEHUIO KAXKIOW JTAOOpATOPHON pabOTHI MPEArojaract
M3YyYCHHE TEOPETUYECKOr0 MaTepualia, KakK TMPUBEAEHHOTO B METOJAUYECKOM
MocoOMM, TaK M CBEACHUN M3 JICKIIMOHHOTO Kypca mo aucuumuinHe «lloctpoenue
BOJIOKOHHO-ONITUYECKUX JIMHUWA  CBSI3U» W «YCTPOMCTBA  MHUKPOBOJIHOBOIO
JMana3oHay, a TAK)KE U3 PEKOMEHIOBAHHON y4eOHOM JTUTepaTyphl M0 AUCIUILIAHE.

Jlormyck K paboTe co CTeHAaMH MPEJIITOIaraeT OMpoc Kaxa0ro U3 CTYIeHTOB!

— TI0 TeXHHUKE 0€30MaCHOCTH;

— TI0 MpaBWJIaM PabOThI C BOJIOKOHHO-ONITUYECKUMHU KaOEIISIMH.

N3mepeHnst mpoBOAATCA B COOTBETCTBUH C MPOTPAMMOM HCCIECIOBAHWM M HA
OCHOBAaHUM WHIUBHUIYATbHBIX HCXOJHBIX JAHHBIX, BBIOMPAEMBIX CTYJEHTAMH U3
COOTBETCTBYIOIIMX TAOJHUIl — OJIMH BapHaHT HA MOATPYMITY.

Pe3ynbTaThl n3Mepenus: 0hOpMIISIIOTCS CTYICHTaMU MOATPYIIIBI B BUJIE €AMHOTO
oT4éTa COMIAacCHO YTBEPXIEHHBIM TpeboBanusM [1]. OTuér J0/DKEeH UMETh
TUTYJIBHBIN JIUCT U COIEPKATh CIEIYIOLINE Pa3Aebl:

— 11eJIb paboTHI;

— OMHCaHUE MOJIEIN UCCIIEAYEMOTO YCTPOUCTBA N CUCTEMBI;
— pe3ybTaThl U3MEPEHUN;

— aHaJIMU3 MOJYYECHHBIX PE3YIbTATOB U3MEPEHUI;

— BBIBO/JIBI 110 JITAOOpaTOPHOM padoTe.

O6pazen; odopmiieHUsT TUTYJIBHOTO JUCTa OTUY€Ta MO JabopaTopHOUl padoTte
nokaszad B [Ipunoxennn A.



1. OBIIME CBEAEHUS O JABOPATOPHOM CTEHJE

1.1. IlpaBusia pa6oThl HA JJA0OOPATOPHOM 000PYAOBAHUM

a) Ilpu pabore ¢ MOAKIIOUEHHBIM K 00OPYIOBAHUIO BOJOKHOM 3alpeniaercs
CMOTPETh HEMOCPEJACTBEHHO B TOpEIl BOJOKOHHOTO cBeTOBOja. llepemaBaemoe 1o
CBETOBOJy W3Iyude€HHWE HAXOAWTCS BHE BHUIUMOTO WANa30HA JUIMH BOJH, OJHAKO
MOJKET TIPUBECTH K HEOOPATHUMBIM MOBPEKIEHUSIM CeTUYATKH IJ1a3a.

0) Hammume B 30HEe MOHTaka MeNKHX (MeHee 1 MKM) NBUICBBIX YacTHII,
KOTOpbIE HEPa3IUYMMbl TJIA30M, MOXKET MPHUBECTH K HMX OCEHAHWIO Ha TOPIIC
ONTOBOJIOKHA, YTO B CBOIO OYEPEIb MOXKET TMOBIMATh HAa YBEIMYCHHUE PACCESTHUS
ONTHYECKOW PHEPTUU Ha €T0 MOBEPXHOCTH. [103TOMY HEHCIOJIb3yeMble KOHHEKTOPBI
Y aJanTepbl BCEI/Ia IOJDKHEI OBITh 3aKPbIThI KOJIMAYKaAMHU.

[Tepen kaXapIM MCIOJB30BAaHMEM B HM3MEPEHHUSX ONTHYCCKHX IaT4-KOPIIOB
HEOOXOJMMO CHATH 3aIIMTHBIC KOJMAYKH ¢ uX TOpoB. Ilocie okoHYaHus pabOTHI
00s3aTEIbHO YCTAHOBUTH HA TOPIBI ONTHYECKUX MATUY-KOPJOB CHSTHIC 3al[UTHBIC
Koimnadku. [lepea KaapIM UCIIOJI30BAaHUEM B U3MEPEHUSIX UCTOYHUKA ONTUYECKOTO
U3ITyYeHUs] M U3MEPUTENS ONTHYECKOW MOIMHOCTH HEOOXOJIUMO OTBEPHYTH
3aIIUTHBIA KOJMA4OK C TOpIlAa €ro KOHHEKTOpa M HEMEIJIEHHO COEIMHUTHL €ro ¢
KOHHEKTOPOM ONTHYECKOTOo nard-kopaa. [lociie okoHuanus usmMepeHus o0si3aTeabHO
YCTAaHOBUTH 3AITUTHBIN KOJAYOK Ha MPEXKHEE MECTO.

B) Onruueckuii kabenb MO CPaBHEHUIO C MEIHBIM KalOeleM CyIIeCTBEHHO
Oonee Xpymok u TpeOyeT BHUMATEIBHOTO W OCEpEeKHOTO OTHomeHus. KaOenb
3anpeinieHo mneperudath, MOTOMY YTO B MECTE€ Tepernda MPOUCXOIUT BBIXOJ
M3ITyYeHUs] HApy)Xy U, Kak CIeACTBHE, Ocla0lieHne curHana. Takke B ONTOBOJIOKHE
MOTYT TIOSIBUTHCS MUKPOTPEIIMHBI, YTO YXYIIIAeT Tepenady JaHHBIX. B CHIIBHOM
nepern0e MOTYT TIOSIBUTCS Pa3phIBHI.

r) Kommyramwio maT4-KOpJOB OCYIIECTBISATH JIO XapaKTEPHOTO IIMEITJKa.
OtcoenvHeHre TMaT4Y-KOPAOB TPOM3BOJAUTH, JIepKach TNalbllaMU 33 Pa3beM,
3anpenaeTcs TAHYTh 32 OMTOBOJIOKHO.

1.2. UcTOYHUKH U3JTy4eHHs U MePbl PEI0CTOPOKHOCTH

B 0onTOBOJIOKOHHBIX CHCTEMAX KCIOIB3YIOTCSA TPU TUINIA UCTOYHUKOB WU3ITYUYEHUS
Pa3TUYHON MOIIHOCTH, PA0OTAIOIINX HA BIIOJHE OMPENEIEHHBIX ITUHAX BOJIH (TabII.
1.1): cBetommonapl, OOBIUHBIC JA3€phl W JIa3epbl MOBEPXHOCTHOTO H3IYYCHHS C
BepTuKanbHbIM pe3onaropom (Vertical-Cavity Surface-Emitting Laser — VCSEL).
NMeroTcss M HECKOJNbKO BapUMaHTOB H3TUX TpPeX BHUJOB YCTPOMCTB: Ja3epbl C
pesonatopom Dabpu-Ilepo u pacnpenenéHHol oOpaTHOM CBS3bIO, a TaKXkKe
CBETOAMO/Ibl MOBEPXHOCTHOI'O M TOPIEBOTO M3ydyeHus. Kpome Toro, 1t ycuneHus
ONTHYECKUX CUTHAJIOB UIMPOKO HCIOJB3YIOTCS YCWIMTEIH, B TOM YHCIE
noaynpoBonHukoBbie  (Semiconductor Optical Amplifier — SOA) u OGonee
pacrpocTpaHEHHbIE YCUIIUTENIM Ha OCHOBE 00OTaIlIeHHBIX 3pOueM BoJjiokoH (Erbium-
Doped Fiber Amplifier — EDFA).



Tabs. 1.1 — VMcTOYHHMKYN U3Ty4YEHUs], UCIIOJIb3YEMbIE B TEJIEKOMMYHUKALUSIX

JlmuHa BOJTHBI (CIIEKTP),
HM

[Ipumenenue

Kitacc 6e3omacHoCTH
(TUmOBOM CiTyJaii)

Ot 632 10 670 (BUIUMBIT
KpaCHBIN)

C nonuMepHbIMU
BOJIOKHaMH U B

ONTOBOJIOKOHHBIX
TPACCUPOBIIUKAX

IullA

850 (nH(ppakpacHbIii)

B MHOrOoMOI0BBEIX
MPUJIOKCHUSX,
CBETOIHOIbI

B MHOI'OMOAOBBIX
IMPUIIOKCHUAX, JIA3CPBI

B MHOI'OMOAOBBIX

IIPWIOKEHUSX, JIA3€Pbl
VCSEL

lulllB

980 (uH(ppaxpacHbIii)

B nazepax Hakauku st
EDFA

lullIB

1300 (nH(ppakpacHbIii)

B MHOroOMom0BBIX
TIPUJIOKECHUSIX

1310 (uudpakpacHsbIit)

B ogHOMO1IOBEBIX
MIPUIIOKECHUSIX

B SOA

lulllB

1480 (nH(ppakpacHbIii)

B nazepax Hakauku st
BOJIOKOHHBIX YCUIJIUTENCH,
00OTalllEeHHBIX 3pOHeM

lullIB

1550 (nn(ppakpacHbIii)

B o1HOMOI0BEIX
MIPUIIOKCHUSX

B EDFA

1B

B cucremax kadeJbHOTO
TEJIEBUACHUSA

1B

1625 (unpakpacHsbrit)

B ogHOMO1IOBEBIX
MIPUIIOKCHUSX

Knacc o6e3onacnocmu I (nazepbl cBepxmajoiu

MoIHocTH). Jlazepsl 3TOrO

KJlacca CUMTAIOTCS MOJHOCTBhIO Oe3omacHbIMU Uil yenoBeka. K 3ToMy kiaccy
OTHOCSITCS Jla3epbl M JIa3€pHBIE CHUCTEMbI, KOTOpPbIE HU TMPU KaAKUX YCIOBUSIX
00JTydeHuUs, MPUCYIIUX JAHHOMY JIa3epHOMY TIPUOOPY, HE MOTYT U3JTy4aTh CBETOBOM
MOTOK C YPOBHEM, TIPEBBIMIAIOIINUM TPEIeTbHBIC BETUYHHBI O0TyISHUS I TJ1a3, T.C.
Ja3epHbIe CUCTEMBI Kiacca [ He MOTyT mpuuMHUTE Bpeaa yenoBeky. K atomy kiaccy
OTHOCATCA Jiazepbl MomHOCTRI0O MeHee 0.39 MBT. Ho crout oOpaTuTh BHUMaHUE Ha
TO, 4TO Tpubopam Kjacca Oe3omacHOCTH | MOTYT COOTBETCTBOBATh H3JCHHS, B
KOTOPBIX HCIIOJIB3YIOTCS Jla3ephl ¢ OOJbIel MOIIMHOCTHI0. B 3TOM ciydae Oosee
OTIACHBIN Jla3ep pa3MeNaroT B 3al[UTHOM KOPITyCe, KOTOPBIN MPOEKTUPYETCS TaKUM
o0pa3oM, 4TO OMAacHOE W3JIy4eHHE HH MPU KAKUX YCIOBHUSX HE JTOJKHO BBIMTH 3a
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mmpefensl dTOro kKopmyca. Tak, HampuMmep, €Ciaud IIPOCMOTPETh PYKOBOJCTBO
MOJIb30BATENSI WM TEXHUYECKUE XApPaKTEPUCTUKU JIA3€PHBIX MPUHTEPOB, MOMKHO
HAWTHU CCHUIKY, YTO JaHHOE M3Jenue (JIa3epHbIN MPUHTEP) OTHOCUTCS K yCTPOIMCTBAM
kinacca . B To ke camoe Bpemsi MpU ONMHMCAHUM XapaKTEPUCTHK OJioKa Jiazepa
yKa3bIBA€TCsl, UTO JAaHHOE M3 cooTBeTcTBYeT Kiaccy IIIB (mompoOuee nanee).
Cawm nazep otHocutcs B rpymie 1B, a Beck 0110k nazepa k rpymie [. 31o Bo3MOxHO,
TaK KakK Jia3ep HaXOJUTCS BHYTPU MOJYJISL U 3aKPBIT PA3IMYHBIMU OJIOKHPOBOYHBIMU
KpbikamMu. OHAKO BO BpeMsl MPOBEACHUS PEMOHTHBIX pa0OT KPBIIIKK OJIOKa JTa3epa
MOTYT OBITh yJaJ€Hbl, YTO MPHUBOJUT K BO3MOXHOCTH OOJydeHHUS CEPBUCHOTO
WHXeHepa nazepom kinacca [IIB, uro Moxker npuBecTH K ONpeneNEéHHBIM TPaBMaM.
[Tonapmnsitoniee OONBIIMHCTBO Pa3padOTYMKOB YCTPOMCTB Ha OCHOBE Ja3epoB
MPOEKTUPYIOT CBOU M3JIETHS TaKuM 00pa3oM, uToObl OHM OTHOCKIIHMCH K Kiaccy . Ho
IpU PEMOHTE, KOIJa CIEUUATUCThl, NPOU3BOAAIIAE PAOOTHl MOJYYaOT JOCTYII
HETOCPEICTBEHHO K JIa3epy, BCs 0€30M1aCHOCTh CUCTEMbI HapyLIaeTcsl, 1 yCTPOMCTBO
CMEJIO MOYKHO OTHOCHUTB YK€ K JIpyroii, 6ojee onacHOM, TpyIIie.

Knacc o6ezonacnocmu II (nazepsl manoit MomiHoctd). Jlazepsl M ja3epHbIe
CUCTEMBI 3TOr0 KJjlacca JOJLKHBI T€HEpUPOBAaTh BUIMMBIN JIA3EPHBIN JIyd, CIUIIKOM
APKUN JUISL TOTO, YTOOBI MOYKHO OBUIO CMOTpPETh Ha HEro (IycTh Jla)ke KOPOTKHIA
nepuosa BpeMmeHu). He cumrtaercs onmacHbIM MTHOBEHHBIM B3IJIs] Ha ayd. Ecnu myu
Ja3epa 3TOro Kjacca Momnajaer B IJ1a3, TO, ObICTPO 3aKpbIB IJ1a3, MOKHO M30€XaTb
T000T0, 1a)Ke MaJeHIIero moBpexAeHus 3peHusl. MOIIHOCTb JIa3epoB ATOro Kiacca
cocraBisieT meHee 1 mMBt. Kak mpaBwiio, Ipu MonajgaHuy J1a3epHOIo Jiyda B TJIa3
YEJI0BEK MHCTUHKTUBHO CTPEMHUTCS 3aKPBITh IJa3a, 4TO B Ciy4ae ja3zepoB knacca Il
3aIMTUT OT TpaBM. OJIHAKO €CIM HAMEPEHHO NMPOJOJIKATH CMOTPETHh HA JIa3ep, TO
ay4d kiacca Oe3omacHocTd Il MokeT BbI3BaTh NOBPEXKIEHUE 3peHHs (OOBIUHO
BPEMEHHOE). bBOJIBIIMHCTBO JIa3€pHBIX YKa30K, CBOOOJHO MPOJABAEMBIX Ha
PWJIABKaX JIETCKUX UTPYLIEK OTHOCUTCS HIMEHHO K JIa3epaM 3TOro Kiacca.

Knacc 6e3onacnocmu IlI1 (nazepwl cpenneit MmomiHoctr). Jlazepsl u na3epHbie
CUCTEMBI 3TOTr0 KJIacca MOTYT U3J1ydaTh JItoOble JJIMHBI BOJIH, HO HE MOTYT CO3/1aBaTh
OMAacCHOE pacCesHHOE OTpakeHue (OTpaKeHHWE BO MHOTHMX HaIpaBIEHUSX), €CIU
TOJILKO OHM He C(HOKYyCHMpOBaHbl WJIM HUX JAeWCTBUE HE HAOIIOAaeTcss B TEUEHHE
IPOAOKUTEIBHOIO BPEMEHU B OrpPAaHMYEHHOM oOnacTu. DTU Jla3epbl U Jla3epHbIC
CUCTEMBbI HE CUMTAIOTCS IOKApOOINACHBIMM M HE OMAaCHBI JUIsl KOXKHOTO IOKpPOBa
yenoBeka. MomHocTs nazepoB kiacca III cocraBimser menee 0.5 Bt. CmoTperts
npsiMo Ha siyd onacHo. Knacc 6e3omacHoctu III paznensiercs Ha nBa noakiacca: 1A
IIIB. K nmogkmaccy IIIA oTHOCSTCA na3epbl M Ja3epHbIE CHUCTEMBI, KOTOPBIE TPU
OOBIYHBIX YCJIOBHUSIX HE MPEACTAaBISAIOT OMACHOCTHU, €CIM CMOTpPETh Ha HHUX 0e3
3aIIUATHI TOJBKO MTHOBEHHO. OHM MOT'YT NIPEACTABIISITH OMACHOCTh, €CJIM CMOTPETH HE
HUX 4epe3 onrtuyeckue Qokycupytomue cucrembl. K mogknaccy I1IB otHocsTes
Ja3ephl U JIa3epHBIE CUCTEMBI, KOTOPBIE MOTYT BbI3BAaTh TPAaBMY 3pEHUS IIPHU MPSIMOM
B3IJIs€ Ha Jyd. TpaBMy MOXET BbI3BaTh M HANPABICHHOE OTPAXEHUE JIyya,
HaIpuMmep, OT 3epKaja.

Knacc 6e3onacnocmu IV (nazepsl 605bioit MomHoCTH). Jlazepsl aToro kiacca
CO3JAI0T IPSIMYIO OITACHOCTH 310POBBIO YEJIOBEKA KaK IPY HANPABIECHHOM, TaK U IPH
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paccessHHOM OTpakeHuHM Jyda. Kpome TOro, Jiazepbl 3TOro Kjacca MOTYT OBITh
M0KapOOIACHBIMU U MOTYT BBI3bIBATh 03KOT'M KOKHOTO IMOKPOBA YEJIOBEKA.

11.1. Ilpumeuanus. O0s3aTeIbHO K 03HAKOMJIEHHIO

1.1.1.1. Hudopmarus 1o 6e30macHON padoTe C JIa3ePOM:

— HEe TMOJKIIoYalTe W HE OTKIIOYaiTe BOJOKHO TMIPU H3JIy4arolleM
HMCTOYHHKE; HHKOIJAa HE CMOTPUTE MPSMO B M3JIy4arolllee BOJIOKHO M 3alUIIANTE
rjiaza BO BpeMsi paboThI;

— HCHOJIb30BaHWE NpuOOpa HE MO HA3HAYEHUIO, a TAKXKE BBINOJHEHUS
JEUCTBUMN, OTIMYHBIX OT OMMCAHHBIX B PYKOBOJICTBE IMOJIb30BATENS, MOT'YT MPUBECTH
K OITAaCHOMY H3JIy4YEHHIO.

1.1.1.2. [dns Toro, 4ToObl H30€XaTh OIIMOOK BO BpEMsI H3MEPEHUSL:

— yOenuTech, YTO BbIOpAaHHBIA NATY-KOPJl MMEET COOTBETCTBYIOIIMHA THI
KOHHEKTOpA; TOMbITKA COEAMHEHHUS] HECOBIAIAIOIINX TUIIOB KOHHEKTOPOB MOYKET UX
MOBPEIHTb.

— HENpaBWIbHOE MOJKIIOUYEHUE BOJIOKOHHO-ONITUYECKOTO Kabes K nmpudopy,
a TaKXKe HAJIMYUE CWIbHBIX M3THO0B Kabenst BOJM3H MecTa MOAKIIOYEHUS, TPUBEAET
K OIIMOOYHBIM pe3yJibTaTaM U3MEPEHUS.

1.1.1.3. Hanuuue B 30He MOHTaxa MEJIKUX (MeHee 1 MKM) MbUIEBBIX YACTHIIL,
KOTOpBIE HEPA3JIMYUMBl TIJIa30M, MOXKET MPUBECTH K HX OCEJAaHUI0 Ha TOpLE
OINITOBOJIOKHA, YTO B CBOIO OYEpEIb MOXKET MOBIUATH HA YBEIMUEHUE PACCESTHUS
ONTHYECKOW SHEPIUU Ha €r0 MOBEPXHOCTH. [103TOMY HEMCIOIB3yEeMble KOHHEKTOPBI
U aJlanTepbl BCETa J0JKHBI ObITh 3aKPBIThI KOJIITauKaMH.

1.1.1.4. Onruueckuil kabenb MO CPAaBHEHUIO C MEIHBIM Ka0eJIeM CYIECTBEHHO
Xpyn4e W MPOCUT BHUMATEIBHOTO M OepeXHOro oTHouleHus. Kalesb 3amperieHo
neperudarb, IOTOMY YTO B MECTE Meperuda NpouCXOUT BBIXO U3TYyUEHUS HAPYXKY
U, KaK CJEACTBHE, ociabiieHne curHaia. Takke B ONTOBOJIOKHE MOTYT IMOSIBUTHCS
MUKpPOTpPEIIMHBI, YTO JIeJIAeT XYK€ Mepefavy JaHHbIX. B cuinbHOM nepernde mMoryt
MOSIBUTCSI J1aXKe Pa3phIBHI.

1.1.1.5. 3amnpemiaercsi coeMHATH HANPsAMYIO SFP-mMoayam mexmy coboit ¢
[OMOILBIO ONTHYECKOr0 MaT4-KopAa, T.K. 3TO MOYKET MPUBECTH K BBIXOAY U3 CTPOS
NpUEeMHOM YacTu MOAyJisi. Peanuzaruio mo00il cxembl 00513aTeIbHO MPOU3BOJIUTD C
MCIOJIb30BaHUEM JINHUU CBSI3H.

1.1.1.6. KommyTaiuio naty-KopJ0B OCYIIECTBIATh 10 XapaKTEPHOIO IIeTuKa.
OTtcoenuHeHre NaTY-KOPIOB TMPOU3BOJAUTH JIEpKach MajJblaMU 3a Pa3beM,
3aMperaeTcs TAHYTh ONTOBOJIOKHO.

1.1.1.7. Ilpu xkoMMyTalMK JUHUA CBSI3U MCNOJbB30BATh ONTHYECKUE Kabeu ¢
noaupokoii BosiokHa UPC (pa3bEMbl ciiHero nserta).

1.1.1.8. 3anpemaercsi NOAKIIOYATh PA3bEMBI 3€JIEHOI0 IIBETA C MOJIUPOBKOU
ontoBojokHa APC.




1.3. O0mas xapakTepucTHKa Ja00pPaTOPHOI0 KOMILIEKCA

B cocraB nmaboparopHoro komruiekca (puc. 1.1) BXomsT ciemyromue MOy,
YCTPOMCTBA U DIIEMEHTHI:

— MeJUaKOHBepTephl onTu4eckue (6 mr.);

— Moaynu ymiotHenuss TDM (2 mit.);

—  wmyabTHIIIekcopsl ontudeckue CWDM (2 miT.);

—  wmoaynu OADM-CWDM (3 mit.);

—  JICIUTENIM ONTHUYECKOW MOITHOCTH (2 IIT.);

—  WDM croutrepst (2 mit.);

— MOAYJIM ONTHYECKOIrO YIUIOTHEHUS (2 WIT.);

— COCJMHUTENIbHAs TaHelb CO BCTPOCHHBIMHU KOHHEKTOpAMHU MOJIYJIEH H
HCKYCCTBEHHBIX BOJJOKOHHO-ONTHYECKUX JIMHUN CBS3H;

— nBoitHbie po3etku UPT RJ-45 (2 mit.).

i’—i,%'l(r[‘nl-‘l‘“tvl‘ KOMNNeKc
«BONOKOHHO-ONTUYECKNE CUCTEMbI NEpPEeAaYn AaHHbIX C BPEeMEHHbLIM U
BOMHOBbLIM ynnoTHeHvem kaHanos BOJIC-03»

S

s e m o | S O

ws@) | S

A

|
i

[e]e|[~]ol[oT2][F]
RORERGE
[gle]elg]l8]a]le
| oaom J OADM
2] [Denurens
T onTH4ecknit
< NNaHapHbIR nnanapHuii
| sc 1x4 1x4
sc
[8lEhle] |, " 15 |
AR ynaomesn ynoTHReR el 7 MeauaxonsepTep onTu4eckii
8 com|sc scicom| 8 c
i =
10 5% sc. WDM-cnnutrep WDM-cnnurrep. |sc| Yo | 10]
11 [com|sc | sc[com[11
12 sc| NMHUA CBA3N 1 sC 12 Meauaxonseprep onTHueckuh
13 sc! MckyccraeHHas NMHUA CBAIN 2 SC 13 §
14 sc| WHMA cBnamn 3 sc 14 |
[3s] |sci THAR Canan 4 sc 15| N
(18] fic nWHUA c8Ran 5 w| 16 .!xb
7. . MckyccTBeHHan nuHus cenan 6 Lc 17 ¥ Meauakohseprep onTuieckii
8l ific] NWHAR CBAIN 7 ic| [48} Eﬁ*
[1e]" [ic] NWHHA CBAIN B wcl |19 k
Cq {20 [erl naAcenmd (st (20 ® ] RIS
i3 o | ; — B | .
[ IP-anpe%EeI]en : Wz e e to__Jrc] 21 W IP-anpegéeTen :
| N | = B
: - | | L] [22] w [sci | ¥ Fc| IN [22 ] | { =
= 1 i 1 s ~
192.168.0.00192.168.1.L1 M wanis wo | s B (192.168.0
—_———— b

Puc. 1.1 — Bremrnuit Buj 1a60paTtopHOTO KOMILIEKCA

Ha mnepcoHallbHBIX KOMIIBIOTEpAaX YCTAHOBJIEHA ONEpAllOHHAs CHCTEMa
cemeticta Linux. Jlorus / mapoas no ymonmuanuto — Stend.

CereBble KapTbhl, BCTPOEHHbIE B MAaTepUHCKUE IUIAThl, HMMEIOT ajpeca
192.168.0.1 u 192.168.0.10. JlonmosHUTENbHBIE CETEBBIE KapThl, UMEIOT aapeca
192.168.1.1 u 192.168.1.10. Takum 00pa3zomM OpraHU3yrOTCS JIBE CETH.
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B cocraB crenga Bxoaat 10 HCKYCCTBEHHBIX JIMHUM CBSI3U:

— JMHUM cBs3U 1, 2, 5, 6, 9 naroT 3aryxanue curaia — 5 1b;

— JuHuM cBs3u 3, 4, 7, 8, 10 parot 3aryxanue curHana 10 ab;

— muHuu 1 — 4 umeror pazpém SC, muanmnm 5 — 8 — ¢ pazpémom LC,
auHus 9 — ¢ pazsémom ST, munaus 10 — c pazpémom FC.

JUtst AONTOBPEMEHHOM M HAZIEKHOM pabOThl 000PYIOBaHUS CIEAYET CTAPAThCA
UCIOJIb30BAaTh JIMHUU CBSI3U C BO3MOKHO OOJIBIIINM 3aTyXaHUEM.

[Ipn peanuzanuy TOMOJOTUHU, COAEPKALIEH HECKOJIBKO IOCIIEI0BATEIBHO
BKJIIOUYCHHBIX JIMHUN CBSA3U (MEXAY HCTOYHUKOM M MNPUEMHUKOM ONTHUYECKOTO
W3IIydeHus ), HanpuMep npu peanusanuu tonojgoruu CWDM-OADM-OADM-CWDM,
BO3MOJKHA CHUTYaIlMs, KOTJJa MOIIHOCTH MCTOYHHKA MOKET OBITh HEIOCTATOYHO IS
0o0pa3oBaHUsI ONTHUYECKOTO KaHajla CBsi3M. B 3TOM ciydae cHayajia MOMBITATHCS
3a/1eICTBOBATh UCKYCCTBEHHBIE JTMHUU CBSI3U, UMEIOIIME MEeHbIIee 3aryxanue (5 ab).

B coctaB creHma BXomaT 2 HOPMaJIM3VIONIMX (KOMIIEHCALIMOHHBIX) KATVIIKH,
KOTOPBIE MPUMEHSIOTCS TMPU MCCIEAOBAHUM KaueCTBAa BOJIOKOH U COCAMHEHUN C
MIOMOIIBIO pedieKTpoMETpa.

Hanuune kaHajgoB CBSI3M MEXIYy CETEBBIMH UHTepQeiicaMu BO3MOMXKHO
IIPOBEPATH IIPU TOMOIIH KOMaHIbI ping.

CkopocTh  mepegaud  JAHHBIX ~ MOXHO  MPOBEPUTh  MPHU  HOMOIIH
nporpammbl  IPerf. Jng storo Ha o0IHOM M3 KOMOBIOTEPOB 3Ta IIpOrpaMma
3aIyCcKaeTcsl B pexKuMe cepBepa:

sudo iperf s,

Ha JpYroM KOMIIBIOTEpPE H3Ta MporpaMma 3allyCKaeTCs B pPEXUME KIUEHTa C
yKazaHueM uHTepdeiica ceppepa, K KOTOPOMY MPOUCXOIUT oOparieHue, HanpuMmep:

sudo iperf—c 192.168.0.1

Bxitouenue / BBIKITIOYEHHE JA0OPAaTOPHOTO KOMILIEKCA OCYIIECTBIISICTCS Ha
naHeny 0J0Ka MUTaHMs, pa3MEIEHHOM Ha €ro JIeBoM Topiie (puc. 1.2).

NMATAHUE

Cetb Bkn.

@ ¢ @

w 'j I QF1

Cetb 220B, 50y

;‘E-' g
ot

G -
a0 30 mA
8 0

Puc. 1.2 — Ilanens 6510ka muTaHUS TAOOPATOPHOTO KOMILIEKCA
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1.4. Moayan SFP

Mopaynu SFP (puc. 1.3) ucnonb3yroTcs sl TPUCOCAUHEHUS TIJIaThl CETEBOIO
yCTpOMCTBa (KOMMYyTaTopa, MaplipyTu3aTopa WIH TOJ00HOTO YCTPOWCTBA) K
ONTUYECKOMY BOJIOKHY WJIM HEIKPaHUPOBAHHOW BHTOH Mape, BBHICTYIMAIOIINX B POIU
ceTeBoro kabers.

Puc. 1.3 — SFP-monymn
Monyns SFP npumén ma cmeny 6osee rpomosnkomy moayiato GBIC. Monaynb
UMeEeT pa3bEM, COMTOCTABUMEIH IO pasMepy ¢ pazbémom 8P8C, To ecTh mo3BOISIET HA
1 rorute (1U) 19-m10iiMOBOTO TEIEKOMMYHUKAIIMOHHOTO 00OPYJIOBAaHUSI PA3MECTHTh
10 48 ONTUYECKUX MOPTOB.

HaubGonee pacnpoctpanéHasie oOmactu mpumeHeHuss SFP-momynmenn —
nepenaya JaHHBIX B TCIICKOMMYHHMKAIMOHHBIX CETSX Ha CKOPOCTSAX —BBHIIIIC
100 M6wuT/c ¢ UCTOJIb30BaHUEM TEXHOJIOTHI:

— Ethernet: 100 M6ut/c, 1 I'6ut/c, 1,25 I'out/c, 10 I'out/c, 20 I'6ut/c;

— SDH: STM-1 (155 M6wut/c), STM-4 (622 M6wut/c), STM-16 (2,488 I'our/c);

— Fibre Channel: 1, 2, 4, 8, 16 I'6ur/c.

Taxxke BcTpedaroTcsi yHUBepcalbHble SFP-mMomymm, KOTOpBIE CHOCOOHBI
TpaHcroptupoBath kak 100 Mowut Ethernet, 1 I'our Ethernet, tak u STM-4 wu
STM-16-mmoTokw.

B ocHOBHOM, [17151 MOAKITIOYEHUST K MOJYJTIO, HCTIONB3YETCSl ONTUYECKUI KaOeb,
OKOHITOBaHHBIN pazbéMom Tuma LC. XoTs, BCTpedaroTcss UCKIIOYEHUSI — HaNpUuMep,
ontuyeckue moaynu ansi GEPON-cetu umeror onun pa3bém SC u ans gyriekcHoOH
nepesayd  HMCMOJb3yeT BCEro OAHY JKWIy. TakKe CYIIeCTBYIOT MOIYIH C
AIEKTPUUECKUM UHTEpPeiicoM 1 pazbéMoM RJ4S.

Jnst ucrionb3oBanus B 10 ['OuT ceTsx mosSBUIUCHE HOBBIE (PopM-(PaKTOpbI
moxaynent XFP, X2, XENPAK, SFP+ — onu oTnnuarotcs GONBIIMHE rabapuTamu,
CTaHJApTHO UCTOJB3YIOTCS pa3bémbl Tuma LC wmm SC.

Texuuueckue xapakrepuctuku Ethernet SFP-monyneii:

— cnenudukanun: SFF-8074i;

— cKopocTh padboTel: 1250 Mowut/c;

— crangapt. IEEE802.3z;
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— JIONyCKaeTCs  «ropsyas»  3aMeHa  MOJAyJsA, 0€3  BBIKIIFOUCHHS
anekTponuTanus odopynosanus (hot-swap);

—  THII ONITUYECKOr0 BOJIOKHA: MHOroMoaoBoe (MM) uiu ogHoMomoBoe (SM);

— HamnpspbkeHue nutanus: 3,3 B;

—  XapaKTEepUCTHKH Ja3epa: kinacc 1, ynosierBopseT TpedoBanusm EN 60825-
1,21 CFR 1040.10 u 1040.11; u3nyuenue nazepa 6€30macHO IS TJ1a3;

— rabapuTtHbie pazMepsl: 14,60%x56,60%x13,35 mMM.

CymectByet nenenue SFP-Momymeit mo nanpHOCTH Nepeaavn JaHHBIX:

— 550 M — 117151 MHOTOMO/IOBBIX MOJTYJICH;

— 20, 40, 80, 120, 150 kM — AJ1s1 OTHOMOAOBBIX MOJTYJICH.

MuoromoaoBbie SFP-Momynm MMEIOT pas3ieibHbIE MPUEMHHUK W TEPEAATINK
(UKCHUpPOBAaHHOM JJIMHBI BOJIHBI 850 HM U, B CHIIy HECOBEPLIEHCTBA MHOTOMO/IOBOI'O
BOJIOKHA, HUMCIOT My JTaJdbHOCTh Mepeaadn. Takue MOIyJH, KaK y)Ke MHCaIoCh
BBIIIIC, pPa0OTAlOT C JBYMS MHOTOMOJIOBEIMH BOJIOKHAMH, OJIHO W3 KOTOPBIX
WCIIONIB3YeTCSl B KAadeCcTBE KaHAlla IS Tepeladd JaHHBIX OT OJHOTO MOMIYIS K
IpYyroMy, Ipyroe — B KadecTBe KaHaja JIsl MpuéMa TaHHbIX oOpaTHo. [l mpuémo-
nepeaun JaHHBIX Takue MOIyiIu coeAauHstorcs kpecr-HakpecT (TX1-RX2, RX1-
TX2), kak mokasaHo Ha puc. 1.4.

MHOTrOMOIOBOE ONTHYECKOE BOTOKHO

N N\ -
X1 \ \/ TX2
am o
RX1 Vi LV RX2
TX850/RX850 TX850/RX850

Puc. 1.4 — [IpuHnmn geicTBusi MHOTOMO0BOTO SFP-MoayIs

OnnomonoBeie SFP-momynu Takke UWMEIOT —paslieibHble NPUEMHUK H
nepeaaTiyuk GUKCUPOBAHHOM JIUHBI BOJIHBI 1100 1310 HM, 6o 1550 am. [punmmn
oOMeHa JTAHHBIMH u COCTMHCHUS aHaJOTHYCH MHOTOMOIOBBIM
(puc. 1.5), onHako, 3a CUET CYIIECTBEHHOTO OTJWYHS B TEXHOJIOTUU PabOTHI U
KadeCTBE ONTUYECKOTO BOJIOKHA, JAHHBIC MOAYJIH TTO3BOJISIOT ITepeaaBaTh JaHHBIC HA
pacctostaus A0 120 km.

TX1550/RX1550 O,ZIHOMO,E[OBOC ONMTHYECCKOC BOJIOKHO TX1550/RX1550
o " )
TXI \/ \/ TX2
o | "
RX1 \/ V) RX2
TX1310/RX1310 TX1310/RX1310

Puc. 1.5 — IIpunnun aevictBust onrHoMonoBoro SFP Moy
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B naGopaTtopHoM KoMIJIeKce TPUMEHSIOTCS CIAEAYIOMHUE OTHOMOJIOBHIE

SFP-monyau:
— IBYXBOJIOKOHHBIC (pHc. 1.6, a):

a) SNR-SFP-C55-60 (1000Base-X, 60 km, 17 nb, CWDM Tx 1550 am, DDM);

06) SNR-SFP-C53-60 (1000Base-X, 60 km, 17 nb, CWDM Tx 1530 am, DDM);

B) SNR-SFP-C51-60 (1000Base-X, 60 km, 17 1b, CWDM Tx 1510 um, DDM);

r) SNR-SFP-C57-60 (1000Base-X, 60 xm, 17 nb, CWDM Tx 1570 um, DDM);

n) CWDM-eSFP-2.5G-28-1590 (2,5 I'out/c, 28 nb, CWDM Tx/Rx 1590 um);

¢) CWDM-eSFP-2.5G-28-1610 (2,5 I'6ut/c, 28 nb, CWDM Tx/Rx 1610 um).
—  OJHOBOJIOKOHHBIE (puc. 1.6, 0):

a) TBSF13-3-12¢gSC-3c¢ (1250 Mowurt/c, 3 xm, Tx/Rx 1310/1550 um);

0) TBSF15-3-129gSC-3c (1250 Mo6wut/c, 3 kM, TX/Rx 1550/1310 um);

B) SNR-SFP-W53-3 (1000Base-X, 3 kM, 6 a1b, TX/Rx 1550/1310 um);

r) SNR-SFP-W35-3 (1000Base-X, 3 kM, 6 a1b, Tx/Rx 1310/1550 um);

) SNR-SFP-W34-20 (1000Base-X, 20 kM, 16 nb, Tx/Rx 1310/1490 um);

¢) SNR-SFP-W43-20 (1000Base-X, 20 kM, 16 nb, Tx/Rx 1490/1310 um).

SNR-SFP-W43-20
1000BASE.X, 20km, 1648
TX 14300m, DOM

i B

Puc. 1.6 — SFP-monynu 1ByXBOJIOKOHHBIE () U OJHOBOJIOKOHHBIE (0)
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2. JIabopatopHast pabora Ne 1. MccienoBanne CTPYKTYPbI Pa3JIMYHbIX CXeM
YIIOTHEHUS] ONITHYECKUX CUTHAJIOB H Pe;KMMOB PaldoThI ceTeil HAa X OCHOBE

2.1. llean paéoTbl

L[GJIBIO pa6OTBI ABJICTCA. HCCJIIEAOBATh Pa3IMYHBIC CXCMbl YIIVIOTHCHUS
OIITUYCCKUX CUTHAJIOB U PCIKUMBI pa6OTLI CEeTeH Ha UX OCHOBE.

2.2. O01masi XapakTepucTUKA JA00paTOPHOro KOMILJIEKCA
Onucanus coctaBa J1ab0paTOPHOTO KOMIUIEKca mpuBeaeHo B . 1.3 — 1.4,

CoOro1aiTe npaBujia 0e30MacHOCTH TP padoTe
C ONTHYECKHUM HU3JIVIeHuem!

2.3. UccnenoBanue cetu ¢ WDM Ha ocHOBe onTHYeCKHX CILIMTTEPOB

2.3.1. 3agauu uccJIe10BAHUS

— W3yuuTtsk cTpyktypy cetu ¢ WDM Ha 0cHOBE ONTHYECKUX CIUTUTTEPOB U
IIPOBECTH €€ TECTUPOBAHUE.

2.3.2. TeopeTuyeckue cBeieHUs

2.3.2.1. YILioTHEeHHEe N0 JJIMHAM BOJIH

[Ipn co3maHMKM MAarucTpaJbHBIX JIMHUN CBA3M Ha OOJIBILIOE YHWCIO KaHAaJOB
MCIIONIB3YIOTCS. BO3MOXXHOCTH, OTKPBIBAEMbIC CIHEKTPAIbHBIM YIUIOTHEHHUEM WIIH
MyJbTUILIEKCUpoBaHueM 1o jJymHaM BojiH (WDM). CymHOCTh OCIIETHEr0 COCTOUT
B TOM, YTO B BOJIOKOHHBIH CBETOBOJ BBOJUTCS OJHOBPEMEHHO H3JIy4Y€HHE OT
HECKOJIBbKUX MCTOYHUKOB, pa0OTAIONIMX HA Pa3HBIX JIJIMHAX BOJH, a Ha MPUEMHOM

KOHIIE C TIOMOIIBI0 ONTUYECKUX (UIBTPOB MPOUCXOAUT pa3/ieJICHUE CUTHAIIOB (puUC.
2.1).

OI'I. - ¢nl
7‘41

2

7‘:] csige 7‘4n

yoO VP

on, y p I

lon Mg n

Puc. 2.1 — [IpunnunuansHas cxema BOJIHOBOTO (CIEKTPAIbHOTO YIIJIOTHEHHS)

Takum o00pa3om, 1O OJHOMY CBETOBOJY OPTraHHU3yeTCS N CHEKTPaIbHO
pa3nen€HHBIX ONTHYECKHMX KaHainoB. CHEKTpalbHOE YIUIOTHEHHWE TI03BOJISET
CYIIECTBEHHO YBEJIMYUTH HWH(OOPMAITMOHHYIO EMKOCTh OINTHYECKUX Kadene u
OpraHU30BaTh JIBYCTOPOHHIOIO MHOTOKAaHAJIBHYIO CBSI3b 110 OJHOMY BOJIOKHY.
B0O3MOXXHOCTP TIOCTPOCHHSI TaKWX CHCTEM OCHOBBIBACTCS Ha HCIIOIb30BAHUU
ONTHYECKUX YCUJIUTEIICH Ha BOJIOKHE, JISTHPOBAHHOM SpOMEM M Ha CPaBHUTEIHHO
cnaboif 3aBUCUMOCTH KOd(ppuIiMeHTa 3aTyXaHUsI BOJIOKOHHO-ONITUYECKOTO Kadesst OT
4aCTOTHI (WUI JUTMHBI BOJTHBI) B MPEJEIax UCIIOIb3yeMOT0 CIIEKTPAIBHOTO THAaIa30Ha
1550 — 1560 uMm. [losToMy 1O OJHOMY BOJIOKOHHOMY CBETOBOAY, IOJ00HO
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MHOT'OKaHAaJIbHBIM PaJUOpPENCHHBIM CHCTEMaM IIE€PENadd, MOXHO OpraHU30BaAThH
HECKOJIbKO IIUPOKOMOIOCHBIX ONTUYECKUX KAHAIOB B Mpe/ieliax MojocCkl, I/1e Majbie
OTEPHU.

OnHuM U3 YCTPOWCTB BOJHOBOIO (CHEKTPAIIBHOTO) YIUIOTHEHUS SIBISIETCA
WDM-@unbtp. OH BbITIONHAET GYHKIIUN MYIbTHILIEKCUPOBaHUS (0ObEIMHEHUS ) WITH
JIeMYJIbTUILUIEKCUPOBAHUS (BBIICICHUS WIA (UIBTPAIMHM) ONTHYECKUX CHTHAJIOB
pPa3HbIX JJMH BOJH (KaHAJIOB) M3 HECKOJIBKMX BOJIOKOHHBIX KAHAJIOB B OJMH
BOJIOKOHHBI KaHajl WM M3 OJHOTO BOJOKOHHOIO KaHalla B HecKoybko. Ha
nepenamme u NpUEMHOM CTOPOHAX MOTYT YCTaHABIMBATHCS OJHOTHUITHBIC
yCTpOMCTBAa, HO paboTalimme B pexuMax OOBEIUHEHUS U BbIJCICHUS
COOTBETCTBEHHO (puc. 2.2).

WDMM MYIETHINEKCOP WDM OeMyILETHINEKCOD

BonokoHHE

CBETOBON
N — “— N
Ny —* @™ «— N
A , |
T, «— M

Puc. 2.2 — Cxema onTHYECKOTO CErMEHTa, UCIIOIB3YIOMIETO ITepeaady
MYJIBTHIUICKCHOTO CUTHAJIA TI0 BOJIOKOHHOMY CBETOBOY

Cam ¢axr cymectBoBanus ycrpoiictB WDM ocHoBan Ha cBoiictBe BC
IpONycKaThb MHOXECTBO CHUTHAJIOB, KOTOPBIE PAcCHpOCTPAHSIOTCSA IO ONTOBOJIOKHY,
HE B3aUMOJICHCTBYS MEXIy COOOM.

Jnst moctpoeHuss MHorokaHaidbHbix WDM-cuctem Hapsiny ¢ NacCUBHBIMHU
WDM-¢unpTpamun  Takke TpeOYIOTCS  Y3KOMOJOCHBIE  JIa3epbl, CTAOUIIBHO
BbIJIEP>KUBAIOIINE HYKHYIO JJIMHY BOJHBIL. [loka MIMEHHO J1a3ephl ocTatoTcsl HanboJiee
JOPOTUM 3JIEMEHTOM B TaKHUX CHCTEMaX.

2.3.2.2. llpyHuun aeiicTBUsSI YCTPOMCTB CIEKTPAIbHOI0 YIIJIOTHEHHUS

g o0beIMHEHUS U pa3esieHus] ONTHYECKUX HECYIIUX MOTYT UCHOJIb30BaThCS
pa3ianyHble MYJIBTUIUIEKCOPBI, paboTa KOTOPBHIX OCHOBAHA HAa WM3BECTHBIX SIBJICHUSX
bu3nUecKoi ONTUKU: TUCTIEPCUH, TU(PpaKIuu, HHTep(epeHIIUN.

IIpusmenHoe ycrpoiictBo. B xauecTBe npumepa Ha puc. 2.3 mokazaHa cxema
MPU3MEHHOTO YCTPOMCTBA, C MOMOIIBIO KOTOPOIO MOXXHO Kak OOBEAMHUTH, TaK U
pa3eNInTh ONTUYECKNE HECYLIHE.

Puc. 2.3 — Cxema pa3zaeneHus ONTHYECKUX HECYIIUX C IIOMOIIBIO TPU3MBbI
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OCHOBHBIM 3JIEMEHTOM TaKOI'O YCTPOMCTBA SIBJISIETCA ONTUYECKas MPU3Ma, B
KOTOPOHM 3a CYET IUCHEPCUM, TO €CTh 3aBUCHUMOCTH I10Ka3aTessl INPEIOMIICHUS OT
JUIMHBI BOJIHBI ONITUYECKOTO U3JIyYEHHUS], IPOUCXOIUT IPOCTPAHCTBEHHOE PA3ACIICHNAE
(umu oObenuHeHUe a1 OOpaTHOrO HANpaBJIEHUS) ONTUYECKUX Hecymux. s
npuMepa 37eCh MOKa3aHbl Ba ONTHYECKUX KaHala C JUIMHAMU BOJH Hecymux Al u
A2. Topen BosnokoHHoro ceeroBoja (BC), mo xoropomy mnepenaércsi ONTUYECKOE
U3Iy4YeHUE J[BYX KaHAJIOB, pacrosiaraercss B (POKaJIbHOM IUIOCKOCTH JMH3bI L1.
[ToaToMy pacxopsumiics my4dok m3iydenus ¢ topua BC mpeoOpasyercst JTUH30U B
[apaJuIeNIbHBI MYYOK M IMAaJaeT Ha npu3My. Tak Kak W3IydeHUE Pa3HOU JJIMHBI
BOJIHBI OTKJIOHSIETCS NPU3MOM HAa pasHbIE YIibl, TO W3 MPU3MBI BBIXOIST
napasuiesibHble My4YKH Pa3HOr0 HampaBieHUsl (IITpUxoBblie JUHHH). C MOMONIBIO
BTOPOI okycupytomeit TuH3bl L2 3T myuku coOUparoTcsl B pa3IUYHbIX TOUKax €€
(G OKaIbHOM MIIOCKOCTH M J1aJiee MOCTYINal0T B BOJIOKOHHBIE cBeTOBOIbl BC1 1 BC2.

[Ipu3menHble ycTpolcTBa OOBEAUHEHUSI U Pa3/CNICHUS ONTHUYECKHX HECYIIUX
00Ja1at0T pAIOM HETOCTAaTKOB, U3 KOTOPBIX CIEAYET BbIACIUTH OOJbIINE rabapuThl,
3HAUUTEIbHbIE BHOCHMBIE MOTEPU U BBICOKYIO CTOMMOCTh. [[1s1 co3maHusi cucreM
Mepeaun CO CHEKTPAJIbHBIM pa3JIeJICHUEM ONTUYECKUX KaHaJIOB 0o0Jyiee MOAXOMST
YCTPOMCTBA, padOTaOIINe Ha TUPPAKIUOHHBIX U UHTEPPEPEHIIMOHHBIX SIBICHUSX.
Crona oTHOCSTCS AUPPAKIMOHHBIE PEIIETKH, CBETOPUIBTPHI U JIP.

MudpakuuonHoe ycTpoiictBo. B audpakiMOHHBIX peméTKax pa3IndHbIe
ONTHYECKUE BOJHBI OTKIOHSIOTCS Ha pa3jiu4Hble YIJIbl W TakuM 00pa3oM
OCYIIIECTBIISACTCS pa3JicjCHUE NI 00beIMHEHUE HeCcyIuX (puc. 2.4).

BC, BC, BC,

Puc. 2.4 — Cxema pa3zfieieHusi ONTHYECKUX HECYIINX C TOMOIIBI0 TU(PPaKITMOHHON
PELIETKU

Onrnueckue ¢uabTpel. Illupokoe npuMeHeHHWE TNONYYWIM ONTHUYECKUE
¢unbTphl. JlelicTBUE HMX OCHOBAHO Ha JU(PPAKIIMOHHBIX CBOMCTBAaX KBapIEBOTO
CTEKJIa, T.€. 3aBUCUMOCTH TIOKa3aTessl MPEJIOMJICHUs] OT JUJIMHBI BOJHBI N = N(A).
COOTBETCTBEHHO TP MPOXOKACHUM PA3JIUYHBIX BOJH YEpPE3 CBETOBOJ C
MEHSIOIIMMCS. 3HAYEHHWEM N OJHU BOJIHBI HCIBITBIBAIOT OTPAXKEHHUE, a4 JPYTHE
IPOXOIST.
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N3BecTHO HecKoNbKO Moaupukanuii onTudeckux ¢GuiabTpoB. BomokoHHBII
(GuIbTp — 3TO OTPE30K CBETOBOJA, MApPaMETPhl CEPALEBUHBI WM OO00JIOUYKH
KOTOpPOro (IuaMeTp, IOKa3zaTeidb MPEJOMIICHUS) MEPUOJUYECKH MOAYJIUPOBAHbI
BJOJb OCH CBETOBOJA. Takue CBETOBOABI O0OJAJAalOT PE3KO BBIPAKEHHBIMU
CEJICKTUBHBIMU CBOMCTBAMHU: OJHM BOJIHBI MCIBITBIBAIOT OTPaKCHHE, a I APYTHX
BOJIH (DUJILTP Ipo3paueH (puc. 2.5).

A2
AN M/ A by
1 A2 O ) 1 N R @ ng | ny [ ny | ny [ |y >_._1
X At A 6
a) : \éz /"1'112 )
\\/ )

\ 2

Puc. 2.5 — Onrtuyeckue GuIbTpel ¢ MOAYISAIIUEH TUaMETpa BOJIOKHA (a),
C MOIYJISILIMEN moka3atess npesomieHus (0) U riockast KOHCTpYyKUUs puibTpa (B)

[Tnockass KOHCTpyKuMs (PuiIbTpa — 3TO KOMOWHAIUA CTEKON C Pa3IMYHBIMU
MOKa3aTes MU TIpesioMJieHust Np > Ny. [lpu mpoxoxaeHun uepe3 Takod QGUIBTP
U3ITy4YeHUE C JUIMHHOW BOJIHBI Ap UCHBITHIBAET TOJHOE BHYTPEHHEE OTpa)KE€HHUE, a
U3ITyYCHUE C ITTMHHOM BOJIHBI A1 MTPOXOJIUT, TaK KaK KPUTHYECKUE YTIIbl OTPAKCHUS Y
HUX pasHbie (puc. 2.5, B). OnTtuueckue QuibTpbl oOecnieunBaroT KOAGOUIIMEHT
OTpak€HUS 110 UHTEHCUBHOCTU npuMepHo 0,9.

2.3.2.3. BapuaHT NpaKkTHYeCKOro UCMOJIb30BAHUS

Ha puc. 2.6 npencraBiena cxema nepenaun kabempHoro TV-curnama (KTB) mo
ONTHYECKOMY BOJIOKHY Ha JUIMHE BOJHBI 1550 HM.

Oenutent ONTHYECKK "

WDM cnnutTep WDM cnnutrep
* (onTHyeckuit punbTp) (onTuueckui GunuTp)
‘mmnmm: CATV Yeunutenn [{] /\ OnTuyeckuit
EDFA 1550 Hm | 1550 Hm 1550 Hm p CATV
' 1310 Hm 4
1490 Hm

1550 Hm

SFP moaynb 1490/1310 |

TX=1490
E——— e
TX:
4

SFP moaynb 1310/1490

1

Puc. 2.6 — Cxema npumenenust WDM-crimutrepoB

B sTOoM ke BoJIOKHE opraHu3oBaH kaHan nepefaun aaHHbX (I1J[) Ha nmuHax
BosiH 1310/1490 um ¢ ucnonb3oBanrnem WDM-crmutrepoB (ontuyeckux (GUIbTPOB).



18

T. 0. maccuBHOE ONTHUYECKOE YCTPOMCTBO, TMO3BOJSET CO3/1aTh OJAHOBOJOKOHHBIN
kaHan Ha anuHax BosH 1310/1490/1550um (KTB + I1] mo ogHOMY BOJIOKHY).

2.3.3. Ilopsaiok BbINOJHEHUST PA0OThI

a) CTeHJ BBIKJIIOYEH.
0) IloaroroBrTe HEOOXOAUMOE OOOPYAOBAHHUE JIJIsI BHITOJTHCHHS 33 aHUs:

— oaHoBoIoKOHHBIN SPF-Monyns 1310/1490 am — 1 .,

— oaHoBoJoKOoHHBIA SPF-Moxyne 1490/1310 am — 1 miT.,

— JBYXBOJIOKOHHBIN SPF- Mmomynb 1550 aHM — 2 mmit.;

— OIITUYECKHUE MaTY-KOPIbI;

— mat4d-kopbl RJ-45 — 4 .

B) Uzyuure mnpumep cetu ¢ WDM-ymioTtHeHuem Ha 0a3e CIUIUTTEPOB,
MIPEICTAaBICHHBIN Ha puc. 2.7.

BOJIIC
UTP  7x 1550 Hm O Tx 1550 HM

(BMTaA > Bonc e uTtp

napa) (BuTan
K . WDM (@) WDM < napa)

cnnutTep |com cowm| cnnutTep MnK
MepfuakoHsepTep | 1 MeauakoHBepTep
192.168.1.1 1,25 Gb 1490/ 1490/ 1,25 Gb
1310 1310 192.168.1.2
uTp _____uTP

(BUTanA
napa)

(BUTas
napa
| - K

MegauakoHsepTep

125Gb | 125 Gb
192.168.1.1 192.168.1.10
TxIRx TxIRx

1310/1490 Hm 1490/1310 Hm
Puc. 2.7 — Cxema cetu ¢ WDM-ymnoTHeHrem Ha 6a3e ONTUYECKHUX
WDM-crmumtTepos

MNMK

r) CobOepute cxemy corjacHo puc. 2.8. OnTuyeckue naT4-Kopabl aKKypaTHO U
0€3 CUILHOT0 HAKMMA BCTABJISUTE B THE3/A JI0 XapAaKTEPHOTO IIeTYKa.

n) llpenwsiBure coOpaHHylO cxeMmy ceTd mnpenogaBatento. I[lomyuurte
paspeleHne mpenoaaBareliss Ha BKIIOUEeHHE J1a00paTopHOTO KOMIUIeKca. Bkimtouute
J1a00paTOPHBIN KOMILIEKC.

e) Ilo 3aropaHwio COOTBETCTBYIOIIMX CBETOJHMOJOB MEIUAKOHBEPTEPOB
MIPOKOHTPOJIMPYHTE TIPABWIBHOCTh W  HAAE&KHOCTh COCAUHEHUS MEIHBIX U
ONTHYECKHUX MMaT4-KOPJIOB.

) Ha [I9BM 3amyctute Tepmunan Linux.

3) Ilpu momomu KoMaHabl PiNg mpoBepsTe co cTopoHbl ceteir [IDBM 1
noctynHocTh ceteit [I9BM 2. PesynbsTaThel mpoBepku 3aHecute B Ta0m. 2.1.
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n3smM1i Nn3BM 2

|1 192.168.0.1 192.168.0.10

— 192.168.1.1 192.168.1.10
sC sC
sC sC

Jenurens
sC onTuYeckuit onTuyeckuin sC
nnaHapHbIin i PHB I
sC 1x4 1x4 sC
sC sC

LC LCc

LC Mopaynb ONTUYECKOro YNOTHEHUS Moaynb ONTUYECKOro YNnoTHEHWA LC

SC SC| com
sC SC| 1550
sC WDM cnnutTep WDM crnutTep sC 11:;19001 10
sC sC| com | 11

sC WckyccTBeHHas nnHus cessun 1 sC 12

Sc WckyceTBeHHanA NHUA cBRaun 2 SC 13

sC WckyccTBeHHas nuHus cesan 3 sC 14

sC WckyccTaeHHas nuHus canan 4 SC 15

LC UckyccTeeHHas nuHns cesisn 5 Lc 16

17 LC WckyccTBeHHas nuHus cesan 6 Lc 17

18 LC VCKyCCTBEHHAR NHUA CBAan 7 LC 18
19 LC VckyccTeeHHas nuHns cesisn 8 Lc 19
—
I 20 | | STl WckyccTBeHHas nnHus cesau 9 I ST| | 20 | $

I 21 I I FC I VickyccTaeHHas nukus casasu 10 I FCI l 21 |

[22] w [sc el w22
Hop Las karywka 1 km Hopmanuaytowas katyika 1 km
| 23 | ouT |SC FC| out | 23 |

Puc. 2.8 — Cxema opraHuzaiyu ceTd Ha JJabopaTOPHOM KOMILIEKCE

Tab6n. 2.1 — Pe3ynbrathl TecTupoBaHus kaHaioB cetu ¢ WDM-ymnoTHeHuem
Ha 0a3e ONTHYECKUX CILUTUTTEPOB

Agnpec cepBepa

Azpec KnuenTa _ 192.168.0.1_0 _ 192.168.1.1_0
Ping, Bitrate, Ping, Bitrate,
na/Her I'out/c na/Her ['out/c

192.168.0.1
192.168.1.1

n) [IDBM1 c¢ agpecom 192.168.0.10 3amycture B__pe:kuMe _cepBepa
(cm. mm. 1.3).

k) Ilo pesynapTaTam usmepeHuit B mim. 3) BeiOepute cetb [ID9BM1, mist koTopoit
MOJIYYCHBI TOJIOKUTEIbHBIC Pe3ybTaThl MpoBepkru Haawuus cetr (ping). Cetb
II9BM1 ¢ »3tuM (Wam Cc OQHUM, 3aTeéM — C JAPYTUM) aJpecoM 3aIyCTUTE
B_pexumMe kiaueHTa (cm. mi. 1.3). Jloxxaurech pe3yabTaTOB TECTUPOBAHMS KaHAIa
cBsi3u. Pe3ynbrarel 3anecure B Tadu. 2.1.

1) 1I3BML1 c agpecom 192.168.1.10 3anycture B pexxume ceppepa.

M) IloBTOopuTe M3MepeHusl Mo IIIl. K).
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H) I[lo oxoHuyanuum wu3MepeHuii BeIKTIOUNTE JlabopaTOpHBIM KOMIUIEKC,
aKKypaTHO OTKJIIOUUTE MaT4Y-KOPJbl, U3BiIekuTe SFP-Monynu, HaneHbTe 3ariyiiki,
npuBeauTe JlabopaTopHbIN KOMIUJIEKC B IEPBOHAYAIEHOE COCTOSIHUE.

2.4. UccaenoBanne cetu ¢ WDM ymiorHenneM Ha 0a3e ONTHYECKOIO
JeJIUTEJIS MOIHOCTH

2.4.1. 3agaua uccaenoBaHus:

— uccienoBath cTpykrypy cetu ¢ WDM yminorHeHneM Ha 6a3e ONTHYECKOTO
JEIUTENS MOITHOCTH U IIPOBECTU €€ TECTUPOBAHUE.

2.4.2. TeopeTuyeckue CBeIeHUsI

Cy1iecTBEHHO CHU3UTh CTOMMOCTh KaOeIbHOM MH(PACTPYKTYyphl CETU JOCTYyIIa
TIO3BOJISICT HCIIOJIb30BAaHUE APXUTEKTYphl MaccHBHBIX omrtuyeckux cereii (PON).
OnTHueckue pa3BETBUTEIM SIBISIOTCS BaXHBbIM KOMIOHEHTOM PON M BBINOJHAIOT
IPOCTPAHCTBEHHOE Pa3J/IeJIEHUE ONTHYECKOI0 CUTHAJIA IO HECKOJIBKUM KaHajaM WIN
OOBEIMHAIOT CUTHAJbl M3 pa3IMYHbIX KaHajioB B oJuH. [lo3romy CcHMkeHue
CTOMMOCTH U YJIYYIIEHHUE TEXHHUYECKUX XapPaKTEPUCTUK ONTUYECKHX PA3BETBUTEIIECH
CTaHOBUTCS Bce O0siee akTyaJIbHOM 3a7auei.

OnTuueckuil  pa3BeTBUTENb MPEACTABIsET coOOM B o0meM  ciaydae
MHOT'OIIOJIFOCHOE YCTPOMCTBO, B KOTOPOM H3JIyYEHHE, [101aBAEMOE Ha YaCTh BXOIHBIX
ONTHYECKUX IIOJIIOCOB, PaCHpElEaeTCs MEXAY €ro OCTAIBHBIMU ONTHYECKUMH
IIOJIFOCAMH.

Knaccupukanusi mo TexHOJOrMH M3roroBjeHus. CyliecTByeT JBE
TEXHOJIOTUU U3TOTOBJICHUSI ONTHYECKUX pa3BeTBUTENEH (puc. 2.9):

— cBapubiec — Fused;

— mranapasie — PLC (Planar Lightwave Circuit).

CnnasHo# cnautrep 1:2 MnaxvapHbid cnnutTep 1:8

8

W B

Puc. 2.9 — OcHoOBHBIEC TEXHOJIOTHUU M3rOTOBJIEHUS ONTHYSCKUX CINIUNTTCPOB

CaapHble pa3BeTBUTeNM BbINOJIHEeHBI Mo TexHomoruu FBT (Fused Biconical
Taper): nBa BojOKHA ¢ yJIaa€HHBIMU BHEIIHUMH 000JIOYKAMH CILIABJISIOT B DJIEMEHT
C IByMsl BXOJIaMM M ABYMS BbIxoAamu (2:2), MOCI€ 4Y€ro OJWH BXOJ 3aKPBIBAIOT
0e30TpakaTeIbHBIM METOJI0M, (opMupys pasBerBurenu 1:2. MoxHO obecrneunTb
pazzieJieHue MOIIHOCTH U B Apyrux nponopiusx, Harpumep 20:80 (20% mourHocTH
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curHaia uaet B oaHo miedo, 80% — B nmpyroe). CBapHbIE pa3BETBUTEIU OOBIYHO
UMEIOT OT OJHOTO 10 TPEX OoKOH mpo3padyHocTH (1310 uM, 1490 aM umu 1550 HM).
OKHO MpO3pavyHOCTH — OTO JAMANa30H JJIMH BOJH ONTHUYECKOTO H3JIY4YEHUs, B
KOTOPOM HMEET MECTO MEHbIlee, MO0 CPaBHEHUIO C JPYrUMHU JUala30HaAMU,
3aTyxaHUe U3JIy4YeHHUs B BOJIOKHE. Takue pa3BETBHUTENM Yallle BCETO HCIOIb3YIOTCA
JUTSI IOCTPOEHHUSI CeTel KabeJIbHOTO TEJIEBUICHUS.

[Tnanapusie paszserButenu (PLC, Planar Lightwave Circuit) uaroraBauBarorcs B
HECKOJIbKO ATamoB. [lepBbIii M3 HHUX 3aKIIOYaeTCs B HAHECEHWU HA MOJIOKKY
OTpaxarolero cyiosi-o6o1ouku. Ha naHHbIN Cil0oM HaHOCUTCA MaTepHuall BOJHOBOJA,
Ha KOTOPOM B IMOCJEICTBUM (OpMHUpYyETCs Macka sl TpaBieHus. Pesynbratom
nmpoliecca TpPaBJICHUS SBIISETCS CHUCTEMa BOJIHOBOJIOB, SBIISIIOIIASICSA, MO CYTH,
ontuueckuMm aenutesnieM. CucreMa MilaHapHBIX BOJIHOBOJOB TOKPBIBAETCS BTOPHIM
OTpaxkaroluM cioeM-o0oJioukoir. Heobxoaumoe kommyecTBO paszBeTBieHuit PLC-
CIUIMTTEpPA JOCTUTaeTCsl CodeTaHueM penurene 1x2. IlmaHapHas TEXHOJIOTHA
MO3BOJIIET HW3TOTABIMBATh KOMIIAKTHBIE M HAAEKHBIE PA3BETBUTENN C YHUCIOM
BBIXOJHBIX BOJIOKOH 10 64. Ilnanapueie pa3BeTBUTENM 00damaroT Oosee
CTaOWJIBPHBIMA ¥ TOYHBIMH XapaKTEPUCTUKAaMH Ha BBIXOJaX, paboTalT B
IIMPOKONOJIOCHOM Auana3oHe BojaH 1260 — 1650 HM, UMEIOT MEHbLIEE 3aTyXaHUE
Ha TOPT, MEHBIIIE MOABEP>KEHBI MEXaHUYECKIM BO3JCHCTBHUSIM M CIIOCOOHBI paboTaTh
B OoJiee mMUpPOKOM auarnazone temrepatyp (—45 — 85, °C), yem crumaBHbie (—40 —
75, °C).

[InanapHbpie pa3BETBUTENN HCHOIB3YIOT JUISI CHEKTPAIBHOTO YIUIOTHEHUS
KaHanoB. TakXe MX MCIOJb30BAHUE MPEINOUYTUTENBHO MPU MOCTPOSHUH MMACCUBHBIX
ONTUYECKUX CETeH, TaK KaKk KpOME BBIIIE MEPEYUCICHHBIX MPEUMYIIECTB, OHHU
MO3BOJIAIOT 3aJI0KUTh Ha Oyayliee BO3MOXKHOCTh MCIOJB30BATh JTOTIOJHUTEIHHBIC
CEPBHCHI JIMOO YBEINYUTH MPOMYCKHYIO CIOCOOHOCTh KAHAIOB MyTEM YIIOTHEHHS.

Knaccupukauuss onTuyecKux pasBeTBUTENCH MO0 KOJUYECTBY KAHAJOB.
OnTtuyeckue CIUIMTTEPBl MO KOJIWYECTBY BXOJOB M BBIXOJAOB pPa3ACiATCS Ha
X-o0pa3Hbie (HECKOIBKO BXOJIOB U HECKOJIBKO BBIXOAO0B) U Y-00pa3Hbie (OAUH BXOJ U
HECKOJBKO BbIX0/0B). Cambplili mpoctedmuii X-o0pa3Hbli ONTHYECKUN JIETUTENb
HMMeEET JIBa BXOJa M JIBa BbIX0Ja (TaK Ha3bIBA€MbIH ONMTUYECKUN pa3BETBUTENDL 2%2).
Cawmpblit ipocTeiiuit cpeau Y-o0pa3HbIX ONTUUECKUX JETUTEIEH — 3TO ONTUUYECKUI
CIUTUTTEP, KOTOPBIA UMEET OJWH BXOJ U JIBa BbIXOJa (TaK Ha3bIBA€MbI OMTHYECKUIMA
pa3BeTBUTEND 1X2).

Y-o0pa3Hble CIUIMTTEPbl HA3bIBAIOT JICTUTENSIMH MOIIHOCTH. Y-00pa3HbIe
JNENATCS Ha JBa THUIMA: CUMMETPUYHBIE W HECUMMETpUYHble. CUMMETPUYHBIC
Y-o0pa3Hble ONTHYECKUE MACIUTENH, PAa3JesiOT ONTUYECKYH) MOIIHOCTh MEXIY
BBIXOJAMH paBHOMEpHO. HecumMMeTpuyHBIE ONTHUYECKUE JICJIUTEIN TO3BOJISIOT
PAa3IEIUTh ONITUYECKYIO MOIIHOCTh B ONPEACIEHHON MPOTIOPLIUH.

Knaccupuxkanuss onruyeckux pa3BeTBUTENEd MO0 JIMHE  BOJIHBI.
Ontuyeckue CIUIMTTEPHI MO CBOMM CIEKTPAJIBHBIM XapaKTEPUCTHKAM AEIATCS HA
OJTHOOKOHHBIE U JBYXOKOHHBIE. B ceTsx KaOelbHOro TENEeBUACHUS MPUMEHSIIOTCS
OJHOKOHHBIE  ONTHUYECKUE CIUIMTTEPhl HA CTAHAAPTHOM JJIsi  ONTHUYECKUX
nepeaaTyukoB (J1azepoB) giuHe BoJHBL 1310 M wimm 1550 mm. B cerax PON
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HCTIONB3YIOTCS B OCHOBHOM JIBYXOKOHHBIE ONITUYECKUE PAa3BETBUTEIM, TO3BOJISIONIUE
OJIHOBPEMEHHO MepeaBaTh U MPUHUMATh ONTHYECKUI CUTHAN 10 OJHOMY BOJIOKHY.
Ha opnoii pmiuHe BoJiHBI, Hampumep, 1550 HM ocCyliecTBiIseTCa Iepeaada
uHpopMaMu OT TpoBaijepa CBs3M 10 aOOHEHTa, a Ha JMHE BOJHBI 1310 HM
OCYIIECTBJISIETCS TIepeiaya 3arnpoca oT a0OHEHTa K MPOBanepy.

Onruyeckue pa3BerBuTe M U TexHosaorusi FTTX. B ontuueckoit vactu FTTX
B OCHOBHOM IPUMEHSIOTCS TexHOJoruu Ethernet m macCHBHBIX ONTHYECKHX CETCH
(PON). ITockonbky B cersix PON (puc. 2.10) Ha y4acTKe MEXKAY ONTHYCCKUM
auHeHbpIM TepMuHajioM (OLT), pacnoiokeHHBIM B LieHTpaibHOM y3ie cBssu (CO),
1 aOOHEHTCKUM ONTHYeCKUM ceTeBbIM TepMuHaioM (ONT) akTuBHOE 000pYI0BaHKE
HE HCIIOJB3YeTCs, 3TH CETH 3HAYUTEIBHO MpOIIe W JCIIeBI€ CMOHTHUPOBATH U
oOcnyxkuBath. [locpeACTBOM OJHOTO WM HECKOJbKHX MACCHUBHBIX OMNTHYECKUX
pa3zBeTBuTeneil MHOkecTBO ONT monkiodarT K OJHOMY JIMHEHHOMY BOJIOKHY,
unymemy ot OLT. Tpadux Unrtepunera u tenedonnn OLT mepena€r u mpuHUMAaeT
(or ONT) ma mmmuaax BomH 1490 m 1310 HM, COOTBETCTBEHHO, a BHUICOJAHHBIC
BBOIATCA B «aepeBo» PON mocpeacTBOM yCTpOMCTBA CHEKTPATBHOTO YIIJIOTHCHHUS
WDM u tpanciupyroTcs abOHeHTaM Ha JUIMHE BOJIHBI 1550 HM.

SOnN0K0HHD-
CO pacNpeneKTensHaid
— UeHTD
= . B
OLT :
Orrmwseckni Am
NepenaTYMK O
BMI20

Puc. 2.10 — Ynpoménnas ctpykrypHas cxema cetu PON ¢ rutanapHabim
Y-00pa3HbIM ONTUYECKUM Pa3BETBUTENIEM

2.4.3. TlopsiioK BBITIOJIHEHUSI Pa0OTHI

a) CreHJ BBIKJIIOYEH.

6) IloaroroBsTe HEOOXOMMOE OOOPYAOBAHUE /IJIsI BHITOJTHEHHS 3aJaHUS:
— JBYXBOJOKOHHBIM SPF-Momynb TX 1510 am — 1 miT.;

— ABYXBOJIOKOHHBIN SPF-moayns TX 1570 am — 1 T,

— ONTHUYECKHUE MATY-KOPIBI;

— naty-kopasl RJ-45 — 2 .

BAYKHO !!!

YcraHoB/IeHHEe KaHAJa CBA3M YYBCTBUTEJIbHO K COOTHOIICHUI) MOLIHOCTH
U3JIyvyaTejis U YYBCTBUTEJBHOCTH ¢GoTonpuéMHunka Ttpancusepa. I[lodtomy
HeoOXxoauMo moaduparh SFP-Moayau ¢ OJM3KMM ONTHYECKMM OHIKETOM —
napamMeTrpoM, u3MepsieMbiM B Jenudesax W YKa3aHHbIM Ha Kopmyce
SFP-moayas.

B) W3yuute npumep cetu ¢ WDM-ynnoTHeHueM Ha 06a3e MIMPOKOMOJIOCHBIX
CILUTUTTEPOB, IPEeACTaBICHHbBIN Ha puc. 2.11.
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Tx 1570 Hm

oo

Aenutens
onu4yecKumn

MeauakoHsepTep
1,25 Gb

UTP
(BuTa@a napa)

MK

192.168.0.10

Puc. 2.11 — CrpykrypHas cxema cetu ¢ WDM-ymioTHeHneM Ha 0ase
HIMPOKOIOJIOCHBIX CIITUTTEPOB

r) CoOepute coriacHo puc. 2.12 cxemy cetu

AUAITa30HHBIX CINIUTTCPOB.

nasmi

¢ WDM-ymotHeHueMm Ha 6ase

] o]« ol o]« ol o«
el & ° o ° el & k-]
HH(EIHREH EHBEH|EE
312]]2]8 AEELIL A BBl

|| OADM OADM OADM

p— 1 IN sC sC IN 1 e
2 outt | SC SC| outt 2
Aenurens A
3 out2 | sC onTUdecKuit ONTUHeCKUA sc| out2 3
nNNaHapHLIA
4 out3 | SC 1x4 1x4 sc| outd 4
5 out4 | SC SC| out4 5
Rx Rx
6| 50 € LC] 1ss0 | ©
—] =1
7 % Lc Moaynb ONTUYECKOTO YNNOTHEHUA Mopynb onTuueckoro ynnotHenms | LC 7
1550 1550
8 | COM |sC SC| com 8
9 | 1550 |sc SC| 1550 | 9
1310/ 1310/
10 1490 sC WDM cnnuttep WDM cnnurTep SC 1490 10
11| COM |sC sc|lcom | 11
12 sC WckyccreeHHan nuHua cenan 1 sC 12
13 sC WckyccTeenHan nuHuA ceaam 2 sC 13
14 sC WckyccTeenHan nukua ceasm 3 sC 14
) 15 sC VickyccTBeHHaR NMHMA CBAIN 4 sC 15 fomd
16 Lc WckyccTaenHan nuHua ceaam 5 Lc 16
17 Lc WckyccTaeHHan nuHuA ceaau 6 Lc 17
18 Lc MCKycCTBEHHAR NUHUA CBAIN 7 Lc 18
19 Lc WckyccTeeHHan NuHuA censu 8 Lc 19
I 20 I I ST l WckyccTaenHan nunua cenm 9 l STI I 20 I
I 21 I I FC I WekyccraeHHan nuHus cesan 10 I FC I I 21 I
[22] w |sc re] w 2]

|23| out |SC

Kartywka 1 kM

KaTywka 1 kM

FCI ouTt |23|

Puc. 2.12 — Cetbp ¢ WDM-ymnmoTHEeHHEM Ha 6a3e MIMPOKOIIOJIOCHBIX CITTUTTEPOB
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n) IlpenwssiBure coOpaHHyl0 cXeMy ceTH mpemnoaasarento. llomyuute
paspelleHue IpenoaaBaresisi Ha BKIIOUYEHUE J1a00paTOpHOTo KoMIuleKkca. Bxitouurte
71a00paATOPHBII KOMILJIEKC.

e) Ilo 3aropaHuio COOTBETCTBYIOUIMX CBETOAMOJOB MEIMAKOHBEPTEPOB
OPOKOHTPOJIUPYHUTE MPAaBWIBHOCTh U HAAEKHOCTb COEIMHEHUS MEIHBIX U
ONTUYECKUX NMAaTY-KOPAOB.

k) Ha [I9BM 3anyctute Tepmunan Linux.

3) Ilpm momomm KoMaHabl PINGg mpoBepbTe co croponbl cetn [ID9BM 1
noctynHocTh ceTd [IDBM2. Pe3ynbpTaThl mpoBepKky 3aHeCUTE B Ta0M. 2.2,

Tabn. 2.2 — Pe3ynbraThl TECTUpOBaHUs kKaHa1oB cetu ¢ WDM-yrnoTHeHuem Ha
0a3e quana3oHHBIX ONTHYECKUX CITUTTEPOB

Anpec cepBepa
AJlpec KJIrMeHTa 192.168.0.10
Ping, na/uer Bitrate, I'out/c
192.168.0.1

n) Cetp [IDBM2 3amyctute B_pexknme cepBepa. Cetr [IDBM1 3amyctute
B__pekuMe KJIMeHTa. JloKaurech pe3yibTaTOB TECTUPOBAHMS KaHajga CBS3H.
Pesynbratel 3anecure B Tadi. 2.2,

k) Ilo oxonwyanum wu3MepeHuii BbIKIOUUTEe JlabOpaTOPHBIM KOMILIEKC,
aKKypaTHO OTKIIIOUUTE MAaT4Y-KOPJbl, U3BiIekuTe SFP-Monynu, HaleHbTe 3ariyiiki,
npuBeauTe JlabopaTopHbIN KOMITJIEKC B IEPBOHAYAIEHOE COCTOSIHHUE.

2.5. UccaenoBanue cetu ¢ RX/TX ynjorHennem
2.5.1. 3agaua uccjie10BaHUsA:

— HCCIIEeI0BaTh CTPYKTYpY ceTh ¢ RX/TX ymioTHeHHMeM H TpOBecTH €6
TECTUPOBAHHE.

2.5.2. TeopeTruueckue cBeIeHUsI

OnHUM W3 BapWAHTOB PEIICHUS 3a/1a4d YIUIOTHEHUS ONTHYCCKUX JIMHUW CBS3U
ABIIICTCS ~ ONTUYECKHWE TIACCHBHBIE MOJYJM, OCHOBaHHbIE HA  ONTHYECKUX
uupkynstopax (OL]) (momynu onTuueckoro ymioTHeHusi). Haunbonee 3dpdekTruBHO
ucnonb3oBanue OL] B ceTsax ¢ mpomyckHO# ciocooHocThiO 10 ['OuT/C.

[Mpunmun pab6oter OLl Oasupyercss Ha dddexTe HEeB3auMHOTO IOBOPOTA
miockoctu nossipuzanuu (Dddext Dapajes) B dapaneeBckux Bpamarensix. B OIL]
peayin30BaHa BO3MOXKHOCTh  HCTOJB30BAaHUS JBYX TEPIEHIANKYISAPHBIX WM
OpPTOTOHANILHO PACIOJOXKEHHBIX TMOJSIPU3UPOBAHHBIX TIJIOCKOCTEH IJIs Tepeaadn
OINTUYECKOTO CUTHaJA. [10 OAHOW M3 MIIOCKOCTEW ONTHYECKUM CUTHAJ ITOCTYMNAET B
OJIHY CTOPOHY, a T0 Apyroul B odpatuyto (puc. 2.13).

OnTuyeckuid LUPKYJIATOP MpEeACTaBiIsieT co00il 3-X MOPTOBOE YCTPOMCTBO C
U30JMPOBAHHBIMUA OJHOHAINPABIEHHBIMU TOPTaMU, O00JIaJAI0Iee BO3MOKHOCTBIO
pa3enieHns BCTPEYHBIX JIydel CBeTa M PaclpeleieHHs] MX MO COOTBETCTBYIOIIMM
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IOpTaM: CUTHAJ ¢ mopTta 1 mupkyiaropa nepeaaércs Ha mopT 2, a ¢ mopra 2 — Ha
nopt 3.

Unpkynarop

Tx ;ﬂop'r 1

Puc. 2.13 — ®yHKIMOHANIbHAS CXe€Ma MOAYJISl CIEKTPAIbHOTO YIIJIOTHEHHS Ha
OCHOBE OINTUYECKOTO UPKYJISITOPA

[Ipoucxomsmiee 3a cuér a3pdexra NnoJasgpu3aluu pa3aesieHue BCTPEUHBIX JIydei
o0ecreunBaeT BBICOKHI YpOBEHb M3OJSIMU mopTa | oT moprta 3, a Tak kK€ HU3KHM
YpPOBEHb BHOCHMBIX B OINTHYECKYIO JIMHUIO Toteph (Menee 0,7 nb Ha oauH
ONTUYECKUI [UPKYJIISATOD).

[Tpunuun peiictBust Ol mokasan Ha puc. 2.14.

1 = = MopT 2
MopT 1 >
o (o]
2 3 4 5 6
Mopt 3
A
1 & 2 2 MopTt 2
< e e
2 3 4 5 6

1 — CreropenuTenpHbIN nossipuzaTop; 2 — OTpakarorias npusma,
3, 6 — JIBymydenpenoMIISIoNe KpuCTalibl, 4 — dDapaaeeBCKuil BpalaTeb;
5 — TlomyBoHOBBIN QHIBTP
Puc. 2.14 — ®yHKIIMOHAJIbHAS CXeMa ONTHYECKOTO [UPKYJISITOpa

IIpuMeHeHMe ONITHYECKUX HUPKYJISATOPOB AJs1 mocTpoenusi cuctem ¢ WDM.
IIpn ucnonpzoBanuu Ol B 1HEnsIX YIUIOTHEHUS MCHOJB3YIOTCS JIBA ONTHYECKUX
LUPKYJISITOPA, TO OJHOMY Ha KaXIYH CTOPOHY ONTHYECKOW JIMHHUU. JlaHHBIE
ONTHYECKUE LUPKYJIATOPBl JOJDKHBI OCYIIECTBIIATH YIUIOTHEHHE OINTHYECKOIO
CUTHaja MO JAJMHE BOJIHBI, COBMAJAIONICH C JUIMHOM BOJIHBI, HA KOTOPOW paboTaroT
TpaHCUBEPHI (OCYIECTBIsETCS MPUEM U niepenaya) (puc. 2.15).
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MNepeaatumnk 1 MNepegatumk 2
Uupkynsarop 1 Uupkynsarop 2

Mpuemuuk 1 MpuemnHuk 2

Puc. 2.15 — Cxema Bxirouenust OLl nist opranuzannu WDM cetu

[Ipn yIUIOTHEHWHM CHUTHAJa HMCIOJIB3YEMbIH IUPKYISATOpP MaéT CIICIYIOIIUE
BO3MOYXHOCTH:

— 3¢ (}exTHBHOE YIUIOTHEHHWE ONTHYECKWX JIMHUM Tepeaaydl  JTaHHBIX
(McroIb30BaHUE OJTHOTO BOJIOKHA BMECTO JIBYX);

— opraHuzamus 0OpaTHOro KaHaja IO OJHOMY BOJIOKHY B CJydYasxX, KOTIJa
ucnoas3oBanne CWDM wimm WDM cuctem HerenecooOpa3Ho WIM HEBO3MOXKHO; 3TO
MOXeT OBITh AaKTyaJbHO [IJI1  TEJIICBU3MOHHBIX IPOBAMIEPOB, KOMITAHHI
3aHUMAIOIIUXCS TeIeMeTpUeH 1 6€30IMaCHOCTHIO.

2.5.3. IlopsiioK BbINIOJIHEHUS] PA0OTHI

a) CreHJ BBIKJIIOYEH.
06) IloaroToBrTe HEOOXOAUMOE OOOPYAOBAHUE JIJISl BHIMOJHEHUS 3a/JaHUS:

— nABYXBOJIOKOHHBIN SPF-momyns TX 1550 aM — 2 mmit.;
— ONTHUYECKHUE NaT4Y-KOPABL;

— mat4g-kopasl RJ-45 — 2 miT.
B) WMsyuure npumep cetu ¢ WDM-ymnioTHeHneM Ha 6a3ze MOIyJisi ONTHYECKOTO

VIUTOTHEHUS, TIPEACTABICHHBIN Ha puc. 2.16.

Tx 1550 HMm BONC Tx 1550 Hm
‘T QEp 1 Moaynb onTuyeckoro ‘ 2 Mopaynb onTuyeckoro
YMIIOTHEHUS , YNAOTHEHUS
Rx/Tx 1550/1550 Rx/Tx 1550/1550
MeaunakoHBepTep MepaunakoHsepTep
1,25 Gb 1,25 Gb g
UTP UTP
(BuTasa napa) (BuTaga napa)
MK MK
192.168.1.1 192.168.1.10

Puc. 2.16 — Crpykrypnas cxema cetu ¢ WDM-ynnorHenueM Ha 6a3e MOAyIIs
ONTHYECKOTO YIJIOTHEHHUS

r) CobGepute cormacHo puc. 2.17 cxemy cetn ¢ WDM-ymnorHennem Ha 6asze
MOJTyJIsl ONTHYECKOTO YINIOTHEHUS .
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naBm 1 M3BM 2

192.168.1.1 192.168.1.10|

Té;/ Zﬁn?

IN sC sc IN

out!t |SC SC| outt

A A
out2 | SC ONTUYECKUIA ONTUYECKUA sc| out2

outd |SC 1x4 1x4 sc| outd

Rx Rx

1 1
2 2
3 3
4 4
5 out4 |SC SC| outd 5
6 6
7 7
8 8
9 9

1550 | -© LC| 1550
Tx X
1550 e Moaynb ONTUHECKOrO yNNOTHEeHUs Moaynb ONTUYECKOro yNNOTHEHNS Lc 1550
COM |sC SC| coMm
1550 |sC SC| 1550
1310/ 1310/
M
10 1490 sc WDM cnnutTep WDM cnnuttep sC 1490 10
11 ] COM |sC SC| coMm 1

12 SC WUckyccreenHan nuiua ceasm 1 sC 12
13 sC WcKkyccTBeHHan NUHUA CBAIN 2 SC 13 :
14 sc McKyCCTBEHHAR NUHUA CBA3N 3 sC 14

15 sC WckyccTBeHHan NuHUS cBA3M 4 sc 15

Puc. 2.17 — Cxema cetu ¢ WDM-ymuioTHeHneM Ha 6aze
MOJIYJISl OITUYECKOTO YIIIOTHEHUS

n) IlpenwsiBure coOpaHHyl0O cXeMmy ceTu mpenogaBatento. [lomyuure
paspenieHue mpenojiaBaresisi Ha BKIIOUYEHUE J1JA0OpaTOpPHOro KoMIUlekca. Brimtounte
J1a00paTOPHBIN KOMILIEKC.

e) Ilo 3aropaHuio COOTBETCTBYIOIIMX CBETOAMOJOB MEIUAKOHBEPTEPOB
MPOKOHTPOJIUPYUTE MPABWIBHOCTh W  HAAEKHOCTh COCJUHEHUS MEIHBIX U
ONTHYECKUX MaTY-KOPJIOB.

k) IIpy momorm komaHabl PiNg mpoBepbTe co cTopoHsl cetn [IDBM 1
noctymHocTh cet [I9BM 2. PesynbraTel npoBepku 3anecute B Tabm. 2.3.

Tabmn. 2.3 — Pe3ynbTaThl TecTUpOBaHus kKaHaioB cetu ¢ WDM-ymnoTHeHreM Ha
0a3e MOyl ONMTUYECKOTO YIJIOTHCHHUS

Anpec cepBepa
AJlpec KJIIMeHTa 192.168.1.10
Ping, na/uer Bitrate, ['6ur/c
192.168.1.1

3) Cetp [IDBM2 3amyctute B_pe:xkume cepBepa. Cets [IDBM1 3amyctute
B__pekuMe KJIMeHTa. Jlokaurech pe3yiabTaTOB TECTUPOBAHMS KaHajga CBS3H.
Pe3ynbratel 3anecure B Tabu. 2.3.
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) Ilo oxoHuyanuu wu3MepeHuii BwIKTIOYNTE JlaOOPATOPHBIA KOMIUIEKC,
aKKypaTHO OTKJIIOUUTE MaT4Y-KOpJbl, U3BiekuTe SFP-Momysnu, HaleHbTe 3ariyliki,
npuBeauTe JlabopaTopHbIN KOMIUJIEKC B IEPBOHAYAIEHOE COCTOSIHUE.

2.6. Uccaenoanue cetu ¢ CWDM yminorHenuem B Tomosiorum CWDM-
CWDM

2.6.1. 3agaya ucciaenoBaHuA:

— ucciuenoBath cTpykTypy cetu CWDM ymmotnenuem B tonosjorun CWDM-
CWDM wu npoBectu €€ TecCTUpOBaHUE.

2.6.2. TeopeTuyeckue CBeIeHUSI

CWDM (DWDM) TtexHoOJOTHS — 3TO «BOJIOKHO B BOJIOKHE». B onTmdeckom
BOJIOKHE CBET «pa3IesAeTCs» Ha Pa3HBIE CIIEKTPHI U 1O KaXXIOMY U3 HUX MepenaéTcs
HE3aBUCHUMBIN ONITUYECKUN CUTHAJI C ONPENEIEHHON JUIMHHOM BOJHBL. Ha BbIXOAE U3
BOJIOKHA CHUTHAJl paslensiercss Ha ontudeckom ¢unbtpe (maccuBHom CWDM
(DWDM) MynbTHIUIEKCOPE) Ha COCTABIIAIONIME, C pa3HbIMH JUIMHAMH BOJH U
nogaéTcss Ha COOTBETCTBYIOIIMK onTuueckuit Tpancmonaep (CWDM (DWDM)
Ja3epHBIA MOJTYJIb), BOCIPHHUMAIOIIMI UMCHHO 3Ty JUIMHY BOJIHBI (puc. 2.18).

MexayHapO HBIH KOMUTET 10 CTaHIAPTU3AIMH PETJIAMEHTHPYET JBa BapuaHTa
YIUIOTHEHUS.

CWDM (Coarse WDM) — cmekTpaipHOE YIDIOTHEHHE C  KPYIHBIM
MEKXKaHAJIBHBIM HHTEpBajIoM. B 3TOM ciydae MeKKaHATBHBIA HHTEPBAJIT COCTABIISCT
20 HM ¥ MaKCHUMaJbHOE KOJIMYECTBO KAaHAJIOB, KOTOPHIE MOXHO TIEpPenaTh IO Iape
onTrYeckux BojokoH tuma G.652 pasHo 16.

K negocratkam TtexHojmormn CWDM  ymmoTHEHHMsT MOXXHO — OTHECTH
OTHOCUTEJIFHO Majio€ KOJIMYECTBO MYJIbTUIIIIEKCUPYEMBIX KaHAIOB (MakcumMyM 16) u
HEBO3MOKHOCTh MCTIOJIb30BaHUS ONITHYECKHUX YCHIIUTEIICH.

GDbE |TX
10GE|Tx

TxTrans A}

Puc. 2.18 — Ynpoménnas cxema peanuzauun CWDM ymnotHenus

Takum o6pazom CWDM TexHonorus, y>xe He MOXET yIOBIETBOPUTH TEKYIIHE
TpeOOBaHMSI 3aKa34MKOB, KaK C TOYKA 3pEHUS MAKCHUMAJIbHOTO YIUIOTHEHUS
ONTHUYECKUX JIMHUM CBS3H, TAK U MEPEKPHIBAEMbIX PACCTOSTHUM.

DWDM (Dense WDM) — chekTpajbHOE YIUIOTHEHHE C  IUIOTHBIM
PaCIIONIOKEHUEM ONTHUYECKUX KaHAIOB. B 3TOM ciydae MeXKaHaJbHBIA WMHTEpBa
MOKET cocTaBsATh nopsiaka 0,8 um — 0,4 HM.
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[Tpeumymecrea DWDM texnonoruu no cpaBuenuto ¢ CWDM:

— 0Oonee  COBpeMEHHas  TEXHOJOTHS  CHEKTPAJbHOTO  YIUIOTHEHUS,
MO3BOJIAIOIIASA TIepeaBaTh Yepe3 ONTHUUECKOE BOJIOKHO OOJIblliee KOJIMYECTBO JUJIHH
BoJIH (Oostee 120);

— DWDM TexHonOrus MO3BOJSIET HCIOJIB30BaTh ONTUYECKUE YCHIIMTEINH,
Ollaroiapsi 4eMy YBEJIMYMBAIOTCS MAaKCUMAJIbHOE TMEePEeKPbIBAEMOE paCCTOSHUS
Mexay aBymsi coceqaumu DWDM y3nmamu, a Takke MOBBIIMIAET MAcCIITaOUPYEeMOCTh
DWDM cucremsl, aenast eé 0osee ruobkor (Hampumep, eciu mpu nepenoce DWDM
CUCTEMBI Ha JApyrue 0ObEKThl U MPU NEPEKITI0YEHUE Ha 0oJiee NJIMHHBIE ONTUYECKUE
BOJIOKHA, YBEIUYUTHCS BHOCHMOE  OINTHYECKOE 3aTyXaHHWe, ero MOXKHO
KOMITCHCHPOBATh MTOCPEICTBOM ITPUMEHEHHUS ONITHYECKUX YCUITHTEICH).

TexHomorun  ONTHYECKOTO  MYJBTUIJICKCUPOBAHUSA  CBSI3U  IOCTOSIHHO
pa3BUBAIOTCS, ONTUMU3UPYIOTCS TEXHUYECKHUE U TEXHOJIOTMUECKHUE COCTaBIISIOLIUE,
YTO NPUBOAUT K YACIIEBIECHUIO CTOMMOCTH IPOU3BOJCTBA 00OpYAOBaHUS
CHEKTPAJIbHOrO YIJIOTHEHUs. Ha cerogsimHuil JeHb CTOMMOCTH OOOpYIOBaHUS
DWDM conocraBumMo 1o ctouMocTu ¢ obopynoBannem CWDM, mpu Tom, dTO
DWDM TtexHoJIoTHs SBJISIIOTCS TOpa3io 00iee COBEPIICHHOM.

N Bcé ke, KOrja HMMEET CMBICI NPUMEHSATh TEXHOJOTHIO CHEKTPAIBbHOTO
ymotaeruss (CWDM \ DWDM).

Camoe noporoe B CETAX CBSI3M — OTO JIMHEHMHBIE COOpPYXEHUs. BonokHa B
ONTHYECKOM Kabelie, B ciiydae mepeaadd mo 1 mape BOJOKOH (OJTHOMY BOJIOKHY)
OJTHOM YCIYrW, MMEIOT CBOMCTBO OBICTpO 3akaH4YMBaThCs. [IpokiaabiBaTh HOBBIN
ONTUYECKUH Kabellb — JOpOoro M COMNPSDHKEHO PSAOM CIOXHOCTEH, a apeHna
0OJIBIIOTO  KOJMYECTBA ONTHYECKUX BOJOKOH TMPUBOAUT K 3HAUYUTEIbHBIM
ornepaTUBHBIM pacxojaM. Haubosee onTuManbHbIM MyTEM YBEITUUECHUS POMYCKHON
CIIOCOOHOCTH CYIIECTBYIOIIEH ONTHUECKON MH(PPACTPYKTYPHI SIBISIETCS TPUMEHEHUE
CDWD \ DWDM cucrtem, HCHOIB30BAaHWE KOTOPBIX IO3BOJIAET CTYICHYATO |
OPAaKTUYECKU HE  OrPAaHMYEHHO  HapalMBaTh  MPOIMYCKHYIO  CIIOCOOHOCTH
CYIIECTBYIOMIEH BOJIOKOHHO-ONTHYECKON ceTh 0e3 yBENIWYEHHS 4Yucia ONTHYECKHX
BOJIOKOH B HEM.

[Tpumep cxemsl npaktudeckoro npumenerus: CWDM-ymioTHenust npuBeAEH Ha
puc. 2.19.

SNR-CWDM-MDM-4 SNR-CWDM-MDM-4
x - —1470-p =1 ranscerver
i N
] 1
T 14900m | »—1490-p — 14909 o ransceiver
oncacwou T[] <1590— < 1590— T
' '
oot G T 10 B >:1g;0~> :12;» E Opteal OWOM Tramsconer
I 1
T 15300m [+ »—15309 — 15309 B[ opteal cwoM Transcoer
Opteal WOM Trrscovr [} -4-1550— -4 1550—= PEES

Puc. 2.19 — Cxema npuMeHEHUs ONITUYECKUX MYJIBTUILIIEKCOPOB
st CWDM-yrnmotHeHUS
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B HEKOTOPBIX ONTUYECKUX MYJIBTUILIEKCOPAX CIEIHMAIBHO BBIIEICHBI HECYIIHE
1550/ 1530 BM miug wucnosws3oBanuss C-muamazoma DWDM. B CWDM  okHO
1550 / 1530 monamaer 16 uHecymux DWDM (puc. 2.20).

SNR-DWDM2-MDM-8 SNR-DWDM2-MDM-8

SNR-CWDM-MDM-4 SNR-CWDM-MDM-4

»—1528 779 ——1528.77-p»
-1547.72— ’::EID’ -4 1547.72—
»——1529 55— : —1529.55—9
41548 51— T;g% O 41548 51—
»—1530 33— L ——1530.33—9>
--1549.32— >—‘}g;o_°'> ~-1549.32—=
»——1531.12— v ——1531. 12—
~-4-1550.12— >:}g30'> -4 1550.12—=
. 50— v
»——1531 90-9» =—1531.90-9»
41550 92— - 1550 92—
v .
»——1532 68— 1532 68—
«-1551.72— - 1551 72—
»——1533.47= —— 153347
1552 52— - 1552.50—
»——1534. 25— —— 1534259
1553 35—, ~-155333—=

Puc. 2.20 — Cxema npuMeHEHHs ONTHYECKUX MYyIbTUILIEKCOpOB it DWDM-
ymotHerust BHyTpu CWDM

Onno u3 Bo3MoxHBIX npuMmeHeHnit CWDM TexHonorun — 310 00beIUHEHUE
KaHaJIOB Tiepeiayun JaHHbIX U TB kanana (puc. 2.21).

Lo 4 kananos MA no 1 Bonoxuyg.’ L_

+ 1550 CATV kaHan

\
| SNR-CWDM-MDM-TV/5-4B
SNR-OIWDM~MDM-TV5~4A

|
|
~<ie S ]
STM1/4/16/64/192 | smsmarmuesen j}éggt :}éggL H swemamun | sTM1/4/16/641192
100M/1G/10G Ethemet >:1§gg: ;1@%9,:4 8 sasmanucsn | 100M/1G/10G Ethemet
Fibre Channel f:}?;?g: 21229514 ,,, Fibre Channel
15509 > swonoer | CATV

CATV »—155
|

|

e et SR S

Puc. 2.21 — Tomnomorus cetu «Tovka-To4ka» + KaHaji nepemaun TB curnana

2.6.3. Ilopsa10K BBINOJIHEHUS] PA0OTHI

a) CTeHJ BBIKJIIOYEH.

6) IloaroToBrTe HEOOXOAUMOE OOOPYAOBAHUE JIJIsl BHIMOJHEHUS 3a/JaHUS:
— JBYXBOJOKOHHBIM SPF-monynb TX 1510 aM — 1 wit.;

— JBYXBOJOKOHHBIM SPF-Monynb TX 1530 amM — 1 wit.;

— BYXBOJIOKOHHBIN SPF-moxyns TX 1550 amM — 1 wmit.;

— JByXBOJIOKOHHBIM SPF-Momynb TX 1570 am — 1 T,

— ONTHUYECKHUE MaT4-KOPAbL;

— mnat4d-kopael RJ-45 — 4 .

B) M3yuure npumep cetu ¢ CWDM-ymioTHeHMeM, NpenCTaBICHHBIA Ha
puc. 2.22.
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nk il 192.168.0.1 CWDM CWDM 192.168.0.10 K
Mux/DMux Mux/DMux
uTP —1470=P>| e 14703 UTpP
(BuTas napa) 41610 <1610 (BuTas napa)
MeauakoHBepTep Tx ==1480-p BOJIC [==1490-p> Tx MeauakoHsepTep
1,25 Gb 1530 HM 41590 O €150 1550 ym 1,25 Gb
1530 e 1 530 e
= <= e
——— LT 157 Qe
MepgwnakoHeepTep Tx Tx MepgwnakoHsepTep
1,25 Gb 1,25 Gb
1510 Hm 1570 Hm
UTP uUTP
(BWTaA napa) (BuTas napa)
MNnK MK
192.168.1.1 192.168.1.10

Puc. 2.22 — CrpyxkrypHas cxema cetu ¢ CWDM-ymmoTHeHHEM

r) Cobepurte cornacHo puc. 2.23 cxemy cetu ¢ CWDM-ymnoTHeHHEM.

CWDM Mux/DMux CWDM Mux/DMux

COM EXP 1470 1480 1510 1530 1550 1570 1580 1610 COM EXP 1470 1480 1510 1530 1550 1570 1590 1610

e 00000 HOOOWRPLO0

192.168.0.1| |192.168.0.10 | lr

-

1 sc sc| IN 1
2 sC SC| outt 2
JDenutens Denutens
3 sC ONTHYSCKMA ONTHYECKMA sc| outz 3
nnaHapHeli nnaHapHsii
4 sC x4 x4 sc| outs3 | 4
5 sC SC| outd 5

Rx
e o= LC 1550 g
7 Lc| Moayne onTudeckoro ynnoTHeHus Mogyne onTideckoro ynnotherins | LC 1;-20 7
8 8C §C| com 8
9 sC SC| 1550 9
1310/ 1310/
10 1490 sC WOM cnnutTep WDM cnnuttep sC 1490 10
NnABM 1 11| com |sc sc| com |11
12 sC MickyccTBeHHAR NMHKMA CBA3N 1 sC 12
13 5C MexyccTaeHHan NUHUA CBA3N 2 5C 13
14 sC VeryccTaeHHan niHuA ceran 3 sc 4
15 SC MCHyCCTBEHHAR NUHMA CBRSM 4 sC 15

Puc. 2.23 — Cxema cetu ¢ CWDM-yrimoTHeHHEM
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n) IlpenwssiBure coOpaHHyl0 cXeMy ceTH mpemnoaasarento. llomyuute
paspenieHue mpernojiaBaresisi Ha BKIIOUEHHE J1Ja0OpaTOpPHOro KomIuiekca. Bxirounte
1a60paTOPHBIN KOMIUIEKC.

e) Ilo 3aropanuio COOTBETCTBYIOIIMX CBETOAMOJOB MEIUAKOHBEPTEPOB
IPOKOHTPOJIUPYUTE TMPABWIBHOCTh W HAAEKHOCTb COCAMHEHUS MEIHBIX H
ONTUYECKHX MATY-KOPJIOB.

k) Ha [I9BM 3anyctute Tepmunan Linux.

3) Ilpm momomm KoMaHAabl PiNg mpoBepsTe co cTopoHbl ceteir [IDBM 1
noctynmHocTh ceteit [I9BM 2. Pe3ynbTaThl npoBepku 3aHecuTe B Ta0I. 2.4.

Tabn. 2.4 —  Pe3sympTarhl  TECTUpOBaHUS  KaHAJIOB  CETH
¢ CWDM-ymnoTHeHrEM

Agnpec cepBepa

Azpec KnuenTa _ 192.168.0.1_0 _ 192.168.1.1_0
Ping, Bitrate, Ping, Bitrate,
na/HeT I'out/c na/Her ['out/c

192.168.0.1
192.168.1.1

n) [I9BM2 c agpecom 192.168.0.10 3amycTuTe B peskuMe cepBepa.

k) Ilo pesynbraram usmepenuii B m. 3) BeiOepute cetb [IDBM1, nnsa koTopoit
TOJIYYCH TOJIOKHUTEIBHBIN pe3ynbTaT mpoBepku Hanmuuus cetu (Ping). Cers [IBM1
C OTUM aJpEcoM 3aIllyCTUTE B _PpexKHMe KJIHeHTa. J[oXKAUTECh pPE3YNIbTATOB
TECTUPOBaHMS KaHaja cBsi3H. Pe3ynbrarel 3anecute B Tad. 2.4.

1) TI3BM2 c agpecom 192.168.1.10 3anmyctute B peskume ceppepa.

M) IloBTOpHTE M3MEPEHUS MO IIII. K).

H) Ilo oxkoHuyanuum wu3MepeHMid BbIKIIOUNTE JlabopaTOpHBI KOMIUIEKC,
aKKypaTHO OTKIIOYUTE MaT4-KOpAbl, u3BiekuTe SFP-Momynu, HameHbTe 3arimymik,
npuBeauTe JIabopaTopHbIii KOMILIEKC B IEPBOHAYAIBHOE COCTOSIHUE.

2.7. Boripochbl /151 10NYCKA K BHINOJHEHUIO PA0OThI

2.7.1. TlpaBuna paboThI Ha TAOOPATOPHOM OOOPYTOBAHHH.

2.7.2. Knaccudukanys HCTOYHHKOB U3ITyYCHHSI K MEPBI PEOCTOPOKHOCTH.

2.7.3. OmnpeneneHue TEPMUHOB «ATY-KOPI», KITATTEHI.

2.7.4. Omnummure SC-KOHHEKTOP.

2.7.5. Onumure LC-koHHEKTOP.

2.7.6. OnumuTe cocTaB 1abOpaTOPHOTO KOMILIEKCA.

2.7.7. Uem oTau4aroTcsd JHWHHA CBS3M, pa3MCEIIEHHBIC B J1a0OPATOPHOM
KOMILIEKCE?

2.7.8. Tlepeuncnure paboume aapeca ceredd JabOpPaTOPHOTO KOMILIEKCA U HA
KaKUX BBIXOJIaX KOMITJICKCA OHU BBIBECHBI.

2.7.9. TlosicHuTe, KaK BKJIIOUUTH CETh B PEKUME CepBEpa WIN KIHECHTA.

2.7.10. [Tosicaute HazHauenue SFP-monyneit.

2.7.11. Tlepeuncnute TUOBBIe XapakrepucTuku Ethernet SFP-moayieii.

2.7.12. OnumuTe XxapakTepHble 0COOCHHOCTH MHOTOMOJIOBBIX SFP-Moyei.
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2.7.13. OnumuTe XapakTepHble 0COOCHHOCTH OHOMOOBBIX SFP-Moymeit.

2.7.14. OnuimuTe OTAWYME JaJbHOCTH CBSI3M MHOTOMOJIOBBIX M OJTHOMOJIOBBIX
SFP-monyneit.

2.7.15. YeM oTIMYAOTCS XapaKTEPUCTUKH HCIIOIB3YEMBIX B JIa0OpPaTOPHOM
KOMIUIEKCE JBYXBOJOKOHHBIX SFP-Monymnei?

2.7.16. UeM oTnMYAOTCS XapaKTEPUCTUKH HCIIOIB3YEMBIX B JIa0OpaTOPHOM
KOMILJIEKCE OJTHOBOJIOKOHHBIX SFP-momymneit?

2.8. BOl'[pOCI)I AJIF IIOATOTOBKHU K 3alIlUTE paﬁoTbI

2.8.1. Tlosichute, B YEéM COCTOUT (PUINYECKUN CMBICI MHOTOBOJIHOBOTO
YIUIOTHEHHS.

2.8.2. TlosicHuTe, Kak OCYHIECTBISAECTCA MHOTOBOJIHOBOE YIUIOTHEHHE C
MPUMEHEHUEM MYJIbTUILUIEKCOPOB/ IEMYIIbTUTIIIEKCOPOB.

2.8.3. lTlosicHuTe TPUHIUIT JEHCTBUS MYJIbTUILIEKCOPa/AeMYIbTUILIEKCOPA,
BBIMIOJTHEHHOT'O Ha OCHOBE MPU3MBI.

2.8.4. TloscHuTe NpUHUUI JACUCTBUS MYJbTUILIEKCOPA/IEMYIbTUILUIEKCOPA,
BBIMIOJTHEHHOT'O Ha OCHOBE TU(PAKIIMOHHON PEIIETKH.

2.8.5. TlosicHuTe mnNpUHUUI JACUCTBUS MYJIbTUILIEKCOPA/IEMYIbTUILIEKCOPA,
BBINIOJTHEHHOT'O HA OCHOBE ONTHYECKUX (PUIIBTPOB.

2.8.6. IlpexncraBsTe BapuaHT cTpyKTypHOU cxembl cetu ¢ WDM ymotHenuew,
peanu3oBanHoM ¢ npuMenenrneM WDM-crmuTTepos.

2.8.7. TlpoananusupyiTte pe3ynbTaThl UCCJIEI0BAHUIM CeTH C
WDM-ymniotHenueM Ha 6a3e ontuueckux WDM-crmutTepos.

2.8.8. Tlosicaute, uto coboii mpeacrapisitoT cetn PON.

2.8.9. TlosicHuTe, Ha KakWe TPYMIBI MOXXHO Pa3feld ONTHYECKHE CILTUTTEPHI
M0 TEXHOJIOTUH M3TOTOBIICHUSI.

2.8.10. TlosichuTe, Ha KakWe TPYMIBl MOKHO Pa3eiNd ONTUYECKUE CILUTUTTEPHI
0 KOJIMYECTBY KaHAJIOB.

2.8.11. [IpuBenute BapuaHT CTpyKTypHOU cxembl cetu ¢ WDM ymnotHenuewm,
pealn30BaHHON ¢ MPUMEHEHUEM IIMPOKOIOIOCHBIX CIUIUTTEPOB.

2.8.12. [lpoananusupyiite pe3yabTaThl HCCIIETIOBAHUI ceTu C
WDM-ymnorHeHnem Ha 6a3e ONTUYECKUX MTUPOKOIOIOCHBIX CIUTUTTEPOB.

2.8.13. OnuimTe NpUHIIKI IEWCTBHS ONITUYECKOTO MUPKYISITOPA.

2.8.14. Onumute 0COOCHHOCTH TMPUMEHEHHUS ONTHYECKUX HUPKYISITOPOB IS
noctpoenus cucrem ¢ WDM.

2.8.15. IlpuBenure mpuMep W TpOaHATU3UPYHUTE OCOOCHHOCTH CTPYKTYpPHOM
cxembl cetu ¢ WDM-ymioTHeHueM Ha 0a3e MOAYJIsl ONTUYECKOTO YIIOTHEHHUS.

2.8.16. [Ipoananusupyiite pe3yJbTaThl HCCIIETOBAHUI ceTu c
WDM-yniioTHeHueM Ha 6a3e MOayIIsl ONTUYECKOrO YIUIOTHEHHUS .

2.8.17. Onumure ocobenHoct TexHojoruu CWDM.

2.8.18. [IpuBenure npumMep CTPYKTYpPHOM CXEMBI CeTu c
CWDM-yniioTHEHHEM U OMUIIUTE €€ 0COOCHHOCTH.

2.8.19. Onumute ocobenHoctr TexHosoru DWDM.

2.8.20. Cpauute texnonorun CWDM u DWDM.



34

2.8.21. TlpuBenute npumep cTpykTypHOil cxembl cet ¢ CWDM-ymnoTHeHueM,
B KOoTOpoi Taxke peanuzoano DWDM u onuiute e€ 0coOEHHOCTH.

2.8.22. Onumute  cTpykrypHyto cxemy cetu ¢ CWDM-ymiotHenuew,
peaIM30BaHHYIO B JIa0OpaTOPHOU pabdoTe.

2.8.23. Ilpoananu3upyiite pe3ynabrarel ucciaegoBanuii cetu ¢ CWDM-
YIUTOTHCHHUEM.
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3. JlaGopaTopHas padora Ne 2. UcciienoBaHue CTPYKTYPbI Pa3Iu4HbIX
BOJIOKOHHO-ONITHYECKMX CeTeil ¢ MHONOBOJIHOBBIM M BPEMEHHBIM YIIJIOTHEHHEM
3.1. LHeab padoTsl

L[GJIBIO pa6OTI>I ABJACTCA: HCCIICAOBATL CTPYKTYPBI PA3JIMYHBIX BOJIOKOHHO-
ONTUYECKUX CETEH C MHOTOBOJIHOBBIM U BPCMCHHBIM YIINIOTHCHHUCM.

3.2. O01masi XapaKTepuCTHKA JJA00PATOPHOI0 KOMILIEKCA
Onucanus coctaBa 1a00paTOPHOTO KOMIUIEKca puBeAeHo B mi. 1.3 — 1.4,

CoOsro1ainTe npaBuia 0€30MacHOCTH P padoTe
C ONTHYECKHM M3JIVYeHruem!

3.3. Hccaenoanue cetu ¢ CWDM ymiorHennem B Tomosiorun CWDM-
OADM-OADM

3.3.1. 3agaum uccsea0BaAHUA:
— W3yuuts crpyktypy cetu ¢ CWDM ymnorHenuem B Tomojoruun CWDM-
OADM-OADM u npoBecTu €€ TECTUPOBAHUE.

3.3.2. TeopeTnueckue cBeaeHUsI
3.3.2.1. Texnosgorua CWDM

I'pyboe cniektpaibHoe mysbruiniekcupoBanue — CWDM (Coarse Wavelength
Division Multiplexing) — TexHoOTHSs, MO3BOJISAIONIAS OAHOBPEMEHHO IepeaaBaTh
HECKOJIbKO HWH(OPMAIMOHHBIX KaHAJIOB [0 OJHOMY OINTHYCCKOMY BOJIOKHY Ha
pasHeix  Hecymux  vactotax  (puc.  3.1). CoriacHo  peKoMeHAaluu
ITU-T G.694.2 B cuctemax CWDM kpome mupoko u3BecTHbIX auamna3onoB C, S, L
UCIIONB3YIOTCS eme aBa auanazoHa O (original, ocHoBHO) 1260 — 1360 HM H
E (extensive, pacmmpennsiii) 1360 — 1460 aM. B COBOKyIHOCTH BCe JaUana3OHbI
OXBaThIBAIOT oOJacTh 1260 — 1625 HM, B KOTOpOW pacmojaraercs 18 kKaHaJloB ¢

maromM 20 HM.
3

O-band E-band S-band C-band L-band
B 1260-1380 1380-1480 1460-1530 1530-1685 1585-1825

k™)
I
'

Ea.

Fiber attenuation {dB/km)
I

o e

ITU-T G.652 Fibra
[] 1 | I | 1 | I |
1200 1300 1400 1500 1600

Wavelength (nmj) Soures; TU

Puc. 3.1 — Pacnpenenenne kananos CWDM
B COOTBETCTBUU C pekoMmeHnanuen G.694.2
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3aryxanue Ha juuHax BOJH 1270 HM m 1290 HM AOBOJBHO BEJIMKO, O3TOMY
JAHHBIN quara3oH ucnolb3ytoT peako B CWDM cucremax.

Texnonoruss rpyboro crekrpanbHoro ymiotHenuss CWDM mnomyuaer Bce
OoJplliee PACHPOCTPAHEHHE, OCOOCHHO B CETSAX TOPOJCKOTO M PETrHOHAIBHOIO
macmTaba. Haumbonee kpymHble MpoBaiiiepbl TEIEKOMMYHUKAIIMOHHBIX YCIyT B
ropojiax OCYHIECTBJISIOT MOJEPHHU3AIMI0O CETM U B JIONOJHEHHE K JIaBHO
ucnoas3yembiM cuctemam Ethernet/IP naunnaroT ncmonb3oBath cuctemsl CWDM.

Nmenno cuctemsr CWDM moryT pemmth mpoOiieMbl HEXBAaTKU MPOMYCKHOMN
CIIOCOOHOCTH TIPU YBEITUYECHUU HKOHOMUYECKOW S()(PEKTUBHOCTH HCHOIB30BAHUSA
CeTH U MUHUMU3ALIMU KallMTAIbHBIX 3aTpaT Ha €€ TIOCTPOCHHE.

['opoackue u pernoHanIbHBIE CETH MPEACTABISAIOT OO0l Hanbosiee TUHAMHYHO
pa3BUBAIOIINECS CETMEHTHI TEIEKOMMYHHKAIMOHHOTO pBIHKA U TOJAPa3yMEBaIOT
[IMPOKOE WCIIONB30BAHKUE ISl Tepefadyd JaHHBIX OONBIIOTO CIEKTpa Pa3IuYHBIX
IIPOTOKOJIOB, CKOPOCTEN M CETEBBIX TOMOJOTUMA. SIBIISASCH MPO3PAUYHBIMU JIJIsl JIFOOOTO
TUTIa W CKOPOCTU TMepedaBaeMoro Tpaduka, ycrporictBa CWDM wmoryt crarth
CBSI3YIOLIUM 3BEHOM MEKy MarucTpaibio U CEThIO JOCTYIA.

CucreMbl CIIEKTPAILHOTO YIUIOTHEHUS SIBISIFOTCS YACThIO CETH OTepaTopa CBS3U
U YCTAHABJIMBAIOTCS MEXIY JABYMs Wid Oosee y3liaMu CBsi3U. /s Toro, 4toObl
obOecreunTh paboTy CHCTEMBbl Ha y3J€ CBSI3U HEOOXOJIMMO HAJMYUE AaKTHUBHBIX
CETEBBIX YCTPOMCTB € JOCTATOYHBIM CYMMApPHBIM KOJHUYECTBOM IMOPTOB IS
yctaHoBku SFP-tpancuBepoB (SFP-momyrneii). TakumMu CETEBBIMU YCTPOWCTBAMHU
OOBIYHO SIBJISIIOTCS. KOMMYTAaTOPhl M MapIIpyTHU3aTOphl. B ciydae HeIoCTaTO4HOTO
KOJTMYECTBA AKTHBHBIX CETEBBIX YCTPOHCTB C HEOOXOIWMBIM CyMMapHBIM
KoinuecTBOM SFP-TOpTOB  BO3MOXKHO HCHOJB30BAaHUE MEAMAKOHBEPTOPOB CO
cinotamu noa SFP-tpancuBepsl. Takoe pelieHue B pse ClydyaeB TOXKE SIBISIETCS
00J1e€ IKOHOMHYECKH BBITOJHBIM.

OCHOBHBIMH JIEMEHTAMH CHUCTEM CIIEKTPAJIbHOTO YIUIOTHEHUS SBISIFOTCS (pHC.

3.2):

— MynbtHaILiekcopel/gemynsturiekcopsl  (MUX/DEMUX) — mo3BosstoT
CYMMUPOBATH U Pa3ACIISITh ONTUYECKUE CUTHAIIBI IO JJIMHAM BOJIH;

— OADM-monynmn — MyJIBTHIUICKCOPBI BBOAA/BBIBOJIA —  IO3BOJIIOT

BBIJICTIUTH U JJOOABUTH B BOJIOKHO CUTHAJI 110 OTPE/ICJICHHBIM JIJIMHAM BOJIH,

— SFP Ttpancuseps! (SFP-Moaymin) — GopMUpPYIOT U IPUHUMAIOT ONITUYECKHUE
CUTHAJIBI (IJTMHBI BOJIH) B CUCTEME; MEPEBOMSIT CUTHAI U3 SJIEKTPUUECKOTO (aKTUBHOE
000opyI0BaHUE) B ONITUYECKHUIA U 0OpaTHO.

Crout 00paTuTh BHUMaHUE HA TO, YTO MYJIbTUILIEKCOPHI/ IEMYIbTUIIIICKCOPHI
SFP-tpancuBepst pabotaror B mapax. COOTBETCTBEHHO, JTO OO0OpYyJAOBaHHE
Type 1 u Type II. Takas He0OXOAMMOCTH OOYCIIOBJIEHA TEM, UYTO KaXKIbIM KaHAJ Ha
pa3HBIX KOHIIAX MUMEET 3epKaJibHble 3HaUeHUs 1o npuemy (Rx) u nepenaude (7x), T.K.
c(hOpMHUPOBAH U3 IBYX HECYIIUX (JJIMH BOJIH).
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3.3.2.2. SFP-TpancuBepsbI
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SFP-tpancuBepsl npeaHa3HaueHbl s (GOPMHUPOBAHUS ONTHUYECKUX CUTHAJIOB
«ocHOBHOM Hecyuiei» ¢ 1270 mo 1610 um (mwar 20 HM), OpencTaBleHbl Ha

puc. 3.3.

Puc. 3.3 — SFP-tpancuseps! (SFP-mMonynn)

Kaxnprit SFP-tpancuBep pabotaer 1o JABYM BOJOKHAM M, B OTIUYHE OT
CTaHJApPTHBIX JIByXBOJOKOHHBIX TpaHcuBepoB 1000Base LX, omepupyer aByms
Pa3HBIMU JTMHAMU BOJIH — HIUPOKOIIOJIOCHBIN TPUEMHUK paboTaeT ¢ OJHOU ITUHOM

BOJIHBI U IEPEAATYMK — C IPYTOM.

Jlyist oOpa3zoBaHus KaHaja JaHHBIX B cucTeMe SFP-TpaHcuBepbl KOMIUIEKTYIOTCS

«momapHo» (puc. 3.4).

JIisi MOHHMTOpPWUHTa B pEeXHMME peajabHOro BpemeHu (On-line mouuTOpHHTa)
ucnoib3ytorcss Tpancuepbl ¢ ynkuueir DDM (Digital Diagnostic Monitoring).
Oyukiuss DDM mno3Bosisier B pexkuMe peanbHOrO BpPEMEHHM KOHTPOJIMPOBATH
napaMeTphl, Kotopbie umeeT SFP-TpaHcHBep: MOIIHOCTh BXOJAIIEro curHana (Rx),
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MOIIIHOCTh ucxojsdiiero curHamna (7x),

TEMIIEpAaTypHbIE TMapaMeTpbl

paboThI

TpaHCUBCpaA. HN3MeHeHus AaHHBIX IIapaMCTPOB IIO03BOJIAKOT CYIAHTH 00 wu3HOCE
CUCTCMBI U COCTOAHUHU TPACCHI B LICJIIOM.

Typel

Typell

Tx1470/E=z1310nm

T=1310/FE=1470 nm

Tz1490/E=z1350 nm

T=1330/FEx14%90 nm

Tz1510/E=1350 num

Tz1350/F=1510 nm

Tz1530/FE=x1370 nm

T=1370FEx1530 nim

Tz1550/FE 21390 nm Tr1390/FEx1550 nm
Txz1570/Ex1410 nm Txz1410/FE=1570 nm
Tx15%0/Ex1430 nm Tx1430/E=15%0 nm
Tx1610/Ex1450 nm Tx1450/FE=1610 nm

Puc. 3.4 — I{BeroBas mapkupoBka SFP-Tpancusepos

Oyukuuss DDM Ttaxxke ucnonb3dyercss MpU OLEHKE ONTUYECKOro OroKeTa
muHuK. CpaBHeHHME NaHHBIX SFP-TpaHcuBepoB MO3BOJIAET ONPENCIUTH pEasIbHbIE
MOTEPH 10 HECYIIUM B BOJIOKHE.

SFP-TpancuBep Tak ke OTIMYAETCS MO JAJBHOCTH CBOEH pabOThl (MOITHOCTU
curHana). SFP-tpancuBep wumeer crTaHmapTHBIN KuiomeTpaxk. I[lpuuem pasHbie
(GbupMBI IPOM3BOIUTENN UMEIOT CBOM CTaHAapThl, Hanpumep, 60 kM, 80 kM, 120 kM
unu 160 km.

CrangapTHbIid THI pazbéMa st KoHHeKTopa Ha SFP-tpancusepe — LC.

3.3.2.3. OnTnyeckue myabTumiekcopst MUX CWDM small

Onrrnueckuit MYJIbTUILIEKCOP/AEMYIbTUTLIIEKCOP IIpeHa3HA4YECH 1S
CYMMHUPOBaHMS U Pa3JeieHUs ONTHUYECKUX CHUTHAJIOB, TEpeaaBaeMbIX Ha JJIMHAX
BoyiH 1270 — 1610 M mo omHomomoBoMmy (Single Mode) ontudyeckoMy KaOenro.
[Ipubop mpeaHazHayeH sl COBMECTHOM paboThl ¢ TpaHcuBepamu SFP curnanos,
o0pasys 4 unu 8 KaHaJIOB HA 8-M WK 16-TH JIJTMHAX BOJIH B OJHOM BOJIOKHE WJIH JI0
32 KaHAJIOB Ha JBYX BOJIOKHAX.

YcTpolcTBa OTIIMYAKOTCS HU3KUM OTPAXKEHHEM CUTHAJIA, BBICOKOW M3O0JISLIUEH
KaHaJIOB U MalibiIMu notepsiMmu. CWDM MynabTUILIEKCOPHI SIBIISIFOTCS yCTPOMCTBAMU
JIBYHAIIPABJICHHOTO JI€MCTBUS, T.€. MOTYT, KakK pa3ielisiTh, TaK M CMEUIUBATH
ONTUYECKHE CHUTHAJbL. YCTPOWCTBA JOCTYHHBI B PA3JIUYHBIX MCIOJHEHUSX, YTO
MIO3BOJISIET UCIIOJIB30BATh UX B PA3JIMYHBIX CUCTEMAX MEPEAAUH.

B 3aBUCUMOCTH oT MOCTaBJICHHOU 3a/1auu KOH(UTypanus
MyJIbTUIUIEKCOpa/AemynbTrIiLiekcopa (Mux/Demux) ompenensercs mo CieIyrOIIHM
XapaKTEPUCTHKAM:

— JIBYXBOJIOKOHHBIN MyJbTHILIekcop (2 fiber);
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— omHoBoJoKOHHBIH MynbTHILIEKCOD (1 fiber (single fiber) umu bidirectional);

— 4-x wiu 8-MU KaHAIBHBIM MyJbTHUIUIEKCOP (8 wim 16 1aauH BOJH),
paboTaronmii Ha OJTHOM BOJIOKHE;

— 8-Mu wnu 16-TH KaHABHBIN, pabOTaIONIMIA HA ABYX BOJOKHAX;

— MYJIBTHIUICKCOP C ABYMsI «oOummm» (COmMmMOoN) BeIBOAaMH IS peaTd3ailiu
«KOJIBIIEBOI» TOMOJIOTHH;

— st Tononoruit «Touka-Touka» unu «Koiblio» HeoOXoIuMa «momapHasy»
(moptel  TX—RX) KoMIuiekTaiusi MyJbTHILIEKcopoB — Mux/Demux Type |,
Mux/Demux Type II;

— xonuekTopel — FC, SC, LC, ST, FA, SA.

3.3.2.4. OADM monyan

Moy Beona/Beisona (Add/Drop) (OADM) BBILACISAIOT ONPEICIICHHBIC JITTHHBI
BOJIH U3 TIOTOKA (ONTHYECKOU JIMHUN).

OCHOBHBIE CBOICTBA:

— TaCCUBHAasl OITHKA,

— HU3KHE BHOCUMBIE MIOTEPH JJIsl TPAH3UTHBIX KaHAJIOB;

— BBIJICJICHHAS ITTHHA BOJIHBI KOHEYHOMY TIOJIb30BATEIIO.

[Mpunmunuansno  Beimensiorcs OADM  momynu  ofHOKaHajdbHBIE U
nByxkaHanbHbIe (puc. 3.5). X oTiMuue 3aKiIouacTcss B CIOCOOHOCTH MPUHUMATH H
MOJIy4aTh ONTHUYECKUN CUTHAJ OT OJHOTO WJIU JIBYX MYJIbTHILUIEKCOPOB M (PU3NYECKU
OoOyCJIOBIGHO HQJIUYUEM OJHOTO WM JBYX NpUEMO-TIEpEAAONINX OJIOKOB.
CootBercTBeHHO, oaHOKaHanbHBIE OADM Moaynsr wuMeeT OAWH MHPUEMO-
nepenammii 6JI0K U croco0eH padoTaTh TOJBKO C OJHUM MYJIBTHUILIIEKCOPOM (CM.
nanee Torojorusi «Todka ¢ OTBETBICHUSIMU») B «OJHY CTOPOHY». JIByXKaHaJIbHBIM
OADM monayns umeeT Ba MpuEMO-TiepeIalonInX 0JI0ka U criocobeH paboTaTh «B JIBE
CTOPOHBI» C IBYMsI MYJIbTHILIICKCOPAMU/IEMYTbTUTIIIEKCOPAMHU.

AsyxKkaHanbHbii JeyxkaHanbHem
Oprokananbhbi OAHOCTOPOHHIA ABYXCTOPOHHUA
OADM OADM OADM

v
g " & = £ 5 ] -
- = = = -
a2 e s Be &g g s
woO 0o [NS) wo 0
| SWITCH I k,_‘ SWITCH _l |— SWITCH _l
e i Ny s

Puc. 3.5 — Bapuantet OADM monyneit

[Tpuémo-nepenaromuii 610K omHokanamsHoro OADM momynst uMmeer deTwipe
uHTepdeiica:

— Com mopT — moay4YaeT CUTHAJI CO CTOPOHBI MYJIBTUILIEKCOPA,;

— EXpress nopt — nporyckaeT CUrHai Ha APyryue 3JIEMEHThI CHCTEMBI;
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— Add mopt — no6aBiseT B TUHUIO KaHAI HA ONPEACIICHHON JUTMHE BOJIHBI,

— Drop nopt — u3BieKaeT U3 JMHUMU KaHaJ Ha ONpPEACIICHHON JJIMHE BOJIHBI.

OrpanuyeHuid MO MPOTOKOJIAM WM IIMPUHE TOJOCHI TaKUE YCTPONCTBA HE
HMEIOT.

CootBercTBeHHO, nByXKaHaubHBIH OADM  Momyns oOmamaer  AByMs
nononHUTEIbHBIME TopTamu Add u Drop.

B cnywyae wucmonp3oBaHUS ABYXBOJOKOHHOW CHCTEMBI TaK JK€ JTOOABISIOTCS
moptel Com2 u Express2.

Opnokananeueii OADM  monmyne  pabotaeT B mape € OJHUM
SFP-tpancuBepom, nByxkananbHbeii OADM — ¢ aByms SFP-TpancuBepamu
(Type I u Type II)

JlocTonHcTBA:!

— SKOHOMMSI ONTHYECKOTO0 BOJIOKHA — CHUCTEMa CIEKTPAIBHOrO YIJIOTHEHUS
MO3BOJISIET TEpeJaBaTh IO OJHOMY BOJIOKHY JO &8 KaHaJOB C MPOIYCKHOM
CIIOCOOHOCTRIO 710 2,5 I'0uT/Cc Ha KaHa;

— HE3aBUCUMOCTb OT JJICKTPONHUTAHUS — MUTAaHUE HEOOXOJIWMO TOJIBKO IS
AKTUBHOTO 00OpYAOBAHMUS;

— OTCYTCTBHE MPOOIIEM «IaJICHHU», TIepe3arpy30K U Ip.;

— OTCYTCTBHE HEOOXOJUMOCTH OpPTaHM3AIMU MOCTOSIHHOTO JOCTyIa K MecTaM
pa3MemieHus PJIEMEHTOB cUcTeMbl — cyinecTByloT OADM monaynu B MCTIOTHEHUH
JUISL pa3MEIICHUS B ONTUYECKUX My(PTax;

— CHIDKEHUE YPOBHSI BIIMSIHUS «YEJIOBEYECKOro (DaKkTopay — OTCYTCTBUE
AKTUBHBIX KOMITIOHEHTOB, TPEOYIOIINX HACTPOUKH, YIIPABICHUS U TIP.;

— 3HAYUTEIBbHOE CHUXEHHUE CTOMMOCTH BJIAJEHUS — CHIDKCHUE YPOBHS
AKCIUTYaTallMOHHBIX PACXO/IOB;

— OTHOCUTEIIbHO  HEBBICOKAas  CTOMMOCTb, BO3MOXHOCTh  OTKa3za  OT
000pyI0BaHUsl YPOBHS arperaiuu;

— MakKcHUMajbHas JadbHOCTh padoThl cocTaBisieT 80 u 6oJjiee KUIIOMETPOB;

— HE3aBUCUMOCTh OT KJIHUEHTCKUX TMPOTOKOJIOB — Tiepenada A0 18-Tu
HE3aBUCHMBIX CEPBHCOB MO JIBYM IapaM ONTHYECKUX BOJOKOH; MPO3PAYHOCTh AJIS
BCEX MPOTOKOJIOB MEPEIAYN TAHHBIX;

— HaJU4Hhe pPa3UYHBIX BUJOB OOOPYIOBAaHMS [JII MOHTaXa B Pa3IMYHBIX
YCJIOBUSIX: B CTOMKY, B My(pTy, Ha CTEHY.

Texnonorus CWDM nponsneBaer BpeMsi «GKU3HU» CYIIECTBYIOIIMX BOJOKOHHO-
ONTHUYECKUX CEeTed TyTeM UCIOIb30BaHUSI CETKHM 4YacTOT, HE MCIOJIb3yEeMBbIX
TPaAUIIMOHHBIMU MpUEMOoIiepelaTunKaMy. TeXHOJIOrus UHBAPUAHTHA K MPOTOKOJIAM
nepeaayu uHdopmaIm, 4TO MO3BOJIIET  OPraHU30BaThb  Pa3JIUYHbIC
TE€JIEKOMMYHUKAIIMOHHBIE YCITYTHU B OJIHOW TPAHCIIOPTHOM Cperie.

VYBennueHne 4acTOTHOTO PACCTOSIHUS MEXK]ly KaHaJaMU NPUBOJAUT K 3aMETHOMY
CHIKEHHIO CTOMMOCTH AaKTHUBHBIX U MACCHUBHBIX KOMIIOHEHTOB [0 CPAaBHEHUIO C
texnonorueir DWDM — Dense Wavelength Division Multiplexing (miotHoe
CIIEKTPAIbHOE MYJbTUIUIEKCUPOBAHHE C PACCTOSIHUEM MeExay KaHainamu 0,8 HM).
Kpome toro, rpyboe crnekTpaibHOe MYJIbTUILIEKCUPOBAHUE 00ECIIEUUBAET THOKOCTh
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CUCTEMBI Tiepenadyu WH(OpPMAIMU W BO3MOXKHOCTh pealM3allid  Pa3InYHBIX
TOTIOJIOTHUU:

— «Touxka-Toukay (puc. 3.6);
— «Touka-mHOroToune» (puc. 3.7);
— «Komnbuo» (puc. 3.8).

[lo 8 kaHanoB No 1 BONOKHY

| |
| |
o 160km (o 410B6) _,jl L
| |
| |

|
SNR-G‘IWDM-MDM-1OGR-4-A

SNR-SFP-CWDM-X-1470

|
SNR-CWDM-MDM-1 O(‘BR—4-B

|
SNR-SFP-CINDM-X-1610

TDM 10 TDM
STM1/4/16/64/192 | sussrraupuscao 1e00 STM1/4/16/64/192
100MAGMOG Ethernet | siksraumxssio 1210 100M/1G/10G Ethemet
Fibre Channel | swzsrp.cwomxcisa 412 8‘: Fibre Channel

|
|
|
|

Puc. 3.6 — Tonojorus «royka-TouKa
| |
| |
[o 160km (no 4140B) |

|
[lo 8 kaHanoB No 1 BONOKHY

TDM

STM1/4/16/64/192

100M/1G/10G Ethernet

|
|
|
|
\
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-
1=
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 CWDM komnnekc
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SNR-SFP-CWDM-X-1570

o
2
%
3
:
Q
a
[rd
9
3
3
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SNR-SFP-CWDM-X-1610

TDM
STM1/4/16/64/192
100M/1G/10G Ethernet
Fibre Channel

Puc. 3.7 — Tomnomnorus «Touyka-MHOTOTOYKa» (JIOTHUecKas 3Be37a)
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DM SNR-CWDM-OADM-10GR-XX/YY

[o]—1610—
STM1/4/16/64/192 o

100M/1G/10G Ethernet

\
Fibre Channel E 15309
|
|

o 160km (00 4106)
[lo 16 kaHanos no 1 BonokHy B 2 HanpaBneHu
(8 xaHanoB B 0AHOM HaNpaBfeHN U 8 KaHanoB B APYroM)

SNR-CVDM-MDM-10GR-4-A

A\
I
|
rorocramot = O |
14909 ;
100M/1G/10G Ethernet 1 Pt 1 ié ‘lé
| L
| BEALEE
| =22 =
I
|
|
J

TDM| srwser-cuouexson

Fibre Channel

STM1/4/16/64/192 | snses.

.

STM1/4/16/641192 i}
1

o [ =it

Fibre Channel | swesmowonxiso (5
TOM | swweserowonxiso (3

100M/1G/10G Ethernet | swrseec
STM1/4/16/64/192

Puc. 3.8 — TomoJsorus «KOJII)I_[O»/ «TOYKa-MHOTOTOYKa» B 2-X HaIIpaBJICHUAX

[o 4 kananos M4 no 1 BonokHy
+ 1550 CATV kaHan

|
SNR-CWDM-MDM-TV5-4A
|

I
SNR-CWDM-OADM-TV5c-XX/YY

TDM

STM1/4/16/64/192

100M/1G/10G Ethernet

Fibre Channel

CATV

> >
% @ = %
\ CWDM komnnekc g 2 g g |
—— e I % % il g
I B & E -
I g | @ 3 = (I
£ £ ¢ £
' 2 Z 2 2
I e = c 7
: = 2 = = =
| o « < < <
O O ) O

STM1/4/16/64/192
100M/1G/10G Ethernet
Fibre Channel

Puc. 3.9 — Tononorus «Touka-MHOrOTOUYKa» (JOruueckast 38€31a) + KaHall nepesadu
TB curnana (orBeTBieHue Ha kaxaom OADM)
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3.3.3. Ilopsiiok BbINOJHEHUS] PA0OTHI

a) CTeHJ BBIKJIIOYEH.
0) IloaroroBwrTe HEOOXOAUMOE OOOPYAOBAHHUE JIJIsI BHITOJTHCHHS 33 aHUs:

— JBYXBOJIOKOHHBINH SPF-moayns TX 1510 am — 1 mit.;

— JIBYXBOJIOKOHHBIH SPF-moayns TX 1530 um — 1 mit.;

— nAByxBOJIOKOHHBIN SPF-moxyns TX 1550 am — 1 mmt.;

— JIBYXBOJIOKOHHBIH SPF-moayns TX 1570 um — 1 T,

— OITUYECKHUE MaTY-KOP/IbI;

— naty-kopasl RJ-45 — 4 .

B) M3yuute mpumep TOIMOJIOTHH CETH, MPeACTaBIeHHBIN Ha puc. 3.10.

(UTF’ ~14700|
BUTaA
Tx1510 [ napa)
MeamakoHeepTep :1:23: BOJC OADM BOIC OADM
125Gb Exp ‘ ZCom 1530/ Exp O Com 1510/ |Exp

-:5:151(» 1550 1570
157 ot A

o 8 Lo 8
15309 - 2| 5
1550

MepauakoHBepTep | Tx 1550 HMm Tx 1570 UM
"""""""""""""""" : 1550 : 157 Qe i
Tx 1530 HM UTP
(BuTas napa) i MeawakoHsepTep | i MeauakoHsepTep |
125Gb | i 125Gb |

MK M92.168.1.1 ‘ utp uTP
{ (BuTas napa)

Puc. 3.10 — Tonomorus cetu CWDM-OADM-OADM

r) Cobepurte cornacHo puc. 3.11 cxemy cetru CWDM-OADM-OADM.

n) llpenwsiBure coOpaHHyrO cxeMmy ceTd npenoaaBatento. Ilomyuure
paspelleHue ImpenoaaBaresisi Ha BKJIIOUYEeHHE J1a00paTOpHOTO KOMIUIeKca. Bxiounrte
1a60paTOPHBIN KOMIUIEKC.

e) Ilo 3aropaHui0 COOTBETCTBYIOIIMX CBETOJAMOJOB MEIUAKOHBEPTEPOB
IIPOKOHTPOJIMPYUTE MPAaBWIBHOCTh W  HAAEXKHOCTb COCOUHEHUS MEIHBIX W
ONTHYECKHUX MMaTY-KOPJIOB.

) Ha [I9BM 3amyctute Tepmunan Linux.

3) Ilpu momom KoMaHabl PiNg mpoBephTe cO cTopoHbl ceteir [IDBM 1
noctynHocTh ceteil [IDBM 2. Pe3ynbTaThl IpoBepku 3aHecute B Tadd. 3.1.
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MynLTUNNEKCOP ONTHECKHI

COM EXP 1470 1490 1510 1530 1550 1570 1590 1610

OO0 GO0

MynbTHRNEKCOp ONTHYECkii

COM EXP 1470 1490 1510 1530 1550 1570 1590 1610

noogbobobd

Add 3

sc|exm| 1 |=

L |orop | 2
SC | Com | 4

sc | Exp | 1
c |orep | 2
c|agw| s
sc | com | 4

sc|Exp | 1

LC |orep | 2
SC | Com | 4

Lo

:

2

DM

OADM

Renvrens Aen

ONTHYECKNA

x4

onTieckwin sc

uTens

1x4 sC

MORYTb OMTHYECKOTD YANOTHEHMS

Monyne ontuieckoro ynnoThema | LC

192.168.1.1

192.168.0.1 | [ ]cov [

WOM cnnurTep

WDM cnnurtep ; 1921680

10

VICKyCCTBEHHAR NMHIA CBRIM 1

192.168.1.10

MICKyCCTBEHHAR NUHWA CBRIM 2

MCKyCCTBEHHAR NUHKA CBAAM 3

WCKyCOTBEHHAR NUHKA CBAIM 4

Puc. 3.11 — Cxema cetu CWDM-OADM-OADM

Tabmn. 3.1 — PesynbpraTe TecTupoBanus kananoB cetu CWDM-OADM-OADM

Agnpec cepBepa

Azpec KiuenTa _ 192.168.0.1_0 _ 192.168.1.1_0
Ping, Bitrate, Ping, Bitrate,
na/Her I'out/c na/Her ['out/c

192.168.0.1
192.168.1.1

n) [I9BM2 c aapecom 192.168.0.10 3amycTute B peskume ceppepa.

k) Ilo pesynpTaTam usmepenuii B nim. 3) BeiOepute cetb [IDBM1, nns koTopoii
MOJIYYCH TOJ0XKHUTEIbHBIN pe3ynbTaT npoBepku Hamuuus cetu (Ping). Cets [I3BMI1
C JTHUM aJpecoM 3alyCTUTe B _pekuMe KJIHeHTa. JoKauTech pe3yabTaToB
TECTUPOBaHUs KaHaia cBs3u. Pe3ynpTaTsl 3anecute B Ta01. 3.1.

1) II9BM2 ¢ agpecom 192.168.1.10 3anyctrte B pesknMe cepBepa.

M) IloBTOpUTE N3MEPEHUS TTO TII. K).

H) I[lo oxkoHuyanuu wu3MepeHuii BwIKITIOUNTE JlaOOpaTOPHBIA KOMILIEKC,
aKKypaTHO OTKIIOYUTE MaT4-KOpAbl, u3BIekuTe SFP-Momynu, HameHbTe 3armymikw,
npuBenute JIabopaTopHBIN KOMIUIEKC B IIEPBOHAYATIHLHOE COCTOSTHUE.
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3.4. Uccaenoanue cetu ¢ CWDM ymiorHennem B Tomosiorun CWDM-
OADM-OADM-CWDM

3.4.1. 3agaum ucciae10BaHNA:

— WM3yuuts crpykrypy cetu ¢ CWDM ymiornenuem B tomosnoruu CWDM-
OADM-OADM-CWDM u npoBecTu €€ TeCTUpOBaHHUE.

3.4.2. IlopsiioK BBINOJHEHUS] PA0OTHI

a) CreHJ BBIKJIIOYEH.

0) IloaroroBnrTe HEOOXOMUMOE OOOPYAOBAHHUE /IJISI BHITOJTHCHHS 3 JaHUS:
— nByxBoJIOKOHHBIN SPF-moayns TX 1510 amM — 1 mt.;

— JBYXBOJIOKOHHBIH SPF-moayns TX 1530 um — 1 mit.;

— JIBYXBOJIOKOHHBIH SPF-Moayns TX 1550 am — 1 mit.;

— 1BYXBOJOKOHHBIA SPF-Momyns TX 1570 am — 1 mT.,

— ONTHYECKHUE TMaTI-KOPIbI;

— mat4d-kopabl RJ-45 — 4 mir.

B) W3yuuTe mpumep TOMOJOTUM CETHU, TPEACTABICHHBIN Ha puc. 3.12.

MK § 192.168.1.1

UTP NN,
(sutan  ~1470» 1470w UTP
Tx 1510 HM| napa) 41610+
14900
Mem;a;xzprep el Y BOﬂCﬁ QADMH BQ.HC-—OND.M-
' _ - Oeonf 1530/ ee() | Y530/
e 151 O P 155‘0 Bl 1550
e 1570 e —
......... g“ 81( g
=/ N [ee]
- -1550—7
- ’ 5
Meaw: on!E‘b‘re; « M
1,25Gb Tx 15SQ HM : : : em«ﬁ;gu(:;zprepf
1530 | e B B s
(BuTas napa) : (BuTas napa)
™ [21es01] [ | L

192.168.0.10] 'K K

Puc. 3.12 — Tonomxorust cetru CWDM-OADM-OADM-CWDM

r) CobGepure cornacto puc. 3.13 cxemy cetu CWDM-OADM-OADM-CWDM.

n) IlpenwsiBuTe coOpaHHYyIO CcXeMy ceTu mpenogaBatento. [lomyuute
paspeleHne mpernoaaBarelis Ha BKIIOUEeHHE J1a00paTopHOTO KOMIUIeKca. BxmounTte
J1a00paTOPHBIN KOMILIEKC.

e) Ilo 3aropaHuio COOTBETCTBYIOIIMX CBETOAHMOIOB MEINAKOHBEPTEPOB
MPOKOHTPOIMPYUTE TMPABWIBHOCTh W  HAAEKHOCTh COCAMHEHUS MEAHBIX U
ONITUYECKUX MaTY-KOPIOB.

k) Ha [I9BM 3amyctute Tepmunan Linux.

3) Ilpm momomm koMmMaHabl PiNg mpoBepsTe co cTOpoHBI ceteir [IDBM 1
noctynHocTh ceteid [I9BM 2. Pe3ynbraThl mpoBepku 3anecute B Ta0d. 3.2.
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MynbTHnnescop ontueckmit

COM EXP 1470 1480 1510 1530 1550 1570 1580 1610

00000

192.168.0.1

n3sm1

My”isTMNNIEKCOp OnTHHeCKMit

COM EXP 1470 1480 1510 1530 1550 1570 1580 1610

poooyoopod

]

. I
M ElEL R el o] = MRl EL B
S1ENE[E] (&) &)\ B8 [E]8) 8]
HEEE A E B E] HEEE
OADM OADM OADM
192.168.1.1
1 IN |sc sC 1
2 outl |SC SC 2
Aenurens Renurens

3| outz |sc onmimecki onmsecknit sC 3

o | o |sc T et sc ]

5 outd |[SC SC 5
o | 1o | L€ Lc 6 |
T 15;0 ? MOLYNL ONTHMESKOTD yRNOTHEHMS MOy ONTUNECKOTD YNAOTHEHMS E T

8 | com |sc sC 8

9 | 1550 |scC sC Q

10 113]3%’ sC WDM cnnuttep WDM cnaurTep sC 1&:}%’ 10 I.I 3 BM 2
[ [ com [sc [sc| com [11]

12 sC WMckyocTeHHan Nieins candn 1 sC 12

13 sC VickycCTBeHHER NisMA CBRIN 2 sC 13

14 sC WckyccTeeHHan Nwina canm 3 sC 14

15 sC VicryccTaerman nvwimn casian 4 Lex 15

16 Lc VICKYCCTBEHHAR NIA CBAIN 5 Lc 16

7 Lc MickyccTaensan niwma cansm 6 Lc 7

18 Lc VickyccTeennan nvna canan 7 Lc 18

19 Lc McxyccTBeHHaR NiHWA CBAK 8 Lc 19

lznl
L

[=7]

MickyccTaensan N casan 8

[=7]

Izo'
i

[=] [ee]

Vickyccraenian nimin casan 10

|FCI |z1|

Puc. 3.13 — Cxema cetru CWDM-OADM-OADM-CWDM

Tabmn. 3.2 — Pesynwsratel TectupoBanus kanaios cetu CWDM-OADM-OADM-

CWDM
AJlpec cepBepa
Azipec KiueHTa _ 192.168.0.1_0 _ 192.168.1.1_0
Ping, Bitrate, Ping, Bitrate,
na/HeT ['out/c na/HeT ['out/c
192.168.0.1
192.168.1.1

u) [I9BM2 c agpecom 192.168.0.10 3amycTute B peskume cepBepa.

k) Ilo pesynbTaram m3Mepenwuii B mi. 3) BeiOepure cetb [IDBM1, ans koropoit
MOJIYYCH TOJ0XKHUTEIbHBIN pe3ybTaT nmpoBepku Haauuus cetu (ping). Cers [I13BMI1
C OTUM aJ[pecoM 3allyCTUTE B__pexuMe KJHeHTa. JloxauTech pe3ysibTaToB

TECTUPOBaHUs KaHaia CBs3u. Pe3ynbTaThl 3aHecuTe B Ta01. 3.2.
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1) II9BM2 ¢ agpecom 192.168.1.10 3anyctute B pesknMe cepBepa.

M) IloBTOopuTe M3MEpEHUsI MO IIII. K).

H) Ilo oxkoHYaHuM wu3MepeHUil BbIKIIOUNTEe JlabopaTOpHBIE KOMILIEKC,
aKKypaTHO OTKJIIOUUTE MaT4Y-KOPJbl, U3BIekuTe SFP-Monynu, HaieHbTe 3ariyiiki,
npuBeauTe JlabopaTopHbIN KOMIUJIEKC B IEPBOHAYAIEHOE COCTOSIHHUE.

3.5. UccaenoBanue cetu ¢ TDM ymioTHeHnem

3.5.1. 3agauu ucciae10BaHNA:
— W3yuute cTpykrypy cetu ¢ [DM ymiotHenmemM wu nmpoBecTH €€
TECTUPOBAHHUE.

3.5.2. TeopeTuyeckue cBeieHUSA
3.5.2.1. MeToabl MYJbTHIJIEKCHPOBAHHS] B MHOTOKAHAIBHBIX CHCTEMAX

MynbTUILIEKCUPOBAHUE — TPOIIECC YIJIOTHEHHS U TIepeaur JByX WiH Oosee
CUTHAJIOB (KaHAJOB) 4Yepe3 OJAMH MU TOT Ke TpakT ((PU3MYEeCKyr JMHHUI0) 0e3
B3aMMHOTO BIUSIHUA. DTO JOCTUTAaeTCA pa3/ieIeHUEM CUTHAJIOB BO BPEMEHU WM TIO
4acToTe, WIM C MOMOIIBI0 KOJAUPOBAHUS CUTHANIA TaKUM O0pa3oM, 4TOOBI €ro MOT
NPUHAMATH TOJBKO Ha3HAYCHHBIN ITOJTy9aTeIh.

B Hacrosimiee BpeMs Uil MyJIbTHIUIEKCUPOBAHHS aOOHEHTCKHUX KaHAJIOB
WCTIONIB3YIOTCS IBE TEXHUKU:

— TEXHHWKAa 4YacTOTHOro MynbTHILickcupoBanus  (Frequency  Division
Multiplexing, FDM);

— TEXHHKa MYJIBTHUIUICKCHPOBAaHUs C pasneiieHueM Bpemenu (Time Division
Multiplexing, TDM).

3.5.2.1.1. KommyTtanus KaHAJIOB Ha OCHOBe YaCTOTHOTO
MYJIbTHILIEKCHPOBAHUS

Texnuka YacTOTHOrO MyJbTUIUIEKCHpOoBaHus kanamoB (FDM)  Obuia
pa3zpaboTaHa ais Tene(OHHBIX CEeTeil, HO MPUMEHSIETCS OHa W ISl JPYIMX BHUIOB
ceTel, HapuMep ceTeil KabeIbHOTrO TeJICBUACHUS.

Hnsa pasneneHus aOOHEHTCKMX KaHAJOB XapaKTepHa TEXHUKA MOIYJISIIUU
BBICOKOYACTOTHOTO  HECYIIETO CHHYCOMJAIBHOTO CHTHAJTa HU3KOYaCTOTHBIM
pedeBbIM curHajioM (puc. 3.14).

Puc. 3.14 — Moaynsiusi BRICOKOYaCTOTHOM HECYIIEH peueBbIM CUTHAIIOM

B pesynprare crekTtp MOAYJIMPOBAHHOTO CHUTHAJIA MEPEHOCUTCS B JIPYTrOu
JAana3oH, KOTOPbI CUMMETPUYHO PACIIOIAraeTCcsi OTHOCUTEIIBHO HECYIIEH YaCTOThI
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U WMEET HIMPHUHY, MPUONM3UTEIHLHO COBMAJAIONIYI0 C IMIUPUHON MOMYIUPYIOIIETO
CUTHAJIA.

Ecnu curnansl kaxaoro abOHEHTCKOTO KaHajla MePEeHECTH B CBOM COOCTBEHHBIIM
JMana3oH 4acToT, TO B OJHOM IIMPOKOIIOJOCHOM KAaHAJIE MOXHO OJHOBPEMEHHO
nepenaBaTh CUTHANbI HECKOJIBKUX a00OHEHTCKUX KaHaJIOB.

Ha Bxoapt FDM-koMMyTaTOpa MOCTYMAalOT UCXOAHBIE CUTHAIBI OT a0OHEHTOB
TenedoHHOW ceTr. KoMMyTaTop BBITIOJIHSET MEPEHOC YaCTOThl Ka)JIOro KaHaja B
cBOM nmamna3oH 4acToT. OOBIYHO BBICOKOYACTOTHBIN JAMANa30H JCIUTCS Ha TOJIOCHI,

KOTOpBIC  OTBOAATCS  JUIA  Iepeiadyd  JaHHBIX ~ aOOHEHTCKUX  KaHaJIOB
(puc. 3.15).

>
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Puc. 315 —_— KOMMYTaHI/IH Ha OCHOBC YaCTOTHOI'O YINIOTHCHUA

UTtoObl HHM3KOYACTOTHBIE COCTABJISIONIME CHUTHAJIOB pPa3HBIX KaHAJOB HE
CMEIIUBAIUCHL MEXIY COO00M, Mmojockl AenatoT mupuHoit B 4 kI, a ve B 3,1 kI,
OCTaBJISII MEXIYy HUMHU CTpaxoBoM mpomexyTok B 900 ['. B xaHane mexay aByMs
FDM-koMmMmyTaTopamMu OJHOBPEMEHHO TMEPENAIOTCS CUTHAJIbl BCEX aOOHEHTCKHUX
KAaHAJIOB, HO KaXX/IbI U3 HUX 3aHUMAET CBOIO MOJIOCY YacToT. Takoi KaHall Ha3bIBAIOT
YIJIOTHEHHBIM.

Boixonnoit FDM-komMyTaTop BbIIENSET MOIYJIMPOBAHHBIE CUTHAJBI KaXKIOM
HECYIIIEM YacTOThl M MEPEAAcT WX Ha COOTBETCTBYIOIIMM BBIXOJHOM KaHal, K
KOTOPOMY HETIOCPEACTBEHHO MOJKIII0OUEH aOOHEHTCKUH Tene]oH.

B cersx Ha ocHoBe FDM-koMMmyTanuy MpUHSATO HECKOJIBKO YPOBHEH HEepapXuu
YIUIOTHEHHBIX KAHAJIOB. [TepBblii YPOBEHb YIUIOTHEHUS o0Opa3yroT
12 abOHEHTCKMX KaHaJOB, KOTOPHIE COCTAaBJISIOT Oa30ByI0 TPYIITy KaHAJOB,
3aHUMAIOLIYI0 N0JIOCY YacToT mupuHOM B 48 k' ¢ rpannnamu ot 60 no 108 kI'm.
Brtopoii ypoBeHb yrioTHeHHsT 00pa3yiloT 5 0a30BBIX TPYII, KOTOPHIE COCTABISIOT
cyneprpynny, ¢ mnojsioco dactor mupuHod B 240 xl'nm m rpanumamu ot 312 mo
552 xI'u. Cyneprpynna nepeaaeT aaHHblie 60 aOOHEHTCKMX KaHAJIOB TOHAJIBHOU
yacToThl. Jlecarb cyneprpynn oOpa3yloT TUIaBHYIO TpyMIy, KOTOpas HCHOJIb3YyeTcCs
JUISL CBSI3W MEX]y KOMMYTaropamMu Ha OOJbIIMX paccTosHusAX. [nmaBHas rpymmna
nepeaaét nanubie 600 abOHEHTOB OJTHOBPEMEHHO M TPeOyeT OT KaHajla CBSI3U MOJIOCY
nponyckaHus mupuHor He meHee 2520 kI’ ¢ rpanunamu ot 564 no 3084 kI 1.

KommyTtaTopst FDM MoryT BEITIONHATE Kak IMHAMUYECKYIO, TaK U MTOCTOSHHYIO
KoMMmyTanuoo. [lpum guHaMUYecKOoW KOMMYTalMM OJAWH a0OHEHT WHUIIUHAPYET
COEMHEHHE C APYTUM aOOHEHTOM, MOChUIas B CETh HOMEP BBI3bIBAEMOT0 a0OHEHTA.
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KoMMyTaTtop IWHAMUYECKH BBIICISCT JaHHOMY a0OHEHTY OJHY W3 CBOOOJHBIX
MI0JIOC CBOETO YIUIOTHEHHOTO KaHama. [Ipu MoCTOSHHON KOMMyTaIiu 3a aODOHEHTOM
nojioca B 4 kI'11 3aKkperuisieTcss Ha UTUTENBHBIA CPOK IMyTEM HACTPOMKH KOMMYTaTOpa
10 OT/ICJTLHOMY BXOY, HEIOCTYITHOMY TIOJTb30BaTEIISIM.

[TpyHIMIT KOMMYTAITUU HA OCHOBE pa3IeJICHHUs 9acTOT OCTA&TCs HEM3MEHHBIM U
B CETSAX JIPYrOro BHJIA, MEHSIOTCS TOJBLKO TPAHUIIBI ITOJIOC, BBIACISIEMBIX OTACIEHOMY
aOOHEHTCKOMY KaHaly, a TakKe KOJMYEeCTBO HH3KOCKOPOCTHBIX KaHAJIOB B
YILIOTHEHHOM BBICOKOCKOPOCTHOM.

3.5.2.1.2. KommyTanusi KaHAJIOB HA OCHOBe pPa3/ieJieHUusl BpeMeHH

KoMMyTanuss Ha OCHOBE TEXHHKH pa3JelieHHus YacTOoT pa3padarbiBaiach B
pacuére Ha Tiepenady HENPEPHIBHBIX CHTHAJIOB, NPEICTABISIONIMX royioc. Ilpu
nepexoze K mudpoBoi ¢GopMe MpeAcTaBiIeHUs rojioca Oblia pa3paboTaHa HOBas
TEXHHKA MYJbTUIUICKCUPOBAHUS, OPUCHTHPYIOMIAsCS Ha JIWCKPETHBIA XapakTep
nepelaBaeMbIX JTaHHBIX.

OTa TeXHUKAa HOCHT Ha3BaHHWE MYJbTUIUICKCUPOBAHUS C pa3JeICHUEM BPEMCHH
(Time Division Multiplexing, TDM). Pexxe ucnosnb3yercss u apyroe e€ Ha3BaHUE —
TEXHUKa CHHXPOHHOTO pexuMa repenaun (Synchronous Transfer Mode, STM). Puc.
3.16 mosicHSIeT MPUHITUIT KOMMYTAIIMU KaHAJIOB HA OCHOBE TeXHHUKU T DM.

3anuce Yreume

NLE

Puc. 3.16 — KoMMmyTaiusi Ha OCHOBE pa3/ielieHUs KaHajla BO BPEMEHH

Anmnaparypa TDM-cereit — MYJIbTHILIEKCOPBI, KOMMYTAaTOPBHlI,
JIEMYJIbTUTIEKCOPBI — pabOTaeT B PEXHUME Pa3AelICHUs BPEMEHH, MO0YEPETHO
oOcnmykuBasi B TEUCHHME IMKJIA CBOEH pabOThl Bce a0OHEHTCKME KaHambl. [{uki
pabotel obopynoBanus TDM paBen 125 MKc, 49TO COOTBETCTBYET NEPHOIY
CJIEIOBaHUS 3aMEPOB royioca B NU(PpPOBOM aOOHEHTCKOM KaHaje. DTO 3HAYHT, YTO
MYJIBTHIUICKCOP WJIM KOMMYTaToOp yCIEBaeT BOBpPeMs OOCITYKUThb JHOOOM
a0OHEHTCKUI KaHaJl M TepelaTh ero odepeaHoi 3amep nanee mo cetu. Kaxmomy
COCIMHCHHUIO BBIJICIIACTCS OJWMH KBAHT BPEMEHHM IMKJIa pabOTHl amnmapaTypbl,
HA3bIBAEMbIA TaKX€ TalM-CIOTOM. J[JINTEIBHOCTH TaWM-CIIOTA 3aBUCHUT OT YHUCIIA
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aOOHEHTCKMX  KaHaJIOB, OOCITY)KMBaeMbIX  MynbTUIDIEKCOpoM DM wnm
KOMMYTaTOpPOM.

MynbTumiekcop npuHuMaeT HHpopManuio 1o N BXOJHBIM KaHallaM OT
KOHEYHBIX a0OHEHTOB, KAXKIbI M3 KOTOPHIX MepefaéT NaHHbIE MO aOOHEHTCKOMY
KaHamy co ckopocTbio 64 Kout/c — 1 Galt kaxasie 125 Mkc. B xaxkmom 1ukie
MYJIbTUILJIEKCOP BBIMOJHSET CIEAYIOUUE ACHCTBUS:

— MIpHUEM OT KaXKJI0T0 KaHalla ouepeaHoro 0aiTa JaHHBIX;

— COCTaBJICHUE W3 MPUHATHIX OAaMTOB YIUIOTHEHHOTO Kajapa, Ha3bIBAEMOIO
TaKXe 000HMOIi;

— - TIepejady YIUIOTHEHHOTO KaJpa Ha BBIXOJHOW KaHal ¢ OUTOBOM
CKOpOCThI0, paBHOM N-64 Kout/c.

[Topsimok OalT B 000¥ME COOTBETCTBYET HOMEPY BXOJIHOTO KaHajia, OT KOTOPOIo
3TOT OalT mosydeH. KonnuecTBo 00CTyKMBAEMBIX MYJIbTHUILIEKCOPOM aOOHEHTCKUX
KaHAJIOB 3aBUCUT OT ero ObicTponeicTBud. Hampumep, Mynbruruiekcop 71,
MPEACTABIISIIONINI OO0 MEePBbIN MPOMBILUICHHBIA MYJIbTUILIEKCOP, pa0OTABIIMM 11O
texHosorun DM, nmognepxxuBaer 24 BXOJAHBIX a0OHEHTCKUX KaHalla, CO3/laBasi Ha
BbIXOJIe 000MMBI cTanaapta 71, nepegaBaeMble ¢ OUTOBOM ckopocThio 1,544 Mourt/c.

JIeMyIbTUIIIIEKCOP BBIMOJHIET OOpAaTHYIO 3ajady — OH pa30oupaeT OalThbl
VIUIOTHEHHOTO KaJipa U pacCOpeNesiieT MX IO CBOUM HECKOJBKUM BBIXOJIHBIM
KaHajlaM, TpU O5TOM OH CYUTaeT, YTO TOPAIKOBBIH HOMep Oailita B 00OoiMe
COOTBETCTBYET HOMEPY BBIXOJIHOT'O KaHaJja.

KommyTaTop mpuHUMaeTr YyIUIOTHEHHBIM KaJp IO CKOPOCTHOMY KaHaly OT
MYJIBTUILIEKCOPA U 3alUCBHIBACT KaXblii OalT U3 HEro B OTNEIbHYIO SYCHKY CBOEH
OydepHOI maMsaTH, MPUYEM B TOM TMOPSAAKE, B KOTOPOM 3TH OalThl ObUIH yIIaKOBaHBI
B yIUIOTHEHHBIM Kaap. JIis BBINOJIHEHWS oOINepanud KOMMYTAllud  OaiThl
M3BJIEKAIOTCS U3 Oy(epHOI MaMsTH HE B MOPSIAKE MOCTYIUICHUS, @ B TAKOM TOPSIJIKE,
KOTOPBIM COOTBETCTBYET MOJJICPKUBAEMBIM B CETH COCIUHEHUSIM aOOHEHTOB. Tak,
HanpuMep, €clid TEpBbI a0OHEHT JIEBOM YacTH CETH JOJKEH COCTUHUTHCS CO
BTOPbIM a0OHEHTOM B IPABOM YaCTU CETH, TO OANT, 3aIMCAHHBIN B MEPBYIO SYEHKY
OydepHoil mamsiTu, OyaeT u3BIEKaThCs U3 HEE BTOphIM. «llepemernuBasy HYKXKHBIM
oOpa3om OaifTel B 000HMe, KOMMYTAaTOp OOECIEUYMBAET COCIAMHEHUE KOHEUYHBIX
a0OHEHTOB B CETH.

OnHaxxapl BBIJECTICHHBIA HOMEpP TalWM-CIIOTa OCTA€TCs B  PaACIOPSIKEHUH
COCMHEHUS «BXOJHOM KaHaJI-BBIXOJHOM CJIIOT» B TEUEHHE BCEr0 BpPEMEHHU
CYIIIECTBOBAHMS ATOTO COCAMHEHUS, JaKE €CIU TepeaaBacMblii Tpaduk SBIsSETCS
MyJIbCUPYIOITUM U HE BCera TpeOyeT 3aXBa4€HHOTO KOJUYECTBA TallM-CIOTOB. DTO
O3Ha4aeT, 4YTO coeauHeHue B cerd [DM Bcerma o0jamaer U3BECTHOH U
(UKCHUPOBaHHOMN NIPOITYCKHOM CIIOCOOHOCTHIO, KpaTHOU 64 Kout/c.

Pabota oOopynoBanuss TDM HamomuHaer paboTy ceTeil ¢ KOMMYyTalMeu
MAaKETOB, TaK KaK KaXXbIi 0alT JaHHBIX MOXKHO CUMTATh HEKOTOPHIM 3JIEMEHTapPHBIM
naketoM. OHAKO, B OTJIMYKE OT MaKeTa KOMIBIOTEPHOU CEeTH, «IakeT» ceTu DM He
UMEET WHIMBHUAYaJbHOTO ajpeca. Ero ampecoMm sBiseTcs MOPSIKOBBIM HOMEp B
000iMe MJIM HOMEP BBIJICJICHHOTO TalM-CJI0Ta B MYJIbTUILIEKCOPE WJIM KOMMYTATOPE.
Cetn, wucnonb3yrome TexHUKYy [DM, TpeOyroT cuHXpOHHOW pPabOTHI BCEro
000pyIOBaHUs, YTO U OMPENEIUIO BTOPOE HA3BAHUE ITOM TEXHUKU — CUHXPOHHBIN
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pexum mepemad  (STM). Hapymienne CHHXpOHHOCTH paspymiaeT TpeOyemyro
KOMMYyTaIuio a0OHEHTOB, TaK KakK IMpU ATOM TepseTcs aapecHas HH(POpMAIHs.
[TosToMy mepepacnpesieieHie TalM-CIOTOB MEXKIy pa3IMYHbIMU KaHallaMd B
obopynoBanun DM HeBO3MOXKHO, JaXe €ClIM B KaKOM-TO IIMKJIE pabOThI
MYJIbTUILIEKCOPA TakM-CJIOT OJTHOTO U3 KaHAJIOB OKa3bIBAE€TCA U30BITOYHBIM, TaK Kak
Ha BXOJIe ATOr0 KaHajga B 3TOT MOMEHT HET JaHHBIX IJis Tepeaaud (Hampumep,
a00HEHT TeeOHHOM CETH MOIYHMT).

CymectByer momudukamus TexHukd [DM, Ha3zpiBaeMas CTaTHCTUYECKUM
pasneiieHneM KaHasia Bo Bpemenu (Statistical TDM, STDM). Dra TexHHKa
pa3paboTaHa CEeNHAIBHO ISl TOTO, YTOOBI C IIOMOIIBI0 BPEMEHHO CBOOOIHBIX TailiM-
CIIOTOB OJHOTO KaHalla MOXXHO OBIJIO YBEJIMYUTH TMPOMYCKHYIO CIIOCOOHOCTH
OCTAJIbHBIX. J[7151 pemennst 3Toi 3a1aun KaKIbli OAlT MaHHBIX JOMOIHACTCS TMOJIEM
agpeca HEOONBIION JJWMHBI, HampumMep B 4 wuiu S5 OUT, UYTO TO3BOJISET
MyJbTUIUIEKCHpoBaTh 16 wim 32 kanama. Opnako Ttexuuka STDM He Hamuia
MIUPOKOTO TMPUMEHEHUS U HCIOJb3YeTCs B OCHOBHOM B HECTaHJAPTHOM
000pyJIOBaHUU TOAKIIOYEHUSI TEPMUHAIOB K MdHH(ppeiimam. PasButueM wuuei
CTATUCTUYECKOTO MYJIbTUIJIEKCUPOBAHUS CTaja TEXHOJIOTHSI aCHHXPOHHOTO peKruMa
nepenaun — ATM, xotopast BoOpasia B ceOsl JIydIllIre 4epThl TEXHUKH KOMMYTAIlUU
KaHAJIOB U TIAKETOB.

Ceru TDM wmoryT noajepXuBaTh JUOO PEKUM JMHAMHYECKOW KOMMYTAIIHH,
00 pPEeXKUM TIOCTOSHHOW KOMMYTAaIlid, a WHOrga W o0a 3T pexkmma. Tak,
HaIlpuMep, OCHOBHBIM PEXUMOM LHU(PPOBBIX TEIEPOHHBIX CETEH, pabOTaIUX Ha
ocHOBe TexHosioruu DM, sBragercs pauHaMuueckas KOMMYTallus, HO OHHU
MOICP)KUBAIOT TAaKKE MW TIOCTOSHHYIO KOMMYTAIMIO, TIPEIOCTABIISAS CBOUM
a0OHEHTaM CITy>KOy BbIJICJIEHHBIX KaHAJIOB.

CymecTByeT anmaparypa, KoTopas MOIACPKUBACT TOIbKO PEXUM MOCTOSTHHOU
kommyTanmd. K Hell oTHocuTcs oOopymoBanwe Ttuma [1/E1, a Taxke
BBICOKOCKOpOCTHOEe obopynoBanue SDH. Takoe o6opynoBanue HCHONb3yeTCs s
MOCTPOCHUSI TIEPBUYHBIX CETEH, OCHOBHOW (PYHKIIMEH KOTOPBIX SBIISETCS CO3/IaHUE
BBIJICJICHHBIX KaHAJIOB MEXIY KOMMYTAaTOpamMH, MOIIEPKUBAIOITUMHU TUHAMUYECKYIO
KOMMYTAITHIO.

CeromHsi IpaKkTUYECKU BCE JAHHBIE — TOJIOC, U300paKEHHE, KOMIIBIOTEPHBIC
JIaHHbIE — TiepenarTcs B 1udposoit popme. [TosTomy BoineneHHbie kaHaiasl [ DM-
TEXHOJIOTHH, KOTOPBIC OOCCICUYMBAIOT HIDKHHUHA YPOBEHBb JUIS Tepenadd MU(pOBBIX
JAHHBIX, SBISIIOTCS YHHUBEPCATbHBIMU KaHAJIAMHM IS TOCTPOCHHUS CETEH JIF0OOTO
TUTIA: TeICHOHHBIX, TEIICBU3NOHHBIX M KOMITLIOTCPHBIX.



52

3.5.2.1.3. O6urue cBoiicTBa ceTell ¢ KOMMYyTalel KaHAJIOB

Cern ¢ xommyTanuell KaHaloB 00JaJal0T HECKOJIbKMMHU Ba)XHbIMU OOLIMMHU
CBOMCTBAMM HE3aBUCHMO OT TOr0, KakOM THUIl MYJIbTHUIUIEKCUPOBaHUS B HHUX
UCIIOJIb3YETCS.

Cern ¢ IUHaAMHMUYECKON KOMMYTAlMell TpeOyroT MpeaBapUTENbHON MPOLETypHhI
YCTaHOBJIEHHSI COEIMHEHUS MEXIy aOoHeHTaMu. J{J1s 3Toro B ceTh nepenaéres ajapec
BBI3bIBAEMOI0 A0OHEHTA, KOTOPBIM IMPOXOAUT Yepe3 KOMMYTATOPbl U HACTPauBaeT UX
Ha TOCIHEAYIOIIYI0 Iepeaady JaHHbIX. 3alpoc Ha YCTAHOBJIEHUE COEIUHEHUS
MapuIpyTHU3UpPYyeTCsl OT OAHOTO KOMMYyTAaropa K JpyroMy M B KOHLE KOHIIOB
JNOCTUraeT BbI3bIBaEMOro aboHeHTa. CeTb MOXKET OTKa3aTh B YCTaHOBJICHHH
COEIMHEHHUS, €clii EMKOCTh TPEOYeMOro BBIXOJHOIO KaHajna yxe ucuepnana. Jis
FDM-kommyTaropa €MKOCTh BBIXOAHOTO KaHajla paBHA KOJIMYECTBY YacCTOTHBIX
MOJIOC 3TOro KaHamna, a i | DM-komMyTratopa — KOJIMYECTBY TalM-CIOTOB, Ha
KOTOpBIE JAETUTCS LUK paboThl KaHasma. CeTb OTKA3bIBA€T B COEIMHEHUU TAKXKE B
TOM Cllydae, €CIHM 3alpalirBacMblii aOOHEHT YK€ YCTaHOBWJI COEIUHEHHE C KeM-
HUOYAb ApyruM. B nepBom citydae roBopsT, 4TO 3aHIT KOMMYTaTOp, @ BO BTOPOM —
aboHeHT. BO3MOXHOCTh OTKa3a B COEIMHEHUU SIBISIETCS HEJAOCTATKOM MeETojia
KOMMYTalM1 KaHAJIOB.

Eciu coeauHeHne MOXeT OBbITh YCTAHOBJIEHO, TO €My BBbIAEISETCS
¢dukcupoBanHas nojoca yactor B FDM-ceTsix win ke hukcupoBaHHasi MpOMyCcKHas
cnocoOHOCTh B TDM-ceTsix. DTH BeIMYMHBI OCTAIOTCS HEU3MEHHBIMH B TEUECHHE
BCEro Iepuoja coeluHeHus. [‘apaHTHpoBaHHAs MPOIMYCKHAas CIHOCOOHOCTh CETH
MIOCJI€ YCTAHOBJICHUSI COEIMHEHUS SBIISIETCS] BAXKHBIM CBOMCTBOM, HEOOXOJUMBIM IS
TaKMX TMPWIOKEHUH, Kak TMepegaya Troyioca, H300paKEHUS WM  yIpPaBIICHUS
o0beKTaMH B peanbHOM MaciiTade BpeMeHu. OJHAaKO IWHAMHUYECKH W3MEHSTh
MPOMYCKHYIO CIIOCOOHOCTh KaHajia Mo TPeOOBAaHWIO a0OHEHTa CETH ¢ KOMMYTallueu
KaHaJOB HE MOTYT, YTO JielaeT UX Hed(P(EKTUBHBIMU B YCIOBUSAX IMYyJIbCUPYIOLIETO
Tpaduka.

Henmocrarkom cerei ¢ KOMMyTanued KaHAJIOB SBJISETCA HEBO3MOKHOCTH
NPUMEHEHUs MOJIb30BaTENIbCKON ammapaTypbl, padoTarouieil ¢ pa3Hoil CKOPOCTHIO.
OTnenpHBIE YaCTU COCTABHOIO KaHaia pabOTal0T ¢ OAMHAKOBOM CKOPOCTBIO, TaK Kak
CeTH ¢ KOMMYyTalluel KaHajaoB He Oy(epHu3yroT JaHHBIE MT0JIb30BATENICH.

Cern c KOMMyTalMeW KaHAJOB XOPOILIO MPHUCIOCOOJIEHBI Al KOMMYTAlUU
NOTOKOB JaHHBIX MOCTOSTHHOM CKOPOCTH, KOTJIa €IMHULIEH KOMMYTAI[UU SIBJISIETCS HE
OTHENbHBIM OalT WM TNaKeT NaHHBIX, a JOJTOBPEMEHHBIH CHHXPOHHBIA IOTOK
JAHHBIX MEXIy IByMs aOoHeHTamu. {711 TakuMx MOTOKOB CETH C KOMMYTalueu
KaHAJIOB J00aBISIOT MHHUMYM CIy>KeOHOM uHGpOpMaIMU A MapHipyTH3aluu
JAHHBIX 4Yepe3 CEeTh, HCIOIb3Ys BPEMEHHYIO MO3UIMIO KaXJO0ro OWTa MOTOKa B
KauyecTBE €ro ajgpeca Ha3HAYEHUsI B KOMMYTaTOpax CeTH
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3.5.3. Ilopsiiok BbINOJHEHUS] PA0OTHI

a) CTeHJ BBIKJIIOYEH.
0) IloaroroBwrTe HEOOXOAUMOE OOOPYAOBAHHUE JIUIS BHITOJTHCHHS 33 aHU:

— SPF-mopaynb 2,5 I'6ut/c — 2 mit.;

— JIBYXBOJIOKOHHBIN SPF-moayns 1,25 I'out/c, TX 1570 aM — 1 1miT.;
— nAByxBoOJIOKOHHBIN SPF-monyns 1,25 I'out/c, TX 1510 aM — 1 mT.;
— oaHOBOJOKOHHBIN SPF-Monyns 1,25 I'6ut/c — 2 mit.;

— SPF-Moxaynb ¢ unrepdericom RJ-45 — 2 mit.;

— ONTHYECKHE MaTd-KOPIbI;

— naty-kopasl RJ-45 — 4 .

B) HM3yuuTe mpuMep TOMOJIOTHHU CETH, IIPEACTaBICHHbBIN Ha puc. 3.17.

192.168.0.1 192.168.0.10
MNnK MK
UTP UTpP
(BuTas napa) (BuTas napa)
MeawnakoHeepTep .
1,25 Gb BOHC§ MeawakoHBepTep 2,5 Gb BONC MegwnakonsepTep 2,5 Gb
MeguakoHsepTep -
1,25 Gb
UTP
uTp (suTtas napa)
_________ .(BuTas napa)
MK [1922681] (Szmeero] MK

Puc. 3.17 — Tononorus cetu ¢ TDM yniotHeHuem

r) Cobepurte cornacHo puc. 3.18 cxemy cetu ¢ TDM ynnoTHeHueM.

n) llpenwsiBure coOpaHHylO cxeMmy ceTd mnpenogaBatento. I[lomyuurte
paspeleHne mpenoaaBarelis Ha BKIIOUEeHHE J1a00paTopHOTO KOMIUIeKca. BximounTte
J1a00paTOPHBIN KOMILIEKC.

e) Ilo 3aropaHuio COOTBETCTBYIOUIMX CBETOAMOJOB MEIMAKOHBEPTEPOB
MPOKOHTPOJIMPYWTE MPAaBWIBHOCTh M  HAAEKHOCTH COCAMHEHHUS MEIHBIX H
ONTUYECKUX MaTY-KOPAOB.

) Ha [I9BM 3amyctute Tepmunan Linux.

3) Ilpu momomu KoMaHabl PINg mpoBephTe co cTopoHbl ceTeir [IDBM 1
noctynHocTh ceteit [I9BM 2. PesynbTaThl mpoBepku 3aHecute B Ta0m. 3.3.
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/

192.168.0.10

192.168.1.10

L

kartywka 1 xm

Hopmanuayiowas katywka 1xm |

ol eo] ol o] el o] =
2| gll =] & 2| gll =] & =] gll =| &
d15([ ]38 d15([%]8 gl 5] 28
212]]12]3 als]l 2] alcllc| @
OADM OADM OADM
1 IN sC sC 1
2| outt |SC sC 2
fenutens Denurens
3 out2 | SC ONTUYECKMIA ONTHUYECKUI sC 3
NNaHapHbIA nNNaHapHbii
4| ous |sc 1x4 1x4 sc 4
5 outd |SC sC 5
Rx
6 1550 LC Lc 6
7 150 LC Moaynb ONTHYECKOTD YNNOTHEHUS Mogayne ontudeckoro ynnotHexns | LC 7
— —— —
8 | com |sC sC 8
9 | 1550 |SC sC 9
13100 1310/
10 1490 sC WDM cnnutrep WDM cnnutrep sc S 10
11| COM |SC sc| com | 11
12 sC Wckyccteennan nunms censm 1 sC 12
13 sC WckyccTeeHnan nunmus cesan 2 sC 13
14 sc WckyccTeenHan nuHus cesan 3 sC 14
15 SC WckyccTeenHan nukma ceasm 4 SC 15
16 LC WUckyccTeeHHan NuHns cesan 5 Lc 16
17 LC WckyccTeenHan nuHus cesian 6 LC 17
18 LC WckyccTaennan nunus casian 7 Lc 18
19 LC WckyccTeeHnan nunua cesian 8 Lc 19
I 20 l I ST l WckyccteenHan niuHns cenan 9 l STI I 20 I
I21 I IFCI Vickyccraennas s cassu 10 chl I21 I
[22] w |sc e[ w[22

FC| out |23|

Puc. 3.18 — Cxema cetu ¢ TDM ynnorHenuem

Tab6n. 3.3 — Pe3ynbrathl TeCTHpOBaHUS KaHaioB ceTu ¢ 1 DM yniorHenuem

Agnpec cepBepa

192.168.0.10

192.168.1.10

AJlpec KaueHTa

Ping,
na/Her

Bitrate,
I'out/c

Ping,
na/Her

Bitrate,
I'out/c

192.168.0.1

192.168.1.1




55

n) IIBDBM2 c agpecom 192.168.0.10 3anmyctute B pexxknMe cepBepa.

k) Ilo pesynbraram usmepenuii B nm. 3) BeiOepute ceth [IDBMI1, nns xotopoii
HOJIYYCH TOJIOKHUTEIBHBIA pe3ynbTaT mpoBepku Hanmuuus cetu (Ping). Cers [IDBMI1
C OTHUM aJpecoM 3allyCTUTE B__pexuMe KJIMeHTa. J[oKauTech pe3yJsbTaToB
TECTUPOBaHUS KaHaja cBsi3u. Pe3ynbrarel 3aHecure B Tad. 3.3.

1) TI3BM2 c agpecom 192.168.1.10 3amycTuTe B peskume ceppepa.

M) IloBTOopuTE M3MEpEHUsI MO IIII. K).

H) I[lo oxoHuyanum wu3MepeHuid BeIKTIOUNTE JlabopaTOpHBIM KOMIUICKC,
aKKypaTHO OTKIIIOUHUTE MAaT4Y-KOPJbI, n3BiIekuTe SFP-Momynu, HaleHbTE 3ariyIikd,
npuBenute JIabopaTOpHBIN KOMIUIEKC B IIEPBOHAYATIBLHOE COCTOSTHUE.

3.6. UccaenoBanue cetu ¢ TDM-CWDM yniioTHeHueM

3.6.1. 3agaum uccjie0BaAHUS:
— U3yuuts ctpykrypy cetu ¢ TDM-CWDM ynnotHenneM u mpoBecTd €€
TECTUPOBAHUE.

3.6.2. [lopsiioK BHINOJIHEHUST PAa0OTHI

a) CTeHJ BBIKJIIOYEH.

6) IloaroroBrTe HEOOXOIMMOE OOOPYAOBAHUE /IJIsI BHITOJTHEHHS 3aJaHUS:
— SPF-moxyns 2,5 I'6ut/c — 2 mmit.;

— JBYXBOJIOKOHHBIA SPF-Momyns 1,25 I'out/c, TX 1570 aM — 1 mmT.;

— JBYXBOJIOKOHHBIM SPF-momyns 1,25 I'out/c, TX 1510 am — 1 1T,

— oaHOBOJIOKOHHBIN SPF-Monyns 1,25 I'6ut/c — 2 mT.;

— SPF-monyns ¢ unrepdeiicom RJ-45 — 2 mit.,;

— ONTHYECKHUE MaTd-KOPIbI;

— mat4g-kopabsl RJ-45 — 4 .

B) W3yuuTe mpumep TOMOJOTUM CETHU, TIPEACTABICHHBIN Ha puc. 3.19.

MK 192.168.0.1 192.168.0.10 nK
=1470» l=14700
UTP <1610= <1610=
(BuTas utp
napa) s 1490 BOIJC |==1490=3p (BuTas napa)
-1590=— €1590—
MegawnakoHsepTep Com
1,25 Gb / : : ;
{  Mepuakonseptep 2,5Gb | —1510p -1510» | MepauakoHseptep 2,5Gb |
-:_1512:;- | <1570 «1570= |
1570—
_ hie -:» 15503 -

N - -

MeawakoHBepTep
1,25 Gb

UTP uTp
(BWTasn (suTas napa)
MK napa)

MK

Puc. 3.19 — Tomnomnorus cetu ¢ TDM-CWDM ymnotHeHnem
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r) CobGepute cornacHo puc. 3.20 cxemy cetu ¢ TDM-CWDM ymiotHeHueM.

MynbTvnNeKcop onTUieCKIA MynbTHNNEeKCop onTHYeckui

COM EXP 1470 1490 1510 1530 1550 1570 1590 1610 COM EXP 1470 1490 1510 1530 1550 1570 1590 1610

o000ogp HU00000044

o]« - =] =
b1 E el & =
218 als|l 2
alg] [s8]clle
OADM OADM
IN sC sc IN 1
out! | SC SC| outt 2
Aenvrens A
out2 |SC onTreckui OnTHIeCKUR sc| out2 3
nnaHapHb A
out3 |SC 1x4 1x4 sc| outd3 4
outd |SC SC| out4 5
Rx Rx
1550 Lc Lc 1 f5§° 6
X X
1550 Lc Moy b ONTHHECKOrO YNNOTHEHWA Mogynt ONTUYECKOrO YNNOTHEHKA Lc 1550 7
L S
COM | sC sCjcom | 8
1550 | sC SC| 1550 9
3107 | oo | 3907 | 10|
1450 sC WDM cnnutrep WDM cnnvrrep sc 1490 10
SL T -
Com |sC sc| com |11
sC WckyccTaeHHan niHma cenam 1 sC 12
13 sC WCKycCTBEHHAR NVHKA canam 2 sC 13
14 sC MckyccTBeHHan nvHuA canam 3 SC 14
15 SC WCKyCCTBEHHAN NVHKA CBR3M 4 sc 15
16 Lc WckycCcTeeHHan NiHuA censm 5 Lc 16
17 Lc MckyccTaeHHan kA cansv 6 Lc 17
18 Lc WckyccTaenHan nvkma canam 7 Lc 18
19 Lc WckyccTaeHHan NvHuA cenau 8 Lc 19
I 20 I l ST I McxyccTaenHan nuHua canam 9 I STI I 20 l
I 21 I l FC I MckyccTeenHan nvHva cenau 10 I FCI I 21 l
2] w |sc el w |22
karywka 1 Hopmanuayiowan katywka 1 km
[23] our |sc re| our ||

Puc. 3.20 — Cxema cetu ¢ TDM-CWDM ymnotHeHuEM

n) IlpenwsiBuTe coOpaHHYlO CcXeMy ceTh mpenogaBatento. [lomyuute
paspellieHue mpenoAaBaTesisi Ha BKJIIOUYEHHE JJaOOpaTOpHOro KoMiuiekca. Bkiouunte
1a60paTOPHBIN KOMIUIEKC.
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e) Ilo 3aropaHuio COOTBETCTBYIOIIMX CBETOJAHOJOB MEIUAKOHBEPTEPOB
IPOKOHTPOJIUPYUTE MPABWIBHOCTh W HAAEKHOCTh COCAMHEHUS MEIHBIX W
ONTUYECKHX MMATY-KOPJIOB.

k) Ha [I19BM 3anyctute Tepmunan Linux.

3) Ilpu momom KoMaHabl PINg mpoBephTe co cTopoHbl ceteir [IDBM 1
noctynHocTh ceteit [IDBM 2. Pe3ynbTaThl mpoBepKu 3aHecuTe B Ta0M. 3.4.

n) [I9BM2 c agpecom 192.168.0.10 3amycTuTe B peskumMe cepBepa.

k) Ilo pesynabTaTam usmepenuil B nim. 3) BeiOepute cetb [IDBMI1, nns koTopoii
MOJTyYeH TOJIOXKHUTEIILHBIA pe3yabTaT poBepku Hammams cetH (Ping). Cers [IDBMI1
C OTUM aJpEecoM 3allyCTUTE B __pexHuMe KJHeHTa. J[oXAUTeECh pPE3yIbTaToOB
TECTUPOBaHUS KaHaia cBs3u. Pe3ynbTaTsl 3anecute B Ta01. 3.4.

1) II9BM2 ¢ agpecom 192.168.1.10 3anyctute B pesknMe cepBepa.

M) IloBTOpHUTE M3MEPEHUS TIO MII. K).

H) Ilo oxoHyanuu wu3mMepeHmii BoiKIIOUNTE J[aOOPATOPHBIA KOMILIEKC,
aKKypaTHO OTKJIIOUUTE MAaT4Y-KOPJbl, u3BiIekuTe SFP-Monynu, HaleHbTe 3ariyiiki,
npuBeanTe JlabopaTopHbIN KOMIUJIEKC B IEPBOHAYAIEHOE COCTOSIHHUE.

3.7. Boripochsl AJ1s1 10mycKa K padoTe

3.7.1. Ha xakue Kacchl AENATCS JIa3epHbIE U3JTydaTenu?

3.7.2. Kakue mepbl NpelOCTOPOKHOCTH HYKHO COONIOAATh MHpuU padoTe ¢
ONTOBOJIOKOHHOW TEXHUKOM?

3.7.3. Kakumm mpaBWIIaMHd HYXXKHO PYKOBOJCTBOBATBhCS TMpH padboTe C
BOJIOKOHHO-ONITHYECKUMU TaT4-KOpIaMu?

3.7.4. Kakue ycTpoiicTBa PacloNOXKEeHbl Ha JUIEBOW MaHENH JabopaToOpHOTO
KOMILIeKca?

3.7.5. TlpenwsBute npenoaaBatento mary-kopa «LC-SCy.

3.7.6. TlpenwsBute npenogaBatemto matd-kopa «LC-STy.

3.7.7. Kakue cereBbie ajgpeca HCHONIB3YIOTCS s cereid Ha [IDBMI1 wu
[15BM2?

3.7.8. C mnoMompr Kakod KOMaHAbl TPOBEPUTH JOCTYMHOCTh CETEH ¢
anpecamu [I1MB27?

3.7.9. Kaxkas xoMaHga HCIONB3YETCS JUIsl BKIIOYCHHUS TEPMUHAJIA B PEKUME
cepBepa?

3.7.10. Kakass xomaH/Ia MCIOJIb3YETCS JUIsl BKIIOUEHHUS TEPMHUHANA B PEXKUME
KJINEHTA?

3.7.11. Kakx BbIOMparoTCs mapbl JIBYXBOJIOKOHHbIX SFP-momyneir s
OpraHM3alliy KaHala nepeaadn JaHHbBIX ?

3.8. Bonipochl AJ1s1 NOATOTOBKY K 3a1MTEe Pa00ThI

3.8.1. Kakue METOBI MYJIbTUIIEKCUPOBAHUSA MIPUMEHSIFOTCS B
MHOTOKAaHAJIBHBIX CHCTEMaXx?

3.8.2. Omnummure ocHOBHBIE 0coOeHHOCTH TexHosoruu CWDM.

3.8.3. Ilepeuncaure ocHoBHBIC A51eMeHTEI CWDM-cucrem.

3.8.4. OnuiuTe OCHOBHBIE 0COOCHHOCTH JIBYXBOJIOKOHHBIX SFP-Momynei.

3.8.5. OmmmmTe 0OCHOBHBIE 0COOEHHOCTH OJTHOBOJIOKOHHBIX SFP-Momyneit.
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3.8.6. Omummte ocHOBHBIE 0coOeHHOCTH CWDM MynbTHILIEKCOPOB.

3.8.7. Onuumre OCHOBHBIE 0COOEHHOCTH UCIOJHEHUS oqHOoKaHaIbHEIX OADM
MOJYJIEH.

3.8.8. Omnumute OCHOBHBIE 0COOCHHOCTH HCIOJHEHUs AByXKaHAIbHBIX OADM
MOJTYJIEH.

3.8.9. Ilepeunciaure ocHOBHBIE HocTOoMHCTBA puMeHeHuss OADM monyneit B
CETSX C MHOTOBOJIHOBBIM YIIJIOTHEHHEM.

3.8.10. IlpuBenuTe mpumMep TOMOJIOTHH «Touka-Touka» A cetu ¢ CWDM.

3.8.11. [IpuBenuTe TpUMEP TOIMOJOTHH «TOYKA-MHOTOTOYKA» [JISI CETH C
CWDM.

3.8.12. [IpuBenuTe MpUMEpP TOIOJIOTHH «KOJIBII0»/«TOYKA-MHOTOTOUKA» B 2-X
HarnpaBieHusx mis cetu ¢ CWDM.

3.8.13. IlpuBenuTe mpuUMeEp TOIMOJOTUHA «TOYKA-MHOTOTOUKA» (JIOTHYECKas
3Be3na) + kaHan nepeaaun TB curnana (orBerBiacHue Ha kKaxaom OADM) st cetu ¢
CWDM.

3.8.14. [Ipoananuzupyiire TOIOJIOTHIO ceTu CWDM-OADM-OADM,
UCCIJIEIOBAHHOM B J1abOpaTOpHOi paboTe.

3.8.15. [Ipoanamuzupyiite Ttomnosoruto cetu CWDM-OADM-OADM-CWDM,
UCCJIeIOBAHHOM B J1abopaTopHOi padore.

3.8.16. OnuimTe TEXHOJIOTUIO MYJIBTHUIUIEKCUPOBAHMS KAaHAJIOB C Pa3feiCHHEM
BO BPEMEHU.

3.8.17. Onumute 0COOEHHOCTH pabOThl MYJIBTHILIEKCOPA B CETSIX C BPEMEHHBIM
pas3/esieHneM KaHajoB.

3.8.18. Ormmumure 0CcoOCHHOCTH PAOOTBI  EMYNBTHIUIEKCOPA B CETIX C
BPEMEHHBIM pa3/ielicHHeM KaHAJIOB.

3.8.19. [Ipoananmm3upyiite  TOMOJOTHIO ceTh Cc DM  ymioTHeHHEM,
UCCJICIOBAHHOM B J1abopaTopHOii padore.

3.8.20. [Ipoanamuzupyiite Tomosoruto cetu ¢ 1DM-CWDM ymnoTHeHUEM,
UCCJIEIOBAHHOM B J1abOpaTOpHOi paboTe.
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