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ITEPCIIEKTVBBI CO3JJAHNA MATUCTPAJIbHBIX
SAIIINIMTEHHBIX BOJIOKOHHO-OIITUYECKNX CUCTEM
INIEPEJAYY NTHO®OPMAIINN OTPAHUYEHHOT O JOCTVYIIA

O. H. Hapeimkuna, A. B. Ceerukos, B. B. Illyoun
(OTVII "POAL-BHUUDD", r. Capos Huzkeropockoit obmacru)

PaccvoTrpersr  mepcnekTHBBI
ONTUYECKNX CHCTEeM Iepenadn wHGOPMAIWN OrPAHHMIEHHOrO gocryma. llpusemensr Tumo-

CO3MaHUd MAaruCTPaJbHBIX 3alIUIICHHBIX BOJIOKOHHO-

Bag CTPYKTypPHas CXeMa TaKOH CHCTEMBI, €e OCHOBHBIE MapaMeTphl. lIpeacTaBieHbl OCHOB-
Hble TPeOOBAHUS, KOTOPBIE IIPENbIBIAIOTCA K ONTUYECKUM YCUJIUTEJISIM, HCIOJIb3yEeMbIM B
3alUIIEHHBIX BOJIOKOHHO-OIITHYECKNX CHCTEeMaX. IloKa3aHbI OCOOEHHOCTH HCIIOJIb30BAHUL
TEXHUIECKUX CPEACTB 3AIUTHI OT yTeuku HHGOPMANWK W3 ONTHIECKOTO KaHaja. llpuse-
JIeHbl Pe3yIbTaThl YKCIEPUMEHTAIbHBIX HCCIEIOBAHUN MakeTa 21-KaHAJbHOU T-IIPOJIETHOMR
3AIIUIIEHHON CHCTEMBI.

Karoueswie caosa: MarucCTpaJjibHad 3alllUINCHHAd BOJIOKOHHO-OIITHYECKad CHCTEeMa mepeaa-

YW, KOHTPOJLIEp 3amuThl, ontadeckuii EDFA-npenycuanTens.

BBeneunne

Jlnga ymasieHHOro JOCTyHa K BBIYUCIATEIBHBIM
pecypcaM u CO3JaHUA PACIpEIeIeHHBIX aBTOMATH-
3UPOBAHHBIX CHCTEM B Macmrabax OTPACId Tpe-
OYIOTCS BBICOKOCKOPOCTHBIE MATHCTPAJIbHBIE KaHA-
Jbl nepemadu gaHHbIX.  COBPEMEHHOW TEeXHOJIO-
rueli CO3JaHWd MATUCTPAIBHBIX KAHAJOB SBIIs-
€TCAd TEXHOJIOTHA OINTHUYICCKUX TPAaHCIOPTHBIX Ce-
reit OTN (Optical Transport Network) [1], xo-
TOpad MOPeIyCMATPUBAET BOJHOBOE YIUIOTHEHHE
kaganoB DWDM (Dense Wavelength Division
Multiplexing) [2] u yupexparoumiyo KoppeKuo
omubox FEC [3]. /lamzas TexHONOrHs MIO3BOJL-
eT meperaBaTh PA3HOPOMHYI0 MH(POPMAIMIO MO Ka-
HasaM co ckopocrbio or 1 mo 100I'6mr/c. Ko-
JINYIEeCTBO I/IH(bOpMa,III/IOHHI)IX KAaHAJIOB MOXZKET 6I)ITI)
or 1 mo 160, manpumep, B C-gmamazone (1530—
1565 5m) oHO mocturaer 44 nmpm mare mMexy Ka-
magamu 100 T [2]. Ilpu sTom mupkynupyomas B
HuX THGOPMAIUI OrPAHIIEHHOTO TOCTYIIA JOJIZKHA
OBITH 3AIUINEHA OT IEePeXBaTa, & CaM KaHAJ J0J-
XKeH 001a1aTh HHPOPMAIMOHHONH 0€30IaCHOCTHIO.

Sagagqy 3amuTbl WHGOPMAIWE [OpPU [Eperatde
MO2KHO penaTb ABYyMd IIyTAMMN: C IIOMOIIBIO
CpeacTB KpuOTOrpadudeckoil 3amuThl wHPOpPMa-
mun (CK3U) umpu wucnonb3oBanmu cereii obue-
ro MOJL30BaHUA JuOO IMyTeM Imepemadn HHQOP-

MAIUHU [0 BBIJEJTEHHBIM 3allUIEeHHBIM BOJOKOHHO-
ounrudeckuM juHusM nepegaqn (BOJIIT).

B coorBercTBUE ¢ TOMOXKEHWEM O CO3MAHUU
cpeacrs samuThl uaGopMmanuun CK3UW  moskab
OBITH OTE€IECTBEHHOIO IIPOM3BOICTBA U CEPTUMUITH-
posaubl ®CB. B Tabs. 1 npuBemeHb usBecTHBIE
ceprudunuposanusie CK3U, koTophle ocyiecTs-
agor mudposanue no 'OCT 28147-89 u mpume-
HAIOTCA B KAaHAJAX C MIPOMYCKHOW CIOCOOHOCTHIO
1'6ur/c u 6omee. M3 Bcex CK3U, npexcrasien-
HBIX B Tab/IHIle, TOJIBKO KPUITOMAPIIPYTU3ATOP
M479-P ceprudwumnupopan maisa paboTel ¢ mHOOP-
Mamnueil, COCTaBAJIOUIEll TOCyJapCTBEHHYIO TaiiHy,
7 CIIOCOOEH OCYIIEeCTBIATH Mn(pPOBaHTE CO CKOPO-
croio 0,9 ['6ur/c mo aBym mopram.

[Ipu nepegage nacdopmaruu Ha 60IbIITE PACCTO-
aung upu ucnons3oBannu CK3W B cerax obime-
ro MOJIb30BAHUS 3a/a9M PEreHEPAIUU CUTHAJOB HE
BO3HUKAET, TaK KaK OHA yXKe pelleHa [pU IPOeK-
THUPOBAHUU JaHHBIX cereil. Ho ocraercs mepereH-
HOII apyrasd, boiee cepbe3Has mIpobreMa — BO3MOXK-
HOCTBH JOCTYIa K WH(MOPMAIUY U aTaK HA 00 BHEKTHI
CBg3U U3 J000U TOUYKH 3eMHOro mapa. B cerax wnc-
IIOJIB3YETCA KOMMYTAallnd IIAKETOB U PA3JINIHBIC Ka-
HaJIBl [EpeJadu: >SJIeKTPOKaOeIbHbIe, BOJOKOHHO-
ONTHYECKHE, paanopeseiinbie, CIyTHUKOBBIE. [lo-
sromy CK3U ceprudumnupyrorca kak cpeacrsa 3a-
IIATHl OT HECAHKIIMOHUPOBAHHOTO JIOCTYHa CO CTO-
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Tabaruya 1
CK3MH u ux xapaKTepUCTUKU
CK31 Paspaboruaux/ Qusnuecknii Makcumaipaas Ceprudukar
MOCTABITAK CTBIK C CETHIO CKOPOCTD II€pemadn
Kpunromapuipyruzarop "®akrop-TC" 10/100/1000 Base-T; 2500 M6ur/c CD/124-2275(ACII)
DPS-4024 SFP (1000 Base-
SX/LX);
SFP (10G Base-
SR/LR)
Kpunromapuipyruzarop "®akrop-TC" 10/100/1000 Base-TX 1800 Mo6ur/c C®/020-2248(I'T)
M479-P
Kpunromapupyruzarop "®axrop-TC" 10/100/1000 Base-TX; mo 14000 M6ut/c Ha srane cepruduxanun
M479-P2 SFP (1000 Base-
SX/LX);
SFP + (10G
Base-SR/LR)
[Tporpammuo- OAO 2x10,/100,/1000 10 2700 M6ur/c C®/124-2730(1CII)
anmaparHeiii kommiere "NudoTeKC" Base-T;
VIPNet Coordinator 4xSFP+ (10G
HW2000 Base-SR/LR)
ATIKIIT HUIT 2x10/100/1000 70 800 Ménr/c  C®/525-2741 Ne1804 (JICTI)
"Kourunent.3M", "Uudopmzamura" Base-T;

mwrardopma [PC-1000F

2xSFP (1000

Base-X)

POHBI CeTH OBIIEro MOTH30BAHU. KT XKe MCIOIb-
30BaThb BBIAECJICHHBIEC JIMHUU CBA3U, TO TAKHUX IIPO-
6s1eM 3amUThl THGOPMAIUKA HE BOSHUKAET.

Brimenennniit 3aIuIne b KAHAJI CBA3U MPE-
cTaBisgeT COOOil BOJIOKOHHO-ONTHIECKYIO CHCTEMY
nepenaan (BOCII), B xoTOpoit ocymecTBisiercs
HEIPEPBLIBHBI KPYIIOCYTOYHBI KOHTPOJb COCTO-
AHUA HNCHOJIB3YEMBIX ONTUYIECKUX BOJIOKOH. 3&-
muTa nHGOpMAIUE Ha OOBbEKTaX CBA3U, PACIIOJO-
JKEHHBIX B Ipenesax KoHTposmpyemoit 3061 (K3),
OCYIIECTBIISIETCA TPAJUIMUOHHBIMA CIOCODAMY W HE
BBIBBIBAET 0COOBIX TpyaHOcTedl. OCHOBHYIO omac-
HOCTbH MPEJCTABILIET YTEIKA NHPOPMAIIH TI0 OITH-
geckoMy KaHajy 3a mpexgenamu K3. Ho co3mannas
MOJIETh BO3MOXKHBIX YI'PO3 W 3HAHUE TIPEIETHHBIX
BO3MO>KHOCTENR HapymuTed NO3BOJIAI0T IOCTPOUTH
s dekTuBHYIO cucTeMy 3amuThl nHMGOpManun [4].
Kpowme toro, B 3amumenuasix BOCII orcyrcrBytor
OTPAHUYIEHNS HA CKOPOCTH W TEXHOJIOTHIO TT€PeIayun
TAHHBIX.

W3 BbIIECKA3aHHOTO CJEAYET, YTO CHOCOD TO-
CTPOCHUA 3aIMUINECHHBIX HH(bOpMa,III/IOHHI)IX KaHa-
JIOB C MCHOJIb30BAHUEM ceTeil OOIIEro mMoIb30BAHNST
u CK3U He comepKuT CI0KHOCTEN C TOUKM 3PEHUs
MOCTPOEHUs JIMHWN Tepesadn, TaK KaK MCIOJIb3Y-
0TCA yKe cymiecTByonue auann. OmIHAKO TaKOH
CII0CO0 He pelraeT MOJTHOCTBIO 3aJ1ad, CBI3AHHBIX C

3aIUTON WH(MOPMAIMOHHBIX PECYPCOB OT CETEBBIX
aTak u3BHE, W TPeOyeT AOMOTHUTETHHOTO JOPOTro-
CTOAIIEr0 0DOPYAOBAHUS MPHU YBEIUICHUN KOJIUIe-
crBa abonenToB. Kpome Toro, mpumeneane CK3U
OTPAHUIUBAET CKOPOCTD MEPETAYN JTAHHBIX.

Beigesienabie MarucTpajbHble 3ALIUIIEHHBIE Ka-
HAJIBI CBA3W CJIOXKHO MOCTPOUTH HA OCHOBE CyIIIe-
CTBYIOIIUX KAHAJIOB CBaA3u (0 4eMm OyJer CKa3aHo
HUXKE), U 9TO CBA3aHO C HEOOXOIUMOCTBIO €IUHO-
BPEMEHHBIX (PUHAHCOBBIX W TEXHUYECKUX 3aTPAT.
Ho mammbIii cmocob mocTpoeHunsa He TpebyeT 3aimu-
TBI OT CETEBBIX aTaK, KOJUYECTBO KOTOPBIX YBe-
JINYABAETCA C KaXKJIBIM JHEM, W He OTPAHWINBA-
eT TPOMyCKHOH cmocobHOCTH KaHasda. llpu yBe-
JIMYEHUN 9YHUCIa TOJIh30BaTesell He Tpebyercd mo-
[IOJTHUTEJIbHBIX (DUHAHCOBBIX BJIOXKEHUl, TaK KakK
TEXHUYIECKUE CPEJICTBA 3aIIUTHl WH(MOPMAIUU OCY-
IIIECTBJIAIOT KOHTPOJIb BCEHl JINHUU MEpeadu B Iie-
JIOM, HE3aBHCHMO OT KOJIXIeCTBA aDOHEHTOB (KO-
JITIECTBO MOAKJIIOYAEMBIX aOOHEHTOB OTPAHWYIEHO
TOJBKO BO3MOXKHOCTAMU TE€PMHUHAIBLHOTO 0DOPYIO-
BAHUS).

CrpykTypHaa cxema
marucrpanabHbix 3ammuineHabix BOCII

B coorBercTBum ¢ pekomenmanmavu MexmgyHa-
POZIHOIO CO03a 3JIEKTPOCBA3U (CEKTOD TEJIEeKOM-
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mynukaruit  [TU-T) nnmea perpaHCasSnmoHHOTO
yaactka B BOCII momxkua cocraBiaars or 80 mo
120km [5] mpm morepsx okomo 25 1B Ha KaxKIOM
yaactke. W3sectno, aro B BOCII BO3MOXKHO mC-
[IOJIb30BAHUE TPEX TUIOB PEreHepaIuu:
— BOCCTAHOBJIEHWE AMILIUTYAbl CUTHAJIA (THII
R1);
— BOCCTAQHOBJIEHHE AMILIATYIBl U (POPMBI CATHA-
na (tun R2);
— BOCCTAQHOBJIEHHE AMILIATY/BI, (DOPMBI U TAKTO-
BO#t wacToThl curaauaa (tum R3).

Samumenasie BOCII nenecoobpasHo cTpouTs C
HCIIOJIb30BaHUEM TOJIBKO BOCCTaHOBJeHUd Tuma R1,
TaK Kak BoccTaHoBieHus TurnoB R2 m R3 3a cuer
npeobpa3oBaHNd CUTHAJA 3HAYUTEIHLHO MOBBINIAIOT
BEpPOATHOCTh yTeukn wmH(pOpMAIUu. Peremeparo-
per R2 u R3 pasbuBator onTuaeckyio Ienb Ha, OT-
IeJIbHBIE YIaCTKH, KaXK bl U3 KOTOPBIX HEOOX0ou-
MO 3allAIIATE OTAEIBHO, T. €. OKOJIO PETEeHEPATOPOB
JOJIZKHBI 6I)ITI) PaCIIOJIOZKEHbI KOHTPOJIJIEPHBI 3alln-
TBI, & TO CYNECTBEHHO YCIOKHIET MATUCTPATHHY O
BOCII. IIpu stom pereneparopst R2 u R3 momxkub
ObiTh pacnosiokensl B npenenax K3. To ecrs Ta-
ke BOCII pa3buBaroTca Ha OTAe/IbHBIE ITOCTIEI0BA-
TeJIbHO COeIMHEHHBIEe CHCTEMBI, almaparypa KOTO-
PBIX JOJI2KHA pacuoJararbcda B upegenax K3. Kpo-
Me TOT0, TP MPeOoOPA30BAHUU CUTHAJIOB M3 ONTHYIE-
CKUX B QJIEKTPUYIECCKUE BOZHUKAECT KaHAJ yTEIKU 110
MOOOYHBIM JIEKTPOMATHUTHBIM U3JIyICHUAM W Ha-
Bogkam (I[I9MUH), koropsiii HEOOXOAMMO MOZAB-
JIATh. HOSTOMy OIITUMAJIBHBIM BapPUAHTOM 3alllH-
mennoii BOCII npencraBisgerca cucreMa ¢ BOCCTa-
HOBJIEHHEM TOJIBKO aMIUIATY/Abl curraia (tum R1).

Jlna Boccranosinenns tuna R1 8 BOCII B ocHOB-
HOM HCIOJIB3YIOT onTmdeckue ycmmurenn (OY) Ha
AKTHUBHBIX OINTHYECKHUX BOJIOKHAX, JIETHPOBAHHBIX
peakosemenbabiME MeTasuiamu. Jna C-pmamasona,
npumensgor 5pbuit  (EDFA — Erbium Doped
Fluoride-based Fiber Amplifier), nnus obmactu miu-
el BoHBL 1310EM (O-mmamason) - mpaseomum
(PDFFA — Praseodymium Doped Fiber Amplifier),
s obgacreit mowe Boar 1460 m 1650 am (E-,
S- n L-gmanazonsr) — tymumit (TDFFA - Thulium
Doped Fluoride-based Fiber Amplifier) [6]. Takzxe
BO3MOXKHO IPUMEHEHWE MOJIYIPOBOIHUKOBBEIX OV
(SOA) u OY, ocHOBaHHBIX HA PAMAaHOBCKOM pacce-
aann (RA). B sammmenapix BOCII nenecoobpas-
HO HCIOJb30BaTh ycuaurenun EDFA kak mambosee
OCBOEHHBIE TIPU MPAKTUIECKOM ITPUMEHEHH.

B caywae Boccramosmenus tuma R1 momaocTh
ONTHYECKOTO CUTHAJIA BOCCTAHABIMBAETCA 0E€3 ero
mpeobpa3oBaHua B dJEKTpUUecKuit curHasa. [lo-

9TOMY MOJTHOCTHIO YCTPAHAETCA BOSMOKHOCTH yTed-
ku wadopmaruu ¢ OY no kanamxy [I9MUH. [leii-
CTBWE KOHTPOJIIEPA 3aIlUTHl OymeT pacmpocTpa-
HATHCA JAJIbINE, HA YIACTOK OMTHIECKOTO BOJOKHA
3a OV, B ciydae, €C/iu yCHINTENb TPOMOPIINOHATb-
HO TIepeJjaeT W3MeHeHue MOITHOCTH C BXOJa HA BBI-
xox. Kpome Toro, OY MoryT OBITH PaCIIONIOXKEHHI 34
npegenamMu K3 ¢ nDpuMeHEHHEM JOIOJHUTEIbHBIX
CPeACTB U Mep 3allUThl OT HECAHKI[MOHWPOBAHHO-
ro gocryma. To ecTh sr0basg MOMBITKA HAPYIIEHUS
paborsr OV, a TakzKe HONBITKA CheMa, HH(OPMAIIT
JTOJI?KHA IPUBOJUTE K OTKJIIOUEHUIO IEPEATN CPeJI-
crBaMu 3amuThl. B rakom mcnomnermu BOJIIT ma
BCEM CBOEM IPOTSKeHuu OymeT OCTaBaTbCd 3allld-
meHHol maxke ¢ QY.

Ucnonwzyembie B crangapTabix BOCII juneii-
Hble YCHJUTENW JJid TAaKuX IeJieil He IOaXo-
nar. Ha pumc. 1,a mpenacraBieHa mpemiaraemMas
crpykrypHas cxema 3ammuiernoit BOCII ¢ kon-
rposutepamu 3amuthl FOBOS-100GE (ma pucys-
ke obosHauwenbl Oyksoit F), mocrpoennas mHa OC-
mose mpexycunureneii. Cxema BOCII B coorser-
creun ¢ pekomenpanueir ITU-T [7] Gymer caemy-
fomeit: Tx+PA+PA+Rx (Tx — onruueckme mepe-
naraukn; Rx — onruyeckne npuemunku); PA (Pre-
Amplifier) — onruueckme mpeyCUINTENH.

Ha gmarpamme (puc. 1,6, cM. Tak»Ke IBETHYIO
BKJIAJIKy) YPOBEHb MOIIHOCTH OZHOTO HHMOPMAI-
OHHOT'O KaHaJIa HA BBIXOJE KOHTPOJIJIEPA 3all[UThl
npuagar paBabiM 0 1BbM. B konme mposera ¢ more-
pamu 25 1B ypoBenb MmormHOCTH OymeT uMeTh 3HA-
qgenue, pasaoe —25 nbwm. I[Tocie OY yposenb mor-
HOCTHU CUT'HAJA OHATHh JOJIZKEH OBITH BOCCTAHOBJIEH
mno Onbm u 1. 1. JlaabHOCTD mepemadu IpeIcTaB-
JIEHHO# Ha puc. 1,a OJHOKAHAJIBHON TPEXIIPOJIET-
moit BOCII cocraBnger okomo 300&xm. Ilpum wmc-
mop30BaHuu Becero C-uamna3oHa KOJTHMIECTBO €JIH-
HUYIHBIX KaHautoB B DWDM-cucreme moxker mocTu-
raThb 32. B aTom cirydae cyMMapHBI# yPOBEHb MOIII-
HOCTHU HA BBIXOJ€ KOHTPOJLIEPA 3AIMUTHI COCTABUT
+15 n1bm (0 +1g(32)), a ma Bxome OY ou Gyaer pa-
Bern —10 nBbm. KomaugecTBo mposieTroB mMoxkeT OBITH
yBennaeno 10 20 u Gosee [8]. Ilpu srom pexum
KOHTPOJIJIEPA 3AIMUTHI HE M3MEHWTCH, TaK KakK OH
KOHTPOJIAPYET TOJBKO MOCJTEeTHUH IPOJIET, & HAPY-
meHnd, Bo3HUKaome panee, OY mepemaior mo me-
TOYKe Ha HOCTETHUN ITPOJIET.

HpI/I YBEJINYECHUN KOJUYIECTBA IIPOJIETOB 3a CYET
IUCIIEPCUY IPOUCXOAUT yInumpeHue uH(MOPMAINOH-
HBIX HMIYJIbCOB. B 3TOM ciiydae HEOOXOAUMO mC-
DOJIb30BAaTh KOMIIEHCATOPHBI JUCIIEPCHUU ONTHYIECKO-
ro BoJIoKHa. Ha puc. 2 mpeacTaBiieHbl IPUMePHI UC-
TOJTh30BaHUA KOMIEHCATOPOB AUCIEPCUN JIJI MaTH-
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Puc. 1. Crpykrypnag cxema (@) u auarpamMva MoumuHOCTH (6) Tpexmposernoi 3amumentoit BOCIL: 1 — 1 xanau;
2 — 32 kaHaJa

aw ¢ ) { ) an
2,5 I'our/c D_ D .D_{>_|>_l>_|>_|5 es _| §1_| gt—.lg 2,5 I'ont/c
20 ab SMF wm NZ-DSF, 2,5 T'6ur/c
600 kM 1400 xkm
- L3
a
¢ ) ( D ( ) o3 ( > ( ) ( ) 543 a1 D
10 I'éut/c g_ [i [ir_{>_|§r_£x_‘§ ome _‘5_‘ J>_-{> 10 Tounr/c
SMF, 10 I'our/c
600 kM 1400 kM
¥ >
0
20 /1o
-D-( ; 7Y - BOJIOKOHHBII KOMIIEHCATOP JHCIIEPCHH;
i NZ-DSF - B0JIOKHO ¢ HEeHY.IeBOil cMellleHHOil Jucrnepcueii;
SMF - 0iHOMO/10BO€ BOJIOKHO

Puc. 2. IlpuMeps! uCHoNb30BaHAS KOMIIEHCATOPOB JUCIEPCHA: ¢ — CO CKOPOCTBIO mepemaun 2,5 '6ut/c; 6 — co
ckopocrbio nepenagun 10 '6ur/c

crpaapabix BOCII gmumaoit 2000 kM, paboraronux Kaxgerit OY kKak aKTHBHBIM ONTHYECKH KOM-
Ha cKopocTax mepegadn 2,5 u 10 '6ur/c [9). IOHEHT BHOCHUT B KAHAJ JOIOJHATEJbHBLIE IIOME-
xu. [Ipm yBeawdeHun KOJIMIECTBA MOCIIEIOBATEND-
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HO BKIIOYeHHBIX OY MOXKeT NpOou30iTH yBeIndeHne
HECTAOUJILHOCTH MOIIHOCTH HA BBIXOJE TOCJIEIHETO
poJIeTa, YTO OKAXKET BJIUSHUE HA PADOTY KOHTPOJI-
smepa 3amurel. llosTomMy HeoOXomuMO BBIpabOTATH
TpeboBaHUs K OCHOBHBIM mapamerpam OV s 3a-
mumensasrx BOCIL.

OcHoBHBIE MapaMeTpPbI
ONTHYECKUX IIPEAYCUJIUTEEH ‘
naig 3amuimeHabix BOCII ‘

26 1

Kak yxke ormewarnocs, B sammumenasix BOCII N R S 1

MOT'YyT NPUMEHATHCA TOJBKO Hmpefycuianrenn. Jlu- 28 26 -24 -22 -20 -18 -16 -14 -12 -10 -8

HEeHHbIe YyCUJINTEIHN, UCIOIb3yeMbIE B TUIOBBIX CXe- a

max BOCII gnga BoccTaHOBJIEHUS AMILIATYIBI HA Paprx , ABM

Bcem nporaxernuu BOJIIL, e cmoryT nepenats m3- ‘

MEeHEHUe BXO/HOI MOIIHOCTH CATHAJIA HA BBIXOI.
Ha pwuc. 3 npuBenmenbl XapaKTepUCTHKH TH- ENESENSEES B BE NS e S0 TS

IOBOI'0 JIMHEHHOTO  YCHJIATEJIdA: 3aBUCUMOCTH -28 -26 -24 -22 -20 -18 -16 -14 -12 -10 -8

kod(pduruenTa ycujeHHd U YPOBHA  BBIXOJ- G

HO#l MOIIHOCTH OT YPOBHA BXOJHOWU MOITHOCTH.

Bunno, wro npum wusmeHeHm:m ypOBHS MOWIHO-  Pyc. 3. Basucumoctd kodbduuenta ycuienns (o) n

cru BxomHoro curHama Ha 18aB (or —28 mo

—10 1BM) u3MeHeHWE ypPOBHS MOIIHOCTH CHUTHAJA

Ha BbIXOmE cocTaBiigeT menee 0,1 1B, HO mpu 3TOM

ko3 duruenT ycuieHnd n3Mengercd Ha 18 nb.
IIpenycuiurenn nMeOT XapaKTEPUCTUKHU, IIPO- Ky, B

TUBOIIOJIOKHBIE JIMHEHHBIM YCUJIUTEISIM: TMOCTOAH- 267 11— — T

YPOBHS BBIXOJHOH MOIIHOCTH (6) OT yPOBHS BXOJHOI

MOIIHOCTH IJId JIUHEHHOTO ycuiaurena

HBIH K03 DUINEHT ycuieHnsd B pabotueM TUANa30HE o4 ,,-,,—-_—,-,—,-—,-:-,—-,:-:-;-!:-,;';:-,,-,5‘;-:,-,,,-:-\,, |
BXOJHBIX CATHAJIOB W JIMHEHHYIO NEPEeSaTOIHYIO Xa- 29 _ | | , _ ‘ -\.‘
pakrepuctuky. Ha puc. 4 npuBemenb xapakTepu- P B
CTUKH TIpeIyCHIATeNs, IOAXOAAIero Ias IpuMe- 26 -24 -22 -20 -18 -16 -14 -12 -10 -8 -6
HeHmd B cocrase 3amumenabix BOCII. @
[Ipu ucmosp30BaHUU OOJBIIOTO KOJHIECTBA IIO- 18 Porrx, 1Bum
CIIeZIOBATENIbHO BKIIIOUEHHBIX NPEAYCHIHTENeH Ha- ]
OsIr0aeTCa 3HAYUTEbHAA HEPABHOMEDPHOCTH MOIII- 14
HOCTU ONTHYECKOI'O0 CUTHAJA [0 KAaHAJAM Ha BBI-
xome BOCII. [lamubiit ¢dakT CBs3aH C HEPABHO- -
MEPHOCTBHIO 9aCTOTHON 3aBUCHMOCTH KO3 durueH- u
Ta ycumenud OV, 4TO IPUBOAUT K OOJbLIIEMY YCH- 8
JIGHWIO JJIMHHOBOJIHOBBIX KaHaJ0B. Ha puc. 5 npesn- 6
CTaBJIEHBI CIIEKTPAJbHbIE XaPAKTEPUCTUKA HA BXO- 4
me u Bbixozie 21-xkamaspHOoil 7-mposterroit BOCII, 2 |
BeInosiHeHHON 10 Texuosiorurn DWDM. U3 pucyuka 0 = 1
BHIHO, 9TO PAa3HUIA MEXKIYy KOPOTKOBOJTHOBBIMHU K 26 24 22 20 -18 -16 -14 _1*2 10 -8 _6'PBX,JIBM
UIMHHOBOJIHOBBIMU KAHAJAMU 10 YPOBHIO MOIIIHO- 6

cru cocrasiser okoso 3ab B xorme BOCII, T e.
okono 0,5n1b wa ommu mpomer. CHekTpaJbHYIO
HEPABHOMEPDHOCTHh MOZKHO YCTPpAaHUTH C IOMONIIBIO

Puc. 4. 3apucumocru xodbdunuenra ycunenus (a) u
YPOBHS BBIXOJHOW MOIMHOCTH (6) OT ypPOBHS BXOIHOI
MOIIHOCTH JIJIsl I[Py CHIATEN s
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] ;:?:?: 8uw o

ul

438.4

res: M i sens:

1552, 817kg

res: I o sens: [N

1553, 17580

AVG: 2501 (AUTO)

SMPL:

nm/D

AVG: 2501 (AUTO)

SMPL:

nm/D

Puc. 5. CuekTpanbHble XapaKTePUCTHKH HA BXOJe U BbIxoje 21-kananpHuo#l 7-uponernoit BOCII

yCTAHOBKHU OIITUYECKUX ATTEHIOATOPOB Ha AJUHHO-
BOJIHOBBIX BXOJ[aX ONTHYECKOTO MYJIBTUILIEKCOPA.
Kaxnerit w3 OY obnamaer BpeMeHHOH HeCTa-
O6uabHOCTHIO KO uIMeHTa yCuaeHusd, KOTopad
MOXKET HAKAIJIMBATHCA B 3aBUCHMOCTH OT KOJIU-
9eCTBa IOCJIENOBATENLHO BKJIOUeHHBIX OY. Amna-
U3 CTaOMILHOCTH WH(MOPMAIMOHHOTO CHUTHAJA HA
y9IacTKaX JUHUU MEPeJAadd BBIIOJHAICA IIyTEM
U3MEPEHud CPEeAHEKBAAPATUYICCKOTO OTKJIOHCHUA
(CKO) momuocTn nHGOPMAIIOHHOIO CHIHATA OT
CpefHero BBIODOPOYHOTO 3HAYEHUS 34 BpeMsd Ha-
batogenus kouTposiepom 3amurel FOBOS-100GE.
Ha puc. 6 mpuBemeHBI THCTOTPAMMBI pacIpezese-
HUH IJIOTHOCTH BEPOATHOCTH KBaJpaTa OTKJIOHCHUHR
MOIIHOCTY WH(MOPMAIMOHHOTO CUTHAJA OT CPejHe-
ro BBIOODOYHOrO 3HAdYeHUd, CHATBIE 10 1-ro OV,
mocie 1-ro, 2-ro, 3-ro, 4-ro, 5-ro m 6-ro mocie-
moBaresbHO BKIOUYeHHBIX OY 3a Bpems Habiome-
auga 10c. VI3 pucyHKa cienyer, 9TO pacIpeje-
JieHudA COOTBETCTBYIOT HOPMAJIBHOMY 3aKOHY. Ha
puc. 6, a—otc COOTHOIIIEHNE MeXK/y BTOPBIM U IIep-
BBIM CTOJOmaMu rucrorpaMm cocrapager 0,171;
0,203; 0,214; 0,258; 0,292; 0,316 n 0,333 coor-
BETCTBEHHO. OJTO CBUIETEIHLCTBYET O TOM, HUTO

CKO B pacupepie/ieHUn yBEJIUIUIOCh HE3HAUIUTE b~
HO, mpuMmepHO OT 1,5 70 2,5 enWHUI] MJIAJIIETO
pa3pgaga (emp) anamoro-mugpoBoro mpeobpazoba-
Tejid MUKPOKOHTpoJiepa. Wsmenenne CKO mpu-
BEJIET K HEOOXOAMMOCTH yBEJIWYEHUS MOpPOTra OT-
KJIIoUeHus mnepefgadn B 1,6 pasa i 7-mposeTHOR
BOCII no cpaBHEHUIO ¢ OJHONPOJIETHONW CUCTEMOIT,
unu B cpexaeM Ha 27 % ma omua OY. Takum obpa-
30M, MOYKHO OIPEIENTh TPEOOBAHUS K OCHOBHBIM
mapamerpam OV [isi MHOTONPOJIETHBIX 3aIUIIEH-
aerx BOCII, koTopsie mpuBesiers: B Tabir. 2.

Ocob6eHHOCTY KOHTPOJIJIEpA 3aIUThI
g maHOronposierHbix BOCII

[TockombKy CHEKTpaJIbHBIA [HATA30H YCHJIATE-
ag EDFA orpammumsaerca 35um, T0 3ddekra oT
CIEeKTPAJBHOTO pa3nesieHnsd WHQOPMAIUOHHBIX €U
KOHTPOJIBHBIX CUTHAJIOB B MHOTrOonpoeTHbix BOCIL
monydutrh He ymaercd.  MoxkuaO 6BLIO OBI HC-
IOJTb30BAaTh [TOTNOJHUTENbHBIE YCTPOICTBA perexe-
pamuu KOHTDPOJBHOI'O CHTHAJA, Hampumep B L-
nuamnaszone. HO BBIUIPHINI O TyBCTBUTEIHHOCTH
3a CYET CIEKTPAJBHOTO pa3/esieHusd HE COM3MEPUM
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P, %
Bl 70 -
60 -
50+
40
30
20
104
emp2 (- eMp2
10 20 30 40 50 60 70
0
P, % P, %
80
70
70 4 |
60 4 |
50 1
40+
404
30+
30
201 15 - = 1
] 9 10+ 8
10 3,6 21 5 3
- emp2 . emp2
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
6 2
P, % P, %
701 65 70 4
601 60 -
50+ 50
404 40+
30 30+
20 - 19 20+
12 .
107 6 4 10+
2 2
E eM| + emMp
0 10 20 30 40 50 60 70 J 0 70
0 e
P, %
55
504
40
30
20- 18
12
| 9
10 6 4
1 eMp2
0 10 20 30 40 50 60 70
HC

Puc. 6. T'ucrorpamMmMsl pacupeneneHuii MIOTHOCTH BEPOSTHOCTU KBAAPATa OTKIOHEHUH MOIIHOCTU UHGMOPMAIMOH-
HOI'O CHUTHAJIA OT CPEJHEero BeIOOpPOYHOro 3Havenus: ¢ — a0 1-ro OY; 6—ow — coorBercTBeHHO mocie 1-ro—6-ro

oy
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Tabruya 2

OcHoBHbBIE ITapaMeTphl npeaycuianTesein ajisa samunieHHbIx BOCII

[Tapamerp

3HaueHne

Jlmana3zoH pabovIux JTHH BOJIH
Jlnana3oH BXOMHBIX CUTHAJIOB
Koadpunuent ycunenns

ot 1530 mo 1565 HM
or —25 10 —10 1bm
> 24 1b

HepasromepHOCTH KO3 duUIMEHTa YCHIEHAS B JUATA30HE

BXOJHBIX CUTI'HAJIOB

< 40,2 1B

Bpemennag HecTabuibHOCTH KO3 DUIUEHTA YCHICHHUS 3,

20 ¢/10 mun
Koadpunuent uryma
Kosddunuert obpaTHOro OTpazkeHus

< 0,005 1B/ < 0,02 1B
<51b
< —60 1b

¢ $UHAHCOBBIMU 3aTpaTaMy HA 0DOPYIOBAHUE s
L-gmnanazona, CTOMMOCTH KOTOPOTO HA, TOPSI0K BbI-
e, gyem g C-pumamazona. [losromy memecoobpas-
HO BECTH KOHTPOJIb IO CpPEJHeH MOITHOCTU BCETO
rPYIIOBOro WHGOPMAIMOHHOTO CUTHAJA. DTO 3HA-
YUTETBLHO YIPOIIAET CTPYKTYPHYIO CXeMY KOHTPOJI-
Jiepa 3allUThl, TaK KaK He TPeOyeTcd OMTUYIECKOrO
nepenaranka u WDM-mynbrumiekcopa.

Ha puc. 7 mpuBemeHa CTpYKTypHAd CXeMa KOH-
TPOJIIepa 3alIATH IS MHOTOIPOJETHBIX 3all[H-
menabix BOCII. Wuadopmaruonubie onrudeckue
CUTHAJIBI CO CTOPOHBI BXOJ[A JIOKAJIBLHOW BBIYUCIIH-
resbHOl cern (JIBC) uwepes onrumdeckuii mepekiito-
qareab OIl npoxogar ma Beixom BOJIII u B onrTu-
geckoe BoiokHO OB1. C mpoTuBOmoOIOKHON cTOpPO-
HBI u3 onTmaeckoro BosokHa OB2 ma sxom BOJIIT
MPUXOIAT NH(POPMAIMOHHBIE ONTHIECKIE CATHAJIBI,
Gonburasg gacTb KOTOPHIX (99 %) wepes onrudeckmii
passersurenb OP 1 : 99 npoxomur Ha BhIxOz JIBC.
Mamas xe wacts (1%) momazaer Ha onmTHYecKmit
mostoc dorommoma DI, rme mpeobpasyerca B ¢do-
TOTOK, KOTODPBII yCHIUBAETCH JIOrapu(pMUAIECKUM
ycunurenem JIYC um mocrymaer Ha BXOI MHUKPO-
korTpossepa (MK). Amamoroso-nudposoii npeot-
pazoBarens MK mpeobpa3yer BXOIHOI aHAIOTOBBII

Bxox Boixon
(= @ on —@—:l)—(l:—@—
] OB1
JIBC @1 —=JIYC— MK — YC BOJIIT
OoP 0OB2
) =)
Bobixox 155 Bxon

Puc. 7. CrpykrypHas cxeMa KOHTPOJLIEPA 3AIATHI JJIs
muoromnposieTHbrx BOCII

curas B mmudposyio ¢opmy, mocie gero MK ocy-
MIECTBJIIET ero JaJbHeHnyo oOpaboTKy IO Ipo-
rpaMMe€ OITHMAJIBHOTI'O BBIJCJCHUA CUTHAJIOB Ha
dbone cayuaiineix momex [10]. B ciayuae obmapy-
XKeHnd curHaja monblTku chema MK orkimrogaer
mepesiady ONTUIECKUX CUTHAJIOB U (POPMUPYET CHUT-
HAJ TPEeBOTHW, KOTOPBIA MOCTyNmaeT Ha YCTPOHCTBO
CBETOBOI 1 3BYyKOBOil curnajm3anuu YC.

SKCHepI/IMeHTaJ'IbeIe HnccijaeagoBaHnd MaKeTa
samumieHaoin BOCII

Jlng mpoBepku pabOTOCIIOCOOHOCTH Ipeiarae-
MOil CXeMbl KOHTPOJLIEPA 3aIUTHL B COCTaBe MHOIO-
KaHaJbHBIX MHOTOIpPOJIeTHBIX 3amuinerabrx BOCIT
OBLIN POBEIEHBI YKCIEPUMEHTATbHbIE HCCJIEI0BA-
HuyAd.

Ha pumc. 8 mokazama cTpykTypHag Cxema Ma-
KeTa 21-KaHAJIBHON 7-IPOJIETHOH 3alUAIIEHHOMN
BOCII, wucmnons3yemoii mjis 9KCIEPUMEHTAJIBHBIX
nccaemopanuii. O6o3HaueHma Ha cxeme: Att —
arrernoarop onrtumueckmit;  D-Link DGS-3610
26G — kommyrarop ¢ DWDM SFP wmomymnsamu;
EXFO FTB-200 — m3MmepurenbHad CHCTEMA C MO-
nysiem  Ethernet-amamuzaropa EXFO  FTB-
8510B; FOBOS-100GE — xoHTpoJuLIep 3aliuThi;
MUX/DEMUX — MyJIbTHILIEKCOD / A€MYIBTUILIEK-
cop onrmueckuii; SMF — omHOMOmOBOE BOJIOKHO;
OY scrogy oznauaer EDFA. Ilorepu B kaxkgoMm u3
[POJIETOB UMATUPOBAJIUCH C MOMOIIBIO OMTHIECKAX
FM-arrentoaropos TakuMm o00pa3oM, dYTO oOIIas
IANHA JAHANA cocTaBmia 692 K.

Paborocmocobrnocts maxkera BOCII omnpeneng-
JIACh IyTeM TEeCTHUPOBAHWA W U3MEpPEeHud KO0I(D-
dumuenTa ommbOK u CKOpocTH mmepemadm. Jljs
sroro mpu nomommm Moxyias EXFO FTB-8510B

- 73—



I9‘6)$ﬂ = 16%)&" (912E6ﬂ

Cepulnue HoMepa EOFA-ycunumened:
0Y1 - S0775610.001

fooma 092 - 27-8FD721

SF A 0Y3 - S0772647.001

=@ & o 0Y% - S0509133001

30164 0YS - 27-BBW66S

046 - B265398.001

MUX/0EMUX2 &

(+12.96106m (+12.39)06m

O6Lwan NPOoTAXKEeHHOCTb NUHUK nepeaaym - 692 km.

Puc. 8. CrpykrypHaga cxemMa MakeTa Jjis TeCTHpOBaHHd MHOronposerHoi 3amuientoii BOCII no DWDM rexnonoruu (21 kanas 7 mpoJseTos)
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Packet Blazer, ycraHOB/I€HHOrO B KOMIIAKTHOW H3-
mepurenbHOi cucreme EXFO FTB-200, ocymiecTs-
JIAJINCHh aHaJu3 Kod(ddunumenra OGHTOBBHIX OMMIOOK,
a TakKe TeHepalud U aHajau3 Tpaduka 3aIuieH-
uoit BOCII, 4To m03BOJIMIIO OIEHUTH KAYECTBO CEp-
BHCOB, HCIIOJIL3YIOIINX B CBOEl OCHOBE TEXHOJIOTUIO
Ethernet.

Tect 1. Jlna omenku mepemaum Ethernet ma
ypOBHE OUTOB IIPOBOIUJICS TECT OUTOBBIX OIIMOOK
(BERT). BERT ucnons3yer ncepociydaiinsie 6u-
HapHble nocienosarenbroctu (PRBS), nakancynn-
poBaHHBIE B Kaapbl Ethernet, Tem camMbIM 1103BOISISA
mepeiiTu OT u3MepeHuii OrmubOK B KAJIPax K u3Mepe-
HHAM OHMTOBBIX OIIMOOK. Takoil momgxorn obecredn-
BAeT TOYHOCTH MOJICYETa OIMIUOOK IO OuTam, HeoOXOo-
AVUMYIO IJId UCOBITAHUI TPaHCIOPTHBIX CUCTEM IIO
pasnuaHbIM (HUINIECKUM CPeTaM.

lenepamusg OuUTOBBIX MOTOKOB BBINOJHATIACH B
JIByXIIOPTOBOM IOJTHOAYILIEKCHOM PpeXKHUMe JIJisd
uarepdeiica 1000Base-T ¢ pasmepom kampa
1518 6aiir u wnciaom kagpos 1,867 - 10° npu mum-
He Tecrosoro mabmoma PRBS 231 — 1. O6mem
rnepegaHHON WHQOpPMAIUs 33 BPEMSA TECTUPOBAHUS
(649 21 Mun 53 ¢) npu cpemHel CKOPOCTH mepeaadn
987 Mbwur/c cocraBmi

I=1,867-10°-1518 ~ 2834 [[Gaiir).

[Ipu sTom Obl1 momywen kodddumumeHT OIUOKU
BER menee 10710,

Eth. Eth.

TX SO Layers PM
Port Selection- Frame Size
m Port 2 Count % Total
< 64 0 0,00
Total Frame Counts 64 0 0,00
TX Count  RX Count i T o0
Total 1,867€09 | [1,867€09 ) -
EE | PES O, — —
Valid Frame Counts
TX Count  RX Count SIS i
Muticast [0 11456 91221023880 o0
Broadcast [0 o 1024 - 1518 (1,867E09 ||100,00
Unicast  [1,867€09 | [1,867€09 SHEE) e ey
N-Unicast [0 11456 Throughput
Total 1,867€09 |[1,867€09 Bandwidth 986,962336 Mbps
Utilization 100,0000096 %
Frame Rate  [81486 fps

P (I =1 L5
a

Ha pmc. 9 mpuBeneHB CTATHUCTHKA MEpEIaH-
HBIX /IPUHATHIX KaJAPOB M I[IPOU3BOJUTEIHHOCTH
IUIst IOpTa 1, @ TaKKe CBOJHBIE JIAHHBIE 110 ABAPUIM
u omubKaM Ha BCexX mopTax. V3 aTux maHHBIX Cje-
JlyeT, 9TO 3a BPEMs TEeCTa He MPOU3OIILIO HU OIHOM
ommmbku uim apapunm npu 100 %-HOM mCHOIB30BA-
HOAU €MKOCTH JINHUN.

Tect 2. ng ananusa Tpaduka u oOHAPYKEHUA
omubOK HA YPOBHE KAaJPOB BBIMIOJHAIACH OTHOBpE-
MeHHasd renepanus u npueM tpaduka wa 100 %-Hoit
CKOPOCTH IIepeadn ¢ pa3mepoM Kajapa 1 518 bair u
ancmoM Kagpos 1,215 - 10° ama 1000Base-T moa-
HOIYILJIEKCHON ceru. B Tecre ObuLI cremepupoBan
O[IVH TOTOK, UCIOJb3YIOUUN BCIO JOCTYIHYIO IPO-
OyCKHYIO CIOCOOHOCTH KaHawma. OO0beM mepeqanHoi
nadopmanus 3a Bpems recrupoBanus (44 08 mun
27 ¢) npu cpenueit ckopoctu mepemadu 987 Moéwur/c
COCTABUII

I=1,215-10° - 1518 ~ 1844 [['Gaiir].

Ha pmc. 10 mpuBenmenbl oOKHaA aHAIN3a MIOTOKA I
CTATHCTUKY MEPEIAHHBIX /IPUHATHIX KaJIPOB U IPO-
u3BoguTebHOCTH Mg moprta 1. [ljag mopra 2 stm
OKHA BBITVIANAT aHAJIOTHIHO. V3 pucyHKa ciermyer,
9TO Hpu cpexaHeit ckopoctu nepesadu 987 Mbur/c
nonygeno 100 %-Hoe mCHOIB30BAHWE €MKOCTH JIH-
HUW [IPU HYJIEBBIX IOTEPAX KAJIPOB U MAKETHOM JPO-
xxaauu GporTa (JzKUTTEPE) MeHee 15 MKC.

Ha puc. 11 npuBemeHsl CBOAHBIE TaHHBIE IO aBa-
pugaM m ommbkaM Ha BCex mopTax. Bummamo, 4TO 3a

Test Summary ITsst Preferences l Test Loooerl

Port 1 Port 2 Port 1 Port 2
Test HC Fod HC HC
LogFul ® ® Frequency ® ®@ © ® Freq(bps) |- =
Offset(ppm) |21 15
Ethemet . Pattem — T
Link ©® ®® NoTraffic © @ e
Error 20 o0 Pattemloss ® @ oe
Higher Layer Protocol Bit Error ER ) oe
HC HC ot [0 0
Efor ®e® 0e
Rate 0,00E00 0,00E00
it H C H C
SDT o0 LN )

B i [ ]2 22
o

Puc. 9. OxkHa CTaTHCTHKH MEPEIAHHBIX /IPUHATHIX KAJPOB M NPOU3BOAUTENBHOCTH I nopra 1 (a), a Takxke

CBOJHBIX JIAHHBIX 110 aBapusaM u ommbkaMm Ha Bcex noprax (6) 3a Bpemsa recta 1
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[oeer I

A . FHAEEY

Port Selection - Stream No. RX Frame Count

Port2 |1 [¥] | [1215418607

Sequence Tracking

HC Seconds Count Rate Percentage

© ® out-OfSequence [0 |[o |[o.00e00 |[oj000 ]
® @ Frame Loss o |[o [0,00600 | [o,000 |
RX Rate

Maximum Minimum Current Average

[0 e o %
Round Trip Latency

Maximum (ms)  Minimum (ms)  Current (ms)  Average (ms)

E |2 | | |

Jitter

Maximum (ms)  Minimum (ms)  Current (ms)  Average (ms)  Estimate (ms)

[<o015

w 04:08:37

|[< 0,015 |[< 0,015 |[< 0,015

S
A~
p | |Pass|Fal| | Fawories|

|[< 0,015 |

a

Port Selection Frame Size
m Port 2 Count % Total
< 64 o 0,00
Total Frame Counts 64 1 0,00
TXCount  RX Count e - o
1dl o —
S car;‘tcsm RX Count 26:=511 (0 o0
witest o 5 512-1023 [0 0,00
broadent. | i 1024 - 1518 [1,215€00 |[100,00
Unicast  [1,215609 |[1,215€00 >11518 o 0,00
N-Unicast  [1 1 Throughput
Total 1,215600 | [1,215€09 Bandwidth  |986,960944 Mbps
Utiization  [99,9998864 %
Frame Rate  [81487 | fos

= R -
0 X3¢
0d 04:08:37 Sommary| p | | PassiFul| | Favories)

Puc. 10. OxHa ananu3a MOTOKA U CTATHCTUKY [ePEJAHHBIX /IPUHATHIX KaJApOB (a) ¥ IPOU3BOAUTEILHOCTH (6) mis

moprta 1 3a BpeMd TecTa 2

Test Sumnmary ]Test Preferences l Test Loggerl

Port 1 Port 2
Test
H C HC HC
Global » @ LOS 29 990
LogFul ® ® Frequency ® ® © ® Freq(bps)
Offset(ppm)
Ethermet WE AC Pattern
Link ®0® 9@ | NoTraffic
Error o o Pattern Loss
Higher Layer Protocol Bit Error
HC HC Count
Error o0 0
Rate
Other

SDT

od04108:57 \Q Efm' ‘g’

Compact PB
(0] (]
Port1  Port2
4 Back| Main
Pwr(dBm) I “ I
= = Interface Setup
15 21 Port
H C H ¢ Traffic Analyzer
L R L IR
®® °oe Stream Analyzer
DO O Stream Generation
Pattern
RFC 2544 )
H C H C
L X L X TCP Throughput)
Advanced Test
K| 3
Pass|Fail | | Favorites|

Puc. 11. OkHO CBOJHBIX JAHHBIX IO aBApUAM U omubKaM (Ha BCEX MOPTAX) 3a BPEM TECTa 2

BpeMs JJAHHOT'O TECTa TaKYKe He MPOW3OIILIO HU OJI-
HOI OmINOKYU WX aBapwi.

B PE3yabTAaTE BBIIIOJIHEHHBIX TE€CTOB HA BBIIUCJIEC-
uue kKodpdunuenta ounbok BER u anamus rpadu-
Ka MOXKHO CZIeJIaTh BBIBOJI, 9TO KOHTPOJIJIEPHI 3AIIH-
o1 FOBOS-100GE ne Bausgior Ha CKOPOCTH Iepe-
Jladd U Ka9eCTBO IepegaBaeMblX NH(MOPMAIMOHHBIX
CUTHAJIOB.

Jloist mpoBEpKW peakmuu KOHTPOJIEPA 3alIlUThI
Ha BHeceHHe A0noJHUTEeNbHbIX morepb B BOJIII B

Hee OBbLI YCTAHOBJIEH IIPOrPAMMUPYEMBIH ONTHIE-
ckmit arrernioarop AQ 2200-311A [11]. Ilpu momo-
mu arreroaropa B8 BOJIII BrHOCuauch morepu 10
OTKJIIOYEHU Iepeladn ONTUIEeCKUX CUTHAJIOB KOH-
rposrepom 3amurel FOBOS-100GE. B arrenioa-
TOpe OPOTPaMMHUPOBAJIUCH JIBA PEKUMa BHECEHUA
mOTePh: OBICTPBIN W IJIABHBIA MpPU JBYX YPOBHAX
BHOCHMBIX moteps — 0,02 m 0,03 nB. Bun wncmsr-
TaTEJIbHBIX CUTI'HAJIOB, 3aJaBa€MbIX aTTEHIOATOPOM,
npuBesieH Ha puc. 12 (CM. TakXKe IBETHYIO BKJIAJ-
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Puc. 12. ®opmbl u mapaMeTphbl HCIBITATEIbHBIX CATHAJIOB, 33JaBAEMbIX aTTEHIOATOPOM: 1 — OBICTPHIA BBHIBOI; 2 —

IJIABHBII BBIBOJ,

Ky) HpI/I BHECEHUU MOIOJHUTEJIbHBIX IIOTEPH KaK B
0,02, Tax u 0,03 1B mpm MCOBITATETBHBIX CHTHAJIAX
0boux MOJIAPHOCTEH B Cirydae ucnoab3osanus OY ¢
XapaKTePUCTUKAMH, MPEICTABIEHHBIMU HAa pHUC. 4,
xouTposuteps! 3amutrsl FOBOS-100GE orkmowann
nepegavy ONTUYECKUX CUTHAJIOB.

Takum obOpa3oMm, g MHOIOKAHAJIHHBIX MHOIO-
nposerHbix 3amuieHasrx BOCII Mok HO ncmonb30-
BaTh KOHTPOJLIEP IO HPEAJIOKEHHOR YIPOIIeHHOH!
cxeme, n3obpakenHoit wa puc. 7. g sadpdexrus-
HOU mepenadyu JOUOJHUTEJbHBIX IIOTEPH OT IEPBO-
T'0 TIPOJIETA, JI0 TIOCJIe HErO HeoOXoanMa pa3paboTka
OY c mapamerpamu, yKa3aHHBIMEU B Tabm. 2.

3aKJiroueHue

[Ipemmoxennas cxema mnocrpoerus BOCIL ¢
npuMeHeHneM KOHTpoJiepoB 3ammurel FOBOS-
100GE u EDFA-mpenycunuresneit mo3sosgeT co3ma-
BaTh 3AIUIEHHbIE MHOTOIPOJIETHBIE MAruCTPaIb-
wbie BOCII mo TexHOJIOruu BOJHOBOTO YIJIOTHE-
ang DWDM npu ycraHOBKe KOHTPOJIJIEPOB 3allld-
Te1 TObKO B Koume BOJIIL. Ilpm sTom xoHTpOJ-
JIEP 3AIMMIIAET TOJBKO nocyemunii mposer B BOJIII,
a ONTUYECKWe IPeAyCUJIUTENN IeperaroT Ha HEero
JTOTIOJTHUTENIbHBIE IIOTEPU C APYTUX IIPOJIETOB IIO
nemouke. Cmocob KOHTPOJIA MO CPeIHel MOIIHO-
CTU BCErO TPYIIOBOr0 WH(MOPMAIMOHHOTO CUTHAJIA
YIPOLIAET U yAEIIEBISeT KOHTPOJLIED 3aIUThI IIPU-
mepHO B 1,5 pasa.

Jna sddexkTuBHON peanm3anuu MHOTOIPOJIET-
weix 3amuiieHabix BOCII seobxoguMbl onrudeckue
EDFA-npenycunurenn ¢ mMOCTOSHHBIM KO(hHHUIu-

€HTOM ycujieHud B pabodeM Juama3oHe C BBICOKOI
BPEMEHHOIl CTaOUIbHOCTHIO.

DKCIepUMeHTaAbHbIE UCCAEA0BaHUS Makera 21-
KaHapHOM 7T-mposernoit 3amuiierroit BOCII, Bei-
nonuenHoit mo DWDM-rexHomoruu, moKa3auu,
9TO TpUMEHeHre KOHTPoJuiepos 3aiurel FOBOS-
100GE mozBonger adpdexTuBHO 0becmeInBaThH 3a-
muTy WHOOPMAIUU HpHU Mepeaatde 3a IIpereaMu
K3 ma Bcex yuacrkax BOCII 6e3 cHuxKeHusi CKO-
POCTH TIepeadn U yXy/IIeHNsd KadecTBa IepeaBa-
emoit madopmanuu. Kpome TOro, B IpeioXkKeH-
ot cxeme zammmenabix BOCII mer orpannuenuit
HAa CKOPOCTb, TEXHOJIOTHIO [E€Peadu JAHHBIX U CTe-
[I€Hb CEKPETHOCTU MH(MOPMAIUH.
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PROSPECTS FOR CREATING MAIN SECURED FIBER-OPTIC SYSTEMS FOR
CLASSIFIED DATA TRANSMISSION / O. N. Naryshkina, A. V. Svetikov, V. V. Shubin
(FSUE "RFNC-VNIIEF", Sarov, N. Novgorod region)

The paper considers prospects for creating main secured fiber-optic systems to transmit
classified data. The standard schematic diagram of such a system and its main parameters
are presented. The principal requirements to optical amplifiers used in secured fiber-optic
systems are given. The specific features of using equipment to secure the system against
data leakage from an optical data link are shown. Experimental investigation results are

presented for a pilot 21-link 7-path secured system.
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