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SAIINIMTEHHA YA BOJIOKOHHO-OIITUYECKAA CUCTEMA
ITEPEJAY NTHOPOPMAIIM OTPAHUNYEHHOTO JOCTVYIIA
AJId MHOTOKOHTYPHBIX PACIIPEAEJIEHHBIX
ABTOMATU3NPOBAHHBIX CUCTEM
C PABTPAHUYEHUEM IIPAB JIOCTVIIA IIOJIb30OBATEJIEN

B. B. [lly6un
(OTVII "POAI-BHUNDD", r. Capos Huzkeroposckoii obsacrn)

[IpencraByieHo onucanue 3aMAIEHHON BOJIOKOHHO-ONITHYECKO CUCTEMBI Tiepeadn uadop-
Maluu OrPAHUYEHHOTO JIOCTYIAa Ha OCHOBE KOHTPOJLIEpoB 3aumThl cepuu FOBOS ¢ ucnomns-
30BaHUEM CIEKTPAJBHOTO pa3fiesieHnus HH(MOPMAIMOHHOT0 U KOHTPOJIHHOTO KaHaloB. [loka-
3aHO, 9TO C MOMOIIBIO TEXHOJOTUU IPYyOOTO BOJHOBOTO YIJIOTHEHUS MOXKHO CO3/IaTh MHOTO-
KOHTYPHYIO (110 10 KOHTYDPOB) pacHpeAeeHHyI0 aBTOMATU3UPOBAHHYIO CHCTEMY TIPEIIpUs-
TH C 3aIUTONR HHOOPMALUU OT YTEUYKH [MPHU MePeJade M0 ONTHYECKOMY KaHAIY 3 IIpejiesa-
MH KOHTPOJIHUpPyeMO#l 30HbI. [Ipu 3TOM ObecmednBaeTcs MaabHOCTD Mepeaadun WHMOPMAIUU
1o 20—30 kM Ha ckopoctu 10,31 T6ur/c n 37,5 kM Ha ckopoctu 1,25 ['6ut/c.

Karouesvie caosa: 3auiuiieHHas BOJOKOHHO-ONTHYECKAs CUCTEMA Tepeaadn nHdopManun
OrPAHUYEHHOTO JOCTYIIa, KOHTPOJLIED 3alUThl HH(POPMALNY, PA3IHIHBIE IPABA TOCTYIA.

BBenenue

[Ipu cozmanum pacmpeeleHHbIX aBTOMATU3UPO-
BaHHBIX cucTeM (AC) Ha IpeaUPUATHAX ATOMHOM
OTpac/ii BO3HWKAET MpOoOJIeMa 3amuThl nH(OpMa-
[MU OFPAHUYEHHOTO JIOCTYIA OT YTEYKH TPHU €e Tie-
peJade 3a mpeaeraMu KoHTpoiupyemoii 30ub1 (K3).
ITpu srom B AC npegmpusarus, Kak TPaBUJIO, IIUP-
KyaupyeT nH(MOPMAIAI C PA3TUIHON CTEMEHBIO CEK-
PETHOCTH, a TPYIIBI COTPYIHUKOB UMEIOT Pa3IU-
Hble TpaBa gocryma. [lo3TomMy, Kpome 3alluThl
nadopmanun 3a npegeravu K3, Bo3HHKaeT 3aja-
Ja HAJIEYKHOTO PA3TPAHUIEHUS JOCTYTIA PASTUIHBIX
rpynn abOHEHTOB, WHBIMHU CJIOBAMW, CO3IJAHUS B
mpejenax omHol pacupenenennoir AC HECKONTbKUX
M30JIMPOBAHHBIX JPYT OT Ipyra KOHTYpoB. Tomo-
gorus pacupegeneHabix AC, a Tak:ke BXOIANINX
B HEe KOHTYPOB MOXKET OBITH CaMOil pPa3IHYHOIA.
BoaMmoxkHBI pazHo0Opa3HbIE COYETAHUS TEPBUIHBIX
CTPYKTYp THNA 36e3da, depeso, koavyo. Ilpu aTom
KOJIMYIECTBO UCIOTH3YEMBIX KAHAJIOB CBA3U BHE 3a-
BUCHUMOCTHU OT KOJIMIECTBA KOHTYPOB JIOJIKHO OBITH
MUHUMAJTBHBIM.

B cospemennsix AC wmacmraba TpeanpuaTHs
CerofiHs, KakK MPABUJIO, HCIOIB3YIOTCI TEXHOJO-
run Ethernet, mpuuem mna mepemaum mudoOpMma-

mum 3a npegenamu K3 TPUMEHSIOTCA  BBICOKO-
ckopocTHble crapmaprel Gigabit Ethernet (GbE)
win 10Gigabit Ethernet (10GbE) (B nmepcnekruse
40Gigabit Ethernet n 100Gigabit Ethernet). Takum
obpa3oM, CKOpOCTH Hepegadn HHGOPMAaIud B KaHa-
nax cesa3u cocrasar 1,25'6ur/c (cramgapr dbusn-
geckoro yposas 1000Base-LX (H)) u 10,31 T'6ur/c
(crapmapr 10GBase-LR (LW)).

[lepenaga wnrdopmamum HA TAKAX CKOPO-
cTax 3a mpegensl K3 oCylIecTBiasgercsa TOJIBKO
O BOJIOKOHHO-ONITHYECKUM JIHHUAM I€PeJadn
(BOJITI) ma OCHOBE OJHOMOOBBIX ONTHYIECKUX
BOJMIOKOH.  JImg 3amurel umHbOpPMAIMM [OpHU IIe-
pemage mo BOJIII Bo3MOXKHBI 1Ba BapuaHTa:
UCIOJIh30BaHUE  KpUOTOrpaduIecKux  CPEJICTB
sanursl uHbopManun (KC3U) wian 3ammineHabIx
BOJIOKOHHO-oIITHYecKux cucreM nepegadn (BOCII).

KC3MU orevyecTBeHHOrO TPOU3BOACTBA HE 0bece-
YUBAIOT Mepeady WHGOPMAIUN HA BBINIEYKA3AH-
HBIX CKOPOCTSX, JIOPOTH B SKCILUIYATAIINA U TPEOYIOT
IIeJIOTO pAfa JOMOJHATETBHBIX Mep 10 6e30macHo-
cru. 3ammmenasie BOCII nmeror B cBoeM cocrta-
BE MPOTrPAMMHO-TEXHUIECKUE CPECTBA 3AITATHI WH-
dopmanun (IITC3U), manpumep cepun FOBOS [1],
KOTOpbIE HE CHUIKAIOT CKOPOCTH mepenadn ma(Op-
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MAIIUH, JIETKO CTBIKYIOTCS C JIIOOBIMU CTAHAPTAMU
nepegadu JaHHBIX U HE Tpe6yIOT JOIIOJTHUTEJIbHBIX
Mep o bezonacHocTu. OCHOBHBIE TapaMeTpPhl KOH-
TpotepoB 3amnmuTel cepurn FOBOS mna omromomo-
Beix BOJIIT npuBenens: B Tabi. 1.

ChoekTpajibHOE pa3gejieHue
I/IH(l)OpMaIJ‘I/IOHHbIX 1 KOHTPOJIBHBIX KaHAJIOB

Jlna pasrpanmuenus pocryma B AC mpemnmpuga-
THS [EIeCO00PA3HO BOCIOIH30BATHCA TEXHOJIOTHEH
rpy6oro BoarOBOrO ymnorrernus (Corse Wavelength
Division Multiplexing — CWDM) B amanazone
maaue BoaH oT 1270 mo 1610uM ¢ marom mexk-
ny kamagamu 20HM [2]. s Kaxgoro KOHTYpa
B mpemenax pacmpegenernoit AC ucmomab3yerca of-
HA WJN JIB€ JJINHBI BOJIHBL. V30JgIusa CMeKHBIX
kaHaioB B BOCII, mocTpoeHHBIX IO TEXHOJIOTHH
CWDM, cocrasnsier me meree 30 1B [3|. [ma mo-
Jaydenusa Tpedbyemoro kodddunuenta omumbOK Tpu
nepenaue nadopmamun BER = 1071010712 ¢ yue-
TOM 9KCILIyaTallMOHHOTO 3amnaca B 3 1B oTHOIIEHNE
curnas/urym B npuemauke BOCII pomxuO cocras-
aars 14—15 1b. Takum o6pa3zoMm, MOITHOCTE mMOMe-
XU OT cocemHero kaHana OGosee wem Ha 15 1B (B
30 pa3) MeHBIIE MOIIHOCTH HIyma. BoccTanoBJe-
HUE€ CUTHAJIA OT COCETHEr0 KaHAJIA MPU OTHOUIEHUN
curaas/mym 0,033 mpakTHYeCKH HEBO3MOXKHO, T. €.
obecrednBaeTCs TMOJHAS Pa3BA3Ka JTaKe JIJId COCe -
mux kanagos 8 CWDM BOCII.

Mg mepemadn wHGOPMAIUYA OrPAHTIEHHOTO 10~
cTyma mesrecoobpa3Ho mpuMeHaTh A0 10 KaHAJIOB C
mauaavu BoH OoT 1270 mo 1450 HM, a 1y KOHTPO-
ag ¢ nomonisio [ITC3U ucnons308aTh JJIMHBI BOJIH

1610 (FOBOS-100GE) wmmm 1550mMm (FOBOS-

100GL). Takum 006pa3oM, IpUMEHEHUE CIEKTPAJIb-
HOTO PAa3Je/IEHNYd KaHAJIOB ITOBBIMIAET TYBCTBUTEIIb-
HOCTH CHCTEMBI 3alllUThI, IPUYIEM HECOAWHAKOBO IJId
CUIHAJIOB HA PA3HBIX JJIMHAX BOJH [4].

Kak msBectno, B ogromogosom (SMF) Bosokme
pacmpocTpaHsgeTca ogHa ocHOBHag Moma HEq1, mve-
I0II[as TayCCOBO PACIPEIe/IeHIe NHTEHCUBHOCTH, KO-
TOPOE 3a/a€TCsl M3BECTHON 3aBUCUMOCTHIO [5]

I(r)

Oom( ) o

——= =exp

Bnecw I(r) — HHTEHCUBHOCTH W3JIy9€HUsS] OCHOBHOMN
MOJIbl Ha PACCTOSIHUY T OT OCH BOJIOKHA B MOIEPEd-
HOM cedennn; [, — WHTEHCUBHOCTH W3JIy9eHUs OC-
HOBHOI MOJZIBI Ha OCH BOJIOKHA. W, — PAJUYC MATHA
Mogbl Ha ypoHe 1/e? — Brramcigerca mo dopmy-
ae [5]

1,619 2,879 (2)
VL5 Ve -

3mmech p — pagmyc CepAIEBUHBI OIITUIECKOTO BOJIOK-
Ha; V — BOJHOBOIHBIN mapaMmeTp, KOTOPBIA ommpe-
JlesiseTcd Mo u3BecTHOH dopmye [5]

%o — 0,65+
P

V= 22 (TL2 2)0,5

A\ c Mo ’ (3)
rIe A\ — JJIMHA BOJIHBI U3JIYIE€HUHA; N U Ny — COOT-
BETCTBEHHO MOKA3aTENN MPEJTOMICHUSA CEPAIIEBHHEI
7 0DOJIOYKH BOJIOKHA HA, JIJINHE BOJIHBI \.

Takum 06paszom, BOTHOBOIHBIN MapaMeTp, a Cje-
JIOBATEIbHO, PAAUYC MATHA MOMIBI 3aBUCAT OT IIJIH-
HBbI BOJIHBI. COOTBeTCTBeHHO OT OJIMHBI BOJIHBI 3a-
BUCUT " pacnpezLeJIeHHe MHTEHCUBHOCTHU HSJIyqe-
HAY B IOINEPEYHOM HAIIPABJIEHHM BOJIOKHA. Ha
pI/IC. 1 Hpe,ﬂCTa.BJIeHbI 3aBUCUMOCTUA OTHOCUTEJIb-

Tabauuya 1

OcHoBHBIE IIapamMeTpbl KOHTPOJLJIEPOB 3alllUTbhI OJId OJHOMOAOBBIX BOJIOKOH

ITapameTp

FOBOS-100GL FOBOS-100GE

Tun BOJITI
(crapmapr ITU-T**)
Tun onruuecknx coepunnureneit (T,R/TERM/LINE)
Paboune gmunbt Boma BOCIT, mxm
Cpenngg momuocTh Ha BxogaoM mostoce T-TERM, nbm
Pabouas mymHa BOJHBI KOHTPOJLIEPA, MKM
IToTepn MexXIy ONTHYECKUMH TTOJTIOCAMHE:
Arr, 1B
ARr, 1B
ATR LINE, OB

SMF* SMF
(G.652, G.657) (G.652—G.656)
FC/SPC FC/APC
1,260—1,490 1,260—1,625
or —14,0 1o 0 or —4,0 no 16,0
1,470—1,570 1,607—1,612

He boiee 3,5
ue 6ostee 0,5
0—20,0

He 6ostee 3,5
ue 6osee 0,5
0—29,0

* SMF — 0aHOMOmOBOE OITHYECKOE BOJIOKHO.

** ITU-T — MeXayHapOgHBIN COI03 3JIEKTPOCBA3HU, CEKTOP TEJIeKOMMYHUKAITAH.
)
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I(r)/1,, oTH. e

1,0

— T

0,1
0,01
107
X A =1,61 MM
A =1,55 MM
10 A =1,45 MM
=31 =131 MM
A =127 MM

6 ¥ 8 9

10 r, MEM

Puc. 1. 3aBucumocTy OTHOCUTEBHON WHTEHCHBHOCTH U3JIyYEHHUs OT PACCTOSHUA OT Ocu BojaokHa SMF-28

HOW MHTEHCUBHOCTH OT PACCTOSIHUS OT OCH BOJIOKHA
SMF-28 nyis BBIOpaHHBIX JJIMH BOJIH, PACCUMTAH-
uble o dopmyram (1)—(3).

[Mpu mokamgsaOM BBIBOIe u3 SMF-BO/IOKHA WH-
TeHCHBHee OyJeT BBIXOIUTH U3JIydeHue ¢ OOJbIIu-
Mu jgiuHaMu BoH. COOTBETCTBEHHO, ecyn WHMOP-
Malis TEePeJaeTcsd Ha KOPOTKUX JJIMHAX BOJH, a
KOHTPOJIb BeJIeTcd Ha OOMbIIeil ATiHe BOTHbI, TOSIB-
JISTETCS BBIUTPBINI B YYBCTBUTEJIHLHOCTH 110 OOHAPY-
JKEHWIO TOMBITKA BBIBOJA W3JIyueHus. Hampumep,
npu norepax B Bomokue (0,03 1B, KoTophie obHADY-
JKUBAIOT KOHTPOJLIepH! 3amuThl cepun FOBOS, or-
HOCHUTEIbHA WHTEHCUBHOCTH U3JIy9YeHUS HA, JJINHE
BonHbl A = 1610 HM cocTaBuT

@ =1-10"%"x =1 —107%%3 — 0,007
(o]
(A; — u3menenne ko3 dunueHTa HEPEAATN MEK LY
ONTUYECKUMHU TOJIOCAME), 9TO COOTBETCTBYET KO-
Op/INHATE B TMOMEPETHOM CEYEHWUN BOJOKHA

I 0,5
r= (—0,5w§ In $> =

o

— (~0,5-5,1121n0,007)"* = 8 mxwm.

OTO 03HAUAET, ITO MPHU JIOKAJIHHOM JedeKTe U3JIy-
JeHne Ha PaccTogHmu Hosee 8 MKM OT OCH BOJIOK-
HA TEPEXOINUT B BBITEKAIOIINE MOIBI U OYIeT OImpe-
JIeJIATh BHECEHHBIE JOMOJHUTENbHbIEe moTepu. Ha
puc. 2 mpeAcTaBIeH MEXaHU3M 00pa30BaHU OTEPH
Ha u3rube BOJIOKHA u3 paborsl [6].

B Tabs. 2 npuBemensr pe3ysbTaThl pacdeTa OT-
HOCHUTETHHOW WHTEHCUBHOCTHU MOTEPIHHOTO U3y e-

Infinite
cladding

Puc. 2. Mexanu3m obpa3oBaHus MOTEPh HA U3rHOE BO-
JIOKHA

Hust o dopmyaam (1)—(3) musa paccrosHus OT ocH
r = 8 MKM B BOJIOKHEe SMF-28.

N3 tabu. 2 cimemyer, 9TO WHTEHCUBHOCTH IOTE-
PAHHOTO M3JIydeHUs HA JJIuHe BOJHBI A = 1270 M
MeHbIle, 9eM Ha pabodeil [jiWHE BOJHBI KOHTPOJI-
nepa 1610mm, B 7,4 paza (ma 8,7 1B), a ma gmwnae
Bosabl A = 1450 M — B 2,5 pasa (ma 3,9 1B). Do
CBUIETEIHCTBYET O TOM, 9TO BO CTOJBKO K€ pa3 mo-
BBICJIACH IYBCTBUTEJILHOCTH ODHAPYIKEHUS BBIBO-
1a m3aydeHud. Taxkmm oOpa3oM, MpH UCIOJIb30Ba-
HUU KOHTPOJId Ha AjwnHe BOJHBI 1 610 HM mpeaern-
HO TOIyCTUMOE n3MeHeHue K0d(DhUIuenTa mepega-
9 MeXKJy ONTHIECKAMHU IOJIOCAMHU YMEHBIIUIOChH
B 7,4 pasa, ¢ 0,03 mo 0,004 1B (A = 12708M), u B
5,7 paza, mo 0,005 15 (A = 1290; 1310um). Ilpm
HCIIOTB30BAHUY KOHTPOJIA HA AInuHe BOIHEI 1 550 HM
u3MeHenre KOI(DDUIUEHTa TePesadn yMEHBIIUTCI
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Tabauuya 2

PeByJII)Ta.TI)I pacdeTa OTHOCUTEJIbHOI MHTEHCUBHOCTU N3JIydeHUd Ha PAaCcCTOdHUU T" = 8 MKM oOT ocu

BosiokHa SMF-28

)\,HM Vv wo/p, Woy MKM I)\ = I(’I")/IO, —].OIg(Ilﬁlo/I)\), —101g(I1550/I)\),
OTH. €. OTH. €. b b
1270 2,63 1,038 4,31 0,0010 —8,7 73
1290 2,59 1,048 4,35 0,0012 -7.9 —6,5
1310 2,55 1,058 4,39 0,0013 -76 —6,2
1330 2,51 1,069 4,44 0,0015 —6,9 —56
1350 2,47 1,080 4,48 0,0017 —6,4 -5,0
1370 2,44 1,088 4,52 0,0019 —5,9 45
1390 2,40 1,101 4,57 0,0022 -53 -39
1410 2,37 1,110 4,61 0,0024 —4,9 —35
1430 2,33 1,123 4,66 0,0028 —4,2 -29
1450 2,30 1,134 4,70 0,0030 -39 26
1550 2,15 1,193 4,95 0,0054 14 0,0
1610 2,07 1,230 5,11 0,0074 0,0 +1,4

cooTBeTCcTBEeHHO B 5,4 pasa, 10 0,006 (A = 1270 am),
u B 4,2 pasza, no 0,007 1B (A = 1290; 1310 aM™).

Jlis 9KCIepuMEeHTAIbHOW MPOBEPKU PE3YJIbTa-
TOB pacyera WHTEHCUBHOCTH U3JIydeHusd ObLIN CHd-
TBI CHEKTPOrPAMMBI HMHTEHCUBHOCTH W3JIYYEHUS
(puc. 3) B BBIOpaHHOM Anamna3oHe JIuH BoIH 1 270—
1450 EM Ha BXOITHOM MOJIOCE OINTHIECKOT'O BOJIOK-
Ha W Ha BBIXOZe orTBerTBHUTENd — npumenku FOD-
5503, moaKIIOUEeHHOM K OBOKOBO# MOBEPXHOCTU TOTO
JKe BOJIOKHA.

N3 puc. 3 BUAHO, 9TO WHTEHCUBHOCTBH WU3JLyde-
Hug npu A = 1270um Ha 10 1B Menbime, wem mpu
A = 1370um, u wHa 8 1B Menbmre, wem mpm A =
= 1390 am. OTKIIOHEHWS OT PACUYETHBIX 3HAYEHWUIA,
BEPOSITHO, OOYCIOBIEHB HECTAOMIBHOCTHIO U CITEK-
TPAJIBHOI 3aBUCUMOCTHIO KO3 DUIIHEHTA, Tepesadn
U3IydYeHnd depe3 OOKOBYIO MOBEPXHOCTH BOJOKHA.

B Tabn. 3 mpuBemeHnl paccINTAaHHBIE 3HAUEHUS
u3MeHeHnd KOd(DPUIMEHTA MePETaTIn MEXK Iy OITH-
gecknMu mosmocamu A (M), SKBUBaJIE€HTHBIE BHECE-
auio motepsb 0,03 1B Ha mmmae BoaHEBI A = 1610 HM.

Taxwum 06pa3oM, TyBCTBATEIBHOCTH CUCTEMBI 3a-
murel BOCII Ha OCHOBE KOHTDPOJIEPOB CEpUU
FOBOS mnossimaercs.
YeHUs TYBCTBUTEIBHOCTH MOTYT OBITH ITOJIYYEHBI
TOJIBKO KCIEPUMEHTATIHHO.

Tounple 3HaYEHUA yBeJu-

CrpykrypHaga cxema BOCII

Ha pwuc. 4 mpuBemeHa CTPYKTypHas cxema 3a-
mumennoit BOCII, koropas cocronT u3 mpuemo-
nepenatomux moxayeir SFP (SFP+, XFP), pa6ora-
FOIAX Ha Pa3JIMIHBIX JJINHAX BOJIH B COOTBETCTBUI

¢ 3azannoit cerkoit CWDM [2]. lna obecreuenns
MaKCUMAJIBHON JaJbHOCTHU Mepemadn mHMOOPMAIINT
HeO6XO,L[I/IMO NUCIOJIb30BATh MOAYy/JM C MHUHHUMAJIb-
HBIM IOPOTOM dyBcTBUTENbHOCTH OT —30 110 31 1BM
nuist ckopocru 1,25 T'6ur/c u or —23 1o 24 nbm mos
ckopocru 10,31 I'6ut/c, HampuMep, OTE4€CTBEHHOTO
npoussozcTBa [3]. MoutHocTh U3mydeHus Momysiei
JTOJI’KHA OBITH OKOJIO HYJIA.

[Ipuemorniepenaromnuit MOAYIbL BXOAUT B COCTaB
ceTeBOll ammapaTyphl KOHTypa H [OJIKEH OBITh
BCTABJIEH B CETEBOIl KOMMYTATOP (MApUIPyTH3ATOD
WA JPYTOe CETeBOE YCTPONCTBO), MMEIOuil CTaH-
JapTHOE THe3/I0 JJId YCTAHOBKH ONTHYECKHX MOIY-
aeit SFP (SFP+, XFP) [7]. Jomnyckaercss ncmoss-
30BaHUE JIIOOBIX JPYTUX CTAHJAPTHBIX MIPUEMOIIe-
penatonmx moxyneit (GBIC, XENPAK, X2, CFP).
Kaxkaprit 3 Momysteit ¢ mOMOIIBIO IBYX OJHOMOJIO-
BBIX OITHIECKAX BOJIOKOH COEIWHSETCH C MYJIbTHU-
mwiekcopom/ memynbrumiiekcopom MUX/DEM. Tlo-
ckobky Moxmyinb u MUX/DEM pacmosnoxens B
npegenax oxuoit K3, zammurel wHOpMamum OT
yreuku tpu nepegade mo BOJIIT B stom cayuae
He Tpebyerca [8]. Tem He MeHee, ecm y4IuTHIBATH
crenuduKy TPeAUPUATUN aTOMHOW OTPACIU, IJIU-
ma BOJIII B mpememax K3 MoxKeT OBITH JOCTATOYHO
MPOTSKEHHOW U JOCTUTATh 2—3 KM, ITO HEOOX0Iu-
MO yYUTHIBATH TpU pacuerax mapamerpos BOCII.

Ha Bxome MUX/DEM rpyumnosoit uadopmany-
OHHBIN MMOTOK TI0 JBYM OIITHIECKUM IITHYPAM MOCTY-
maeT Ha ONTHUYECKHE MOPTHI term KOHTPOJLIEPa 3a-
mutsl F (FOBOS-100GE (GL)). IlenecoobpasHo,
aro6sr MUX/DEM u korTpoJUIep 3amuTsl GbLIn
PacmoJiozKeHbI B IIpejieiaX OJHONW CTONKYU MU OMe-
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Puc. 3. CmekTporpaMMbl HHTEHCHBHOCTH U3JIyY€HHs] HA BXOIHOM IOJIIOCE U 9epe3 DOKOBYIO MOBEPXHOCTH BOJIOKHA

SMF-28

1

BX/BBIX -+-.

2
. —=— 3 T T
BX/BBIX SFP AT
i =—@—eq MUX Eﬁ;'g-@ﬁm
BX/BBIX P DEM R “R
10
BX/BEIX <] SFP [ &=
——— K3
1
2
BX/BBIX
BX/BBIX
BX/BBIX

Puc. 4. Crpykrypuasa cxema BOCII

Tabauua 3
3HadyeHUsT U3MeHeHnd Ko>pPUIMeHTa MepeJadn MeXKIy ONTUYECKUMH IMOJICaMu
A, HM 1270 1290 1310 1330 1350 1370 1390 1410 1430 1450
A(N), nb 0,004 0,005 0,006 0,007 0,008 0,009 0,010 0,011 0,012 0,013
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mennd. B sToMm ciaydae mnwHA coequHeHus He Oy-
nmet mpesbimaTh 10 M. JlomyckaeTca pacmosiokeHue
YCTPOMCTB B pPa3HBIX IMOMEIIEHUAX, HO B Ipejesax
omuoit K3. B pacuerax OymeM TpuHUMATH IUHY
coequaerusa 10 M.

Onruaeckne noprsl FOBOS-100GE (GL) line co-
eJINHEHBI C JBYMs ONTHIYeCKUMHU BosokHaMu SMFE B
onTuieckoM kKabeme. B coorBeTrcTBHEM CO cxemamw,
pEeJCTABJICHHBIMA HA PUC. 5, MOXKeT ObIThH 3ajeil-
CTBOBAHO OJIHO WJIW YEThIPE BOJIOKHA IIPU UCIIOJIH30-
BAaHWW PE3EPBUPOBAHWA. B ciaydae aBapuitHOW cu-
Tyalnuyu MTPOU30HAeT aBTOMATHYECKOE IepeKJIrode-
HUE Ha Pe3epPBHBIE JINHUMU.

Ha mporusonomnoxuoit cropore BOCII ycranos-
JIEHO AHAJIOTUIHOE CPEJICTBO 3AIUThl WHMOPMAITT
cepuun FOBOS. Onruueckue nositoca T u R nepso-
r0 KOHTPOJIJIEPA 3AIMUTHI COEMHEHBI COOTBETCTBEH-
HO ¢ onTtmaeckuMu nosiocamu R m T BTOporo xom-
TPOJLIEPA 3AIUTHI, PACIOJOKEHHOTO HA, TIPOTHBO-
MOJIOXKHON cTopoHe. (OcTanbHbIE YCTPOUCTBA U UX
coeagmHEeHUd CO BTOPBIM KOHTPOJIJIEPOM TOYHO TaKUe
JKe, Kak Ha yxKe paccMmorpennoit croporne BOCTI.

Samumenaag BOCII obecmeunBaeT coenmHeHne
MOYKa—mMouka 1 TTO3BOJIAET CO3IABATEH CETH JIFOOO0M
KOH(UTYpaIuu, HAPAIIUBATH KOJHIECTBO abDOHEH-
TOB, U3MEHATH TOIOJIOTUIO, BBOAUTH PE3ePBUPOBA-

HHe 0c000 BasKHBIX KAHAJIOB CBA3U B IIPOIIECCE IKC-
IJIyaTallAn.

JdanpHocTu nepegaym nHOpPMAITINA
3a npeaenamu K3

Maxkcumanbaaa ganabaocTh nepegadn  BOCII
ompezensgercd mo popMyire

L = — [kwm], (4)

rae B[nB] — 6Gomxer BOCII 3a npemenamu K3;
a[ab/xM| — koaddunmenT 3aryxaHus B BOJIOKHE
Ha paboueil JjIuHE BOJIHBHI.

Bromxker sammmennoit BOCTI (cm. puc. 4) 3a
npeneravu K3 cocraBur

B =W, — 244, — 24,4 — 24, —
—Arr — Agr — W), [gB], (5)

rne W, [nBM] — MomHOCTh NEpemaTUnKa MOIYIIS;
Ay, [1B] — onrugeckue norepu 8 BOJIII B npene-
aax K3 (MOxynb—MynbTUILIEKCOD; eMYIbTHILIEK-
cop—monynb); Apmg|[nB] — onrmueckme morepu B

Puc. 5. Tunossie cxemsl Bkiatouenusa KouTposuiepos B BOCII (F — kouTposurep 3amuTsr; P — nepexitouaresns 1x

x 2; R — passersBurens 1 x2 (50:50)): a — qymieKCHOE COEAMHEHTE MOYKA—MOYKA; 6 — JLYILUIEKCHOE COEINHEHUE

mo4xKa—movka MO0 OAHOMY BOJIOKHY; 6 — IOYIJIEKCHOE€ COeAUHEHUE MOouKka—ImouKka C pe3epBUPOBAHUEM JTUHAN
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MYJIBTUILUIEKCOpPE / eMynbruiiekcope; A [nB] —
ONITUYECKWE TIOTEPH B ONTHIECKUX IIHYpPaX
(MyBTHIUIEKCOP — KOHTPOJLIED 3amuThl); Agr,
ARpg [nB] — onTuueckue moTepu B KOHTPOJLIEPE 3a-
mutel Mexkay mopramu 1T u RR coorBercrBenHO;
W, [sBM| — mopor 4yBCTBHTENBHOCTH IPUEMHIKA
MOJYJId.

B Tabs. 4 mpuBemensr pe3yabTaThl PacIeTa MaK-
CUMAJIFHOW JAJIbHOCTHU Trepefadn 3a npemeaamu K3
nuia 3amumensaoit BOCIT: ma ckopocru 1,25 '6ut/c
OHA COCTABJdAET He MeHee 37,5 KM, a Ha CKOPOCTH
10,31T6ur/c — me menee 20 kM. Ilomydennsie
3HAYEHUS COOTBETCTBYIOT KJIACCY MEKOOBEKTOBBIX
BOCII mo mampHOCTH mepemsadud W BIOJHE IOCTa-
TOYHBI Jid co3manus pacmpeaenerHusix AC mpes-
IpUATHAR OTPaCIn.

MakcumanpbHass 1 MUHUMAJIbHAsS MOIIHOCTH
nHMOPMAIMOHHOrO curHajia Ha rpanule K3

C ucnosnp30BaHUEM yIKe BBEIEHHBIX 0D03HAUECHMIA
MaKCUMAJIBbHO BO3MOZKHYIO MOIITHOCTH HH(bOpMa.HH-
OHHOT'O CUTHAJIa Ha TpaHule K3 MoKHO onpenenuTs
o dopmyite

Wiz max = Wo — Ak — Ama — As — Arr [JIBM]-

PesynbraThl pacgera MakKCMMAJILHOW MOIHOCTH B
BOCII ua rpanune K3 npusenens B Tabi. 5.

JLiist TOoro 9To66I 06ECIEYNTh MAKCUMAJIBHYIO 3a-
IUIIEHHOCTh WH(MOPMAIWK, HEOOXOAUMO OIIpejie-
JIUTh MWHWUMAJbHYI) MOIIHOCTH Ha TpaHure K3,
Ipu KOTOPOH B KaxKIOM KaHajge Oymer obecre-
9uBaThCA 3aMaHHbIA KOd(Ddunuent omubox BER.
Pacuer MuHUMATBHON TOMYCTHMON MOITHOCTHU WH-
dopmanmonHOro curaaga Ha rpanune K3 npu mak-
cuMasIbHO JomnycTuMbix norepsx B BOJITI, pasabix
OIOMKETY, MOXKHO OCYIIECTBUATD IO (popMy.ie

szm = Wp + ARR + As + Am +B [.LEBM],

rae A, [nB] — onrtudeckue morepu B MysbTHILIEK-
cope.

PesyapraTel pacuera MUHUMAJBHO JOMYCTAMOI
MOIIHOCTU Ha rpanune K3 mpu MakCHMAaJbHO I0-
nycrumbix norepax B BOJIII npuBenens: B Tab. 6.

Takum obOpazom, AUAMA30H W3MEHEHUS MOIIHO-
¢t nHGOPMAIMOHHOTO CUTHAJIA B KAXKIOM KaHAJIE
IpU MAaKCUMAJIbHO MOmycTuMbix morepax B BOJIIL
(paBHBIX GIOZKETY) MOXKET cocTaBiaTh oT —11,5 10
—5,5 1Bm.

Pacuer MuaIMAaIBHO JOMYCTUMOM MOIIHOCTHU WH-
dopMmanroHHOro curHaja Ha rpanune K3 mnpu mu-
HuMaabHBIX oTepax B BOJIII moxHO ocytiecTBuTh
mo dopmyite

Wiomm = Wp + Apr + A; + A, [,ILBM].

Tabauya 4
Pacyer MakcuMaJbHOU JAaJbHOCTHU Hepenadm 3a npenesavu K3

Benuuuna, equauna n3MepeHns O6o3nauenne Cropocts nepemaun, ['6ur/c  ITpumeuanune

1,25 10,31
MomHOCTb mepegaTInKa MOy, 1BbM W, 0,0 0,0 [3]
Onruueckue norepu B BOJIIT Ay, 2,0 2,0 Jmuua BOJIII
B mpenenax K3, nb B K3 2,5 kM
MakcumaabHbIE OTHYECKHE TIOTEPH And 3,0 3,0
B MYJIbTHILIEKCOPE/ IeMyIbTHILIEKCOpE, 1B
Onruyeckue mOTEpH B ONTHYECKUX Ag 1,0 1,0 Jnuna maypa
mHypax, 1b 1—-10mMm
MaxkcumaabHbIe ONTUYECKHE TTOTEPH B A7t 3,5 3,5 Tabu. 1
KOHTPOJIJIepe 3amuThl Mexkay nopramu 1T, nb
MaxkcumaabHbIe ONTUYECKHE TTOTEPH B ARR 0,5 0,5 Tabu. 1
KOHTpoJuIepe 3amuThl Mexkay nopramu RR, 1B
ITopor 4yBCTBAUTENPHOCTH TPUEMHHKA, W, —23* —23* [3]
MOy, TBM —31** —24**
Bromxer BOJIII 3a npenenavu K3, 1B B T* T* Dopmyma (5)

15** 8**
MakcumasabHas TAJIBHOCTD MEePegadn L 17,5% 17,5% Dopmyna (4)
3a mpemenamu K3, kM 37,5%* 20,0%*

* 3HadeHMWe TIPU UCIOMB30BaHUU B mpueMHOM Moayse PIN-dboromuoma.

** 3HayeHMe MpY MCIIOJIB30BAHUN B IIPUEMHOM MOZYJle JIABUHHOTO (hOTOAMOIA.

- 77 -



B. B. 1lly6un

Tabauua 5
Pacuer MmakcuMasibHOU MoOMIHOCTHA Ha rpaHmnme K3
Bennunna, enuanna m3mepenus O6o3nauenne  3HaueHue [Ipumeuanune
MomHOCTS nepegaTyYnKa MOAYJId, ABM W, 0,0 [3]
Onruueckue norepu B BOJIIT Ag, 1,0 Jmura BOJITT 1™
B npenenax K3, 1b
MakcumaabHbIE OITHYECKHE TIOTEPH And 1,0
B MYJbTHUILIEKCOPE, 15
Onruueckue norepu Ag 1,0 Jnuaa maypa 1M
B ONITHYECKHUX IIHypax, 1B
MakcumaabHbIE OITHYECKHE TIOTEPH AT 1,75 + 0,25 + CyMMapHBIE TIOTEPH HA
B KOHTPOJLIepe 3amuThl Mexkay mopramu 1T, 1B + 0,5 = 2,5 oTBeTBUTENE, TEPEKIIOUATEIIE
¥ JIBYX COEIMHUTEJISTX
MaxkcumaabHasg MOIIHOCTE Ha rpanune K3, 1Bm Wiy max -5,5

Tabauua 6
Pacuer MUHUMAJIBHO OOILyCTUMOUM MOIHOCTA Ha rpanune K3 mpu MakcMMaiabHO JOMYCTUMBIX IIOTE-
pax
Benuuuna, equauna n3MepeHns O6o3nauenne Ckopocts nepemaun, ['6ut/c  IIpumeuanue
1,25 10,31
ITopor 9yBCTBUTEIHHOCTH TPUEMHHKA, W, -23,0* —23,0* [3]
Moxyns, nbm —31,0** —24,0**
MaxkcumaabHbIE ONTHYECKUE IOTEPU ARr 0,5 0,5 Taba. 1
B KOHTpPOJuIEpe 3amuTel Mexxay nopramu RR, 1B
OnTudeckue moTepn A 1,0 1,0 Jnuaa TrHYpa
B ONTHYECKUX IHYpax, 1B 1—10m
MaxkcumaabHBIE ONTHYECKHE TOTEPU Amd 3,0 3,0 [3]
B JIeMyJIbTHUILIEKCcOpe, 1B
Bromxer BOJIII 3a npegenavu K3, 1B B T* T*
15** 8**
MunnmaabHAs MOIIHOCTH Wiam —-11,5 —-11,5

Ha rpannne K3, 1Bm

* 3HaveHune IpPU UCIONb30BaHuu B npuemHoM moxyie PIN-doroamona.

** 3HageHue IPU UCIOJB30BAHUN B IIPUEMHOM MOJyJle JJABUHHOTO (hOTOAMOIA.

PesyapraTel pacuera MUHUMAJBHO JOMYCTAMOI
MOIIHOCTU Ha rpanuie K3 npu MUHUMAJIBLHO BO3-
MoxkHBIX ToTepsax B BOJIII npusenensr B Tabu. 7.

Taxkum obpazom, u3 tabua. 5—7 craegyer, 9To s
obecriedennsa nepemadn WHMOOPMAIUN HA TIPEIETh-
HBIe paccTosaud 37,5 KM co ckopocthio 1,25 '6ur/c
u 20kM co ckopoctbio 10,31 T'6uT/c Makcumasb-
Hasd MOIGHOCTH Ha rpannme K3 MOXKeT COCTaBUTH
—5,5 1BM, a MEHUMAJIBHO JOomycTHMAas (IIpH 33 aH-
som BER) —11,5 1Bm. Tlpm MuHUMAIBHBIX mOTE-
psix B BOJITT (okomo 0) MuHEMAIbHAS MOIIHOCTH
ua rparune K3 moxket cocraButh —26,5 1BM npu

ckopocru 1,25T6ut/c u —19,5 1Bbm mpu ckopocTu
10,31 T'6ur/c.

B 3aBucumMocTu oT KOIMYECTBA KAHAJIOB OOIIas
MOIIIHOCTb B ONTHUYIECKOM BOJIOKHE OYJEeT yBeIudu-
BaTbCd B cooTBercTBum C Taba. 8. [ma ycranos-
KI ¥ BBIDABHUBAHUS MOIHOCTEH MO KayKIOMY KOH-
Typy Ha rpanune K3 MOryT OBITH MCIOJIH30BAHBI
ontuyeckne FM-arrenioaroper ¢ marom 1xab [9)].
B cnyuae mHeoGxommMoCTH yBeNWUEHUS MATHHOCTH
nepegadn Ha ckopocru 10,31 T6ur/c xo 30 kM Mmo-
ryT OBITh UCIOJIB30BaHbl XFP-Momynu ¢ 1aBuHHBI-
Mu (DOTOAUOJAME, UMEIOIIHEe MOPOT IyBCTBUTETb-
vHOCcTu —28 1BwM.
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Tabauya 7
Pacyer MUHUMAaJIBHO JOMYCTUMOM MoOIHOCTU Ha rpaunne K3 npu MUHUMAaIbHO BO3MOXKHBIX MOTEPIX
Bennunna, enuanna m3mepenus O6o3unauenne Ckopocrsb mepemaun, ['6ur/c  [Ipumeuanune
1,25 10,31
ITopor 4yBCTBAUTENPHOCTH IPUEMHHKA, W, —23,0* —23,0* [3]
MOy, n1BM —31,0** —24,0"*
MakcumaabHbIE OITHYECKHE TIOTEPH ARRr 0,5 0,5 Tabu. 1
B KOHTpOJLIepe 3amuThl Mexxay mopramu RR, 1B
Onruueckue norepu A 1,0 1,0 Jnuna maypa
B OIITUYECKUX IIHYypax, 1B 1—-10mMm
MakcuMasbHbIE ONTHIECKHE TIOTEPH Apmd 3,0 3,0 [3]
B JIEeMYJbTHUILIEKCOPE, 1B
MunnmanbHag MOITHOCTH Wiomm —18,5* —18,5*
Ha rpanune K3, 1bum —26,5** —19,5**
* 3HadeHMWe TPU UCIOIB30BaHUU B mpueMHOoM Moayse PIN-dboromuona.
** 3HadeHue IPU UCIOJB30BAHUN B IIPUEMHOM MOJyJle JJABUHHOTO (OTOAMOIA.
Tabaruua 8

YBenudenue MOIIIHOCTH B 3aBUCHMMOCTHA OT KOJIMYECTBaA KaHaJIOB

KonnaecTBo xanamos 1 2 3 4 5 6 7 8 9 10
VBelnueHmne MOIIHOCTH B BOJIOKHE, 1B 0,0 3,0 4,8 6,0 7,0 7,8 8,5 9,0 9,6 10,0
CrpykrypHasa cxema pacupegaeiaerHroin AC AC ¢ pasrpannuenmeM mpaB JOCTYIA TOJb-

Samumennaa BOCII, npeacrasnennas Ha puc. 4,
MO3BOJIAET CO3/ABATh MHOTOKOHTYDPHBIE PACIPEIE-
sennbie AC ¢ pasrpaHudYeHneM Mpas JOCTYIIA, TOJIb-
3oBareseii. Ha puc. 6 mpuBenmen npumep cxeMbl pac-
npegenernoit AC.

Cxema AC cocrout u3 Tpex pparMeHToB, pac-
MOJIOKEHHBIX B Tpegenax K3, m Tpex KOHTYpOB
(1, 2, 3), Kaxkabplii W3 KOTOPBIX WM30JMPOBAH OT
IpYruxX € TMOMOUIBIO CHEKTPAJBLHOTO pa3jesleHus
kaHatoB. OUTHYECKWe CUTHAJBI, Hecylne nHpOop-
MaIMiO C Pa3HOM CTENeHbI0 CEKPETHOCTH, 00beIn-
HSIIOTCS B OIWH TMOTOK MYJIbTHUIIEKCOpOoM M u te-
pemaioTca mo onTudeckuM BosokHam OB, pacmono-
JKEeHHBIM 3a npegenamn K3. 3amura mabOpMammn
OT YTEUKW TPU MepeJade MO0 ONTHIECKOMY KAHAIY
obecmeunBaerca KoHTposmepamu 3amuThl F. Kpo-
Me€ TOT0, 3aIUIIEHHOCTh HH(MOPMAIMY TTOBHIIITAETCS
3a CUeT MapaJiIebHON TepeJadn B OJHOM BOJIOKHE
HECKOJIbKUX KAHAJIOB OJHOBDEMEHHO Ha HECKOJIb-
KUX JJITHAX BOJIH.

3akJroueHue

IMpengnaraemas sammmennas BOCII mossonger
CO37aBaTh  MHOTOKOHTYPHBIE  pAaCIpeeseHHBIE

soBaremeit (mo 10 HE3aBUCHMBIX KOHTYDPOB) C
3amuToil WHAGOPMAIME OT YTeUYKHW NpU Iepena-

Puc. 6. [Ipumep cxeMbl MHOTOKOHTYPHOM pacmpeeseH-
Hoit AC ¢ pasrpaHudYeHHeM MpaB JOCTYIa MOJIb30BATE-
neit (HK3 — mexoHTpoNmpyeMas 30HA)
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Je IO ONTUIECKOMY KaHaJy 3a npegeravu K3. [Ipu
9TOM 00eCIeInBaeTCd JAJbHOCTD Tepeaadn HH(OP-
mannu 10 20—30&kMm Ha ckopoctu 10,31 T6ur/c n
37,5km Ha ckopoctu 1,25T6mr/c. YyscrBuTednh-
HOCTHh CHCTEMBI 3AIMUTHI 33 CYET HUCIOJIH30BAHUSI
CWDM-TexHog0TUY Mpu KOHTPOJE HA JJINHE BOJ-
ol 16108M yBenmuuBaerca ¢ 0,03 1B mo 0,004—
0,013 b B 3aBUCMMOCTH OT JJIMHBI BOJHBI B JIHA-
mazone 1270—1 450 am. Samumennag BOCII obec-
[IEYNBAET CBA3h MOUKA—MOYKG U O3BOJISET CO3/a-
BaTh pacipejesenabie MHOTOKOHTYpHBbIe AC 110601t
TOIMOJIOTHY TPHU HUCIOJb30BAHUE OJHOTO WU JBYX
ONTHIECKUX BOJIOKOH. Jljg JwHUil CBA3W C MOBBI-
[IIEHHBIME TPEOOBAHUAME MOXKeT ObITh MCIOJIB30BAa-
HO pe3epBUPOBAHUE.
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A PROTECTED FIBER-OPTIC SYSTEM FOR TRANSMISSION OF CONFIDENTIAL
DATA FOR MULTILOOP DISTRIBUTED COMPUTER-AIDED SYSTEMS WITH
DISCRIMINATION OF THE USER ACCESS RIGHTS V. V. Shubin (FSUE "RFNC-

VNIIEF", Sarov, Nizhny Novgorod region).

The paper describes a protected fiber-optic system for confidential data transmission on
the basis of data protection controllers FOBOS with the use of WDM for communication
and supervisory channels. It is demonstrated that the coarse wave division multiplexing
(CWDM) technology allows creating a multiloop (up to 10 loops) distributed computer-
aided system of an enterprise with protection against leakage of information via an optical
channel during the transmission of data outside the supervised zone. The transmission at a
distance of 20—30 km with the transmission rate 10,31 Gbit/s and at a distance of 37,5 km

with the transmission rate 1,25 Gbit/s is provided.

Keywords: protected fiber-optic system for confidential data transmission, data protection

controller, different access rights.






