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PaccmartpuBaioTcsi BOIpochl BOBMOXKHOCTU OJIOKMPOB-
ku coequHeHUSI B WDM onTtryeckux ceTsax. AHAIM3UPYIOT-
¢4 IBa BUJIA CETell ¢ MpeoOpa3oBaHUEM [UIMHBI BOJIHBI 11 6e3
npeobpaszoBaHus. [lokasbiBaeTcsi, UTO pazauuue MeEXIy
BEPOSITHOCTHIO OJIOKMPOBKM 3aIpoca sk MOJEIU C OOLIUM
M TIYaCCOHOBCKWM pacIipe/ieJIeHUeM BXOIHOTO TMOTOKa 3asi-
BOK YBEJIMYMBAETCS C BO3pACTaHWEM WHTEHCUBHOCTH IT10-
CTYIUJIEHUS 3a51BOK B CUCTEMY.

ITocTosSTHHO pacTyIInii pEIHOK TeJIEKOMMYHUKAIIH -
OHHBIX YCJIYT TpeOyeT HeNMpepbIBHOIO HapalluBaHUS
MOIIIHOCTEl CUCTEM CBSI3U M 0A30BbIX CeTeil mepeaauu
naHHbIX. Hanbosnee nepcrneKTMBHOM TEXHOIOTHE , CII0-
COOHOM TpeaoCTaBUTh BHICOKOKAYECTBEHHbBIE YCIYTH
KOHEYHBIM MOJIb30BaTe/IsIM C TOUYKH 3pEHUSI CKOPOCTH,
HaJeXXHOCTHU U 3allMILIEHHOCTH repeaaBaeMoi nHhop-
Mallyu, SIBJSIIOTCSI ONTOBOJIOKOHHbBIE CETH.

B niocnenHee Bpems LLIMPOKOE pacipoCcTpaHEHUE MO~
JIyduJia TeXHoJIorusl BceonTruueckux (all-optical) ceteit,
ucnoasdymoiiass Meronq WDM (wavelength division
multiplexing), KOTOpbIii TO3BOJISIET MYJIBTUTIIIEKCHUPO-
BaTh MOTOKMA MH(MOPMALIMM Ha OCHOBE JUITMHBI BOJTHEI
OITUYECKOro curHaia [1-5, 7]. OcHoBHas uaest JaHHOTO
MEeTOMIa COCTOUT B CJeIyoIIeM. B 1ensix yBenuueHust
CKOPOCTH Mepeaadyn MHGOpMalu MyTeM yMEHbIIEHUS
3alIepKeK B y3JIax KOMMYTallMY CETU CUTHAJI OT MCTOY-
HUKa K MOJy4aTelTio, MPOXO/Is Yepe3 MPOMEXKYyTOUHbIE
y3JIOBBIE YCTPOMCTBA, HUKOTIA He TTOIBepraeTcs mpeoo-
pPa3’oBaHUIO U3 ONMTUYECKOIO BUAA B 3JEKTPUUYECKUA.
Hdpyrumu ciioBaMu, Bce MPOMEXYTOUHbIE YCTPOCTBA
BBITIOJTHSTIOT 00paOOTKY CUTHAJIA TOIBKO Ha (DU3UYECKOM
(onTHuyeckoM) ypoBHe. MaplpyTu3aiysi oToKa 1aH-
HBIX OCYILIECTBISIETCS] HA OCHOBE JJTMHBI BOJIHBI, aCCOLIM-
WPOBAaHHOM C JaHHBIM COeIMHEHUEM.

B HacTost11eit paboTe Hallle BHUMaHHME COCPEIOTOYEHO
Ha JIOTUYECKOW OPraHM3alMU ONTHUYECKUX CETEH M
OIIEHKE MX CTATUCTUIECKMX XapaKTepUCTUK. B 3aBricH-
MOCTH OT CITOC00a Ha3HAYEeHMSI JUTMHBI BOJIHBI ITOCTYTINB-
1IeMy BXOTHOMY 3aIlpocy Ha COeIMHEHME pa3IndyaloT
aJITOPUTMBI CO CTyJaliHBIM BEIOOPOM CBOOOIHOM JUTMHBI
BOJIHBI M “HaMMeHblIasi CBOOOIHAS JJIMHA BOJHBI Iep-
Boi1”. CyIlIeCTBYIOT TAKKe ApYTrue pa3HOBUIHOCTH ITpH-
OPUTETHBIX AITOPUTMOB HA3HAYEHUST CBOOOIHOM AJTMHbI
BOJIHBI (HarpuMep, “Hambosiee 4acTo MCIIOJb3yeMasi
JIJTMHA BOJIHBI TTEPBOI ™).
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KpoMme Toro, B 3aBUCMMOCTM OT THMA Y3J10BBIX
YCTPOMCTB (YyCTPOMCTB MYJIbTUTLIIEKCUPOBAHUS [TOTOKOB
JIAHHBIX) pa3IMvaloT ONTUYECKUE CETH C ITpeodpa3oBa-
HUEM JUTMHBI BOJIHBI 1 0€3 IpeoOpa3oBaHus. B ceTsix 6e3
MpeoOpa3oBaHus JJIWHBI BOJHbBI COEIUHEHUE MEXITY
JIBYMSI TOUKaMU CETU (KOTOPOE B OOLIEM CITy4ae MOXET
MPOXOJUTH YE€PE3 HECKOJIBKO MTPOMEKYTOUYHBIX CETMEH-
TOB) MOXKET ObITh YCTAHOBJEHO TOJILKO B TOM clyJae,
€CJIM CYIIECTBYET IO KpailHE Mepe OJHa CBOOOIHAs
JUIMHA BOJIHBI C ONHMM U TEM X€ HOMEPOM Ha BCEX
MPOMEXYTOUHBIX CETMEHTaX CETU MEXIY UCXOIHOW U
KOHEUHOM TOUKOM coeqUHEeHM . 3aMETUM, YTO TTOPSIIKO-
BbIii HOMEP JJTUHBI BOJIHBI OTHO3HAYHO COOTBETCTBYET
(hakTMUECKOMY 3HAUYEHUIO IJIMHBI BOJIHBI, K 3TO COOT-
BETCTBUE OJWHAKOBO JIJII BCEX CETMEHTOB JAHHOM CETH.

OueBUIHO, YTO CETH, MO3BOJISIIOLINE BBIMTOJIHSThH
KOHBEPTHUPOBAHUE JIJIMHBI BOJTHBI B Y3JIaX KOMMYTAIIVH,
WMEIOT MPENMYIIECTBO, TAK KaK EAWHCTBEHHBIM TPeOO-
BaHWEM IS TAKOTO pOjAa CETEe MpU YCTAaHOBJICHUU
COEIMHEHMS SIBJIIETCS HATMYe CBOOOAHOM IJTMHBI BOJI-
HbI Ha BCEX ITPOMEXYTOUHBIX cerMeHTax ceTu. [pu aTom
JTAaHHbIE€ CBOOOIHBIE IJIMHBI BOJTH MOTYT UMETh Pa3iny-
HBII MOPSIAKOBBINA HOMED (M COOTBETCTBEHHO pa3iny-
HYI0 ()aKTUYECKYIO IJIMHY BoJHBI). [TociaenHee o3Haua-
€T, UTO BEepOSITHOCTb OJI0KMUPOBKY 3aMPOCa B TAKHUX CETIX
3HAYUTEJILHO MEHBIIIE, YEM B CETSX O€3 TPeoOpa30BaHUS
JUTMHBI BOJIHBI. KpoMe TOro, CTOMMOCTb YCTPOMCTB
KOMMYTAIIMH, CTOCOOHBIX MYJIbTUILIEKCUPOBATh IOTO-
K1 MHGOpMalliy ¢ U3MEHEHUEM HeCyIIei JUTMHbBI BOJI-
HbI, Ha IOPSTOK BbILLIE KOMMYTHPYIOIIUX YCTPOWCTB 0€3
MpeoOpa3oBaHuUs IJIVH BOJIH.

CoBpeMeHHbIe UCCIIeI0BaHUS B JaHHOM 001acTh Ha-
TMpaBJIeHbI Ha MOJTyYeHUE XapaKTePUCTUK KauecTBa 00CITy-
>KUBaHUS KOHEYHOTO M0JIb30BaTeIs (0HA M3 KOTOPBIX —
BEPOSITHOCTh OJIOKMPOBKM 3aITpoca MOJIb30BaTes) B 3a-
BUCHMOCTH OT TUTIA ONTUYECKON CETU U UCTIOTB3YEMBIX
JITOPUTMOB Ha3HAUYEH WS CBOOOTHOM TMHBI BOJIHBI IO~
CTYIMBLIEMY 3aIPOCY HA COEAMHEHME. BONMBIIMHCTBO
MpeAbIIYIINX PadOT OCHOBAHO HA MPEANOJIOXEHUU O
IMyacCOHOBCKOM paclpeAesieHUM BXOJTHOTO ITOTOKA 3as1-
BOK Y 9KCITOHEHIMAJIbBHOM pacnpeaeieHUU MPOJ0JIKH -
TEJIbHOCTHM YCTaHABIMBAEMOT'O COETMHEHNSI.

OueBUIHO, YTO peaTbHbIE BXOAHbIE [TOTOKH 3aIIPOCOB
MOTYT HE COOTBETCTBOBATh YKA3aHHBIM BBIIIIE MTPEATIO-
JoxxeHusiM. bonee Toro, naxe B cirydyae ¢ myaCCOHOBCKUM
BXOJIHBIM ITOTOKOM 3asIBOK, ITPY UCITOJIb30BAHWUY CTPA-
TEruy BbIOOPA JJTMHBI BOJIHBI “HauMeHb1Iasi CBOOOIHAs
JIJTMHA BOJIHBI TTepBOI ”, MOTOK 3asiBOK, MOCTYIMAIOLIUIA
Ha JUIMHY BOJIHBI, OTJIMYHOM OT IepBoii (HAaMEHbIIIEei),
HE SIBJISIETCSl TyaCCOHOBCKUM. JIpyrMMHU CJIOBaMu, TS
MOCTPOEHUS aHATUTUYECKON MOJIEU IaXe B ClTyyae ¢
IMyacCOHOBCKMWM PaCMpeeieHMeM BXOJHOTO TOTOKA 3a-
SIBOK HEOOXOAMMO MPUHSTHE JOTIOJTHUTEIbHbBIX TOMY-
LIEHWI, anpOKCUMHUPYIOLIMX JaHHbIE TOTOKU, YTO B
KOHEYHOM MTOT€e CKa3bIBa€TCS HA TOUHOCTU CO3/1aBaeMOM
AHAJIUTUYECKOUN MOJIETIN.

B maHHO# pa®oTe aBTOpHI MPECIEeAYIOT IBE LIEJIU:;
KCCIIEI0OBAaTh TOBEJEHUE ONTUYECKNX CETEN B Cllydae,
KOTJa mapaMeTpbl BXOIHOTO MOTOKA 3asBOK MMEIOT
pacnpeneyieHue oOIIEro BUAA, a TAKXKE PacCMOTPETh
HEpaBHOMEPHOE pacIpeie/IEHUE IJTMHbI yCTAHABIMBAC-
MOTO COEMHEHMS, T.€. KOJIMYECTBA IMTPOMEXYTOUHBIX
CETMEHTOB CETU MEXKIY MCXOMHON U KOHEYHOM TOUKOM
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coeqnHeHus [6]. [TocaenHee npeanonoxeHne 0 HEpaB-
HOMEPHOM pacipeAe/IeHUN PACCTOSTHUSI MEXIY a0OHEH-
TaMU CETH eCTh JaJIbHelillIee yCOBEePILISHCTBOBAHUE MO~
JIeJI ¢ TOUYKU 3PEHUS TPUOJIUXKEHUS €€ apaMeTPOB K
peajibHbIM YCIOBUSM (DYHKIIMOHUPOBAHUS CUCTEMbI
nepenayy 1aHHbIX. Harprmep, ectecTBEHHO Mpeoo-
JKWUTb, YTO 3aPOChI COEIMHEHUS HA KOPOTKIE PACCTOSI-
HUS 6oitee BepOATHBI. PAKTUIECKHN 3TO CIIPaBEITNBO
JIJ1s1 Teie(POHHBIX CETEel, B KOTOPBIX BEPOSITHOCTD JIO-
KaJbHbBIX COeMHEHM I (HalTpruMep, B IIpe/iesiax ropoja)
HaMHOTO BBILLIE, YeM BEPOSITHOCTh COEIMHEH U B IIpee-
Jax permoHa (cTpaHbl). B Hacrosieir mMomenu s
pPacCTOSTHUSI MEXKTY ITPOU3BOIbHBIMU a00OHEHTaMU CEeTH
HUCTIONIb3YyeTCs pacripeaeaecHUE CIeAYIOLIero Buaa:

max _1
Dmax ’
i

i=1
rae Dyax €CThb MAKCUMaJIBHOE PACCTOSTHUE MEXTY TIBYMSI
TOYKaMM JAaHHOM CeTH.

s uccnenoBaHus XapakTepruCTUK GyHKIMOHUPO-
BaHMS ONTUYECKOM CETH OBLIa TOCTPOSHA MMUTAIIMOH-
Hasi MOJIeJIb C UCTIOJIb30BaHUEM OObEKTHO-OPUEHTUPO-
BaHHOW TexHo0TMHU g3bika Ct. OGbeKkTOM MCcnenoBa-
HUS SIBJISIETCS CETh C SIYEMCTOU CTPYKTYypoul (ceTh ¢
Tonosiorvei Tuna “mesh”). B kauecTBe pacnpeneaeHusi
BXOMHOTO ITOTOKA 3as1BOK McToJib3yeTcs ['amma pacrpe-
JIeJICHUE C BADbUPYEMBIM [IAPAMETPOM OL.

B nipoiiecce uccienoBaHuii ObLIM MOJTYYEHBI CIIEAY-
JollIMe pe3yabTaThl. Bo Bcex ciydasix Monesiu ¢ rmyacco-
HOBCKHM ITOTOKOM 3asIBOK “TIepeolIeHMBAIOT” BEPOSIT-
HOCTb OJTOKMPOBKM 3aripoca. Paznuune Mexxay BeposT-
HOCTBIO OJIOKMPOBKU 3aIpoca ISl MOIEU C OOILUM 1
MMyacCOHOBCKUMM pacrpeaeieHeM BXOJHOTO ITOTOKa 3a-
SIBOK YBEJIMYMBAETCS C BO3paCTaHWEM MHTEHCUBHOCTH
MOCTYIJIEHUS 3as1BOK B CUCTEMY. AJITOPUTM “HauMEHb-
11asi CBOOOIHASI JJIMHA BOJIHBI [IEPBOIA” MMEET MPeuMy-
LLIECTBO (BEPOSTHOCTh OJIOKMPOBKY 3apoca MEHbIIIE ) [0
CpPaBHEHMUIO C AJITOPUTMOM CITy4aifHOTO BHIOOPA JUTMHBI
BOJIHBL. [ 1pn HEpaBHOMEPHOM pacnpeneIeHUU PacCTosI-
HMSI MEXIY aOOHEHTaMU COeMHEHN S, C POCTOM Yucia
V3JIOB B CETU BEPOSITHOCTL OJIOKMPOBKM 3aripoca JUIst
ceTeli 6e3 IpeoOpa3zoBaHMsI IJIMHBI BOJIHBI CO CTpaTeruei
“HayMeHbIIIasi CBOOOIHASI IJIMHA BOJIHBI IIEPBOIA” IPU-
OzKaeTcsl K BEpOSTHOCTHU OJIOKMPOBKM 3aITpoca B CETSIX,
JIOITyCKAlOIIKUX Tpeodpa30BaHU e NJIMHbBI BOJTHBI.

Taxkum ob6pa3zomM, Ha OCHOBAHWM TMOJYYEHHBIX pe-
3yJIbTATOB MOXHO C/ieJaTh Clenylollre BIBOAbL. Bo-
MePBbIX, CYILIECTBYIOIIME aHAIUTUYECKUE MOIEIU AJIsT
OIpeIe/ICHNSI BEPOSITHOCTH OJIOKMPOBKH 3arpocaB WDM
ONTHYECKUX CETSIX, 0A3MPYIOIIECS Ha TIPEATIOIOKEHNHN
0 ITyaCCOHOBCKOM BXOITHOM ITOTOKE 3asIBOK 1 9KCITOHEH-
LIMAJIEHO pacIpeaeieHHOM T TeIBHOCTH COSIMHEHNSI,
MOTYT OBITh UCITOJTb30BAHBI TOJIBKO TSI TIPUKHUIOTHBIX
pacyeToB peaIbHBIX CETel, BXOTHBIE ITOTOKU KOTOPBIX
MMEIOT IIPOM3BOJIbHOE pactipeneneHue. Kpome Toro,
€CJIM CTAaTUCTUYECKM 1 aHAJTU3 BXOJTHOT'O ITOTOKA 3asIBOK
CBUIIETEJILCTBYET O ITyaCCOHOBCKOM PacIpeieeHUM Ioc-
JIeAHETO, YIIOMSIHYThI€ BbIlIE aHATUTUIECKUE MOMIEIU
MOT'YT OBbITh UCIOJIB30BaHbI C JOCTATOYHOU CTeNIEHbIO
TOYHOCTHU, HE3aBUCUMO OT pacipeaeeHUs JTUTeTbHOC-
TH coeMHeHUS. Bo-BTOpBIX, MpUHMMas BO BHUMaHUeE

P(paccrosiHue =1 CerMeHTOB) =
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TOT (baKT, YTO B OKCILTYaTUPYEMbIX CETSIX PACCTOSTHUS
MEKITy IBYMSI TOYKaMH YCTaHABIMBACMBbIX COCTMHEHMI
pacnpesesieHbl HepaBHOMEPHO, a UMEHHO, KOPOTKHeE
coenrHeHMs1 60J1ee BepOsITHBI, 3aTPaThl Ha TIOCTPOSHUE
ONTUYECKOM CETH MOTYT ObITh 3HAUUTEIHHO COKPAILIEHbI
IyTeM OTKa3a OT Ipeobdpas3oBaTeseli JIMHbBI BOJHBI B
y3J1ax ceTU. 3aMeTUM, UYTO CTOMMOCTD Y3JIOBOI'O KOMMY-
TaTopa, MO3BOJISIIOIIETO IIPE0OPa30BbIBATE JUTMHBI BOJTH
B y3JlaX ONTUYECKOM CeTH, Ha MOPSIOK IMPEBOCXOIUT
KOMMYTATOP, BBITOJISIOIINI OOBIYHOE KPOCC-COeIMHE-
HME BXOIHBIX 1 BBIXOMHBIX ITIOPTOB y3/1a CETH.
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