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OCOBEHHOCTU KOMMYTALUUN ONTUHECKUX CUTHAIOB MNMPU UCMNOJIb3OBAHUA
PA3JIM4YHbIX PEXUMOB NEPEHOCA MH®OPMALIUU

B pabome svinonnen ananiuz npuHyunos KOMMymayuu ONMuYecKux CUSHAN08 C INEKMPULECKUM U ON-
MUYeCKUM YNpasieHuem u chopmuposanvl mpebosanusi K CUCmemMam KOMMYmayui, obecneuusaro-
WUM NOBbIUUEHUE NPONYCKHOU CROCOOHOCIU MENEKOMMYHUKAYUOHHOU cemu. Paccmompenvl mooens u
MemoObl peanu3ayuu ROTHOCHbIO ONMUYECKOU KOMMYMAyuu, He UCHOIb3VIOWUEe 3JIeKMPOHHO-
ONMUYECKO020 U ONMOINEKNMPOHHO20 NPeodPA308aHUsL UHDOPMAYUOHHO20 CUSHALA U He mpebyiowue
byhepuzayuu onmuyecko2o CucHala 6 NOATHOCHbIO ONMUYECKOM KOMMYMAYUOHHOM YCmpolcmee.
IIposedena oyenka yenecooOpasHOCHU UCNONBLI0BAHUS PAZTIULHBIX PENCUMOB NepeHocd Unpopmayuu
011 KOMMYMayuyu Onmudeckux cuenanog. Iloxaszamvl npeumyuecmea u HeOOCMAamKu mMemooos me-
MOYHO20 U NOZUYUOHHO20 MYdbmuniekcuposanus. Onucana mooeib oOnMmuyeckoll cemu ¢ ROIHOCMbIO
onmuyeckol kKommymayuei 010k06 ungopmayuu. ObOCHOBAHA Yeneco0OPAZHOCHb UCHONb30BAHUS
0J1s1 LOCMABLEHHOU 3a0adu OI0K0B020 PENCUMA NEPEHOCA UHPOPMAaYUU.

Knioueevie cnosa: noasnocmvio onmuyeckue cemu, pejcum neperoca ungopmayuu, myibmuniekci-
posanue.

VIIK 004.713

I. C. I'aiigoponcovka, b. O. Pubanos

Opechbka HalliOHaIbHA aKaJeMis XapuoBHX TEXHOJIOTIH, By Kanatna, 112, Oneca, 65039, Ykpaina

< e-mail: ikt.osar@gmail.com

OCOBNMBOCTI KOMYTAUII ONTUYHMX CUTHANIB NMPU BUKOPUCTAHHI PI3HUX

PEXXWUMIB NEPEHECEHHSA IHOOPMALYIT

B pobomi euxonano amaniz npunyunie KOMymayii ONMUYHUX CUSHANIE 3 eIeKMPUYHUM I ONMUYHUM
Kepy8auHaM i cghopmosani eumocu 00 cucmem KOMymayii, wo 3a0e3neyyoms nioSUUeHHs NPonycK-
HOT 30amuoCcmi menexoMyHiKayiinoi mepedci. Pozensinymo moodenv i memoou peanizayii noguicmio
ONMUYHOI KoMymayii, AKi He BUKOPUCTOBYIOMb eeKMPOHHO-0NMUYHO20 MaA ONMOEIeKMPOHHO20 ne-
pemeopenHts iHpopmayitinozo cucHany i He nompebyroms Oy@epuzayii OnmuuHO20 CUSHATY 8 ONMUY-
HOMY Komymayitnomy npucmpoi. Ilposedena oyinka 0oyinbHOCMI GUKOPUCMAHHS DI3HUX PeCUMIB
nepenecenHs ingopmayii 0na komymayii onmuunux cuexanis. Ilokazano nepesacu ma HeOOAKU Me-
Mo0i8 MIMOYH020 i NO3UYINH020 MyAbmuniekcysants. Onucana mooenb ONMUYHOT Mepexci 3 NOGHIiC-
mrwo onmuyHoi Komymayicio 010kie ingpopmayii. OOTPYHMOBAHO OOYITLHICIb GUKOPUCMANHS OIS NO-
cmaenenoi 3a0aui 610K08020 pedcumy nepenecents: inghopmayii.

Knrouosi cnosa: nosnicmwo onmuyHi mepedxci, pexcum nepeHeceHHs: IHpopmayii, MyibmunieKcy8aH-
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I. BBEJEHUE

CorylacHO MHEHHIO CIICIHaJIHCTOB aMepUKaH-
ckoro arenrcrBa «National Communications Systemy
[1], ocHOBHOII TeHAEHIMEH PAa3BUTHS TEICKOMMYHH-
KaI[MOHHBIX CETEll SBIAETCS MEPEXOd K «IOJHOCTHIO
ornrtryeckum cetsim» (All-Optical Networks). B uact-
HOCTH, B @HHOTAIMU K JOKJIaay areHTctBa «National
Communications System» Ne00-7 ot aerycra 2000 r.
roBopurcs: «Oxcudaemcs, 4mo noaAHOCMbIO Onmuye-
ckue cemu (AON) éckope noxunym nabopamopuu, u
Ux nonyapHocms Oyoem pacmu 6 meyeHue Oaudxicati-
WUX HECKOMbKUX Jlem. Dmu cemu obecneuam GblCOKYIO
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NPONYCKHYIO CNOCOOHOCMb U NO360J5M  6HEeOpUNb
MHONCECMBO  BLICOKOCKOPOCHHbIX  UHPOKOMMYHUKA-
yuonnwlx ycaye. Ilpeononazaemcs, umo KOMMYHUKA-
yuonnas ungpacmpykmypa oyoem pazeueamvcs 0is
NnOO00ePIHCKU MepabumHbIX U NEeHMAOUMHBIX CKOPO-
cmeii...». OCHOBHBIM (DaKTOPOM, CAEPKUBAIOIINM
MOJIOOHBIN TEpeXos, SIBISETCS CIO0XKHOCTh peanu3a-
LMK CUCTEM KOMMYyTalMM i 3TuX ceted. Ha cero-
JHALIHUKA JIeHb, 00pabOTKa ONTHYECKUX CHTHAJOB B
CYIIECTBYIOIIMX CETSX, UCIOJb3YIOIINX BOJIOKOHHO-
ONTHYECKHe Kabenu CBS3M, OCYIIECTBISIETCS Kak Ha
OINITHYECKOM, TaK M dJieKTpuueckoMm ypoBue. CoBpe-
MEHHBIE CHCTEMBI KOMMYTAIMN ONTHYECKNX CHUTHAJIOB

© I. C. lateopoHckas, b. A. Peibarnos, 2015


http://dx.doi.org/10.15673/0453-8307.5/2015.39293
http://creativecommons.org/licenses/by/4.0/

Po3gin 4. ABTOMaTtuka, KOMM'IOTEPHI Ta TENeKOMYHiKaLiiHi TexHonorii

(CKOC) HCTIONB3YIOT MEXaHHU3MBbI OITHKO-
AIIEKTPUYECKOTO TIPEoOpa3oBaHU KOMMYTHPYEMBIX
CUTHAJIOB U YIPABJSIOTCS C HCIIOJNB30BAHUEM 3JICK-
TPOHHBIX YHPABJISIOIINX YCTPOWUCTB, YTO HAKJIAIBIBA-
€T CepbE3HBIC OrPAaHUUYCHUS Ha MOBBIIICHUE MPOIYCK-
HOW CIIOCOOHOCTH ceTel, B KOTOPBIX OHH HCIIONB3Y-
totes [2]. PazpaboTka MONHOCTBIO ONTHYECKHX CH-
CTeM KOMMYTAalUH OOECHEYUT IMOBHIIMICHHE MPOITYCK-
HOW CIIOCOOHOCTH TEJICKOMMYHHKAIMOHHONW CETH
(TC) 1 mo3BOUT M30EkKATH TOPOTOCTOSIIIETO OMTHKO-
3NEKTPUYECKOTO TPeoOpa3oBaHusl CUTHANA, YTO SBJIS-
eTCsl BaXHBIM (PAKTOpPOM [UIS COKpAIIEHUS CPOKOB
BHEJIPCHHUS TIOJTHOCTBIO ONITUYECKOM CeTH B YKpauHe.
B PexoMmeHmanmuu MexXAyHapOOHOIO COHO3a
anekrpocssazu (MCD) G.680 «Duzuueckue HyHKIMU
nepeaaynl ONTUIECKUX JIEMEHTOB CeTH» cKazaHo [3]:
«Cospemennvle onmuyeckue MpaHcnopmuvie cemu
DPA3BUBAIOMCS 8 HANPABLEHUU YMeHblUeHUs Koauye-
cmea dopoeocmosiwux O/E/O npeobpazosanuii é npe-
denax ceoux epanuy. Taxas s6omoyus npuseoém K
PA38eEpmMuIBaAHUI0 00AACMU ONMUYECKOU NPO3PAYHO-
Cmu, 4mo NO360AUM OCYWECMBUMb NOIAHOCMbIO ON-
MUYECKYI0 peanu3ayuio MazucmpanbHblx Mapuipymos
Ha paccmosinuu 0o 2000 xm...». JJaHHOE TOJ0XKEHUE
MC3-T mo3BOJISIET HE TOJIBKO CICNIaTh BBIBOJ 00 3(h-
(DEKTUBHOCTH WCIIOJIL30BAHUS ITOJHOCTHIO OINTHYE-
CKUX CEeTe, 00eCIeUnBaIONINX paciIupeHne 00IacTi

ONTHMYECKOW TNPO3pavyHOCTH, HO M TOAYEPKHBACT
Hen30eXHOCTh BHEPEHUS TAKUX CETeH B OymKkaiiieM
Oyayiem.

Pa3paboTKa MOJHOCTHIO ONTHYECKHX CHCTEM
kommyTarmu (optical-optical-optical, OOO) obecte-
YUT TOBBIIICHHE NpOoIycKHONH cnocobHocTH TC 1
MO3BOJIMT ~ M30€KaTh  JOPOTOCTOSIIET0  ONTHUKO-
NIEKTPUUECKOTO MPeoOpa30OBaHMs CUTHAJIA, YTO SIBJIS-
eTcsl BXKHBIM (DaKTOPOM JJIsI BHEAPEHUS MOJIHOCTHIO
OIITUYECKOM ceTH B YKpauHe. Takum oOpa3om, 3ajgada
UCCIIEIOBAaHHUSI OCOOEHHOCTEH KOMMYTAIlMH ONTHYE-
CKUX CHUTHAJIOB IPU HMCIOJIb30BAHUH TEXHOJIOTHH, HC-
MOJB3YIOIUX MO3UIMOHHOE W METOYHOE MYJbTH-
IJIEKCUPOBAHUE, SIBISIETCA Ba)KHOU U aKTyaJIbHOM.

1. AHAJIN3 OCOBEHHOCTEN KOMMYTAIIAA
OIITUNYECKHUX CUTHAJIOB

CyliecTByIoIue METOJIbl KOMMYTAIUM ONTHYECKHX
curHaioB [4-7] mpexycMaTpUBAIOT HEOOXOIUMOCTH
MPEBAPUTEIHLHOIO NpeoOpa3oBaHus HHPOPMAIUOH-
HOTO OIITHYECKOTO M3ITYUCHHS B JJICKTPOHHYIO (hOpMY
(O/E), koMMyTaInuio 31eKTPOHHOTO CHUTHAIAa U 00part-
HOE AIIEKTPOHHO-ONTHYeCcKoe mpeodpazoBanue (E/O)
C TOCJIETYIOIIMM YCHUIICHUEM MOIIHOCTH ONTHYECKOTO
uznyudenus (puc. 1).
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O - onTUYeCKuiA curHan

9 - 3MEKTPOHHBIN cUrHan

BO3MM - 6510k ONTO3EKTPOHHOIO
npeobpasoBaHus

obY

KT - anekTpoHHOEe KOMMYTaLMOHHOe Mosne
OBY - anekTpoHHbIN 610K ynpaBneHus
B30I - 650K 3NeKTPOHHO-ONTUYECKOTO
npeobpa3oBaHus

A — agpecHas uHdopmaLms

96 - anekTpoHHbIN Bydep

Pucynok 1 — Cmpyxmypnas cxema O/E/O kommymamopa

OcyIecTBieHHe IBYKPATHOTO Tpeobpa3oBa-
HUS. MHQOPMAIIMOHHOTO CHTHaja CYLIECTBEHHO Orpa-
HUYMBAET TponyckHyto crnocobHocts CKOC (mo
2,5T6/c) u xapakTepuzyercsi Upe3MepHBIM YHEPrOIo-
TpeOJIeHHEM, YTO MOBBIIIAET CTOMMOCTH IKCIUIyaTa-
MM yCTpolcTBa. boiee Toro, MOBBIIIEHHOE BHEPIrO-
noTpebiieHHe W HaIW4YHe MEepeKPEeCTHBIX MOMeX MpH-
BoauT K orpaHmueHuto emkoctd CKOC, kortopas B
9TOM cllydae He mpeBbimaeT 32x32. DIeKTpPOHHO-
ONTHYECKOE MNpPeoOpa3oBaHME SIBISIETCS CACPIKHBAIO-
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oM (pakTopoM HapanlMBaHHS MPOMYCKHOW CIIOCO0-
Hoctu TC ¥ mepexol K MHOJHOCTBIO ONTHYECKUM
CKOC (ITOCKOC) sBusieTcss HEOTIOXHOHN 3anauei,
peleHne KOTOpoi HeoOX0UMO JUIsl pean3aly HoJ-
HOCTBIO ONITHYECKUX CeTeil B MacmTabax BCEe CTPaHBI.

B IOCKOC wuHpOpManMOHHBIH ONTHYECKUH
curHan (puc.2), mepeHOCs Ui HEKOTOPBIA OJIOK HH-
¢dbopmanuu (B1), 0oTHOBpEMEHHO 3alIOMUHAETCSI B OTI-
traeckoM Oydepe (Obd) u mocTynaeT Ha BXOJ ONTH-
yeckoro 61oka ynpasineHust (OBY), KOTOpbIi BIIOJI-
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—_— OBy KOMMYTaUMNOHHOE norne

OKIM — onTtn4yeckoe

A — agpecHasa nHgpopmauma

Pucynok 2 — Cmpykmypnas cxema noiHoCmvpio Onmuiecko20 KOMMymamopad

Hsietr aHanu3 B, Beuesnser ampecHyro HH(OpMAaIuio
U 1ocie ee 00pabOTKK TeHepUpyeT ONTUYECKUH CUT-
HaJl YIPaBJICHUS ONTHYECKAM KOMMYTAIIHOHHBIM II0-
nem (OKII). 3aTteM onTHYeCKHH CHTHAN WU3BIIEKAeTCS
n3 OB} u crexys mo KOMMYTaliOHHOMY ITYTH TIO-
cTymaet Ha BeIXoJ. [locie yCHIIEeHUS MOIIHOCTH CHT-
HAaJl IepeIaeTCs [0 ONTUIECKOMY BOJTHOBOIY.

HecmoTps Ha BCIO IPUBIEKATENEHOCTD ITOJTHO-
ONTUYECKOTO TOIX0J1a K MOCTPOCHUIO KOMMYTAI[UOH-
HBIX YCTPOWCTB, €r0 MPHMEHEHHE BBI3BIBACT PSII-
clokHOCcTel. B mepByro odepenb, 3TO KacaeTcs pea-
mu3anuu OBY, HCMoNB3y0MIEro onTuYecKue mpoliec-
COpBI, KOTOpbIE CErofHs MNPUMEHSIOTCS B BOCHHOMH
MPOMBIIIJICHHOCTH ¥ SICPHOW HSHEPTreTHKE, OJHAKO
CTOMMOCTH KOTOPBIX B JECATKH pa3 MPEBHIMIACT CTOH-
MOCTh WX 3JEKTPOHHBIX aHanoroB [8]. Eme omamm
MPEISATCTBHEM Ha IYTH K TOCTPOCHHUIO MOTHOCTHIO
ONTUYECKOTO KOMMYTATOpa SBISIETCS CI0XXHOCTH CO-
3MaHHUS ONTHYECKOTO Oydepa C MPOU3BONBEHBIM IO-
crynom (Optical RAM). CymiecTByromue Ha cero-
JHSIIHAN JIeHb JMHUM ONTHYECKOM 3amepykku Fiber
Delay Line (FDL) criocoOHBI HakaIuIMBaTh OINTHYE-
CKMH CUTHAJI JIMIIb OIPAaHUYECHHBIN IPOMEXYTOK Bpe-
MEHH, 4TO OOYCIaBIUBAETCS UPE3BBIUAWHO OBICTPHIM
3aTyXaHHEM OINTHYECKOT0 H3JIY4YeHHUS B MUHHUATIOP-
HBIX TIeTJISAX 3aaepxKu [9].

III. OOEHKA IEJECOOBPA3ZHOCTHU MUC-
MHOJIb30BAHUA PA3JIMYHBIX PEXHUMOB
HNEPEHOCA UH®OPMALIUU g KOMMY-
TAIUU OIITUYECKUX CUT'HAJIOB

B coBpeMeHHBIX HH()OKOMMYHHKAI[HOHHBIX
TEXHOJIOTHSX METO]{ MYJIbTHIUIEKCUPOBAHHS HAPSIAY C
METOAAMH KOMMYTAIlMH M TaKeTHPOBaHHUS HMH(OpMa-
MU OTIpeNIeNsieT PexknuM Teperoca nadopmanuu [10].
Merto O3UIIMOHHOTO MYynbTHILIEKcupoBanus (ITM)
UCTIONIb3YETCsl TIPH KaHAJIbHOM PEXHME MepeHoca MH-
dopmarmm  (PIIM), cyTeh KOTOpOro 3aKirodacTcs B
MPUBA3KE COEJUHEHUS K ONpPEACIEHHOMY BPEMEHHO-
My uHTepBaiy HudpoBoi cucremsl nepenayn. [lozu-
IIMOHHOE MYJIBTHIUIEKCUPOBaHHE TpeOyeT OOoIbIIMX
pecypcoB, TIOCKOJIBKY BPEMEHHBIE MHTEPBAJBI pe3ep-
BUPYIOTCSI HA BCE BPeMs KaX/I0TO COCTUHEHNS.
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Ilpu wucnons3zoBanuu [, kxommyTHpyemas
ceTb 00pa3yeT MEXIy KOHEYHBIMM Yy3JIaMH Hempe-
PBIBHBII COCTaBHOHM (pM3MYECKHil KaHAN W3 IOCIEIO-
BATEJIbHO COEIMHEHHBIX MPOMEKYTOUHBIX KaHAJIbHBIX
YYacTKOB. YCJOBHEM TOTO, YTO HECKOJIBKO (r3ude-
CKHUX KaHaJOB IPU IOCIEA0BATEIbHOM COEIWHEHUU
00pa3yIOT eqUHBIN COCTUHUTEIBHBIA TPAKT, SBIICTCS
paBeHCTBO cKopocteit nepenaun nanHbx ([11) B xax-
JIOM U3 COCTaBJIIOIINX (PM3MYECKUX KaHAJIOB, YTO B
CBOIO OuYepe]b BBIIBUTacT TPeOOBAHHE OTCYTCTBHS
Oydepusaiuu nepegaBacMbIX TaHHBIX. HecOMHEHHBI-
mu gocrouHcTBamu [1M siBnseTcs nmocTosiHHAs U 3apa-
Hee 3alaHHas ckopocTh IIJ[ mo ycraHOBIEHHOMY
MEXAY OKOHEUHBIMH Y3JIaMU COEIMHUTEIBHOMY TpaK-
Ty, @ TaKXX€ HU3KUU U MOCTOSIHHBIN YPOBEHb 3alEpiK-
KM IIEpeadyl Yepe3 CETh, YTO MO3BOJSET KAUYECTBEHHO
MPEJOCTABIATh YCIAYTH PEalbHOTO BpPEeMEHH (pedsb,
BHJCO, CHTHaJbl Tenemerpun). Bmecte ¢ Tem [II1
HMEET U CYUIECTBEHHbIE HEJOCTATKU. Bo-nepBhIX, 3TO
BO3MOXHOCTh OTKa3a B OOCIY)XHBaHHM 3ampoca Ha
YCTQHOBJICHHE COEIWHEHMS, BO3HUKAIOIIErO BCIEA-
CTBHE IEPETPY3KH OJHOTO U3 MPOMEKYTOUHBIX Y3JIOB
100 3aHATOCTH OKOHEYHOTO y31a. Bo-BToprIxX, Hepa-
[IHOHAJIFHOE HCTIOJIb30BaHUE MPOIYCKHOW CIOCOOHO-
CTH COEIMHUTEIBHOTO TPAKTa, Pe3epBUPYEMOI Ha BCeE
BpeMsi COEIMHEHUS, U XapaKTEepU3yeTCs OTCYTCTBUEM
BO3MOXHOCTH JUHAMHUYECKOTO NepepacipeesieHus
pecypcos.

OmHAaKO TOCTOMHCTBA M HEJOCTATKH JIFO00IT ce-
TEBOM TEXHOJIOTMH SBJSIOTCS OTHOCUTENIbHBIMH. B
ONpeCNICHHBIX CUTYalUsX Ha MEPBBIH IJIaH BBIXOIAT
JOCTOMHCTBA, a HEIOCTAaTKH CTaHOBATCS HeCyIle-
CTBCHHBIMH. B 4acCTHOCTH, TEXHOJIOTHH, OCHOBaHHEIC
Ha III1, 3¢ (dexTHBHO HCIONMB3YETCS MPH peaTn3anun
Telle(DOHHBIX COCTUHEHHWH W TIepenade aHajJOrOBBIX
BHJICOCUTHAJIOB, T/Ie HEPALMOHAIBHOE HCIIOJIB30BaHHE
TIPOITYCKHOW CIIOCOOHOCTH KaHala OTXOJUT Ha BTOPOI
miaH. A BOT IpH Mepejjaue HepaBHOMEPHOU Harpys3Kku
KOMIBIOTEPHBIX CETEH BOMNPOC pPallMOHATIBHOIO HC-
TI0JIb30BaHUS IIPOITYCKHON CIIOCOOHOCTH KaHAJIOB 5IB-
JISIETCSl KIIIOUEBBIM, YTO U OFPAHUYUBAET IPUMEHEHHE
merona I1I1 npu nepenave JaHHBIX.

B ontuueckux cersx meron IIM ciyxut ans
00pa30BaHMUs BBICOKOCKOPOCTHBIX ITOCTOSTHHBIX CO-
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€AUHEHUH B TPAHCIOPTHBIX CETAX, HCIIOJIB3YIOIIHUX
texnonoruu Synchronous Digital Hierarchy (SDH) u
Dense Wavelength Division Multiplexing (DWDM)
JUISL CO3JJaHUS MariucCTPaIbHBIX ONTHYECKUX KaHAJOB.
Meron IIM B ONTHYECKHX CETAX IMOJIYYMII pa3BUTHE
mpH pa3pabdoTKe TEXHOJOTHH A-KOMMYTaluu, Oazu-
PYIOIIUXCS Ha MPUHOMIAX BOJHOBOM KOHBEPCHU H
ABJIIIOLIMXCSA PA3BUTHEM KOHIENIMH MYJIbTHIIPOTO-
KOJIbHOW KoMmMyTanumu mo wetkam (Multiprotocol
Label Switching, MPLS) ¢ Toii pa3HuIeii, 4o BMeCTO
METKH IPU MapIIPyTU3aLUU CUTHAJIOB UCIONb3YeTCs
quinaa BojHbl [11].Takum o0pa3om, B HACTOSIIHI
MOMEHT CYIIECTBYIOT 3()(h)eKTHBHBIE ONTHUECKHUE pea-
JM3alK TEXHOJIOTHH INepefayn MHPOPMAIMU, OCHO-
BaHHBIX Ha IIM, olHaKO BCICICTBHE TOTO, UYTO OHHU HE
croco0HBI 00pabaThIBaTh HATrpPy3Ky KOMITBIOTEPHBIX
ceTei, 1051 KOTOPOH ¢ Ka)KAbIM T'OJ0M YBEIMYHUBAET-
s, BO3HHUKACT 3aJada Peaylu3alliy ONTHYECKON KOM-
MyTaluy IJIs1 TEXHOJIOTHH, HCTIONIB3YIOIINX METOYHOE
MYJIbTHIIEKCHPOBAHHE.

MetouHoe MynbTUILIeKcupoBanue (MM), sB-
JISIIOIEeCs] aJIbTepHATUBOM IMO3UIIMOHHOMY, HCIONb-
3yeTcsl NpHU MaKEeTHOM, KaJpoBoMm M siueeuHoM PIIN.
Meron MM, npeaycmaTpuBaeT IPOrpaMMHYI0 KOM-
MYTaIMI0 TepeJaBaeMbIX CHTHAJIOB, IMPU 3TOM OCY-
IIECTBISIETCSl Pa3[eliecHue HMEIOIIeics MPOIyCKHOM
CIIOCOOHOCTH MEXIy HECKOJIBKUMH COCIMHEHHIMHU
6e3 Haymuus y JI000TO M3 HUX 3ape3epBHPOBAHHOMN
noiockl. MeTka, NpHHAANeKamas KaxIoMy OJIOoKy
nHpopManuy, WACHTHUIHPYET COSAWHEHHE, YTO
MO3BOJISIET M30€XaTh IOHMCKAa MAaKeTOB, KaJpOB HIIN
syeeK, MPUHAJICKALITIX OTHOMY U TOMY K€ COeTUHe-
HHUIO.

Hawubonee cymecrBenHoit yeptoit Bcex PIIN,
OCHOBaHHBIX Ha MM, sBJS€TCS UX CHOCOOHOCTH A(-
(DeKTUBHO  HCIOJIB30BaTh IOJIOCY  TNPOIYCKaHUS,
IpeaocTaBIsieMyto o HeoOxoaumocTu. Hepoctatkom
METOYHOTO MYJBTUINIEKCHPOBAHHUS SBIISICTCS HEOIIpe-
JeneHHocTb ckopocTH I1J] m 3amepxku, o0ycloBIeH-
HBIE 3aBHCUMOCTBIO 3aJIepkeK O010KoB MH(popManuy B
Oy(epax KOMMYTaTOpOB OT OOIIEH 3arpy3Ku CeTH, a
TaKke BO3MOKHOCTh IIOTE€Ph [AHHBIX B PE3YJIbTATE
nepenonHenust 0ydepos. HecMotps Ha 310, B Hacro-
slIee BpeMs TEXHOJIOIMM, OCHOBaHHble HA MM cuu-
TArOTCsl HanOoJiee MePCHEKTUBHBIMU ISl TIOCTPOSHUS
KOHBEPI'€HTHBIX CeTel, 00eCIeunBalOIINX Ka4yeCTBEH-
HOE MpPEeIOCTaBJICHHE IIUPOKOTO CreKTpa HHpopMa-
IHOHHO-KOMMYHHMKanMoHHBIX yciuyr (MKY) 3a cuer
peanu3aly METOIO0B OOECIIeUHMBAIOIINX ITOBBIIICHHE
kauectBa obciyxuBanus Quality of Service.

VYuuThIBasi BBINIEH3IOKEHHOE, a TaKXkKe, MpH-
HMMasi BO BHUMaHHE MPOOJIEMbl HOCTPOCHUSI ONTHYE-
ckoro Oydepa n obecriedeHns] CHHXPOHH3AIMH MEXKIY
3aroJIOBKaMi MH(QOPMAIIMOHHBIX OJIOKOB M UX II0JIE3-
HOM Harpy3koid, Ha CETOAHSIUHUN JI€Hb CO3JaHue
nonHotienHoi [TOCKOC, peanu3yrolieil TeXHOJIOTHH,
OCHOBAHHBIE Ha MAKETHOM, KaJpOBOM H SYECYHOM
PIIN, He mpencraBisieTcss SKOHOMHYECKH IEIec000-
pasHbIM. PaccMOTpeHHBIE HEIOCTAaTKH, TMPETSATCTBY-
tomue noctpoernto [TOCKOC, peanmsyromux pac-
cmotpennsle PITM, moOykmaloT K IOMCKY HOBBIX
HOJAXOM0B K PELIeHUI0 3ToM 3agaun. OZHUM M3 BO3-
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MOJKHBIX BapUaHTOB SBIISIETCS ONTHYECKas KOMMYTa-
uust 61okoB nHopmaru (OKBUW). Konuenus kom-
MyTau# O6JI0KOB OblIa Tpeioxkena eme B 80-e roas
XX Beka W 3aAyMBIBANACh IS KOMMYTAIlMH PEYH B
tenedonapx ceTsax [9]. OmmHako Torma e€ cpaBHU-
TENbHBIA aHaJ M3 C KOMMYTaIlell KaHaJOB BBISBIII
HerenecooOpa3nocts nepexoga Ha OKBU [12]. Cyts
kxonreniun OKBU [13-16] 3akmrodaercs B TOM, 4TO
MEXAY IBYMSI OKOHEUHBIMH y3JIaMU IOJIHOCTBIO OII-
THYECKOI CeTH yCTaHAaBIMBACTCS BBIJCICHHBIN ONTH-
YeCKHuil KaHall 4epe3 BCIO CETh Ha BPeMsl, J0CTaTOYHOE
JUISL TIepeAadyy ONTHYecKoro Ojoka nHpopManuu (He-
ckoibko Mmucekynn). Ilong Onokom mHpopmannu
(bM) monnmaetcst COBOKYITHOCTb JaHHBIX 00BEMOM B
HecKoJbKo Merabaiit. brmokx mHOpMaun dopmupy-
eTCs Ha TPaHUIlC ONTHYCCKONW CETH M MOXET COCTOSTh
13 HECKOJIBKHX TaKEeTOB, KaJPOB WM SUEeK, Iepena-
FOINX BBICOKOKAYECTBEHHOE M300pakeHue, KOPOTKHUI
BHACOpONUK, (parMeHT peun u T.. Kaxngerit BU
MTOJTB30BATENS TIPEABAPSETCS COOCTBCHHBIM YIIPaBIISI-
FOLIMM cOO0IeHHEeM (pHC. 3), KOTOPOE MepenacTes mo
CETHU HEMOCpeACTBEHHO nepen nepenayeit bU ¢ uensio
PE3CPBUPOBAHUA NIYTH WA ONTHYCCKUX JIUH BOJIH,
MOJIBEPrasich ONTORJIEKTPOHHOMY HPEOOpa3OBaHHIO B
Ka)XJIOM y3JIe.
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Pucynok 3 — Hcnoavzoganue 8peMeHHo20 cMeuenus,
6 mooenu cemu ¢ OKB ungopmayuu

B 1o xe Bpems cam BU nepenaercs yepe3 BpeMeHHOE
cMmernieHne T B oNTHYECKOM BHUie Oe3 mpeoOpa3oBaHuid
uH(pOPMAIMOHHOTO curHaia. [Ipu 3Tom & — 3TO Bpe-
MsI, 3aTpayuBacMoe Ha OO0pabOTKYy YMpaBISIOUIETO
COOOIIEHUST B y3Jie M TEPEKII0YeHHE ONTHYECKOTO
KOMMYTAIIMOHHOTO ToJis. Takod mojaxoJ, 1mo aHayio-
THUH C TIPEIBIAYIINM MOXKET OBITh Ha3BaH OJOKOBBIM
PITN.

B Mopnenu cetw, OCHOBaHHOM Ha HUCHOJIb30Ba-
Huu 6;oxoBoro PIIN, B kauecTBe JTMHUN CBSA3H MOXHO
ucnone3oBaTh KaHanel Hyper Dense Wavelength Di-
vision Multiplexing (HDWDM), no3posnsroiue nepe-
JaTh MO0 OJHOMY ONTHYECKOMY BOJIOKHY 10 240 pa3s-
JIMYHBIX JUIMH BOJH. [IpW 3TOM C MOMOILIBIO OJHOM
JUTMHBI BOJIHBI MOXHO T€peaBaTh JaHHBIE CO CKOPO-
cteio 10 ['6ut/c. DTO MPUBOAUT K TOMY, UTO CyMMap-
Hasi €MKOCTh OJIHOHM JIMHWUW CBS3M MOXET JOCTHUTaTh
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2,4 Tour/c [13]. Ilockonbky Takoi o0beM HH(pOpMa-
MM HEBO3MOXXKHO 00paboTaTh B DJIEKTPOHHOM BHJIE,
10 B y31ax cett OKb HeoOX0auMo MCIIONB30BaTh OTI-
THYECKHE KOMMYTATODPBI, OCYLIECTBISIOIUE KOMMY-
TaIMI0 ONTHYECKOTO CHTHaja 0e3 ero mpeoOpa3oBa-
HUS B AIIEKTpoHHYIO ¢opmy. [IpuHIunmansHo# oco-
6ennoctrio Monenu cet C OKDB sBnsercs oTcyTcTBHE
onTuIeckux 0y(hepoB B y31ax KOMMYTAITHH.

B tabnuue 1 mpuBeneHo cpaBHEHHE PEKHMOB
nepeHoca MHGOpMaIKHK, Mpeodpa3oBaHHON B oNTHYE-
CKMI CHTHAl MO IATH KpUTepHsM: 3(PQPEKTHBHOCTD
UCIIONB30BAaHMS IIOJIOCHI  NPOITYCKaHUS, 3a/iepiKKa
YCTaHOBJICHHS COCAWHEHHs, TpeOOBAaHHE K CKOPOCTH
KOMMYTAllM{, HaKJIaJHbIC PacXolIsl Ha CHHXPOHHU3a-
LUI0, aTalNTUBHOCTh K PA3NNYHBIM BHIaM Harpys3KH.

Tadanna 1 — CpaBHHUTENbHAs OLIEHKA PEXKUMOB IepeHoca HHpOopMaIuu

Pexxum nepenoca DddexTuBHOCTS | 3ameprKa TpeboBanust |[HaknamHsie AnanTtus-

HHpOpPMAUU WCTIOJIb30BAaHUsl | YCTAHOBJIEHUSI | K CKOPOCTH [pacXoJbl Ha HOCTb K pas-
IIOJIOCHI TIPOITYCH COCIMHEHHS KOMMYTAallUA CHHXPOHU3AIUIO | INIHBIM  BH-
KaHHs JTaM Harpy3Ku

Kananensrii PITU Huskas Bricokas Huzkue Huzkue Huzkas

ITakeTHbIH, KaAPOBBIN Bricokas Hwuskas Bricokue Bricokne Bricokast

n stueeunsiir PITA

bnoxoserii PITU Bricokas Huskas Cpennue Huskue Bricokast

CpaBHUTENBHBIN aHAIN3 MOKA3bIBACT MPEUMY-
mecTtBo OiokoBoro PIIM mpm koMMmyTranuu onThye-
CKUX CHTHAJIOB HAJl allbTEPHATUBHBIMH METOJJAMU, YTO
CBHUJICTEIILCTBYET 00 3PPEKTHBHOCTH UCIIOJIb30BAHHS
ATOr0 MOAXOAA TP Pa3pabOTKE MOJENH MOJIHOCTHIO
omnTuyeckoii cetu [17].

1V. 3BAKJIIOYEHUE

B pesynbrare aHanusa MpUHIUIOB NOCTPOCHHUS
MOJHOCTBIO ONTHUYECKHX CETEH, PACCMOTPEHHBIX B
paborax aBTopa [18-22] m ocoOeHHOCTEH pPEXKHMOB
nepeHoca HH(GOpMaLnH C MO3UIHOHHBIM U METOYHBIM
MYJIBTHIDIEKCHPOBAHUEM MPEUIOKEHO HCIIOJIb30BaTh
CHCTEMY C ONTHYECKOHW KOMMYyTalued OJIOKOB HH-
(hopMaryy, MO3BOJISIONIYIO OCYIIECTBIISTh KOMMYTa-
10 MH(GOPMAaIIMOHHOTO curHana 0e3 Oydepusaunu u
MpeBapUTEIHLHOTO MPeoOpa3oBaHusl B DJIEKTPOHHYIO
(hopmy. MOKHO BBIIEIHUTH CIEAYIOINE OTINIUS OJ10-
koBoro PIIN oT n3BeCTHBIX aHAJIOTOB:

1. bnok 3aHHMMaeT MOPOMEXYTOYHOE MECTO
MeXay (QyHIaMEHTAILHBIMH OOBEKTaMH TEXHOJIOTHI
MO3ULIUOHHOTO U METOYHOIO0 MYJIbTHILUIEKCHPOBAHUS
(BBI30BOM W ITaKeTOM/KaIPOM/SICHKOI).

2. IIpu OKBU 61510k B OTJIMYKE OT TEXHOJIOTHH,
OCHOBAHHBIX Ha MO3WIMOHHOM MYJIBTHIUIEKCHPOBA-
HHUH, MOXET OBITh OTHpaBJeH 0e3 yCTAaHOBJICHHS CO-
€AMHEHHS, UTO AeJaeT MPOoLecC MPeA0CTaBICHHUS Tpe-
OyeMoii MoJI0CK MPOMYCKaHUs 60JIee OTIePAaTUBHBIM.

3. Ilpu OKBH npoxoxnenune BU uepes tpan-
3UTHBIE Y3JIbI OCYIECTBIsIeTCs 6e3 Oydepu3anun, B TO
BpeMs Kak ipu MM mH(pOpMAaIMOHHBIH OJIOK CHavyaa
3allOMUHAETCS B MAMSTH, a JIMIIb 3aT€M HalpaBlseTcs
K BBIXOJJHOMY MOPTY.

IIpuBeneHHblE OTIMYMS MO3BOISAIOT CAENATH
BBIBOJI, uTO OJIoKOBBINA PIIM 3aHMMaeT mpoMexyTod-
HOE TIOJIO)KEHHE W TPENCTaBISET COOOW HEKOTOPBII
CHUMOMO3, BKJIIOYAIOIIHNK B ceOsl TOCTOMHCTBA TEXHO-
JIOTHH, OCHOBAaHHBIX HA TO3WIIMOHHOM M METOYHOM
MyJIBTUIUIEKCUpOBaHuu. bwicTpoeiicTBue cetu, Hc-
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nosp3yromeii 6yiokoBeiii PIIU, ompenensiercss Bpeme-
HEM TEePEKIIOYEHHUSI ONTHUYECKOI0 KOMMYTallMOHHOTO
OJIs, YTO CBUCTEIBCTBYET O OOJBIION 3HAYMMOCTHU
pa3paboTKU ONTHYECKOH KOMMYTAIIMOHHOW CHCTEMBI,
obecrieynBarOIeii MUHIMH3ANUIO BPEMEHH MEPEKITo-
YeHWs, a, CIIeJOBATEIFHO, OBICTPOACHCTBIE KOMMYTa-
[UH U TPOITYCKHYIO CLIOCOOHOCTH CETH B ICJIOM.
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FEATURES OF OPTICAL SIGNALS SWITCHING AT USING DIFFERENT MODES OF IN-

FORMATION TRANSFER

The analysis of optical signals switching with electrical and optical control and requirements for
switching systems that provide increased bandwidth telecommunication network is presented in the
paper. The model and methods of implementing all-optical switching, which do not use electro-optical
and optoelectronic conversion of the information signal and do not require buffering of optical sig-
nals in all-optical switching device are considered. The feasibility of using different modes of infor-
mation transfer for switching optical signals has been estimated. The benefits and limitations of the
label and position multiplexing methods are shown. A model of optical network with all-optical
switching blocks of information has been described. The block mode of information transfer usage ex-

pediency for the assigned task is proved.

Keywords: all-optical network; information transfer mode; multiplexing.
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