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Annomayus.  PaccMOTpeHBI  BONPOCHI  NPUMEHEHHs
TEXHOJIOTHH ONTHYeCKUX TPaHcnopTHhIX cereii (OTN) Ha ceTn
CBSA3M  KEJEe3HOAOPO:KHOT0  TPAHCIIOPTAa HAa  IpuMepe
annapatypsl €O CHEKTPAJIbHBIM  pa3jelieHMeM KaHAJIO0B
0TE4eCTBEHHOI 0 MPOM3BO/CTBA.

Knroueevie  cnosa.  dcenesHo0OpodiCHBLL  mpancnopm;
onmuyeckue mpancnopmuvle cemu; DWDM  cucmembl
nepeoauu

MaructpanbHas H(POBas CeTh CBSI3H POCCHHCKUX
xenesuslx  gopor (MLICC) crpommack Ha  OCHOBE
0o0Opy/IOBaHHsI ~ TEXHOJIOTHH  CHHXPOHHOH  LU(POBOIA
uepapxun SDH (Synchronous Digital Hierarchy), t. k. oHo
MIOJTHOCTBIO YAOBIIETBOPSUIO MOTPEOHOCTH TEXHOJIOTUUECKUX

MPOLIECCOB TPAHCIIOPTHBIX TO/Ipa3/IelICHUH,
obecrieyrBarOIIMX IMEpPeBO30UHbIH  Tponecc [1]. DOrta
TEXHOJIOTHS ~ OTBEYAaeT  BBICOKMM  TPEeOOBAaHHAM IO

HAJIe)KHOCTH M ympaBisieMocTH Tpaduka. OcHOBaHHas Ha
MPUHIMITIAX BPEMEHHOTo paszzenenusi kananos (BPK/TDM),
oHa oO0ecrieyrBana BO3MOXKHOCTh Ilepellauydl aKEeTHOTO
tpadpuka IP, Ethernet. OmHako Ha mpaKTUKe, YYUTHIBas
OypHBII pocT TpaduKka B CETAX IEepeladd MAHHBIX, IS UX
MOCTPOCHHS UCTIONB3YIOTCS OT/CNbHBIC BOJIOKHA B KaOeIsX.

XoTsi mpobsemMbl B MPOIMYCKHOHW CIOCOOHOCTH BOJIOKHA
HEeT, OJHAKO WMEIOTCS OrpaHHYEeHUss B  KOJMYECTBE
ONTHYECKUX BOJIOKOH B KaOeIsX, IPOJIOKEHHBIX BIOJb
XKEJIE3HBIX JIOPOI W B OpPraHW3alMM €IWHOH CHCTEMBI
YIIpaBIIeHUs Pa3HOPOIHBIMY CHCTEMaMH Iepeaaydn.

IIpoBoaumasi B Hacrosiiee BpeMsi B COOTBETCTBUU C
OCHOBHBIMH HAIPaBJICHUSAMH Pa3BUTHA TEICKOMMYHHKAIINH
Ha MEPBUYHON CETU CBSI3U KEJIE3HOJOPOKHOTO TPAHCIIOPTA

MOJICpHU3AIIHSA, Gazmpyromascs Ha MIPUMEHEHUHT
anmapaTypbl CHEKTPaJbHOTO paszzeneHus KaHaioB WDM
(Wavelength Division Multiplexing), [O3BOJISET

CYIIECTBEHHO IOBBICUTH €€ MPOIYCKHYIO CIIOCOOHOCTH [2,
3]. IIpu TOM KONMMUYECTBO CIIeKTpanbHBIX KanainoB WDM B

ONTHYECKOM  BOJOKHE, MOXET  BapbUpOBaTbcsi  Ha
KOHKPETHBIX  yYacTKax JKCJIE3HOJOPOXKHOH CeTH  OT
HECKOJBKHX €JMHUI] IO HECKOJIBKUX JIECATKOB.

Texnonorus WDM B  gecatku pa3 MOBBICHIA

MIPOITYCKHYIO CITIOCOOHOCTh BOJIOKOH U CTaJla CYIECTBEHHBIM
IIaroM B TIOBBIIICHUH ASKOHOMHYECKOH A(PPEKTHBHOCTH
CeTel CBs3M B I€IOM, OOBENWHHB B OJHOH CHCTEME
TepeIadn Pa3HOPOTHBII BEICOKOCKOPOCTHOM Tpaduk.

Ha  MarucrpanbHOW  CETM  CBSI3M  MCIIOJIB3YETCS
obopyznoBaHue IUIOTHOTO CIICKTPAIbHOIO
mynsTUILIeKcupoBanuss  DWDM  (Dense  Wavelength

Division Multiplexing), Ha JOPOXHOM H PErHOHAIBHOM —
CWDM (Coarse Wavelength Division Multiplexing)
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Pa3pekeHHOT o WIH rpyboro CIIEKTPAJILHOTO
MyJbTUIUIEKCHpOBaHus. [l0  KaXkIoMy — CHEKTPaJbHOMY
kaHairy anmapatypsl DWDM maructpansHOil cetm MOTyT
nepenaBathest curaansl cucteM SDH yposaeit STM-4/16/64,
MaKeTHBI Tpaduk certw mepeqaun manueix 1/2,5/10/ G
Ethernet [3]. dns obecrieueHus BO3MOKHOCTH YIPABICHUSI
TpaukoM, TpeNCTaBIEHHHIM B pa3HbIX (opmarax, B
COBPEMCHHBIX  CHCTEMax  CIEKTPAbHOIO  pa3lesieHHs
KAaHAJIIOB ~ NPUMEHSIOT  OPUHIMIEL  (OPMAaTHPOBAHHS
M(POBBIX CUTHAIOB HA OCHOBE ONTHYECKHX TPAHCIIOPTHBIX
cereit OTN (Optical Transport Network).

[Mpumenenne texuomoruu OTN npu ¢dopmupoBanun
TPaKTOB B CHEKTpalbHbIX KaHanmax WDM mnosBomser
COBMECTHUTH MYJIBTUCEPBUCHYIO nepenaqy
MaKEeTH3UPOBAHHBIX JAHHBIX M CHCTEMHOTO TPaJWIIOHHOTO
Tpadyka C YIpaBICHHEM M MOHUTOPHHIOM JIIOOOTO W3
ONTHYECKUX KaHaIoB. [Ipy 3TOM Uil KOHTPOISI W
YIpaBJeHUsS CHUTHAIBHOW HMH(pOpPMAIMEH HCHONB3YIOTCS
ITOPUTMBI  T00AaBICHUST  3arOJIOBKOB K  ONTHYECKHM
TPaHCHOPTHBIM CTpyKTypam. Takum o0pazom, B OTN
amanTupyercs s obopymosarus DWDM - xopormo
3apeKOMeH I0BaBIIas Bepcusi (POPMUPOBAHHS TPAHCIIOPTHBIX
moyneit STM texuonorun SDH [4].

CoBpeMeHHBIE CUCTEMBI DWDM UCIOJIb3YIOT
npuamunel OTN, mapaMerpbl KOTOpOH CTaHAAPTH30BAHBI
pexomennanuert ITU-T G.709 [4]. C moMoIIbi0 TEXHOJIOTUN
OTN mosiBisieTcs BO3MOXXHOCTb 3HAUUTENIBHO ITOBBICHTH
HKOHOMHYECKYI0 S(P(PEKTHBHOCTh OPraHM3YEeMBIX TPAaKTOB
IpU TIepesiade Mo TPaHCHOpTHOW ceTn curHanmoB STM, IP,
Ethernet. 3To mocruraercst myTéM YHaKOBKH PasHOPOIHOTO
Tpad¥Ka B CTAHIAPTU30BAHHBIX KOHTEHHEPAX, epeJadn ero
MO CeTH C TpeOyeMbIM KaueCTBOM IPH MUHUMYME OIIHOOK C
(PMKCUPOBAaHHBIM BPEMEHEM €0 TOCTABKH.

Benymuie npon3BogUTEIN MaruCTPaIbHOTO ONTHIECKOTO
obopynoBanus mpou3BogIT DWDM-cucremMsl, KOTOpBIE
obecrieunBatoT Tepenady A0 96 KaHAJIOB IO OIXHOMY
BOJIOKHY C TIIOJIE3HOW CKOPOCTBIO B KaKJOM KaHalle [0
100 I'but/c. Benérest paspaboTka mepcrnektuBHbIX DWDM-
CHCTEM, KaK B 00JIaCTH YBEJMUYCHUSI KOJIMYECTBA KaHAIOB (110
HECKOJIbKMX COTEH), TaK U B 00JIaCTH yBEIWYEHHSI CKOPOCTH
B KaxaoM kanane (o 200 I'Gut/c, 400 I'd6ut/c u Gonee)
[3, 4].

Cpenu  OTEUECTBEHHBIX  NPOU3BOJIUTENECH  TaKoOro
000pyI0BaHMSI OHMM W3 BEAYIIMX HPEIIPHATHH SBIAETCS
Kommanmss «T8». Ammapatypa >5TOH KOMIAHHUHM IS
MarucTpagbHbIX ONTHYECKMX JHHUN cBA3u  «Bomra»
YCIEIIHO TPHUMEHSETCS Ha CeTAX KPYIHBIX OIEepaTopoB
CBsI3M Hamieid cTpaHbl [5]. Amnmaparypa IOJHOCTBIO
COOTBETCTBYET MEXIyHApOIHbIM craHaapram DWDM-
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chcTeM, KOTOpbIe JOToaHeHb! 1 poBoit obosoukoit OTN.
Bce TpaHcronzeps! ammaparypbl (GOpMUPYIOT CHI'HAJIBI Ha
COOTBETCTBYIOIIMX JUIMHAX BoJH B (hopmaTtax OTN u, kpome
TOTO, COCTaBHOW YacThl0 MyKCHoHAepoB sBisiercsi OTN-
kommyrtarop  (X-Connect),  koropblii  oOecreynBaer
nepepacnpenenenne Tpapuka B opmatax OTN mexmy
KJIMEHTCKUMHU TIOPTaMH YCTPOWCTBA M IIO3BOJISIET B OJJHOM
ONTHYECKOM KaHale Ha OXHOH AWHE BOJHBI IepelaBaTh
KJIMEHTCKUH Tpaduk pa3sHbIX (opMaToB.

B IlerepOyprckoM rocylapCTBEHHOM YHHBEPCHTETE
myTteit cooOrienust Mmneparopa Asnekcanapa | Ha xadenpe
«DneKTpUYecKasi CBs3bY» OPraHU30BaH CTEHJI Ul U3YUYCHHS
NPUHIUIIOB NocTpoenus annaparypsl DWDM/OTN Ha 6aze
obopynoBanus «Bomray [6].

KouTtposp mapamMeTpoB 0a30BBIX OJIOKOB M COCTaBHBIX
yacTeil 00OpyIOBaHMS MOXHO HaOMIogaTh B Mpolecce
BBITIOJIHEHHUS J1a0OPATOPHBIX PadOT, C MOMOIIBIO CHCTEMBI

MOHHTOPHHT/YIIPABICHUSL. B OJOKe  ympaBlCHHA
(GUKCUpYIOTCST  COOBITHS,  CBSI3aHHBIE C  JEUCTBUSIMU
omeparopa, (opMuUpyeTcst M XpaHUTCS 0a3za JAHHBIX
[apamMeTpoB, COOpaHHBIX B Ipolecce ompoca OJIOKOB
000pyIOBaHHS.

B crpykType mpeoOpa3oBaHHsI CHTHAIOB B ammaparype
DWDM/OTN BHauane (opMupyeTcsi ONTHYSCKUN OJI0K
narpy3ku OPU (Optical Payload Unit), B koTopom cHTHAITBI
HHKATCYJUPYIOTCS B KOHTEWHEPHI M MYJIbTHUILICKCUPYIOTCS
U manbHeime nepenaun mo cet. OH COIEPKHUT B CBOEM
COCTaBe KITMEHTCKHMI CHIHAl M CICHHANbHBINA 3arojOBOK
OPU OH (Over Head), xoropsie TiepematoTcs B CETH B
HEU3MEHHOM BHJEC OT TOYKH 3arpy3KH O TOYKH BBITPY3KH
[4, 5].

Hanee x Onoxy OPU mnpucoenauHsieTcs crieruaibHas
ciy>xeOHass WHPOPMAIUA, YTO TIO3BOJSIET CHOPMHUPOBATH
BTOpO# 6ok — onruueckuii 6ok manueix ODU (Optical
Data  Unit). Cayxebuas  uHbOpPMAIMA  MO3BOJISET
MPOU3BOJUTH MOHHTOPHHT TIPOXOXK/ICHHS CUTHAJA TTO0 CETH U
YIPaBIATh HPOLECCOM Mepemadd curHana. CriennaabHbIA
nporokoi B 6yioke ODU BBIONMHAET MYyJIBTUINIEKCHPOBAHHE
yerbipex 0mokoB OPU1 B 610k OPU2. briok ODU ciyxur
OCHOBOH JUTs1 (JOPMHUPOBAHUS TPETHET0 OJIOKA — ONTHYECKOTO
tpancmnoptHoro Omoka OTU (Optical Transport Unit), B
KoTopoM poOasinsiercst 3()(EKTUBHBIA aITOPUTM  «IPSIMOU
koppekunn onmbok» FEC (Forward Error Correct).
VKa3aHHBI  ITOPUTM  MO3BOJSIET  OOHApy)XWUBaThb U
WCTIPaBJIATh OIMOKK Oe3 MOBTOPHOI mepenadn cooOIeHHH
[4, 5].

Takoe mpeoOpa3oBaHue MNPOM3BOAUTCS IS  KaXKIOH
Jutnabl BosiHel DWDM, copmuposannsiit OTU nepenaercst
B JUHHIO B BHae onTtmdeckoro kanama (OCh, Optical
Channel).

Takum o6pazom, npumenenne npuamnoB OTN Ha certn

CBSI3U YKEJIE3HOOPOIKHOTO TpaHCIopTa MPU3BAHO
00ecIIeunTh:
® pa3MelleHne Pa3sHOPOHOTO TpaduKa,

nepeaBaeMoro Mo CETH B CTaHAAPTH30BaHHBIC
¢dopmaret OTN Ha mepemadue u WX BBITPY3KY Ha
npueme;

MYJIbTHUIUICKCUPOBAHHE W JEMYJIbTUILICKCHPOBaHUE
curranoB OTN pa3HbIX ypOBHEH;
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e npsamyto koppekuuro ommbok FEC B kanaimax OTN;

® KOHTPOJIb U YIPpaBJICHUC Tpa(i)I/IKOM, nepeaaBacMbIM

MO ONTUYECKOM CETH.

B texnonorun OTN crangapTH30BaHbI MATh CKOPOCTEN
nmepemaun  curaanos: OTU-0 (1,25 TI6ur/c), OTU-1
(2,5T6ur/c), OTU-2 (10 T'6ur/c), OTU-3 (40 I'dut/c) u
OTU-4 (100 T'6ut/c) [4].

Takum ob6paszom, texHosoruss OTN ¢ ucnonb3oBaHHEM
ammapatypst DWDM/OTN  siBisieTcst mepCrieKTUBHOM  [UTst
MOCTPOEHUSI HOBBIX U MOJEPHHU3ALMU CYLIECTBYIOLINX
ONITOBOJIOKOHHBIX MarucTpaieh KEJIE3HOJOPOKHOTO
TpaHCIOpTA.

Hanpneiimee passutue TtexHoiormun OTN Bemer k

CO3/1aHUIO HIOJIHOCTBIO ONITHYECKUX cerei c
ucrionp3oBanneM OTN-KOMMyTaTopoB, YTO  TO3BOJIHT,
nepepacnpenensite  OTN-Tpadux Mexay pa3nuuHBIMUA

[OpTaMd OJHOTIO YCTPOMCTBA Ha YPOBHE OTHEIBHBIX
koHTeitHepoB ODU, uepe3 cucrteMy ympaBiieHus, Jubo B
aBTOMAaTUYECKOM PEKUME B 3aBUCHUMOCTH OT 3arpy3ku
KaHaoB [4].

Jnst ceTm CBSA3M  HKEJNE3HOAOPOXKHOTO  TPAHCIIOPTA
ucnone3oBanie  OTN-KOMMyTaTopoB MEpPCIEKTUBHO B
MPOMEXYTOYHBIX Y3/1aX MarrcTpaJbHON KeJIe3HOIO0POKHOH
ceTH cBsA3U [7]. DTO MO3BOIUT TUHAMUYECKU PaCIpeleNiTh
M0 Pa3INYHBIM MapIIpyTaM HHU3KOCKOPOCTHBIC KOHTEHHEPHI
OTN, comepxaIiye CUrHAIbI ONEPATHBHO-TEXHOJIOTMICCKUX
1 00IIe-TEeXHOIOTHYECKUX CETEH CBSI3H KEIE3HOIOPOKHOTO
TpaHcIopTa.

CIIMCOK JINTEPATYPBI

IlmbrTuackuit B.B., I'nymko B.I1. O6opynoBanue MHOrokaHaaIbHOU
cs3u Ha cetu PXK]I // ABromatunka, cBsi3b, mHpopMaTnKa. 2020. Ne 2.
C. 28-32.

OCHOBHBIE ~ HampaBjieHUA pa3BUTHS TelnekoMMmyHuKaiuid OAO
«PXI» no 2025 roma. LICC OAO «PXI». Mocksa. 2021. 111 c.

Jlucteun B.H., Tpeumxos B.H. DWDM-cucremb. M.: M3n-Bo
«Texnocdepar. 2017. 352 c.

Wb6parumor P.3., ®oxun B.I'. IlpoekTnpoBaHne COBpEMEHHBIX
ONTHYECKUX TpaHCIOPTHBIX ceTell cBsa3u. CII6.: Uzn-Bo «JlaHby.
2023. 112 c.

OGopynoBaHHE BOJIOKOHHO-ONTHYECKON CHCTEMBI IIepelaud  Cco

CHeKTPaIbHEIM  ymiuoTHeHHeM  «Bomra».  PykoBoictBo — mo
skcruryaranuu. Komnanus «T8». 2022. 125 c.

(1]

(2]
(31
(4]

(5]

[6] IImsrruackuit B.B., T'nymko B.I1. Ilpaktrdeckre HaBBIKM H3yYCHHS
CHUCTEM CO CIEKTPaJbHBIM pa3/ie/ieHHeM KaHaloB. // ABTOMAarTuka,

cBsi3b, HH(popmaTHka. 2024, Ne8. C.11-13.

Kanaes A.K., Kaszakesuu E.B., Caxapoa M.A., Ilpommn D.A.
MopenupoBanue mporecca 00paOOTKM METOK BpPEMEHHM Ha
YCTPOWCTBAX TPAHCHOPTHOM ceTH. Tpy/ bl yUeOHBIX 3aBSICHUI CBSI3H.
2024;10(2): C.34-47.

(71



