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AHAJIN3 COBPEMEHHbBIX
[TOJIXOA0B U UX
HEJIOCTATKOB K

COBEPIIEHCTBOBAHUIO
METO/IOB ITOBBIIIEHU S
[TPOITYCKHOU CITOCOBHOCTH
B PA3BETBJIEHHBIX
OINTUYECKUX CETSIX CBS3U

Kusimos PaxmaTtynno Py3neBuny
Yuntenb Y3beknctaHa, KawkagapbuHeckas obnactb,
KacbuHckun paiioH, TexHukyMm Ne 5

AHHOTaumsA: B cTatbe paccmaTpuBaeTcs NPUMEHEHNE PA3NNYHbIX METOAOB W YCTPOWCTB AMS NOBbLILLIEHWS NPOMYCKHOW
CNoCcoBHOCTM B pa3BETBMNEHHbLIX ONTUYECKUX CETSAX CBA3W. ONMCbIBAETCSH UCMOMb30BaHNE NACCUBHbLIX ONTUYECKUX CNINT-
TEPOB 1 MyNLTUMIIEKCOPOB. Takke paccMaTpuBaeTca MyrnbTUNnekcupoBaHune no anvyHam BornH (WDM). MNpueeneHs! npe-
umyLiecTBa n HegocTaTkn ontudeckon OFDM-mopynsumm n Space Division Multiplexing - npocTpaHCTBEHHOTO MynbTU-
MIeKCMPOBaHMS.

KnwueBsle crnosa: NponyckHasi CnocoBHOCTb, ONTUYECKUE CETU CBS3W, MACCHBHbIE ONTUYECKUE CNAUTTEPbLI, MYIbTU-
nnekcuposaHue no anuHam sonH (WDM), ontudeckas OFDM-mogynsunsi, npocTpaHCTBEHHOE MYNBTUMEKCHpOBaHue
(SDM), onTuyeckme MynbTUMNEKCOPbl, TENEKOMMYHUKALMOHHbIE CETU.

Annotatsiya: Ushbu maqolada keng optik aloga tarmoglarida o‘tkazuvchanlikni oshirish uchun turli usullar va quril-
malardan foydalanish muhokama qilinadi. Unda passiv optik ajratgichlar va multipleksorlardan foydalanish yoritilgan.
Magolada, shuningdek, to‘lgin uzunligi bo‘yicha multiplekslash (WDM) masalalari ko'rib chigiladi. Optik OFDM modulyat-
siyasi va fazoviy multiplekslashning afzalliklari hamda kamchiliklari tahlil gilingan.

Kalit so‘zlar: o'tkazuvchanlik qobiliyati, optik aloga tarmoglari, passiv optik splitterlar, to‘lgin uzunligi bo'yicha multi-
plekslash (WDM), optik OFDM modulyatsiyasi, fazoviy multiplekslash (SDM), optik multipleksorlar, telekommunikatsiya
tarmoglari.

Abstract: This article discusses the application of various methods and devices for increasing throughput in branched
optical communication networks. It describes the use of passive optical splitters and multiplexers. The article also exam-
ines wavelength division multiplexing (WDM). The advantages and disadvantages of optical OFDM modulation and
Space Division Multiplexing (SDM) are presented.

Key words: throughput capacity, optical communication networks, passive optical splitters, wavelength division multi-
plexing (WDM), optical OFDM modulation, space division multiplexing (SDM), optical multiplexers, telecommunication
networks.

BBEJEHHUE

PasBeTBnénHble ontuyeckue cetn (POC) npencraBnsaoT cobor BONOKOHHO-ONTUYECKME CETU C MHOMOY-
POBHEBOW apXUTEKTYPOU, B KOTOPbIX Nepegaya curHana ocyLecTBSeTCs OT LeHTParbHOro y3na K MHOXeCTBY
abOoHEHTCKMX TepMMHAIOoB, Kak NpaBumo, C UCMOMb30BaHNEM NMACCUBHBLIX ONTUYECKUX CMNMTTEPOB U MYINbTU-
NNekcopoB. Takme ceTun LWMPOKO npuMeHstoTcs B apxuTtektypax PON n FTTH n xapaktepuaytotcs Tononorven
“Toyka - MHOroTO4Ka”.

MponyckHas cnocobGHOCTb Pa3BETBNEHHbLIX ONTUYECKMNX CETEN OrpaHNYMBaETCs PAAOM hakTopoB [ C- 41-45.
4; C.97-101]-

e busmyeckumun cBoricTBaMMu cpedbl nepedayn (ontTuyeckoe ocriabrneHue, XxpoMatuyeckasi U nonspusaum-
OHHasa aucnepcust);

447



r
v 2026-yil, iyun, 6(1)-son

>

. HenNuHernHbIMN addekTaMmm B ONTUHECKOM BOJIOKHE;
*  OrpaHNYEHUAMUN METOAOB MYSLTUMIIEKCMPOBAHMS;

*  ApPXMTEKTYpOW pa3BETBMEHUI U YNCITOM abOHEHTCKUX BETBEN.

Bonpocbl NoBbILLEHWST NPOMYCKHOW CMOCOOHOCTU Pa3BETBMEHHbLIX OMTUYECKUX CETEN CBSA3M SIBMSIHOTCS
OOHVM U3 aKTyarbHbIX HamnpaBeHU COBPEMEHHbIX UCCReaoBaHUA B 00nacTv TeneKoOMMyHUKauun. 3Hauu-
TenbHbIV BKNag4 B pasBUTe TEOPUN 1 MPAKTUKM BOMTOKOHHO-ONTUYECKUX CUCTEM CBSA3M BHECIN TaKME YYEHbIE,
kak Govind P. Agrawal, John M. Senior, Gerd Keiser 1 Raj Jain.

B pabotax G. P. Agrawal nogpobHO uccrnenoBaHbl HemnuHerHble 3deKTbl B ONTUYECKOM BOJITOKHE,
BKMtoyasa camocdpasoByto moaynaumio (SPM), nepekpécTHyto pasoByto moaynsaumio (XPM) n yeTblpéxBonHoBoe
cmewenve (FWM), KoTopble CyLLECTBEHHO OrpaHU4YMBAOT MPOMYCKHY CMOCOBGHOCTbL BbICOKOCKOPOCTHBIX
onTnyeckmx ceter. Gerd Keiser B CBOMX MCCNeQOBaHUSAX pacCMaTpUBaET apXUTEKTYPY COBPEMEHHbIX ONTUYe-
CKMX CETEN M MEeTOAbI NOBbLILWEHNSA NX 9PPEKTUBHOCTI 3a CHET ucnonb3oBaHusa TexHonoruin WDM n DWDM.

Bonpocbkl mynstunnekcuposaHus no anvHam BonH (WDM) n cnektpaneHon ahdeKTUBHOCTU ONTUYECKNX
KaHanoB oTpaxeHbl B Tpydax John M. Senior u Ivan P. Kaminow. ABTopbl oTMeyvatoT, 4to npumeHeHne WDM
NMO3BOJSIET 3HAYNTENBHO YBENNYUTE MPOMYCKHY CNOCOOHOCTL ceTn 6e3 HeobxoaUMOCTM NPOKaaKM SOMOSHU-
TeNbHbIX BONTIOKOHHO-OMTUYECKUX NINHWIA.

Wccneposanna Joseph M. Kahn n Alan E. Willner nocBsiLieHbl KOrepeHTHbIM CUCTEMaM nepefaydn u
umncppoBor 06paboTke CUrHANOB B ONTUYECKMX CETSX. YUEHbIE AoKasanu, YTO UCMONb30BaHNE KOrepeHTHOro
nprvéma n copeMeHHbix DSP-anropntMoB no3eonseT aheKTUBHO KOMNEHCUPOBATL BIUSHWE AMCMIEPCUN U
MOBbLICUTb Ka4EeCTBO NepefaYvn OaHHbIX.

B nocneaHue rogbl 6onblLioe BHUMaHue yaensietcst TexHonorum Space Division Multiplexing (SDM). Cye-
CTBEHHbI BKNag B pa3sBuTtne gaHHoro HanpaeneHus BHecnu David J. Richardson, John M. Fini n Radan Slavik,
paboTbl KOTOPbIX NOCBSALLEHbBI MHOFOCEPALEBUHHBIM U MHOTOMOLOBbLIM ONTUYECKMM BOSTOKHAM Kak NepPCNeKTUB-
HOMY cnocoby AanbHeNLero yBenm4eHnsi NponyckHOM CnocobHOCTM ONTUYECKUX CETEN.

AHanma Hay4HoW nMTepaTypbl MOKa3bIBAET, YTO CYLLECTBYOLLME METOAbI MOBbLILLEHWS NPOMYCKHOW CNocob-
HOCTW pa3BETBIEHHbLIX ONTUYECKMX CETEN 0bragatoT 3HAaYMTENbHbLIM NMOTEHLMANOM, OQHAKO MX NpaKTuyeckas
peanusaunsi ConpoBoXaaeTcs pPgoOM TEXHUYECKUX OrpaHnyeHnin. Ato obycnosnmeaeT Heob6xooUMOCTb farb-
HeMLWnxX nccnefoBaHui, HanpaeneHHbIX Ha COBEPLUEHCTBOBAHME CYLLECTBYHOLLMX TEXHOMOMUA U pa3paboTky
HOBbIX MOAXOA0B K MOBLILLIEHNIO 3(PEEKTUBHOCTU ONTUYECKNX CETEN CBA3MN.

B paHHOM uccrnegoBaHUM MCMOMb30BaHbl METOA4blI aHanmM3a HayyYHOW nuTepaTtypbl, CPaBHUTENbHOMO
aHanmsa n 0600LeHns. PaccMoTpeHbl COBpEMEHHbIE METOAbI MOBbLILLEHMS NPOMNYCKHOW CNOCOBHOCTM pa3BeT-
BMEHHBLIX ONTUYECKMX ceTel, Bkmodas WDM, ontudeckyto OFDM-mogynsaumto, Coherent Detection n Space
Division Multiplexing (SDM). lNMpoBeaéH CpaBHUTENbHbLIA aHanM3 KX NPeMMyLLEeCTB, HeQOCTaTKoB U orpa-
HU4eHn npumeHeHus B cetax PON n FTTH. MNonyyeHHble pesynbraTel NO3BONWUAM onpeaenuTe Hanbonee
NepcrneKkTMBHbIE HamnpaBfieHWs1 MOBbLILEHWS MPOMYCKHOM CMOCOOHOCTU pPa3BETBIEHHBLIX OMTUYECKUX CETEN
CBS3N.

MoBbilieHne nponyckHoi cnocoGHocT POC TpebyeT KOMMIEKCHOro NPUMEHEHUSI METOAOB Ha un3unye-

CKOM YpPOBHE, YPOBHE MYJLTUMNEKCMPOBAHUS, LMAPOBOI 06paboTKM CUTHANOB U apXUTEKTYpbl ceTy 2 C- 52555
C. 203-207]

OpHWM 13 Hanbornee pacnpoCTPaHEHHbIX METOA0B NOBbILLEHMS MPOMYCKHOW CNOCOBHOCTU ABNSETCA MyTb-
TUMnnekcuposaHve no anvHam BonH (WDM), ocHoBaHHOe Ha nepefade HeCKOMNbKMX HEe3aBUCUMMbIX OMTUYeE-
CKMX HECYLLMX C PasnUYHbIMU AIMHAMU BOMH NO OAHOMY BOJOKHY 1 C- 146-150,6: C. 89-92] - CymmapHasi nponyckHas
CNOCOOHOCTb ONpeaensieTcs BblpaXXeHNEM:

Ciota =Ny - By (1.1)
roe:
N, - KONIM4eCTBO KaHanoB (4NVH BOJTH)
B, - nponyckHasi cnocoGHOCTbL OAHOrO kaHana [ ¢89- 941,
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dusnyeckan peanusaumsa WDM Bkntoyaet texHonormn DWDM, nossonstowme mcnonb3osaTtb 4o 80 un
bonee cnekTpanbHbIX KaHamNoB, Nas3epHble NCTOYHMKUN C Y3KOW CMEKTParbHON NMHUEN N BbICOKOCENEKTUBHbIE
ontuyeckme ounsTpbl Ha Npuéme [ C- 151-154, 16; P. 61-66]

OcHoBHbIMKU orpaHudeHusmm DWDM aBnsioTca xpomatuyeckas AUCnepcus U HenmHerHble adekTsl,
yCcuUnuBatoLmMecs npu MNiOTHOM CreKkTparibHOM pasMeLleHUMn kaHanoB 2 C 6164 HenuHeliHble McKaXkeHus
NPUBOAAT K POCTY LLUYMOBOW COCTaBNALLEN U YXYALEHNO OTHOLIEHUST CUrHamn/LuyMm:

SNRyr = S (1.2)

PNL +NO

rae PNL - wiym ot HenvHenHocTun, NO - hOHOBbIE LLYMbI.

Yeunenne Bcex ANUH BOMH FrEHEPUPYET LLYM:
Puse = 2nyphv(G - 1)B (1.3)

rAe Ns, - PaKTop CNOHTAaHHOCTU; G - KOIPDULMEHT yCUNEHNS.
Ontuyeckas OFDM-mogynsuus (Orthogonal Frequency Division Multiplexing) ocHoBaHa Ha pa3tueHun
NCXOOHOro NoTOKa AaHHbIX HA MHOXXECTBO OPTOroHarbHbIX NMOAHECYLLMX 2 ©-89-921;

-1 .
s() =R { Y_ Xke/2Tk! } (1.4)
roe Xy - cumBonbl QAM/PSK
MpeumywiecTtsa
*  YCTOMYMBOCTb K XpPOMATUYECKOWN aMcrnepcum

*  BbICOKas crekTpanbHas a(pdeKkTMBHOCTb

Rb
Btot

n=——(15)
rae Rb - 6utpent, Btot - winpmHa cnektpa
OcHoBHbIMK HepgocTaTkamu OFDM saBnsTCA BbicOKas YyBCTBMTENbHOCTb K (0A30BbIM LUyMaM fasepa,

CNOXHOCTb LUMdpoBO 06paboTKmn cMrHanoB n H1M3kast apEKTUBHOCTL NPU HANUYUM HETNTMHENHBIX 3EKTOB
[6; C. 118-121]

KorepeHTHbI NpMéM OCHOBaH Ha CMeLUMBaHNM NPUHXMAEMOTO CUrHara ¢ OnopHbLIM U3MyYeHneM Nnokarb-
HOro OCLMMNNSATOPA, YTO NO3BONSIET U3BMNEKaTb aMMNNUTYAHY0 U dha3oByto MHopMaLmio & C 132-1361;

I(t) = R {E:(t) ELo (1)}

rae Esy - none curHana, E oy - NokanbHbIA ocumnnnaTop

HaHHbIi MeTon obecnevmBaeT BbICOKYK CreKTpanbHylo 3hdEKTUBHOCTb M KOMMEHCALMIO AUCTEPCUM,
OofHaKo TpebyeT CNOXHOM CUHXPOHU3ALMN N BbICOKOMPOU3BOAMTENBbHbIX DSP-anropMtMoB, 4YTO CyLLeCTBEHHO
yBenuuMBaeT CTOMMOCTb 000pya0BaHUS.

Space Division Multiplexing (SDM) npegnonaraet yBenuyeHne nponyckHOM CoCOOHOCTU 3a CHET UCNOMb-
30BaHWsi HECKOSbKUX MPOCTPAHCTBEHHbIX KaHanoB. OCHOBHbIE BapuaHTbl BKIMOYAKOT MHOFOMOZOBbIE BOSIOKHA,
MHorocepzLeBuHHbIe BorokHa n Few-Mode Fiber. O6wwas nponyckHas cnocobHOCTb onpenensietcst Kak:

_\'M ;
C=yM. Ri (1)
roe M - konnyecTBO NPOCTPAaHCTBEHHbLIX KaHall10B.

Hepoctatkamu SDM sBnsA0OTCS MEXMOOO0BLIE U MEXCEPALEBUHHBIE MOMEXU, BbICOKAsi CIIOXKHOCTb YCUNK-
Tenen 1 AoNoNHUTENbHbIE NOTEPM.
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YcuneHue CnekTpocurHana:
L
G(1) = exp (fo gz, A)dz)(1.7)

Hepocrarku:

PereHepauus - goporo
Ycunexuve wymos

ASE mymb1 orpanuuuBaioT SNR

Advanced DSP - undgposas obpaboTtka curHanos
DSP moxeT koMneHcMpoBaThb:

[uncnepcuto
®a30BbIN LWYM
HenunHenHble nckaxeHus Yyepes obpatHble PUNBTPLI

Mopaenb NMHEeMHOW OUCKPECUn:
H(f) = 3%, (2nf)* (1.8)
DSP npumeHsieT obpaTHoe:
H-1(f) = /B, (2rf)> (1.9)

HepocTaTku:

OrpomHble BbIMMCIUTENbHbIE 3aTpaThbl
OrpaHunyeHns Manoro 3anasgbiBaHus
OHepronoTpebneHune

Elastic Optical Networks (EON)

Pecypcbl (CnekTp, MOLLIHOCTL) pacnpeaensoTcs ANHAMUYECKN:

CEON :Z)lieSalloc BAi (110)

Mntocob:

rmbkoeBblgeneHnenonoc;

agjanTauuna nog Tpaduk.

MwuHycbl:

CrnioxHoe ynpasneHue.

®parmeHTauus cnektpa.

CnoxHocTb B pa3BeTBnéHHbIX CTpykTypax (PON).

Mcnonbaytotea wupokne nonockl (C+L):

Bios = Be + Bz (1.11)
CynepkaHansl - 06begnHeHne WDM kaHanoB B oguH:

Csc= Noup Rsup (1.12)
HepocTaTku:

ycunexHume wymosB no LLIVIpOKOIZ nomnoce

CNOXHOCTb (hmnbTpauum
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dusnyeckune
ATTeHloauusn:
P(L) = P(0)e~ (1.13)
Oucnepcus:
_dap
D= Tz (1.14)
HennHenHocTtn

SPM: camodhasHasmoaynaums;

XPM: nepekpéctHasidpazoBasgmoaynsauus;
FWM: 4yeTblpéXBONTHOBOE NepeMeLLvBaHue.
OdekT yxyawaetr SNR:

PON/FTTH (pa3BeTBnéHHble ceTH)
CnnutTepbl 4eNAT MOLLHOCTb:
Prx - P;x— ]OIOgjo (Nsp],-,) (1 .15)

Yem 6onblue BETBEN - TEM MEHbLLE MOLLHOCTb Ha KOHEL,

B pesynbrate aHanumsa KJ'IaCCVI(bI/IKaLI,VII/I N CTPYKTYpPbI pa3BeTBJ'IéHHbIX ONTUYECKMX CETEN YCTaHOBIJ1EHO,

4YTO HambonbLlee pacnpocTpaHeHne B CeTAaX AoCTyna nony4uniy nacCnBHble ONTUYECKNE CETU (PON), obecne-
vYmBawwime 3KOHOMUYECKYyo SCDCbeKTVIBHOCTb N BbICOKYH HagéXHocTb. OQHaKo MCMNOoNb30BaHNE MaCCUBHbIX
CnnnTTepPOB NpMBOOUT K AENEHU0 ONTMYECKOM MOLLHOCTM Mexay aboHeHTaMu, 4To CyLleCTBEHHO OrpaHu-
YymnBaet SHepFeTI/I‘-IeCKVIVI anaHc 1, Kak cneacTene, MakcMmarnbHO LOOCTUXMUMYIO MPOMYCKHYHO CNoCcoBHOCTb U
0arnbHOCTb nepegadu.
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Pedagogika fanlari

Pedagogika nazariyasi. Pedagogik ta’limotlar tarixi

Ta’lim va tarbiya nazariyasi va metodikasi (sohalar bo‘yicha)
Maxsus pedagogika

Jismoniy tarbiya va sport mashg‘ulotlari nazariyasi va metodikasi
Kasb-hunar ta’limi nazariyasi va metodikasi

Elektron ta’lim nazariyasi va metodikasi (ta’lim sohalari va bosgichlari bo‘yicha)
Ta’limda menejment

Maktabgacha ta’lim va tarbiya nazariyasi va metodikasi

ljtimoiy pedagogika

Tarix fanlari

Psixologiya fanlari

Fizika-matematika fanlari

Kimyo fanlari

Biologiya fanlari

Falsafa fanlari

Filologiya fanlari

Geografiya fanlari
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