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MICIE I POJIb TDMA B PAMKAX KOHIEIIII NGOA

B pobomi 3anpononoeamni HoGI eapianmu MHONCUHHO20 OOCHIYNY 3 UYACOBUM
PO3NOOINOM KAHANIE 3 6DAXYBAHHAM BUMO2 KOHYEenyii OnmuuHo20 OO0CMYny
HACMYNHO20 NOKOJNIHHA. B X000 Oocnidjicenv 6usnaueni ocHOBHI ocobausocmi
no6y008U NepcneKmuHUxX B0JIOKOHHO-ONMUYHUX cucmem nepedaui. B saxocmi 6asu
PO32N10aiomvb sl 2IOPUOHI pillleHHs HA OCHOBI NPOSPAMHOI KOH@Icypayii 0o1adHaHH A,
wo 3abe3neuyoms MyIbmuUCmaHoapmuicms ma yHigixayiio. 3 memoro 3a0e31CUCHHS
po3MnoiIeH0T HUPPOBOi 0OPOOKU Ta 3HMKEHHSI 00UMCITIOBAILHOTO HABAaHTAXKEHHSI Ha
MpUAMaIbHUN TPAKT 3aIIPOIIOHOBAHE BBEICHHS MPOICAYPH ACIIUMAIlii CUTHAIB.

Knrwuoei cnosa. BOCII, oeyumauyis, NGOA, N-OFDM, OFDM, PON ,SDR,
TDMA. TWDM.

Beryn
TexHosoris yacoBoro mysbruiuiekcyBanus (Time Division Multiplexing, TDM)

MIPOJIOBXKYE BiFIrpaBaTv MPOBIHY POJb B TEJICKOMYHIKAIIMHUX CHCTEMax Iepeaadl
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nanux. Ha ocHoBi TDM po3poOieHa TeXHOJIOTisI MHOXHUHHOTO JOCTYIY 3 YaCOBHM
po3noxaiyiom kanaiiB (Time Division Multiple Access, TDMA). JlocuTh mommpeHuM
3acrocyBaHHsIM TDMA € ontuunuii noctyn. CydacHUM IPHUKIIAJ0M 1IbOTO € MACHBHI
orruuHi Mepexi (Passive Optical Network, PON). 3pocratodi motpedu y miIBHIICHHI
nporyckHoi 31atHocTi PON uepes 30UIbllIeHHS KITBKOCTI aOOHEHTIB, 00CATY Bif€o-
KOHTEHTY Ta 1H. MPUBOJATH JO BHUCHOBKY, IO ICHYIOUl KJACHYHI MiAXOIHU IIOAO
opranizaiii PON He 3a10BOJBHSIOTH CBITOBHUM TEHCHIIISIM PO3BUTKY ONTHYHOTO
JOCTYILY.

SIk HaAcHiIOK, 3 TOTJSAY Ha 3pOCTaHHA BHMOT JI0 NPOMYCKHOI 3JaTHOCTI,
MIPOBEICHUI aHalll3 KIACHMYHUX pIlIeHb onTH4HOro gocryny 3 TDMA Bumarae
HETPUBIAJILHOTO MIAXO0AY 10 MOOYIOBH BOJOKOHHO-ONTHYHUX CHUCTEM Ieperadl
(BOCII).

Meta crarTti: OOIpyHTYBaHHSI NUIAXIB MIABUIICHHS MPOIYCKHOI 3aTHOCTI
BOCII 3a paxyHOK BUKOpHCTaHHS HOBUX BapianTiB TDMA.

OcHOBHA yacTHHA

Sxi Bimomo, B ocHOBI TDMA neuTh po3MOJIiJT CMYTH NPOITYCKaHHS Ha 4acoBi
intepBasin (Time-Slot, TS). HdoBxuna TS 3anexuTh Bi 0ararb0X UYMHHHUKIB 1
rnapamMeTpiB, OCHOBHUMHU 3 SIKMX € KUIbKICTh aOOHEHTIB 1 THII 3aCTOCOBYBAHOTO
oOnagHaHHs. ICHye HU3KA JOTIYHUX 3aKOHOMIPHOCTEH: uuM Oiibine TS, THM MeHIie
Oyne mBUIKICTb TpadiKy JJIs OAHOTO KIIEHTA; YUM MeHIe TS — TUM 115 MBUIAKICTh
BHUIIIE; 3 POCTOM KUIBKOCTI KJIIEHTIB IPOIOPIIIITHO 3pOCTAIOTh 3aTPUMKH.

CydacHl MepeXHI pIIIeHHS MalTh CHEUlaIbHUA Ha0lp MporpamMHux
IHCTpYMEHTIB (1elnepu, TIaHyBaJIbHUKHU MaKeTiB, npioputesailis, QoS Ta iH.), sKi
JI03BOJISIIOTH BCTAHOBUTHU JIIMIT TIPOITYCKHO1 3JaTHOCTI JIJIsi KOKHOTO KOPUCTyBaya, a
TaKOX BCTAaHOBUTH IMpiopuresanito 3a TtunoMm Tpadiky. [Ipm npomy, HalOUIBII
MOIIMPEHUMHU € CXEMHU MYJbTUILIEKCYBAaHHS 3 OalT-1HTEPJiBIHIOM, KOJIM KaHaJIbHUMA
IHTEepBaJI CKJIaga€eThes 3 8 OiTiB, a00 3 OIT-1IHTEPJIIBIHIOM, KOJIM Ha BUXI1J ITOCTIiJOBHO
KOMYTY€ETBCS 110 OTHOMY OITY 3 KOKHOTO KaHaITy.

Ha ueit vac TDMA € A10MiHYI0YOIO0 TEXHOJIOTIEIO IS MOOUIBHUX CTUIBHUKOBUX

Mepex 1 BukopuctoByethes B ctangaprax GSM, TETRA, DMR, TDMA (ANSI-136),
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PDC, cucremax cynyTHukoBoro 3B’si3ky Ta iH. Hampuxman, TDMA nosBomse
301JIBIINTH €EMHICTh CMYTH YacToOT, sika B cTanaapTi GSM ictrotHo oOMexeHa. JJocuThb
nomupeHuM 3actocyBaHHs M TDMA € ontuynuit poctyn. OgHuUM 3 HaWOLIbII
nomyisipHux oro pisHoBuiB € PON 3 TDMA, a came — GPON.

OcranHiM YacoMm MBHAKICTh mepenadi nanunx y GPON BuxoauTh Ha piBEHb
10 I'6it/c. Epomtomisi cucremu GPON BusHauae nBa etanu po3BUTKY: NG-PON1 —
NG-PON cniBicHye Ha Tiif ke onTH4HIA po3noautediid Mepexi (Optical Distribution
Network, ODN); NG-PON2 — 6e3 BHMOIH CITiBICHYBaHHS 3 HasBHOIO CHCTEMOIO
GPON. B cBowo uepry, NG-PON1 mnepenbauae nactynui Bapianth: XG-PON1
(WBHAKICTH mepeaayl Ha BXigHOMY HanpsMKy 10 I'0it/c 1 2,5 I'0iT/c - y BUXITHOMY
Hanpsamky) 1 XG-PON2 (mBuakicts nepenadi 10 ['6iT/c y BXiIHOMY Ta BHXIJTHOMY
HaIpsIMKax).

binbuiicte oneparopiB 1 BUPOOHUKIB oOnajHaHHS BBaxaroTh, 1o NG-PON2
Oyne r1pynryBarucsi Ha WDM. B minomy, WDM-PON posmismaerscs K
JOBIOCTPOKOBE PIIEHHSI ONTHYHOTO focTyny. OnHak, npsamuil nepexin Bix GPON no
WDM-PON nemoxnuuit. OcHoBHa pi3auils Mixk WDM-PON 1 10G GPON y Tomy,
o WDM-PON nHe Moxe BukopucToBYBaTH IpoTokosl GPON.

3 iHmoro OOKYy, OCHOBHUMHM IIOJOKEHHSMH KOHIICTIII ONTUYHOTO JOCTYIY
HactynHoro nokodiHHs (Next Generation Optical Access, NGOA) nepenOaqaetbcst
CTBOPEHHSI TIOpUIHUX MEPEXK, B SKUX KOMOIHYIOThCS HAaMOUIbLI BAadl Cy4yacHi
texHosyorii. Ilpu 1boMy, ocoOnMBa yBara NPUILISETHCS  BIPOBAIKEHHIO
KOHBEPIE€HTHUX pIIICHb «padio moBepx onTuku». 3rifiHo NGOA, nepcrneKTuBHUMU
pimieHHsiMu 3 TDMA € HacTynHi BapiaHTH:

— 40G Serial TDM-PON;

— TWDM Broadcast and select;

— TWDM with lambda split;

— TWDM with lambda switch;

— OFDMA+TDMA PON;

— OFDMA+TDMA+WDMA PON.

B cBow uepry, OAHMM 3 TEPCIEKTUBHUX MIiAXOAIB € BHUKOPUCTAHHS
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HEOPTOTOHALHOI KOMIIOHOBKH CHUTHAJIB B YacOBiM Ta/ab0 4yacTOTHINA 00JacTi, B T. 4.
i ipu po6oTi 3 pagiocurHanamu. [Ipu upbomy moxnuse yaockonaneHas LIOC BOCII
3a pPaxXyHOK BHUKOPHUCTaHHS HAJIpENEeiBCHKOIO PO3PI3HEHHS CHUTHAJIB 3a 4YacoM
PUXO.Y.

Taxuii BapiaHT MOBHHEH nepeAdayaTd CUHXPOHHUM Ta aCHMHXPOHHUU PEXKUMU
po0OOTH, MaTl MOXJIMBICTH BUKOPUCTaHHS B 0OpOOIIl KOMIUIEKCHOTO IMPEACTABICHHS
CUTHAJTIB 1 3aCTOCYBaHHSI MTAKETIB PaTi0IMITYJIbCIB.

ITim >KOpCTKOIO CHHXpOHI3AIIE0 KaHaly (CHHXpOHHHMM TIpuiioM) Oyaemo
PO3YMITH TaKu¥ PeXHUM, MIPHU IKOMY 3a JOTIOMOTOI0 CHHXPOHI3yI04O0i MOCIiT0BHOCTI
IMITYJIbCIB 3/11MICHIOETHCS MPUB’A3Ka YaCOBOIO MOJIOKEHHS 1H()OPMAIIHHOTO MaKeTa 3
TOYHICTIO /10 nepiony auckperusauii ALIl. dakTuyHO 1€ 03HAYa€, U0 Yac MPUXOTY
KOXKHOTO 13 CHUTHANIB IMOBIJOMJIEHb TOYHO BIJIOMO Ha MpUKAMAaIbHIA CTOPOHI,
IPUPOJIHO, 33 YMOBH, IIO IEpeAaBalibHa CTOpPOHA ONEpye CHUTHalaMH B TIH ke
4acoBi# miKaimi, B skiid pyHkiionye renepatop takry AL mpuitmaya iHdopmaiii.

['onoBHa OCOONMBICTE ACHHXPOHHOTO pEXUMY MNPUHOMY HA BIAMIHY BIA
CUHXPOHHOTO MOJISATa€ B HEBIOMOMY 3CYBI1 IEPILIOTO 3 IMIYJIbCHUX CUTHAJIB MAKEeTa
BIJIHOCHO CITKM TakToBUX IMmynbciB ALIL Ilpu npomy BIZHOCHUH 3CyB I1HIIMX
IMITyJILCIB Y TTAKETHOMY (peiiMi MOKIAAAEThCSI TOYHO BIAOMHUM, IO 3a0€3IMeUy€EThCS
KOTEPEHTHOIO CXEMOI0 peasizallii nudpoBoro nepeaaBada moBiloMiIeHb. [ Takoro
peXuUMy TpUiioMy omnepaunli BUMIPY aMIUIITyAHUX CKJIAJOBUX aMIUIITYIHO-
($ha30MOIyTLOBAaHUX CUTHAJIIB MPUHHATOTO 1H(GOPMAIIIIMHOTO TTOBIJJOMJICHHS MTOBUHHA
NepenyBaTH OLIHKA Yacy MPUXOAY MEPIIOro 3 IMIYJIbCIB CUTHAJIBHOTO TTAKETA.

3angauy cunxponizauii BOCII Ha etami BXOKEHHS B 3B’ 30K 3alPOINOHOBAHO
BUPIIITYBaTH HA OCHOBI BUKOPUCTAHHSI MUJIOT-CUTHANY Ta HACTYMHOI 00pOoOKHU Horo B
npuiiMadl 3a JAOMOMOIOI0 MPOIEAYPH «KOB3aKOUOTo BiKHa» ab0 0araroCUrHajabHOTO
BHUMIpY 4Yacy 3aTpUMKHU O€3M0CepeHbO B MEKax 1H(HOPMAIIIITHOTO MaKeTy CUTHAIIB.

Jlnist pimeHHs 1i€l 3a1a9i ICHye Kijibka miaxofiB. [lepmmii 6a3yeThcst Ha OIIHII
4acOBOTO TOJIOKEHHS MiJOT-CHTHATY, OOMSIMOBAaHOTO 3aXHMCHUMH I1HTEpPBAJIaMH, 32
JIOTIOMOTOI0 «KOB3aIOUOTO BIKHA», MPOTSKHICTH SIKOTO JIOPIBHIOE TPUBAIOCTI IMIJIOT-

curdaity. [HImi miaxi coupaeTbesi Ha OaraTOCUrHAIBHUIM BUMIP 4acy 3aTPUMKH 110
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camMmoMy iHQOpMaliifHOMY HakeTi. Y IbOMY BHIAJKy, Ipu 0OpoOIll BiACOIMITYILCIB
MPOBOAUTHLCS ONTHMAJIbHA 32 METOJIOM MAaKCHUMAaJbHOI MPaBIOMOAIOHOCTI OIliHKA
MOJIO)KEHHSI Y Yaci MEepIIoro 3 IMIYJbCIB MMaKeTa NUIAXOM Mepedopy 3 3aJlaHuM
JTUCKPETOM MOXKJIMBHX HOTO 3HAUYCHb JI0 OCATHEHHS MaKCUMyMy (DYHKIIii BiITyKY
CUCTEMHU.

3anporioHoBaHa B poOOTI ajamTallis METOJIB YacCOBOTO PO3MOJAUTY KaHaiB
J03BOJISIE  TIABUIIUTH  TPOIMYCKHY 3JaTHICTh 0€3  PO3IMIUPEHHS  3adisTHOTO
€JIEKTPOMArHiTHOTO CHEKTPYy Ta 3HU3UTH BUMOTM JO TOYHOCTI CHUCTEMHU
CHUHXPOHI3aIli] mepeaaBanbHOro Ta npuiiMaibHoro cermentis BOCIL.

OckubKH 1H()OPMATUBHUM NAPAMETPOM IPH IMITYIBCHO-AMILUTITYAHIA MOIYJISALIL
(PAM) € ammiuiTyga KOXKHOTO 3 IMIYJIBCHUX CHUTHAJIIB TAKeTa, 3alpollOHOBAHO
BUKOHYBATH ONITUMAJIbHE OI[IHIOBAHHS IIHOTO TapaMeTpa JJI B3aEMHO TIEPEKPUTHX Y
Yaci BIJICOIMIYNbCIB, CIUPAIOYMCh HA METOJ] HAMEHIINX KBaJpaTiB, KU B yMOBax
rayCOBCHKUX IIIYMIB € €KBIBaJICHTOM METO/Iy MaKCUMaJILHOT MPaBIONO[IOHOCTI.

Cnuparounce Ha KoHBepreHTHi pimeHHs NGOA, B poOOTi pO3NISIHYTI
ocoOmuBocTi 00poOku curHanmie 'y BOCII He TUIbKM BifIcOIMIYNbCIB, ane W
pamioiMiyiibeiB. OTpuUMaHi pe3yabTaTH OXOIUTIOITh CUTYAIlll JEMOMYJALIl CUTHAIIB
QAM npu HampeneiBChbKOMY PO3pI3HEHI iX 3a 4acoM MPHUXOMY, 10 € 0a3010 mis
30UTBIIIEHHS TPOITYCKHOI 31aTHOCTI ontuyHuX kaHamiB BOCIL.

JIst BeIMKOT KIIBKOCTI MiJKaHAIIB, TOIIILHUM € OJJOKOBAa KOMIIOHOBKA CUTHAITY
TDMA. Ha nipakTuiti, Juisl iABUIICHHS 3aBaI03aXHMIIEHOCTI JOIIJILHO B MPOIIEIypax
HOC 3acTtocoByBaTH CXEMHU BHYTPIIIHHOTO Ta 30BHIINIHHOTO KAHAJIBHOTO KOJyBaHHSI
JUTSL KOpeKLii a0 BUSBICHHS TOXUOOK Y MOBITOMJICHHSX.

Otpumani HoBi BapianTu TDMA MoxnuBO peainizyBaTu Ha OCHOBI CXEMO-
TEXHIYHUX pIIIEHb TEXHOJIOTIi mMmporpamMHoi KoH(irypamii obnagHaHHs (Software-
Defined Radio, SDR), sika 3narHa 3a0e3neynTH HEOOXIAHHMN piBeHb yHidikarii Ta
PO3IINPIOE HOMEHKJIATYpY PEXHUMIB pOOOTH B yMOBax OaraTocTaHIapTHOCTI Ta
OararonpotokonbHOCTl. BripoBamkennss SDR nependaudae 3yctpiuny pooory BOCII
B PEXHUMI 3BUYAHOTO PO3PI3HEHHS CUTHATIB 3 OOJIATHAHHSAM ICHYIOUHX MEPEK

(manpuknan, PON 3 TDMA — GPON, XG-PONI1 Ta iH.). ns mporo HeoOXigHa
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yHigikauia uudposoi 00podku curnanis (LHOC) 3 curnanamu TDMA, OFDM, QAM,
NRZ Ta in.

OpnHak, MOXKJIMBICTbh ONEPATUBHOI 3MIHM CUTHAJIY B TIOpPUIHUX PIIICHHSX MIXK
OFDM, OFDMA a6o N-OFDM wMoxe mnpu3BecTH [0 3pOCTaHHA BapTOCTI
obnagHaHHs. OcOOIMBO TOCTPO 1€ CTOCYETHCSI A0OHEHTCHKOTO CErMEHTY anapaTHoro
3abe3neueHHs. HalOuIbll MpIOPUTETHUM PIIMICHHSAM I1i€l mpobiieMu € po3podka
npuiiMansHoro cermeHtry BOCII 3 posmoxineroro I[[OC N-OFDM (OFDM),
IporpaMHOI0  KOH(Irypamiero  oOjagHaHHS Ta  BUKOPHUCTAHHS  €JICMEHTIB
CXEMOTEXHIKH, [0 OPIEHTOBAaHI Ha HEBUCOKI TEMITH OIIU(PPOBKHU CUTHAIIB.

Ak Hacmigok, 3 Meroro 3abesnedeHHs posnoaiieHoi [[OC Ta 3HMKEHHS
O0OYHUCITIOBAJILHOTO HABAHTAKECHHS HA MPUUMAIIbHUM TPAKT MPUMOM peai3yeThbes 3a
paxyHOK MpOLEAypH AelMMAallii CHrHamiB. 1i CyTHICTH 3BOAMTBCS O Cemapariii
JUCKPETHUX BHUOIPOK HAMPyr 3a O3HAKOK MAapHOCTI HOMEpa HAAXOMKEHHS Ta
MOJAJIBIIOTO PO3AUIHLHOTO HAKOMUYEHHS MapHUX 1 HEMApHUX E€JIEMEHTIB MAacuBy 3
1HBEPCIE€I0 3HAKY B1J] OJJHOTO BIJJIIKY 10 1HIIOTO.

B po6orti 3ampononoBano kinbka Moaudikaimiiit N-OFDM, ski Biapi3HAIOTHCS
HAsBHICTIO 200 BIJICYTHICTIO Mpoueaypu wmBuakoro neperBopenns dyp’e (LIIID).
[Ipu oMy, 3arajibHa KUIbKICTh YTBOPEHHUX CTPOOIB MOBMHHA OyTH HE MEHIIOIO, HIXK
po3mipHicTs nporeaypu HITI®D. ¥V Bunagky 4acTOTHOrO PO3HECECHHS ITJIKAaHAJIB Ha
BEJIMUYMHY  MUPUHM  cuHTe30BaHoro  ¢imprpy  LIIID, N-OFDM-curnan
nepetBoproeTbesi B OFDM. Ilpu 1npomy HeoOXiHO BpaxoByBaTH, IO JUIS
MPaBUJIBLHOTO  JIGKOAYBAaHHS CHUTHAJIIB HEOOXIIHO MPOBOIUTH  KOMIIEHCALIIO
napasuTHUX (Pa30BUX BUKPHUBICHb KOMIUIEKCHUX aMIUTITYJ CUTHAIIB, 110 BUHUKAIOTh
B Hacnigok [ITTD.

[Tin wac mocmigkeHb BCTAHOBJICHO, IO 3 TOYKU 30pY OACPXKAHHSI MaKCUMyMY
npoaykTuBHOCTI kpamumu € monudikaiii [IOC 06e3 mposenennst omepartii [ITTO.
Sxmo € HeoOXIAHICTh 3aCTOCYBaHHS ICHYIOUMX METOMIB KOMIICHCAIlll 3aBaj,
yHipikamii [HOC, Hanpukian, s pexumMy poOOTH 3 ONTUYHMMHM HECYYHMH, IO
MarTh JiHIMHY nonspuzarnito (Polarization Division Multiplexing, PDM), a6o

BIPOBA/KEHHSI KOHBEPI'€HTHHUX PIllIEHb HA OCHOBI METOJIB IPOCTOPOBO-YACOBOIO
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KOQyBaHHS 3a mpukiagoM cucteM MIMO, JOMUIBHUM € BUKOPUCTAHHS CITKH

¢inprpiB IUIID. Takum yuHOM, 3 YypaxyBaHHAM HAaBEIECHUX BHILIE IOJIOXKEHb

cTpykTypy nepcrnektuBHOi BOCII MOXIMBO MpEeACTaBUTH Y BUIVISIL, 1110 HaBEICHUN
Ha puc. 1.

BucHoBok

PosrnsnyTti B po6oTi Bapiant TDMA 3HayHO BIAPI3HSAIOTHCS B KIACHYHUX

peamizamiii. OpnHak, 3amporoHoBaHi HampsMku cTBopeHHss BOCII Ha ocHOBI

riOpUJIHUX PIllICHb MAIOTh 3HA4YHI NepeBaru. [lomganpim JOCTiHKeHHS CIpsIMOBaHI Ha

BU3HAYCHHSI MOTCHIIMHUX MOXIJIMBOCTEH MepcreKTUBHUX cucteM 3 TDMA.
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