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OaHMM 13 OCHOBHbIX YCIOBWUA HaAEXHOro (PYHKLMOHMPOBAHUS COBPEMEHHOW CUCTEMbI nepenayu
CYHXPOHHOWN LMPOBON Mepapxumn sIBASETCS ycTonumBas paboTa ceTu CUHXPOHM3aLuK, 3aknoyaroLLascs B
obecnevyeHnn Ka4eCTBEHHbIMWN CUrHanamMmm CUHXPOHN3aLMK CETEBLIX ANIEMEHTOB CUCTEMbI MO BCEW ee ANnHe
[1,2]. NMopobHasa 3agaya pelaeTcs C MOMOLLBI LEMNOYKM CUHXPOHMU3MPYEMbIX FE€HEepaToOpoB, KaXAbl n3
KOTOPbIX OOCIy>XMBaET CBOW CErMeHT ceTu. B kadecTBe NepBMYHOrO STANOHHOIO reHepaTopa Anisi BCen 3Tomn
LeMNoYkN BbICTYMAeT BbICOKOCTAOWMbHBIA reHepaTop, NpeAacTaBnsioWmMin cobo BOAOPOLHLIA CTaHOApT.
lMocnegoBaTenbHO C HUM BKITHOYEHbI reHepaTopbl, OobcnyXuBawwme ceTeBble 3MEMEHTbl, U BTOPUYHbIE
3ajawlmne reHepartopbl, BbIMOMHALWINE (PYHKUMM MPOMEXYTOUHbIX (PUNBTPOB CUrHaNoOB CUHXPOHWU3ALUN.
CornacHo apxutekType KaHan CUHXPOHM3auuM B LENnoM npeactaBnsier cobon uenb nocrefoBaTernibHO
CBSI3aHHbIX reHepaToOpOB Pa3HOro TUMa, B TO K€ BPeMs CYLLEeCTBYIOT JOCTAaTOMHO MPOTSXKEHHbIE CEerMeHTbI
nocrnenoBaTenbHO COeANHEHHbIX OOHOTUMHbIX FTEHepPaTopOB.

KauecTBo cCuUrHanoB CUMHXpPOHM3aUMWM BO MHOIOM CBS3aHO C MX (pa3oBOM HeCTabUNbHOCTLIO,
KOMMOHEHTaMM KOTOPOW $BMSIIOTCA (pa3oBoe ApoxaHue, apend dasbl U U3MEHEHWs, Bbl3BaHHble
OTKMOHEHUAMU YacTOTbl [2]. OKCnepuMMeHTanbHO YCTAHOBMEHO, YTO C POCTOM ANWHbI LEenoykn (4mcna
BTOPWYHBIX 3adaloLMX reHepaTOpOB M reHepaTopoB CETEBbIX 3MIEMEHTOB) YPOBEHb LWIyMa Ha BbIXO4E
nocrnegHero reHepatopa Bo3pacTaeT. CywecTBylOT peKkoMeHOaTernbHble HOPMbl  Ha  KONMYECTBO
COeOUWHEHHbIX NMOCnefoBaTeNbHO CUHXPOHU3MPYEMbIX FEHEPATOPOB, Kak BTOPUYHBIX, TaK 1 ceTeBbiX. B To xe
BPEMSI OO0 KOHL@ HEMOHSATHbIM OCTaeTCs MEeXaHM3M «pPacCUHXPOHM3AUMUY» CuUrHana, nocrnegoBaTeribHO
nNpoxogsLwero Luenb B3avMOAENCTBYIOLWMX reHepaTtopoB. KakoB Bknag B «paCcCUHXPOHM3aUMo» a3oBbIix
LYMOB OTAESIbHbIX FEHEepaTopoB LEeMnu, KaKyld poflb UrpaeT KOHKPETHOE MOSIoXKeHue reHepaTtopa B Lenw,
KaKkoBO BNUsIHWE Cpefbl pacnpoCTPaHEHUS CUTHaNa CUHXPOHMU3aUUKN MexXay CoCeaHUMN reHepaTopamm?

TouHoe pelueHne noaobHbIX 3adady B aHanUTUYECKOM BuAe He MNpPeacTaBnsieTcsl BO3MOXHbIM.
BsanmopgeincTteme OByx u 6onee reHepaTopoB faxe 6e3 yyeTa dnykTyauui asbl He nognaeTcs TOYHOMY
OMNUCaHMI0O N COOTBETCTBEHHO MW3Y4YeHUI0. YUeT Cry4yanHOro M3MeHeHust asbl UM YacToTbl CUrHarnoB
CYLLLEeCTBEHHO YCNOXHSeT npobnemy aHanuMTU4eckux uccrnefoBaHuin. BbIxogoM  MOXeT  CnyXnTb
MOZenMpoBaHMe NpoLIeCCOB B CBA3aHHbIX reHepaTopax ¢ NOMOLLbI COBPEMEHHbIX KOMMbIOTEPHbIX CPEACTB.

Llenbio npegnaraemon paboTbl ABASETCA NMOCTPOEHME MOAENN CUCTEMbI CBA3aHHbIX reHepaTopoB,
obnagalwwmx CRoXHbIMW  ONYKTYaUMOHHBIMW  XapakTepucTukamm  ¢asbl M 4acToTbl, MNOJyYEHUM
3aBMCMMOCTEN KayecTBa CUrHana Ha BbIXxOA4e reHepartopa OT AfWHbI LIEMOYKM M HOMepa reHepaTopa B
uenoyvke, MapamMeTpoB ITANIOHHOTO M BTOPWYHBIX FEHEpPaToOpoB M CXEM WX CUHXpOHM3auun. Ha pwuc.1
npvBeaeH obLWwni BUA CTPYKTYPHOW CXEMbI LIEMOYKN reHepaTopoB.
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Puc. 1. CTpykTypHas cxemMa MOAenu Lienu CUHXPOHU3aLnN.

3pecb ININ — nepBuYHbLIN reHepatop, O — dasobii geTektop, PHY — dunbTp HWXKHMX YacToT, YH
— reHeparop, ynpaBnsieMblin HanpsXXeHneM (BTOPUYHbIN reHepaTop).

B Mogenu yuutbiBanocb BAMSIHWE LUYMOB MEPBUYHOMO 3a4atoLLero reHepaTopa, LyMOB BTOPUYHbIX
reHepaTopoB, COCTABMSAOLUMX LLENOYKY, U LUYMOB KaHarnoB CBSI3M.

Ons npenBapuTenbHOM OLEHKM (pas3oBbIX LWYMOB Ha BbIXOA4E LEnovku Obina ucnonb3oBaHa
NMHeHas Mogenb cucTemMbl (Da30BOM CUMHXPOHM3aUMK, KOoTopasl no3sonuma nonyuntb Ko3dhULNEHTHI
nepefayn ykasaHHbIX LWYMOB Ha BbIXO4 LEMOYKM TEeHepaTopoB W MNpOaHanvM3npoBaTb OCHOBHbIE
3aKOHOMEPHOCTW 1 caenatb NpubnManTenbHbIE OLEHKU KavyecTBa BbIXOgHOro curHana. K npumepy, kBagpat
Moayns koadpmumeHTa nepegaym Wwyma NepBUYHOrO reHepatopa Ha Bbixo4 uenu m3 N reHepaTopoB Ans
cny4yasi, Korga BCe BTOpPMYHbIE TreHepaTopbl OAMHakoBbl (npeactaenstotcs COPC 1-ro nopsgka ¢
OOWHaKOBbIMY NapameTpamun), UMeeT BUA:

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru
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C yBenuyeHvem [AfMHbI LIEMOYKM LUYMOBAasi Mofoca YMEHbLIaeTCHd, YTO MPUBOAUT K YMyYLIEHUO
dunbTpauumn asoBoro Lyma NepBUYHOro reHepaTtopa. AHanorvyHble MccneaoBaHUsA NpoBedeHbl U Ans
ocTarnbHbIX MCTOYHUKOB LWyma. Kpome Toro, npoBefeHO CpaBHEHME BNUSAHUS pPasnUyHbIX (OUNbTPOB B LEenn
ynpaeneHus COC Ha kayeCTBO BbIXOOHOrO curHana. Ha ocHoBe npoBefeHHOro aHanusa 6binv caenawbl
cnepytoLLme BbIBOAbI:

e YBenuueHwe AONUHbI LIENOYKM NPUBOAMT K YNyulleHWo unbTpaumm LUIYMOB NEPBUYHOrO
reHepatopa, OAHaKo OOHOBPEMEHHO MPOMCXOAWUT HaKanuBaHWe LWYMOB BTOPWUYHbIX
reHepaTopoB U KaHarnoB CBSA3MW.

e U3ameHeHnss Q okasblBalOT MPOTUBOPEYUMBOE BMUSHME Ha KavecTBO curHana. C opgHow
CTOPOHbI NpY yBeNuUeHun Q yxyawaeTtcs gpunbeTpaumns LyMoB NepBUYHOro reHepatopa, Ho
C [ApYron CTOpOHbI, ynydwaeTca cunbTpauns wyma, o6yCnoBrEeHHOrO BTOPUYHBLIMU
reHepatopamu.

e Llenouyka Hanbornee NONMHO NMponyckaeT HM3KOYaCTOTHbIE COCTaBMSIOLWME WyMa NEPBUYHOIO
reHepaTtopa, U ycunmsaeT HU3KOYACTOTHbIE COCTaBMSIOLLME LWYMOB KaHanoB ceaAsu. B 1o xe
BpeMsi OHa Gonblle nponyckaeT BbICOKOYACTOTHbIE COCTaBMSIOLIME LUYMOB BTOPMUYHbIX
reHepaTopoB. IMEHHO 3TU LUyMbl U HAAO0 MUHUMU3NPOBATL ANt AOCTVXKEHUA HanbonbLuero
addpekTa.

MMony4eHHble OUEHKM KkavecTBa ObINM MPOBEpPEHbl Ha KOMMBITEPHOW MOAENW, MOCTPOEHHOW C
nomoubto naketa «SystemView» komnaHum ELANIX. Bbinn npeanoxeHbl OBe MoAenu, oTpaxaroline
paboTty cuctembl. llepBas Mopenb SABASETCA BbICOKOYACTOTHOW M CTPOUTCH Ha OCHOBE MPOXOXAEHUS
BbICOKOYACTOTHbIM CUFHaINIOM 371EMEHTOB Lienoykn. Bropasi Mmogenb SBAseTCA HM3KOYaCTOTHOW U onepupyeT
HEenoCcpeACcTBEHHO ¢ hason curHanoB. B nepBoii mogenun 6Gornee npocTto MOAENVPYHOTCA LWYMbl KaHana
cBsA3n. BTopas mogenb nos3BonsieT MNPOBOAMTb MOAENUPOBaHME CYLLECTBEHHO OOMbLUMX BpPEMEHHbIX
WHTepBanoB paboTbl CUCTEMBI, YTO HEOBXOANMO NPW BBIYUCIIEHUN TaKUX XapakTepUCTUK curHana, kak TDEV
(oeBrauunsa BpeMeHHOro NoNoXKeHUst TaKTOBbIX UMMYNbCOB).

B paboTte uctouHmkn asoBbIX LLYMOB reHepaTopoB NpeacTaBnsnMCb ¢ NOMOLLBI Moaenu JlucoHa,
cofepxallen kak 6enble, Tak U NUKkep—LLUyMbl YacToTbl U dasbl [3,4]. CnekTpanbHas NIOTHOCTb TaKOro
¢a3oBoro Lyma umeeT BUA:

Sp(N =22 FuF 113+ P2 P~ )

roe k — noctosHHas bonbumana, T — Temnepatypa, K, — k0adduumeHT wyma, Ps — MOLLHOCTb
curHana, F, — 4acToTa, Ha KOTOPOW YPOBEHb OrMKKep—LlyMa [OCTUraeT ypoBHst Gernoro wyma, Fr —
MOnMoBMHA MOMOCHlI MPONyCKaHus uenu obpaTHOM CBA3M MO YPOBHIO MOJIOBMHHOW MoOLHOCTM. B pabote
npegnioxeHa Metoguka QOPMMPOBaHMS VKKep—LUyMa, NpsiMoe co3daHue KOToporo u3 Oernoro wyma
COMNPSPKEHO € OnpeaerieHHbIMU TPYOHOCTSAMMU.

B xoge mofgenbHbIX 3KCMEPUMMEHTOB BblYMCASANAch 3aBUCMMOCTb napametpa TDEV curHana Ha
BbIXO4€E LeNOYKN reHepaTopoB OT BpeMeHn HabnaeHns. bbino ncenegoBaHo BMAHME Ha 3Ty 3aBUCUMOCTb
TaKMX BEIIUYMH, KaK OfIMHA LenoYku, napameTpbl reHepaTopoB U cBdA3biBawoWMx nx COC, a Tak xe Tun
dunbTpa B Lenu ynpaeneHus. o pesynbTatam mccnenoBaHus Obin NOCTPOeH paf rpadumkos. B kavectse
npuMepa Ha puc. 2. npeacTaBrneHa 3aBnucuMocTb napametpa TDEV oT BpemeHu HabnogeHus npu Hanmyunm
TOMbKO LLIYMOB KaHanoB nepefadu, npeacrasnstowmnx cobon 6enbin rayccos wym. 'padukm npeacraBneHsbl
ONS LEenoYku, COCTOSLLEN N3 NATU reHepaTopOB.
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Puc. 2. 3asncumocts TDEV o1 BpemeHn HabnogeHus npyu Q = 10 Ny
ANa OnvHbl Lenoykun oT 1 o 5 reHepaTopos..

Pesynbtatel gaHHoOM paboTbl MOryT UCNONb30BaTbCA MNPU  pacyeTe Lenen CUHXPOHM3auun
nepsBuyHbIX ceten SDH, a Tak Xe JpyrMx cuctem, BKMovawLWmx B cebs Lenodkm nocrnegoBaTeribHO
BKIMOYEHHbIX CUHXPOHU3UPYEMbIX FeHEPaTOPOB.

Pabota BbiNonHeHa Ha kadedpe AWMHAMUKU SNEKTPOHHbIX cuctem AplY npu  dwmHaHcoBown
nopaepxke MuHobpasosaHua PP n Poccuiickoro poHaa dpyHaaMeHTanbHbIX UCCNeaoBaHNUIA.
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Different communication devices use digital systems today. It is very important for modern digital
communication networks to have good clocking signal [1]. Engineers usually solve this problem by using
chains of serially connected generators where previous one synchronize next one. This chain uses very
stable primary generator which gives reference clock signal.

The absence of good clocking signal can cause high level of errors in digital system and even can
stop traffic at all. That is why it is so important to analyze prorogation of signal in the chain of generators.
There are several main questions here:

e how does the noise of primary generator effect to the output signal of chain,

e how do the noises of secondary generators effect to the output signal of chain,
e how does the length of the chain effect to the output signal,

e how can we increase the quality of the output signal.

It is very difficult to solve this problem precisely. That is why we used computer modeling to analyze
such system.

The goal of our work was to make a model of system of connected generators. In this model one
generator connected to another by phase locked loops (PLL system). We assumed that signal of each
generator had a phase noise with spectral density corresponding Lison’s model [2]:

Sp(N =22 (FuF 11+ F 2 P~ )

We also assumed that channels between generators added white Gaussian noise to the signal. By
using linear model of PLL we got some translation coefficients for different noise sources, some noise bands
and etc. We also compared PLL with different loop filters. So we get some estimations for quality of output
signal.

These results were compared with results of computer modeling. The TDEV (time deviation)
parameter was calculated for different noise sources, different chain lengths and different parameters of
PLLs. Some diagrams of TDEV versus time of observation were painted. At the end of our work we can
formulate a number of results:

e The longer the chain of generators the less of primary generator noise at the output.

e The longer the chain of generators the more of secondary generators noise at the
output.

e Low frequencies of primary generator noise are stronger at the output.

e Low frequencies of channel noise are stronger at the output.

e High frequencies of secondary generators noise are stronger at the output.

This work was made at the Yaroslavl State University with help of Department of Education of
Russian Federation and Russian Fond of Fundamental Research.
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