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B cratbe paccMaTpMBaloTCA BONPOChbI KOMM/IEKTOBAHUA MEPBUYHBIX
3TanoHoB BpeMeHu U Yactotbl (MIBY) ana cucrem yacTtoTHO-BpEMeH-
Horo obecneyeHuns B KayecTBe OMOPHOro y3na ¢opMUpPOBaHMA LUKa-
nbl BpeMenn (OYDLLB) ans ceteit cBasu 4G u 5/6G. OcHoBoit cuc-
TeM TaKTOBOW (YaCTOTHOW) M BPEMEHHOW CMHXPOHMU3ALUM, KOTOpble
CcoBMeCTHO 06pa3syioT 4acTOTHO-BpeMeHHoe obecneyeHune ceTei cBA-
3U, ABNAIOTCA NEpPBUYHbIE 3TaNOHbI BpeMeHu M 4vactoTtbl — MIBY.
AnAa ceteit cBA3M A0 4 NOKoONeHus B pexume paboTbl C HACTOTHBIM
pasaeneHueM kaHanos, (cetu TDM, 3G, 4G FDD) Heo6xoauma Tonb-
KO CUCTeMa TaKTOBOM ceTeBo# cuHxpoHusauum (TCC), koTopas ocHo-
BaHa Ha NMPUMEHEHWM MEPBUYHBIX ITANOHHbIX reHepatopos - MAT.
Mo cytu, M3l - 310 yacte M3BY, koTopas ob6ecneunsaer popMupo-
BaHMe 3TalIOHHOM YacToTbl. C y4eTOM NepcrneKTUBHLIX TPeGoBaHUiA K
cUcTeMaM CUMHXpPOHM3aLuK ceteli cBAsmn 5/6G Heobxoaumo npefycmo-
TPEeTb UCNONb30OBaHUE YNYyHLLIEHHbIX NEPBUYHBIX 3TANIOHHbIX UCTOYHU-
koB (yM3W), a Takke BTOpUuHOro 3ajaioilero reHeparopa (B3lN) c
dyHkumammu seaywmx PTP-4yacoB n kombGaitHepa cUrHanoB 4acToTbl U
BpeMeHu. B GyaylieM 310 N03BONUT NepeiT K BHEAPEHUIO YNyULlUeH-
Horo M3BY (yM3BY). B cBa3u co cnoxxusluelica cuTyaumei Ha poc-
CUICKOM pbiHKE B CTaTbe PaccCMaTpuMBaloTCA BOMPOChbI BO3MOXHOCTH
NpUMeHeHUA AJIA CUCTEM YaCTOTHO-BpeMeHHOro obecneveHnus o6opy-
ZIOBaHUA OTEeYeCTBEHHOro NPOMU3BOACTBA.
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OCHOBOH CHCTEM TakTOBOW (YaCTOTHOW) W BPEMEHHOW CHH-
XPOHU3AIINHU, KOTOPbIE COBMECTHO 00pa3ylOT 4acTOTHO-BPEMEH-
Hoe olecrieueHHe ceTed CBSI3M, SIBISIOTCS MEPBUYHBIC ITAIOHBI
BpeMeHH U yacToThl — [IDBY. [l cerelt cBsizu 10 4 MOKOJICHUS B
pexume paboThl C YacTOTHBIM pa3/ielICHHEM KaHalloB, (CEeTH
TDM, 3G, 4G FDD) HeoOxoauMa TONBKO CUCTEMa TaKTOBOM ce-
teBoi cuaxponuzanuu (TCC), koTopas ocHOBaHa Ha NpPUMEHE-
HUU TIEPBUYHBIX 3TAIOHHEIX TeHepaTopos — 12T, ITo cyrm, [10T
— 910 wacth [I9BY, koTopast obecrieunBaeT popMHUpOBAHHE ITa-
JIOHHOW YacCTOTHI.

B cocras 131" x0T 4 0CHOBHBIX 0110Ka — 3 IEPBUYHBIX AT~
JIOHHBIX McTouHWKa 49acToThl (ITDU) m B kadecTBe BBIXOJHOTO
3JIeMeHTa — BTOpUUHBIN 3aaatomtuii renepartop (B3I). Ctpykrypa
II9T" mokazaHa Ha pucyHke 1.

KoncrpykrusHo [13U MoryT OBITH BBITIOJHEHBI Ha 0a3e aTOM-
HOTO 9TaJIOHa YacTOThI — LIE3UEBOTO WM BOJOPOJIHOrO0, JINOO Ha
0a3e BHICOKOKaUECTBEHHOI'O KBaplLIEBOI'O I'€HepaTopa Win pyou-
JIUEBOT0 CTAaHJApTa YacTOThHI, CHHXPOHU3UPOBAHHOTO 110 CUTHa-
JaM  DI00alTbHBIX HABUTAI[MOHHBIX  CITyTHUKOBBIX  CHCTEM
(T'HCC), nanpumep I'NN'IOHACC/GPS. Jlomyckaercs nro0oe coue-
TaHue paznuuHbX TUNOB [I1OU. OxHako, 175 MOBbILIEHUST HAIEXK-
HOCTH, KaK MPaBHJIO, B cocTare [I3" mpuMeHSTOTCS 1Ba aTOMHBIX
cramapra u oxud [1OU Ha Gaze mpuémumka curHamoB [HCC.
[pu sTOM, momyckaetcs npuMeHerne [I19U B Buae coOTBETCTBY-
forero Moxyiis B cocrase B3I (pucyHok 2).

TpeboBanus k xapaktepuctukam [I13I° ompeneneHsl B peko-
merganun MCO-T G.811, a takxke B poccniickux HITA — B IIpu-
kaze MunkomcBszu Nel61 ot 07.12.2006r. u B [Ipukaze Nel 13 ot
21.03.2016r. OcHoBHbIMEH XapakTepucTukamu IIOI sBistroTCA
JIOJITOBPEMEHHBIE TOYHOCTh U CTaOMIIBHOCTD BBIXO/IHOM 4aCTOTBI,
B3SITBIC 110 OTHOLICHHIO K HOMHHAIIBHOI yactoTe. VX 3HaueHus He
JIOJIKHBI ITPEBBILIATD +1x10"!" Mo OTHOLIEHUIO K HOMUHAITY.
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Puc. 1. Ctpykrypa komiuiekca obopynosanus [19T
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Puc. 2. Ctpykrypa komruiekca obopyaoBanus [191" co BcTpoeHHBIM
B B3I moxynem npuémanka curaazos THCC
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B T0 ke Bpems 115 OLICHKM KaueCTBEHHBIX MOKa3aTesel CHH-
XPOCUTHAJIOB B CETSX CBSI3U NPUMEHSIOTCS MapaMeTphl Ipeida
(a3l (BaHaepa), BEIPAKEHHBIE B XapaKTEPUCTHKAX MaKCUMallb-
HOM ommOku BpemeHHOro uHTepBaia (MOBW) u nesuarun Bpe-
MeHHOrO MHTepBana (JIBUM), koTopble paccYMTHIBAIOTCS HA OC-
HOBE M3MEpsieMOl XapaKTepUCTUKH — OMIMOKM BPEMEHHOI'O WH-
tepasia (OBI). He BraBasich B MaTeMaTH4eCcKOE OMUCAHUE ITHX
mapaMeTpoB, YKaxkeM, 4To Xapakrepuctuka MOBU npsimo 3aBu-
CUT OT COBOKYIHOCTH 3HAUE€HUH TOUHOCTH YCTAHOBKH YaCTOThI U
e€ cTabmipHOCTH, a XapakrepucTtuka JIBU 3aBucut ot ypoBHS da-
30BBIX IITYMOB B U3MepsieMOM CHHXpocurHaie. boree moapobHoe
omHcaHue MOXKHO HaTH B pekomeraarun MCD-T G.810.

Takum o0pa3om, B HOpMaTHBHBIX JokymeHTax MCO-T u B
poccuiickux HITA nHopmupoBanue xapaktepuctuk [I9I" BbImom-
HEHO B BHJE IMPEEebHO-A0MYCTUMbIX 3HAUCHUH XapaKTePUCTUK
MOBMU u IBU, npeacTaBieHHbIX HA PUCYHKE 3.
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Puc. 3. [IpenenbHO-10ITyCTUMbIE 3HAU€HUS (MAaCKH) XapaKTEPUCTUK
MOBMU u JIBU ais Beixoma 1217

st cucteM cBsi3u 4-ro MOKOJICHHsSI C BPEMEHHBIM pasJielie-
nueMm kananoB 4G TDD HeoOxommMa peanu3aliiys CHCTEM Bpe-
MEHHOM, TouHee (ha30BOi CHHXpOHM3AIMH [3]. DTO mpe/noiaraer
CHUHXPOHU3AIIMIO Havyajia OTCYETOB HOBOW CEKYH/IbI, T.€. MO CYTH,
HavaJbHy!0 (pasy mikajsl BpeMeHH. JlaHHas 3a7a4a peraercs 1my-
TEM BPEMEHHOIH CHHXPOHHM3ALMH BEJOMBIX YacOB 0A30BbIX CTaH-
i, Jl1st 5Toro HeoOX0MMO Ha CETH CBSI3U YCTAHOBHUTH BETyIIHE
4achl B MPEHU3NOHHOM TpoTOKoJiie BpeMeHH — PTP. DT wacer
npunaTo Ha3epBaTh GrandMaster PTP wmn PTP-GM. Todnocts
CHUHXPOHHU3AINN KOHEYHBIX YCTPOWCTB JOJDKHA OBITH HE XYyXKe
+1,5 MKC 10 CpaBHEHHUIO C HAa4aIbHOHW (Da30il CeKyHIBI B IIKaJe
Bpemenu UTC. IIpu 5TOM Bexmymie 9ackl COTJIACHO TPEOOBaHUAM
pexomenmanmu MCO-T G.8272 nomkHBI 00€CIeYNTh TOYHOCTD
IIKaJIbl BpeMeHu He Xyxe £100 He.
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OTu nmapameTpsl MOTYT KOHTPOJIMPOBATHCS HA CHEIUATbHOM
BEIXOIe yacoB B curaaiue 1PPS (1 ummynbe B cexyHay, epeHuii
(poHT KOTOpPOro 0003HAYAET HAYAIO OTCYETAa HOBOM CEKYHIIDI).
OTO JOCTATOYHO BBICOKHE TPEOOBAaHWS, KOTOPBIC pEalH3yIOTCS
MyTEM YaCTOTHOH W (ha30BON CHHXPOHU3AIIMH BCTPOCHHOTO BBI-
COKOKaueCTBEHHOTO KBapIIEBOTO T'eHepaTropa WM PyOHIHEeBOTO
CTaHAaprTa.

Kak npasuino, GrandMaster PTP BbInonHsieTcss Ha OCHOBE
obopynosanust [1DU Ha 6a3e npuémuuka curnaisos ['HCC. Tlpu
atoM, B PTP-GM moMuMo 9acTOTHBIX BBIXOJIOB CHHXPOHU3AIMH
(cunxpocurnanst 2,048 MI'n u 10 MI'1y) peanusyroTcst BBIXOHbIE
curHaibl wkansl Bpemenn (1PPS + ToD), a Takke nmopTsl cuH-
xponHoro Ethernet (SyncE) ¢ nepenadveit nannsix o I1IB B mpoTo-
xone PTP.

Komrutekcs! ycTpoiicTs, peannsyronux B coctase [10I° GpyHk-
un PTP-GM, naseBarotes [I9BY [5], a TpeGoBaHms K HUM OTIpe-
nmemensl B pekomenmarmu MCO-T G.8272. Crpykrypa [15BY
MpuBeJeHa Ha pucyHKe 4 [1,2].
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Puc. 4. dyuknnonansHast Mmojens [I9BY (PRTC) cormacHo
pexomennammu MCO-T G.8272

B cocrage [1DBY ¢ynkiuu PTP-GM MoryT BBIIOIHATHCS OT-
nenbHbIM yeTporictBoM GrandMaster PTP mnu crieriuanbHbIM MO-
nyineM PTP nporokosia B KOMILIEKTE € MOIyJIeM HpUEMHHKA
I'HCC B cocraBe B3I'. [locnennuit BapuaHT Hauboee MpeAro-
YTHUTEJIEH, T.K. I03BOJIIET PEAIN30BaTh PEXKUM XPAaHEHUS MIKAJIbI
BpeMeHH npu notepe npuéma curnanos 'HCC. Xpanenue obec-
nednBaeTcs MyTéM cuHxpoHusanuu yacoB PTP-GM curnanamu
I15U Ha 6a3e aTOMHBIX CTaHJAPTOB YacCTOTHI, TOJJAHHBIX HAa BXOJI
B3I'. Takum o6pazom, B 3ToM ciydae B3I sBisieTcst HE TOJIBKO
BBEIXOMHBIM 3meMeHToM [IDI' mast dopmmpoBanus OOIBIIOTO
YKCiIa BEIXOAHBIX HHTEP(EHCOB 4aCTOTHBIX CHHXPOCHTHAJIOB, HO
u Begymmmu gacamu GrandMaster PTP ¢ ¢pyaknmsavu xpaneHus
mikanel BpeMeHu. Takas ctpykrypa [I9BY nokasana Ha pucyHke
5[2].
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Puc. 5. Ctpykrypa [19BY co Bctpoennsivmu B B3I™ Moy nisiMu
npuémunka curaanoB 'HCC u GrandMaster PTP

B pexomennanuu G.8272 onpeneneHs! ABa TUMA YCTPOUCTB —
[I9BY-A u I1D5BY-B. To4HOCTh IIKadbl BPEMEHH Ha BBIXOJE
[I5BY-B BeImie, 1 oH mpegHa3HAYEH I O0Jiee TOUYHBIX TpUMe-
HEHHH — Ha TIEPeX0IHBIX ceTsX cBs3u oT 4G k 5G wim, Hanpumep,
B KPYIHBIX y31ax arperanuu win L{O/].

B kauecTtBe HOpMUpYeMBIX apameTpoB aist [I9BY pekomen-
marmmsamMu MCO-T omnpeneneHsl 1Ba BUAA XapaKTEPUCTHK:

1. apeiid ¢da3bl Ha BBIXOJAaX YACTOTHOW CHHXPOHH3AIUH
(2,048 MI'n wnu 10 MI'mr) B cOOTBETCTBUH ¢ TPeOOBAHUSAME pe-
komengamuu MCO-T G.811, t.e. g [101;

2. mapameTpbl olnOKu BpemeHu B cpaBaeHnn ¢ UTC:

a. ommbOka Bpemenu — OB (Time error — TE);

b.  npetid das3wr s nuaammydeckoit OB (dTE) na Bexome 1
PPS unu B nporokone PTP.

[Ipn m3mepennn OB HE0OXOIMMO HCIIONB30BaHUE (QHUIBTPA
HIDKHHUX 9acTOT CO CKOJIB3SIINM CPEIHMM 3HAUEHHEM HE MEHee
100 mociemoBaTeNEHBIX BEIOOPOK BPEMEHHOH OIIMOKH.

Js IT9BY-A OB se nomkHa npeBbimath BenndnH +100HC, a
s [1DBY-B — we 60mee +40 He.

st ouenku apeiida das3bl auHamuueckoi OB juist curnana
1PPS nmm B mpotokone PTP ucnone3yercs BeIYUCICHNE XapaKTe-
puctuk MOBU u JIBU. TIpu 3ToM 10/KEH IPUMEHSTHCS (QUIBTP
HIOKHUX YacTOT CO CKOJB3SAIIUM CpeJHUM 3HaueHueM aist 100
wii OoJiee MocyeJ0BaTeIbHBIX BEBIOOPOK BPEMEHHOM OLTHOKH.

[Ipu u3mepenusix B npotokone PTP kaxknas BeiOOpKa mpen-
CTaBIsgeT coOOW OLEHKY JABYCTOPOHHEH BpPEMEHHOH OINMOKH
(two-way), pacCUMTaHHYIO IIyTeM OOBEeIMHEHHs MaKeTOB B IIPsi-
MOM ¥ 00paTHOM HaIrpaBICHUIX.

IIpenensuble 3HaueHus xapaxrepuctuk MOBU u JIBU nns
OB npuBeeHbl Ha pUCYHKE 6.
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Puc. 6. IlpenensHo-momycTuMBble 3Ha4eHUS (MACKH) XapaKTEPHCTHK
MOBU u IBU ans BeixonoB 1PPS u PTP Ha o6opynosannu [19BY
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Heobxomumo ormetuth ocoOeHHOCTH Macok misi MOBU,
IIPEJCTAaBICHHBIX Ha pUcyHKe 6. B oTnnune ot macku MOBU st
12T, macka MOBU g I[19BY umeer orpanuyeHue, cBsi3aHHOE
C TeM, 4TO OMOpHAs IIKaJla BPEMEHH I U3MEPUTENs U AJIS TIpo-
Bepsiemoro [19BY ¢opmupyercst OT 0JTHOTO ¥ TOTO 7K€ NCTOUYHHKA
— mkainsl BpeMenu UTC

Kpome rtoro, ¢pynknuonan GrandMaster PTP mpexycmatpu-
BaeT (pOpPMUPOBAHHME YACTOTHBIX CHHXpOCHUTHANOB 2,048 MI' n
10 MI't cHHXPOHHO CO MIKaJIoi BpeMeHH. Takum o0pa3om, s
YaCTOTHBIX CHTHaNIOB Ha Beixoae T-GM xapaxrepuctuku MOBU
n JIBU noikHBI yKIAAbIBaTbCS B MacKd, IPUBEIEHHBIE HaA
pHUCyHKE 0.

OT0 gocTuraercs npuMeHeHueM B coctase T-GM Moy, ko-
TOpBIil Ha3bIBaeTcst KoMmOaiHep. Ero 3agaua — popmupoBanue Bbl-
XOJ/IHBIX CHHXPOCHTHAJIOB YaCTOTHI M BpPEMEHH Ha 0a3e IBYX BXO/I-
HBIX — omnopHoi wactorsl [I9M u mxanelr Bpemenu UTC ot

[ oM - Cp 220622 10601
$adn Bua Mwsepeswe Pacuer Opoowerp  Maoca  Hactpodiea 1
=|0|8| QAl% @I0] =t x|m|:|-| pipalptiee] [O M A48 ||| !
Wmutatop: F=3e-4ry A=5nc dF/F=0
Wameputens: Bpema wamepenna=20.00.00 Bpemna BuiBopkn=1c
Nara/Bpema: Cp 22.06.22 01:06:01 Pexim amynauun obmena
Kosdprypauun: 2048y 1200m 10Ny Wam-auyTp Mmut-sayTp Beo-NCN

Bppoa!

- Bk ]

CBA3b

npuémanka curianoB 'HCC winu MHOTO BHENTHEr0 MCTOYHHKA.
IIpu sTOM neBuManus BBIXOAHOW YacTOTHI JOJDKHA TOJCPKH-
BaThbCs B OUEHb Y3KOM Kopuzaope. s niuiocTpauuy HUxke Ha pu-
CyHKe 7 mpuBelieHa sMmyJisius apeiida daspl Takoro curHaia B
eaununax OBU u pacuérnsle xapakrepuctuku MOBU u JIBU.
OMyJISIIUs OKa3bIBACT, YTO JUIsSl COOTBETCTBUS TPEOOBAHHAM
no xapakrepuctukam MOBU u JIBU nepuon noxactpoiiku va-
CTOTBHI JIOJDKEH OBITh He MeHee 3x10 ¢, a pa3Max U3MEHEHUs
(azer — He Oonee 10 He. TexHMYECKHE peHICHUs IS IOCTPOCHNUS
6moka KomOaitHepa oANIeKaT JaTbHEHIIIeMy H3y9IEeHHUIO, MOCIIH-
POBaHMIO W ITIOATOTOBKE K NMPOM3BOACTBY. Takxke MOXKET OBbITh
y‘-ITéH OIIBIT p€ain3aluu aHAJIOTUYHOM CHCTEMBI KOppPEKIHHU 4Ya-
ctotsl 1o curHasiam [HCC B [I1DOU Ha 6a3e BOAOPOJHOTO CTaH-
napta tira VCH-1008C. OcobeHHO 3T0 OyIeT BaxHO 11t 000py-
JIOBAaHUS YaCTOTHO-BPEMEHHOTO oOecrnieueHus Jyis cereit 5G.
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Puc. 7. Ilpumep xapakrepuctiuku OBU u pacu€rupix xapakrepuctuk MOBU u JIBU st curnanos 1PPS u 10 MI'n
Ha BIX0JIe KoMOaiinepa [1DBY Tuna B (umuranus mMoxynsiuu Gpassl ¢ nepuogom 3x10 ¢ u pasmaxom 10mHC)

OcobeHHOCThIO ceTeil SG SIBIAIOTCS MOBBIICHHbIE TPeOOoBa-
HUSI K TOYHOCTH ()OPMHUPOBAHUS M TIEPEAAUH [IIKAITBI BpEMEHH TSI
o0ecrieueHHst NPEU3NOHHOM MOJICTPOMKH BEJOMBIX 4acoB. B 3a-
BHUCHMOCTH OT TEXHOJIOTUH ¥ POTOKOJIOB 0A30BBIX CTAHIMI TOY-
HOCTb IIKaJIBl BpEMEHH Ha MX MHTepdeiicax MorKHa ObITH B TIpe-
nenax ot 65 1o 150 ue. To ecTb 1Mo cpaBHEHUIO C TPEOOBAHUSIMHU
cetelt 4G TOYHOCTH BBIPACTAIOT Ha MOPSIOK. DTO B CBOIO OYEPENb
MIPUBOJNT K Y’KECTOUEHHIO TPEOOBAaHMI K TOUHOCTH (hOPMUPOBa-
HUSI OTIOPHBIX YacCTOT JUIS TAKTOBOM CHHXPOHHU3ALINH.

B cBsa3u ¢ 1M MCD-T BhITyIIeH HENbIA MakeT peKOMEH/Ia-
LU, OMUCHIBAIOIUM TPEOOBaHUS K YIIyUIlIEHHBIM I€HEPaTOpaM U
yacam cucremsl YBO:

e  G.811.1: ynyumensnsie [191" — yI1OI;

e (.8272.1: ynyumennsiii [I19BY — yII9BY;

e (5.8273.2: HoBble kiacchl (C u D) 111 morpaHUYHBIX YacoB;

e  (5.8262.1: ynyulleHHBIA T€HEPATOP CETEBOrO JJIEMEHTa
cuaxponHoro Ethernet — yI'CD.

B pamkax JaHHOH cTaThby paccMOTpeHbl TpeboBanus K yI[19I
n y[I9BY.

TpeboBanns pexomenmarmu MCO-T G.811.1 k yIIOI npemy-
CMaTpHBAIOT TMOBBIILICHHE TOYHOCTH M CTaOMIBHOCTH (pOpMHpOBa-
HUS 9aCTOTHI 10 BENMUUH He Xyxke +£1x10712, [l y[I9BY pexomen-

namust MCO-T G.8272.1 ycranapimBaet tpeboBanust k OB He xyxe
+30 ne. Kpome toro, k yII9BY yxe npeapsaBistoTcs 00s13aTeIbHbIC
TpeOOBaHuMs 10 APEHQY IIKaIbI BpeMEHH (TOYHEE — Ha4aJIbHOU (ha3bl
curnaia 1 PPS) B pexxume xpanenwust 1IB: 3a nepros 14 cyrok OB
HE JIOJDKHA YBEIMYUTHCS Oosiee yeM o +100HC. DTO BO3MOXKHO
00€eCreYnTh TOJBKO IyTEM MPUMEHEHUs JUlsl pexkuMa (hopMHUpoBa-
HYS ¥ XpaHEHHS [IIKAJTbl BDEMEHH YITyIIIEHHOTO HCTOUYHNKA YaCTOTHI
B cooTBeTcTBHHU ¢ pekomenaaimert MCO-T G.811.1.

C TOYKHM 3peHHsI TEXHMYECKOW peaTn3alii BHIOIHEHNE TPeOo-
BaHMI yKa3aHHBIX PEKOMEHIAINI MOYKET OBITh 00ECTIEUEHO TIpHMe-
HerneM ycrpoiictB [I1OU u T-GM ¢ HOBBIMU TEXHOJIOTHSMHU:

1. 19U nHa 6a3e aTOMHBIX CTAHIAPTOB C yIYUIICHHBIMH Xa-
paKTEpUCTHKAaMHM, B TOM 4HCIE I€3MEBbIE CTaHIAPTHI C

OIITHYECKOH HAKAYKOH U BOJOPOHbBIE CTAHAAPTHI C aBTOMATHYe-
ckoif koppekrueit o curHanam ['HCC;

2. TIOU nHa 0aze MyJIbTHCUCTEMHBIX JBYXJIHANa30HHBIX
npuémuankos 'HCC;

3. GrandMaster PTP ¢ kombaiiHepoM ONOPHOI 4aCTOTHI OT
I19U n mkans Bpemenu UTC.

Xapaxrepuctuku MOBU u JIBU nns yIIOT u yII9BY npen-
CTaBJIEHBI Ha PUCYHKaX 8§ M 9 COOTBETCTBEHHO.

TDEV

10ns

100 ps
0.1

(s)
I 10 100 ik 0k

GBI.I(17)_FO2

MTIE

100 js

10 ps

100 s

e

Tish
LA 1 10 1o 1k 10k 100 k M M 100 M

GENHIT)_F0

Puc. 8. [IpenensHo-momycTuMble 3HaYCHUS (MACKH) XapaKTEPUCTHK
MOBMU u /IBU nns Beixoma yl1oI"

T-Comm Tom |6. #8-2022




100ms

100K 0K gy
G.8272.1-Y.1367.1(18)_F02

01 1 10 100 1K WK K

Ins * 1(s)
[ 1 10 100 1K 10K 100K 0Ky 10M 100M
GEITLAYAMT AWELF

Puc. 9. IlpenenpHo-10MycTUMbIE 3HaY€HUS (MACKN) XapaKTEPUCTUK
MOBU u JIBU nns Beixoga yII9BY

Takum obpaszoM, 1t HGOpMUPOBAHHUSA MEPCHEKTHBHBIX KOM-
iekcoB obopynoanus [I9BY n yIIOBY HeoOxoauMo mpuMeHe-
HUE CJICYIOIUX YCTPOUCTB [6, 7]:

1. IIOU na 6a3e aTOMHOTO CTaHapTa YaCTOTHI;

2. II9U na 6a3e npuémunka curnanos F'HCC;

3. B3I

4.  GrandMaster PTP.

Homenkmnarypa oTe4ecTBEHHBIX M3/ENUi B 3TOH o0nacTu Ha
CEeTOJHAIIHUI IeHb HE OYEHb MINPOKast, HO YK€ BKIIIOUAaeT B ceOs
MPaKTHYECKN BCe HEOOXOMMBIE DIIEMEHTEI.

Jl1st ceTelt cBsI3U CEpUIHO BBIITYCKAIOTCS M YCHEIIHO MPUMeE-
ustotest [1OU Ha 6a3e BogopoaHOTO CTaHaapTa mpon3BoacTea AO
«Bpemsa-U» tuma VCH-008C (pucynok 10) [4]. OTu cranmapTel B
MHHHMaJIbHOM OCHALICHUH C OOJBIIMM 3aracoM 00ecleyrBaroT
BbINIOJIHEHHE TpeboBanuii pexomenmanuii MCO-T G.811 u
G.811.1. To4HOCTH YCTAHOBKH 4acTOThI — Jryumie £3x 10713,

OjiHaKo, MPUCYIIUI BOAOPOIHBIM CTaHIapTaM apeiid ua-
CTOTBI IPUBOJMT K TOMY, YTO TOYHOCTh YCTaHOBKH YacTOTHI B Te-
genue 2-3 NeT npeBbicut 3Havenue +1x1072, 1o o3Hauaer, 4To
quist atoro [19U tpedyercs nepuoauueckas KOPPEKIUs 4aCTOTHI
(1 pa3 B 2 rona). [TosTomy st mpumenenus B cocrase yI1OI" nin
yII9BY ycrpoiictBo VCH-008C n0omkHO OBITH JOYKOMIUICKTO-
BaHO BCTpOeHHBIM IpuémMHHUKoM curuanos 'HCC, koTopslii B Te-
YEeHHE JUTUTEIBHOTO IUKJIA TTOJCTPOHKH MO3BOJISICT B aBTOMATH-
YECKOM pPEKHME KOPPEKTHPOBATh YaCTOTY M MOAEPKUBATH TOU-
HOCTB €€ YCTaHOBKH Jyunre =1x10712,

T-Comm Vol.l6. #8-2022

Puc. 10. Bremnnii Bun [1OU Ha 6a3e BOIOpPOIHOTO CTaHIapTa YacTOThI
VCH-1008C (AO «Bpewms-U», r. Huwkuuit HoBropopn)

Taxxe ctouT oTMeTuTH, uTO B 2021 TOMY OBUT MpE/CTAaBICH
MIPEICCPUITHBII 00pa3ell YIIy4IIeHHOTO IIe3ueBoro crannapra AO
HIIT «Hcrox» nm. loknna (pucyHok 11), KOTOpBIH COOTBET-
ctByeT TpeboBanusiM pekomennamun MCO-T G.811.1 (u, coot-
BercTBeHHO — G.811). OtoT I[1DU nokazan BBICOKHE XapaKTepH-
CTHKH Ha JUTUTEIBbHBIX HUCITBITAHUSX, TPOBEAEHHBIX B TOM YHCIIE B
nmabopatoprn I[TAO «Poctenexom», U Takke MOXKET OBITh PEKO-
MeHoBaH B kadecTte [1OU mns komriexcos 191, yII2T, IIOBY
u y[I9BY.

Puc. 11. Buennmii Bug [1OU Ha 6a3e 1ie3ueBoro cranmapTa 4acTOTHI
tuna LICBY-2021 (AO «HIIIT «Mctok» umenu lllokunay, r. @ps3uHO)

W3 poccuiickux cepuitHbix [1OU Ha 6a3e MpHUEMHUKOB CHTHA-
noB 'HCC wneobxomumo ormeruth Momemun CCB-1T7 OO0
«KOMCET-Cepsuc» (pucynoxk 12) [8] m VCH-311C AO
«Bpems-U». Otu [19U cooTBeTCTBYIOT TPeOOBaHUAM PEKOMEH/Ia-
muu MCO-T G.811. Ho oHE HE YIOBIETBOPSIOT TPEOOBAHUAM pe-
komenmarmn MCO-T G.811.1.

Puc. 12. Buemnuii Bux I191 Ha 6a3e npuémuuka curnanos [HCC
tuna CCB-1I" (OO0 «KOMCET-Cepsuc», r. Mocksa)

B 10 xe Bpems cienyetr oTMeTuTh, 4To AO «Bpems-U» Benér
pa6otel o monepum3anuu [19M tuna VCH-311C nns noBekie-
HUSI €0 XapaKTEPUCTHK IO COOTBETCTBUS TPEOOBAHHUSIM PEKOMEH-
naumn MCD-T G.811.1. Oxwupaercs, 4To OOHOBIEHHASI BepCHs
storo 19U Oyzer BhimymeHa k koniy 2022 rona.




CBA3b

B npomutoM roxy Obl10 cepTHHUIMPOBAHO Ba HOBBIX POC-
cuiickux B3I

1. COHATA-Y mnpousBoactea AO HIIT «KOMETEX»
(puc. 13);

2. VCH-003 npomsBozacta AO «Bpems-U» (puc. 14).

B B3I' COHATA-Y u VCH-003 ycTaHOBIEHBl BCTPOEHHbIE
npuémuuky curtanos 'HCC, a taxxe mMoxyiau (GpopMHpOBaHMS
wKajbl BpemeHu B poTokoiax NTP u PTP. B nux peanuzoBansl
(YHKIIMHM pEe3epBUPOBAHUS BCEX CHUTHAIBHBIX MOJYJeH, oOpa-
60TKH 1 popMHUpOBaHUS coo0IIeHNH 00 ypoBHE KadecTBa (SSM-
coo01IeHws), GYHKIIH JIOKAJTBHOTO M JUCTAHITHOHHOTO KOHTPOJISL.
Xapaxkrepuctiku B3I' cCOOTBETCTBYIOT TpeOOBaHHUAM pEeKOMEH 1A~
1 MCO-T G.812 type I, a mpu paboTe 0T BCTPOSHHBIX MPUEMHH-
koB [HCC — tpeboBanusam pexomermanua MCO-T G.811. Takxe
B oTHX B3I pean3oBanbl QyHKIMU BCTPOCHHBIX U3MEPEHHUIT Kaue-
CTBEHHBIX TTOKa3aTeNeil BXOJJHBIX CHHXPOCUTHAJIOB.

B nacrosiiee Bpemsi BeayTcsi pabOThI IO COBEPIICHCTBOBA-
Huto B3I COHATA-Y ¢ teM, 4T0OBI MOJHATH €ro XapakTepH-
CTHKH 110 TpedoBanuii pekomenaanuii MCO-T G.811.1 G.8272.1,
YBEIIMYHUTH HArpy304YHYIO CIIocOOHOCTH Moayisi PTP, a Takxe mo-
BBICUTB €r0 (DyHKIIMOHAJIBHBIE BOBMOXHOCTH.

Puc. 13. Buemnuii Bug B3I' tuna COHATA-Y
(AO HIIIT «<KKOMETEX», r. Cankr-IletepOypr)

B B3I' VCH-003 peanm3oBaH 04e€Hb MOIIIHBIH MOAYJb MIPOTO-
koma PTP ¢ BeICOKON Harpy304Ho# crmocodHocThio (10 10 ThICSY
KIIMEHTOB TIPH yCTaHOBKE Moxyis pactmpenns PTP). [{ng storo
B3I Takke nmpoBoasTcst pabOTHI AJIsl YIIYUILICHUS] €r0 XapaKTepu-
CTHK JI0O COOTBETCTBHs TpeOoBaHMsM pekomeHaanmui MCO-T
G.811.1. u G.8272.1 npu paboTe OT BCTPOCHHBIX NPUEMHHUKOB
I'HCC.
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Puc. 14. Buemnuii Bun B3I Tuna VCH-003 (AO «Bpems-Uy,
r. Hixanit Hosropo)

U3 yerpoiicts GrandMaster PTP B Poccuu cepuiino Bbinmycka-
eTcsl TOJBKO cepBep cuHXpoHH3amuu BpemeHun CCB-1I" OOO
«KOMCET-Cepsuc» (puc. 12). 910 o4eHb pa3BuToe u (HyHKIIHNO-
HaJIbHOE YCTPOMCTBO ¢ OOJIBIION HArpy304HOW CIIOCOOHOCTBIO, B
KOTOPOM peaJIM30BaHbl BCE TEIEKOMMYHUKAIMOHHBIE Mpoduin
nporokona PTP, a taxoke nmpoduiam npoTokoa Juist ceTel sHepre-
Tuky no cranpapram MOK 61850-9.3-2016 u MOK C37.238-
2017. Ho Tak Kak B 9TOM CE€pBepe HCHOIb3YETCsl OJHONANA30H-
Helid npuéMHuK cur"agoB 'HCC, To OH MOXKET HNpUMEHSTHCS
TOJIBKO JUIs ceTelt 3 u 4 nokonenus. Kpome toro, B 3ToM ycTpon-
CTBE UMeeTCsl OOIBIION HAOOP Pa3IMUHBIX BBIXOIHBIX MOIYICH —
NTP-cepsep, 2,048 MI'yM6ut/c, 10 MI', IRIG, 1PPS+KB u
HHBIC.

B kauecTBe mpumepa Ha pucyHKe 15 mpuBEIEeHBI BapUaHTHI
KoMIUIekToBaHus obopyzmoBanms ylIOI' m IIOBY na Oaze
YCTPONCTB CUHXPOHU3AIMH OT€UECTBEHHBIX TPOU3BOIUTEIICH.

Puc. 15. Buemnwmii Bua yI19I" u [19BY, noctpoennoro Ha 6aze B3I
tuna COHATA-Y u [191 tuna VCH-1008C (cneBa) u [1DU Ha Gaze
nesueBoro crangapra tuma [{CBY-2021 (cipasa)

BroiBoabl

IIpoBen€HHBIN aHaNM3 CTPYKTYPbl U OCHOBHBIX XapaKTepu-
CTHK KoMmIuiekcoB obopynosanus [13I" u [I9BY paznuvHbix Mo-
JUQUKaIKiA, a TAKKE HOMEHKIIATYPbl OTEYECTBEHHBIX YCTPOWUCTB
CHHXPOHH3AIUK TOKa3al, YTO B YCJIOBHUAX HUMIIOPTO3aMELICHUS
HUMEIOTCSI Bce HEOOXOAMMBIE M3/IETHs CepPUIHOIO POU3BOJICTBA
JUISL UX KOMILJICKTOBAHUSL.
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Opnako TpeOyercss mpoBefeHHE paboT I MOACPHHU3ALNU
obopynoBanusi B3I' u GrandMaster PTP s mosHOIEHHOTO
ocHarenus yII9I u yIIOBY 1st cTpouTenbeTBa NEPCHEKTUBHBIX
cereit 5/6G.

Kpome Toro, HEOOX0MMO TTPOBEICHHUE UCCIICTOBAHUN U TIOJI-
TOTOBKH TEXHHYCCKON peanu3anuu (yHKIUH KOMOAHHEpPOB Uis
obopymnoBanust GrandMaster PTP.

IIpu »TOM mMOKa3aHO, YTO MMEETCS HEOOXOTUMBIN TEXHUYE-
CKUH 3aJ1e] IS YCISITHOTO PeIeH s dTO! 3a1a4u B OIvKanmei
TIePCIICKTUBE.
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Abstract

The article deals with the acquisition of primary time and frequency standards for time-frequency support systems as a reference node
for the formation of the time scale for 4G and 5/6G communication networks. The basis of frequency and time synchronization sys-
tems, which together form the frequency-time support of communication networks, are the primary standards of time and frequency.
For communication networks up to 4 generations in the frequency division mode (TDM, 3G, 4G FDD networks), only a network fre-
quency synchronization system is needed, which is based on the use of primary reference generators. In fact, it is a part of the HDPE
that provides the formation of the reference frequency. Taking into account the future requirements for synchronization systems of
5/6G communication networks, it is necessary to provide for the use of improved primary reference sources, as well as a secondary
master oscillator with the functions of a master PTP frequency and a combiner of frequency and time signals. In the future, this will
allow the transition to the introduction of improved HDPE (uHDTYV). In connection with the current situation on the Russian market,
the article discusses the possibility of using domestically produced equipment for time-frequency support systems..

Keywords: Time scale, network synchronization, time frequency, PTP and NTP network time protocols, time and frequency primary standard,
4G and 5/6G synchronization systems, synchronous Ethernet, GNSS.
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