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Pe3yJbTaT JOCJIAHOI eKCILTyaTamii miacucteMu 3a0e3-
NMEYEHHS €IUHUM 4YaCOM BiliCBKOBMX CIOXKHBAYIB HA 0a3i
cepsepiB TouHoro yacy Microsemi Time Provider 4100
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AHoTauis

B mexax ¢yHKIiOHYBaHHS BiiicbkoBoro cermMeHTy CIy:KOM €IMHOTO 4Yacy i eTaJOHHMX YacTOT IMOAaHO pe3yJbTaTh
JOCTTiIHOT eKCIUTyaTalii MmiacucteMy 3a0e3leyeHHs] €IMHMM 4YacoM BiliCbKOBMX CIOXMBayiB, sika MoOymoBaHa Ha 0asi
HalliOHAJBLHOTO €TaJloHA OMWHUIIb Yacy Ta YacCTOTH, BUXITHOTO e€TaJoHa OJMHMIIb Yacy Ta 4acToTu 30poitHux Cwuin YKpainu
i3 3acrocyBaHHsM cepBepiB TouHoro yacy (Microsemi Time Provider 4100) Ta onTOBOJIOKOHHMX TEXHOJIOTIN Il Mepenavi
CUTHAJIIB CMHXpOHi3alii yacy 3a npoTokojamu PTP ta NTP mo makeTHux mepexkax mnepenadi gaHux — Ethernet.

JlocmimkeHHsT MiATBEPAWIM MOXJIMBICTh TepeJaBaHHs €TaJJOHHUX CUTHaJiB 4acoBOi Ta YaCTOTHOI CUHXPOHi3alii i3
3aCTOCYBaHHSM CY4YacHUX LM(MPOBUX Ta ONTOBOJOKOHHMX TEXHOJOTIM BiJ HalliOHAJIBHOTO €TajoHa OAMHMUIIL Yacy Ta 4Yac-
TOTH /IO BUXiTHOTO €TajloHa ONWHWIIL Yacy Ta yactotu 30poitHux Cuin YKpaiHu i3 cepeTHbOKBAIPATUUHUM BiIXWJIEHHIM
(CKB) nmoxu6ku, 1o He nepesuiryBaia 30 He. CKB Bin cepenHboro 3HayeHHs1 €TaJlOHHOro curHaiy yactotu 1 PPS Bene-
HOTO cepBepa By3na 3B’s13Ky (M. KuWiB) mpu mepemaBaHHI eTaJOHHMX CHTHAJIB CMHXPOHI3allil yacy Bill BHUXiZHOTO eTaJoHa
OIWHUILIL Yacy Ta yactoTu 30poitHux Cun Ykpainu (M. XapkiB) Ha iHTepBaji crioctepexkeHHst 30 ni6 (mpu nepioguyHoMy
101000BOMY BKJIFOUEHHi cepBepiB, 110 po3tamoBaHi B MLIBE 3C Ykpainu) He nepesunmio 100 He. [Ipu 6e3nepepBHOMY
pexumi pobotu (2 mobu) CKB craHoBmio He Ginmbiie 65 Hc.

PesynabpTatt mocnimkeHb Har0Th MOXKJIMBICTh C(hOpMYyBaTH 0a30Bi BUMOTH IO CKJIaly, TEXHIYHMX XapaKTePUCTUK, (yHK-
LIOHAJIBHUX MOXJIMBOCTEH Ta peXkMMiB poOOTH OOJaJHAHHS CUCTEeMU CUHXpOHi3alii yacy 3a mportokojsamu PTP ta NTP
Mo MakeTHUX Mepexax mepenadi gaHux — Ethernet 3 meToro 3a0e3rieyeHHs 1 HAAiHHOCTI Ta TOYHOCTI.

KimrouoBi caosa: Ciyxxba €1MHOro yacy i eTaJJOHHMX 4acTOT; CMHXPOHi3allisl; eTaJOHHUI yac.
Orpumano: 05.02.2020

Binpenarosano: 28.02.2020 CxsaneHo mo apyky: 04.03.2020

ITocTranoBka mpoodeMu HamaHHS iHQOpMaIil I 3a0e3IeUYeHHs] 3aCTOCYBAHHS

BignosigHo go ctatti 13 3akoHy Ykpainu “Ilpo
METPOJIOTII0 Ta METPOJIOTIYHY MisSUTBHICTH” Yy JepskaBi
¢dyHkuionye Cnyxba €IMHOro 4Yacy i eTaJlOHHUX
yacToT (mami 3a TekctoM — Ciyx0a), sKa 3IilCHIOE
MiXrajy3eBy KOOpAMUHALil0 Ta BUKOHAaHHSI POOIT,
CIIPSIMOBAHMX Ha 3a0e3IeUeHHsT €IHOCTI BUMipIOBaHb
Yyacy i 4acTOTHM, BM3HAU€HHSI TapaMmeTpiB oOepTaHHS
3emai Ta HamaHHS YacoO-4aCTOTHOI iHdopmMmairii
CMOXMBayaM B €KOHOMilli, y cpepi HayKu Ta 0OOPOHU,
Gi3MYHUM Ta OPUAUYHUM OcCo0aM, y TOMY YMCIi

© HHILI «Incturyt Merposorii», 2020

€IMHOTO OOJiKOBO-3BITHOIO 4Yacy. 3aBOaHHSI Ta
OCHOBHI 3acamu misutbHOCTi CiykOM BM3HAYalOTHCS
IMonoxenusim po Ciyx0y €AMHOTO Yacy i eTaJJOHHUX
yacTtoT, sike 3aTBepiaxeHo IloctranoBorw KabGiHerty
MinicTpiB Ykpainu Bim 2 BepecHst 2015 p. Ne 664 [1].

3 ypaxyBaHHSM OCOOJMBOCTEIl METPOJIOTIUHOTO
3a0e3rnevyeHHs JisibHOCTI y cdepi obopoHu [2],
st 3abe3reueHHs] (yHKIIOHYBaHHSI BiliCbKOBOTO
HampsIMKy AisutbHOCTI 3rimHo 3 [1] mo Cuyxou
BXOIUTh CTPYKTYPHUI Tigpo3ais MeTposoriaHoro

68 Ukrainian Metrological Journal, 2020, No 1, 68-78



B. Condamos, O. [3uciok, B. boiiko, A. Iasepunos, M. Céimenko, P. Papoe, A. Ceucmyn, M. Mamsicuko

LeHTpY BilicbkoBuX eTanoHiB (MIIBE) 36poitnnx Cuin
(3C) Vkpainu, Ha sikuii, BianoBigHo n0 ITonoxeHHs
Ipo METPOJIOriyHy ciyxk0y MiHicTepcTBa 000pOHU
Vkpainu ta 36poitHux Cun YkpaiHu, MokJaaeHo Taki
3aBIaHHS:

* BUKOHaHHSI byHKIiR CTPYKTYPHOTO
minpo3niny Ciayk0u €IUHOTO Yacy i eTaJJOHHUX 4acTOT
HallIOHAJIBHOT METPOJIOTIYHOI CIIy>K0U YKpaiHu;

* (dopMyBaHHSI IIKaJlM 4Yacy y B3aeEMoii 3i
CTPYKTYpHUMU Trigpo3miamu CIy:kOM €IMHOTO dYacy
i eTAJIOHHUX YacTOT;

*  3IifiCHeHHS OIePaTUBHOTO KOHTPOJIO €TaJOH-
HUX CUTHAaJIB 4yacy i 4acTOTH, SIKi BUKOPUCTOBYIOThCS
3C VYkpaiHu;

* 3abe3nevyeHHs] €IHOCTI Ta TOYHOCTI BUMIipIO-
BaHb 4Yacy i 4yactotu y 30poitHux Cujax Ta iHIIMX
BiliCbKOBMX (hOPMYBaHHSIX;

*  KoopauHalis (YHKIIOHYBAaHHS pPO3MOMIi-
JieHoi (i3 BUKOPUCTaAHHSM CUJ i 3ac00iB perioHajib-
HUX METPOJIOTIYHUX BiICBKOBUX 4YacTUH) CUCTE-
MM KOHTPOJIIO YaCTOTHO-YAaCOBOTO 3a0e3MeUYeHHS
3C VkpaiHu.

3arajgpHi NWUTAaHHS KOHTPOJIO Ta YIpPaBIiHHS
nepefaBaHHsl €TAJIOHHUX CUTHaJiB BUKJIAIEHO B
[3], me mokaszaHO, IO B MeXaxX HAyYKOBO-TEXHIYHOL
nismeHocTi MIBE 3C VYkpainu ta HHI “IHcTutyt
METpPOJIOTii” To0ymoBaHO MiAcHCTeMY 3a0e3TnedeHHSs
€IMHUM dYacoM Ha 0a3i HaliOHAJIbLHOTIO eTaJoHa
ONVHUIIP 4Yacy Ta 4YacTOTH, BUXITHOTO eTajoHa
ONIVHUIIL Yacy Ta yactoTu 30poitHux Cun Ykpainu
(manmi — BE3CY 07-01-01-09) Ta cepBepiB TOYHOTO
yacy Microsemi Time Provider 4100, gxi 3a6e3neuytoTb
CMHXpOHi3aui€eo yacy 3a npotokojsamu PTP (Precision
Time Protocol) Ta NTP (Network Time Protocol)
afnapaTtypy, L0 BUKOPMCTOBYE TEXHOJOTii IMaKeTHOI
nepenaui manux — Ethernet. 3a3HaueHa mizcucreMa
noTpedye IOOCHiAXEHHSI B HampsMKy BM3HAYEHHS
i METpOJIOTIYHMX XapaKTepUCTUK Ta IOTEHLIMHUX
MOXJIMBOCTEH.

Haniona bHEA HAYKOBHA HEHTP
“IHCTHTYT MeTpoaorii™

1PPS

HaujioHaneHui
etanoH vacyTa |
YacToTH

Cepeep To4HOrO 4acy|
Microsemi Time
Provider 4100

PTP *—|Cepeep To4HOrO Yacy
Microsemi Time
Provider 4100

vor o

I
i
: 10 MMy 2.048 1.544
|
|

MMy My

TakuM 4YWHOM, METOIO CTAaTTi € TOJaHHY
pe3yabTaTiB  JOCHIAHOI eKCIlyaTalil MigcucTeMu
3a0e3IeueHHsI €IMHUM 4aCOM BilICBKOBUX CITOXKMBAYiB.

Buknaa ocHOBHOro marepiany

IMincuctemy  3abe3neyeHHS  €IUHUM  yYa-
coM TI00ymoBaHO Ha 0a3i HaliOHAJILHOTO €Tajio-
Ha OOWHWIIp Yacy Ta YacTOTH, BUXITHOTO cTaJoHa
OAVHUILB Yacy Ta 4yacTtoTu 30poitHux Cun YKpaiHu
(BE3CY 07-01-01-09) i3 3acTocyBaHHSIM CepBEpiB
TouHoro 4vacy Microsemi Time Provider 4100 Ta
BOJIOKOHHO-ONTUYHUX JiHiN 3B’a13Ky (BOJI3) mis
rnepenadyi CUrHajiB CUHXPOHi3allil yacy 3a MpPOTOKO-
nmamu PTP ta NTP 1mo makeTHux mepexax repenadi
naHux — Ethernet mo BiliCbKOBUX CIOXHBaYiB.

CepBic HagaHHS TOYHOTO Yacy BiliICBKOBUM CIIO-
KWBadyaM, SKAH CHHXPOHI30BaHO 3 HaIiOHAIHHOIO
mkajgo koopauHoBaHoro uyacy UTC(UA), mobGy-
MOBAaHUI TaKWM YWHOM, 100 YHMKHYTH TIPSIMOI 3a-
gexHocti BE3CY 07-01-01-09 Big HamioHaJIbHOTO
eTajloHa Yacy Ta YacTOTH ¥ 3aKOPHOHHUX TJIO0aThb-
HUX HaBiraiiHux cynyTHUKoBux cucteM (GNSS),
a TakoX OyTH BiZOKpeMJICHMM Ha allapaTHOMY
PiBHi Bill BCECBITHHOI MEpeXi 3araJbHOr0 KOPUCTYBaH-
Hs IHTepHer.

Ilincucrema eauHOro 4yacy (pyHKLiOHAJIbHO
BXOJUTH 1O BiiicbKOBOro cermMeHTy CiyxK0M €IMHOTO
yacy i eTaJJoHHMX 4yacToT (mie 3rinHo 3 IlojoxeHHsIM
npo Cnyx0y €IWHOro vacy i eTaJJOHHMX YacToT,
ske 3atBepikeHo IloctaHoBorwo KabiHety MiHicTpiB
Vkpainu Big 2 BepecHs 2015 p. Ne 664).

B 3arajibHOMY BUIJISIAI TiACUCTEMY 3a0e3MeuYeHHs
€IMHUM 4YacoM, IO MOOCJiZXyBajacsl, HaBEACHO Ha
puc. 1.

Jnst moOymoBM MiACUCTEMU €AWHOrO 4acy 3a-
CTOCOBAaHO CepBepHE OOJamHAHHS y CKJIami YOTHPHOX
cepsepiB TouHoro yacy (PTP/NTP) Microsemi Time
Provider 4100, nesieBuii crangapt yactotu HP 5071A
3i CKJIally HalliOHAJbHOIO €TajJloHa OIMHMIIL 4Yacy

MeTpoaorivyani OeHTp BiiChKOBHX eTAI0HIB
3dpoiianx Cua Vkpaian

1pp

p nbHa
cucTema
— (yacToromip CNT-
91 ra anapartypa
KepyBaHHA
EUMIpIOBaNbHUMMH
npoLecamu)

Cepeep TOYHOTO 4Yacy
Microsemi Time
Provider 4100

T
i
1pps 1 PPST ¢
CepBep TOYHOTO Yacy| BuxigHui eTanoH
Microsemi Time 3C YkpaiHun
Provider 4100 BE3CY 07-01-01-09

ToD

Puc. 1. CtpykTypHa cxema nobynoBu nepLuoi Yyepru nigcuctemm 3abesneyeHHss EAMHUM YacoM CMoXKBaYiB
36ponHux Cun Ykpainn
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Ta 4acTOTU, pyOimieBMii MOOLIbHUI CTaHOAPT Yacy
ta yactotu FS-017 3i cknagy BE3CY 07-01-01-09,
BOJI3 piBus L2.

CepBep TouHOro 4yacy Microsemi Time Provi-
der 4100, po3ramoBanuii y HamionHanbHOMY HayKOBO-
My LIeHTpi “IHCTUTYT MeTpoJIoTii”, Ha HalliOHAJTbHOMY
eTajJloOHi OAMHMIb Yacy Ta YacTOTU IPAlIOE B pPexKu-
Mi mipoBimHoro cepsepa PTP (rpanamactepa PTP).
B MetposioriyHOMy 1LIEHTPi BiliICBKOBHUX €TaJIOHIB
36poitaux Cun Ykpainu (MLBE 3CY) po3sramio-
BaHi OBa cepBepu TouyHoro vacy Microsemi Time
Provider 4100, omuH 3 IKMX € BEAECHUM CEPBEPOM
PTP (PTP xuient nnst nposinHoro cepsepa PTP Ha-
IIOHAJIPHOTO €TaJIOHA ONWHUIL Yacy Ta YacTOTH).
JliHis1 3B’43Ky MiX HalliOHAJIbHUM €TaJJOHOM OAWHUIIb
yacy ta yactotu i MIUBE 3CY cayxutb 115 3BipeHHS
koopauHoBaHoi mKaau yacy UTC(UA) Tta aBTOHOM-
Hoi mkanu vyacy BE3CY 07-01-01-09 MIIBE 3CYV.
3BipeHHsI IIKaJd 4Yacy 3OiHCHIOEThCS 3a JOMOMOTOI0
BUMIpIOBaJIbHOI CUCTEMH, IO CKJIAJZa€ThCS 3 Yac-
toroMmipa CNT-91 Ta anapaTypu KepyBaHHS BUMi-
PIOBAJIBHUMU TpoliecaMu, siKa 3IiliCHIOE 00pOOKY
NAaHUX BUMIpPIOBAaHHS IIOTOYHOI pi3HUIII Yacy Mix
LIKaJIaMM.

Hpyruii TpoOBiZHWII cepBep TOYHOTO dYacy
Microsemi Time Provider 4100, BcTaHOBAEHUIA
y MIIBE 3CYV, mpaiitoe B pexXuMi MpOBiIHOTO cepBepa
PTP (rpanamactepa PTP) BE3CY 07-01-01-09 i 3a-
Oearieuye (hOpMyBaHHSI CUTHAJIiB CMHXPOHi3allii yacy
3a mpoTtokosiom PTP mig BeneHoro cepBepa TOYHOTO
yacy Microsemi Time Provider 4100, po3ramoBaHoro
B ['0JI0BHOMY TIyHKTi YIpaBJIiHHS CHUCTEMOIO 3B’SI3KY
Ta iHpopMauiiiHux cucteM 36poiiHux Cun YkpaiHu
(TTTYC3IC 3CY). O6MiH makeTaMyd CHHXPOHi3allii
yacy 3a npotokosoM PTP Mix mpoBigHUM cepBepoM
PTP BE3CY 07-01-01-09 i BemeHUM cepBepOM TOYHO-
ro yacy I'TIYC3IC 3CY 3aiiicHIOETbCS TTO MaricTpaib-
Hi MIXXMIiCBKill TPaHCIIOPTHIN ONTUYHIN Mepexi.

TakuMm 4YuMHOM, JiHII 3B’gI3Ky MiX HaIio-
HaJbHUM €TaJJOHOM OJAWHUIb 4Yacy Ta 4YacTOTHU
i MIIBE 3CY 3abe3neuye 3BipeHHS KOOPAWHOBAHOIL
mkanu yacy UTC(UA) Ta aBTOHOMHOI IIKaJIW Yacy
BE3CY 07-01-01-09 3a npotokosnom PTP. MLIBE 3CY
3abe3reuye 30epiraHHsI aBTOHOMHOI IIKaJIu 4acy, 3Bi-
peHoi 3 koopauHoBaHow IKanoio vyacy UTC(UA),
i mepegavyy CUTHAJiB CMHXPOHI3allil yacy 3a MPOTOKO-
snom PTP I'TTYC3IC 3CY no MaricTpaibHiii ONTUYHIi
miHil 38’s3ky Mixk MIIBE 3CVY i I'TTYC3IC 3CY.

J7s OLIiIHKM METPOJIOTIYHUX XapaKTepUCTUK TTif-
CHCTEMU TIPOTSATOM JIOCIIIHOI eKCITyaTallii 3ailiCHIO-
BaJlUCSl TIOTOYHI BUMipIoBaHHSI moxubku yacy (Time
Error — TE) MixX eTaJOHHOIO IIKaJOIO0 Yacy, mKepe-
JIOM SIKOI € CUTHaJl CUHXPOHi3allil yacy r1o0aabHO1
HapiramifiHoi cucremu GPS Ta BuXimHUX CUTHaIiB
CUHXpOHi3auii BeaeHux cepsepiB PTP. [lng BusHa-
YeHHsI TOXMOKMU, SIKY BHOCUTH O€3MOCepeaHbO JIiHis
3B’S13Ky MPU Pi3HOMY 1i HaBAaHTAXXEHHi, MPOBOIMUIIOCS
BUMIpIOBaHHSI MOXMOKM CUHXpOHi3allii 3aikcoBaHO-
ro MiTkamu 4acy B makerax obmiHy mixx PTP mpo-
BimHUM cepBepoMm Ta BeneHuM PTP cepsepom (PTP
KJIIEHTOM).

PesynbraToM BUMipIOBaHb € Pi3HMLS IIKal 4Ya-
cy (IY), omHy 3 SKUX TIONEPEeIHBO CUHXPOHIZ30BAHO
3 ornopHolo (etasoHHow) 1Y 3 peecTpauieto
pesyabraTy nopiBHsHHs Y npu GaratopazoBomy
ABTOMATUYHOMY MOBTOPEHHI BUMipIOBaHb. ¥ pe3y/bTari
aHali3y JaHUX BUMIipIOBaHb BM3HA4yalOThCS: Cepel-
He 3HaueHHsd pisHuui MY (cTE) Ta mMakcuMaiibHe
3HAYeHHSI MOXMOKM BiIXWJIEHHS 4YacOBOTO iHTepBa-
ay (MTIE). OcratrouHuii pe3yabTaT BUMipIOBaHb —
MaKCUMaJbHe CyMapHe a0COJIIOTHE 3HAYEHHSI MOXUOKU
yacy (max|TE|), sike MpOBOAUTHCS 3riHO 3 PEKOMEH-
nauisimu ITU-T G.8271.1 na Buxomax 1PPS oGnan-
HaHHSI CMHXPOHI3allil KiHIIEBOrO CIIOXMBaya, TOOTO
B UbOMYy BUIanKy Ha Buxomax 1PPS Bemenux PTP
cepsepiB MIIBE 3CY Ta I'TIYC3IC 3CYV.

ETa/fIoOHHe Ta BUMipIOBa/ibHe

KepyBaHHsA Ta dikcauin

GNSS a6o
HauioHanbHUIA
eTasIoH vacy Ta TpaHcnopTHa
vacTtotu mepexa
l 1PPS PTP 7 PTP BepeHuit
MepBuHHe MposigHuii L Q_H - | cepsepPTP
Axepeno vacy| | cepsep PTP [¢— y < > E 4 | (PTP knienT)
(PRCT) Ethernet : E
PTP § i 1pPS
// ; : v \ \\
| GNSS abo ETanoHHe nepsuHHe gxkepeno| 1PPSer BumiptoBanbHe i
: HaUiOHaNbHWI ¥ vacy obnapgHaHHA :
| | eTanoH vacy Ta "
: yactoTm (PRCTer) T KepyBsaHHsa :
! I
! I
! I
! I

| obnagHaHHA

nK .
A3HWUX BUMIPIOBAHHA | 8 I'
(max|TE|, cTE, RMS, STD, TE) : “"nJ

Puc. 2. Cxema BUMiptoBaHHS pi3HWL LKanu Yyacy obnagHaHHs KiHUesoro cnoxwusada (PTP knieHT) BigHOCcHO wkanu Yacy UTC
npu nepefadi curHanis CUHXPOHI3aLii Yacy Ta YacToTu 3a npoTtokonom PTP
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CxeMy BUMIpIOBaHb, 3TiIHO 3 peKOMeHIALlisIMU
ITU-T G.8271.1, HaBeneHo Ha puc. 2.

I1pu Bu3HAYeHHI MOXUOKM BUMipIOBaHb HEOOXill-
HO BpaxoBYyBaTW MOXMOKY (OpPMYBaHHSI MITKW 4Yacy
eTaJloHHOTO nepBuHHOro mxepena LY (Primary
Reference Time Clock — PRTC).

[Toxubka cuHXpOHi3allii Yyacy Ha TIPOMIXKY
yacy t (TE(f)), srinHo 3 pexkomenmauismu ITU-T Ta
IEEE, ckiagaeTbcsi 3 ABOX KOMIIOHEHT — IIOCTili-
Hoi Ta auHaMiuHOl ckiagoBux (Recommendation
G.8271.1/Y.1366.1 (2017)), TobTO

TE(t) = cTE + dTE(t),

ne ¢I'E — mocrifiHa ckjamoBa 1oxubku uvacy TE —
cepeaHe 3HayeHHs TFE Ha iHTepBasli 4yacy BHUMIipIo-
BaHHS;, dTE — nuHaMiuHa CKJIaJoBa MOXUOKU dYacy
TE — MakcumajibHa MOXMOKa BiIXWUJEHHS iHTepBaly
gacy (MTIE).

3acié BUMipIOBaHHSI OOYMCIIIOE TTOTOYHE 3HAYEH-
Ha pisHuui Y eramonHoro PRTC Tta mkamu yacy
nociimxyBaHoro npuctporo (TE) 3a dopmynoro (1):

ne 7 \ppsprp — TMOTOYHMI yac Ha Buxoxi 1PPS BemneHoro

cepepa PTP; T ,copre — TOTOYHMIA Yac Ha BUXOMI
1PPS eranonnoro nepsurHoro mkepena LY (PRTC).

3aci6 BumiproBaHHs (3B) Takox oOuMCIIOE Cce-
penHe 3HayeHHs pisHuui Y etanonHoro PRTC ta
Y BeneHoro cepepa PTP, K BigHOIIEHHS CyMU
BCiX BUMIPSIHUX MOTOYHMUX 3Ha4YeHb TE 10 KiabKOCTi
N BuMipioBaHb 3a ¢Gopmysolo (2), IKe € MOCTIHHOIO

cKJIagoBoto Toxubku vacy (cTE):

N
TE = lZTE ~ AT, Q)
N
ne AT,, — moxubKa BUMipIOBaHHs 3aco0y BHUMipIO-
BaHHS; N — KiJIbKiCTh BUMipIOBaHb 3a CEAHC BUMi-
PIOBaHHSI.

JlvHamiuHa ckiagoBa Moxubku vacy TE — mak-
cuMmajibHa TIOXMOKA BIiIXWJEHHSI iHTepBajJly 4acy
(MTIE(nt,)) mix IIY eranonnoro PRTC ta IIY
BeneHoro ceppepa PTP € HopMaTUBHUM MOKa3HUKOM
CTa0IIbHOCTI OMOPHUX CUTHAJIIB CMHXPOHi3allii B Me-
pexax eJIeKTPO3B’I3Ky, K OIWH 3 ITapaMeTpiB CHH-
XpOHi3allii 4acTOTH, i BM3HAYA€EThCSl 3a Mepion yacy

TE =T ppsprp + Tippsprrcs (1) Big 1000 ¢ no 1 no6u (86400 c) 3a dopmynorwo (3):
MTIE(nt,) =  max (kmall(x TE(i)— kmikn TE(®i)),n=12,...N -1, (3)

Ae T=NT, — HTEpBaJ CMIOCTEPEKEHH; T, — IHTEp-
BaJl Yacy MiX ITOTOYHVUMM BUMipIOBaHHSIMU;
TE(@{)=TE(t+it,) — i-it Bintik noxubku yacy.

Pe3ynbraToM oOUMCIIEHHS € OKpeMa LiTiCHA OLiH-
Ka CUTHaJIy Ha OJIHOMY Iepioli BUMiploBaHb CTOCOBHO
eKCcTpeMalbHUX 3HaYeHb CTaOiJIbHOCTI.

TakuM 4MHOM, KiHLIEBUM pe3yJbTaTOM OOYMC-
JIEHHSI € MakcuMajibHe aOcoyitoTHe 3HauyeHHs TF
(max|TE)):

max TE| = cTE + MTIE.

[TocTiliny ckinagoBy moxubku 4vacy cTE 71erko
CKOpEeryBaTH 3aBAsIKM MOXJIMBOCTI ii KOMIIeHcallil
LUISIXOM BBEIEHHS BilIIOBIIHOTO 3HAYEeHHs IOTPaB-
KM TIpY HajalTyBaHHI BeneHux cepBepiB PTP. Bona
BUHMKAE 3a PaxyHOK acuUMeTpii Mepexi i Kopery-
€TbCSI BBENEHHSIM PEXUMY aBTOMATMUYHOI KOPEKIii
acuMeTpii.

BumiploBaibHUM 3aCcO000M [IJisI 3BipeHHSI KOOp-
muHoBaHoi mkamm 4yacy UTC(UA) Ta aBTOHOMHOI
wkanu yacy BE3CY 07-01-01-09 MUBE 3CY € Bu-
MiploBaJibHa CHMCTEMa, 1110 CKJIAIAETHCS 3 YaCTOTOMipa
CNT-90 ta anmapaTypu KepyBaHHSI BUMipIOBAIbHUMU
npouecamu. IlapanenbHo 1151 OLIHKK METPOJIOTIYHUX
XapaKTepUCTUK (PYHKIIil MOHITOPUHTY BEIEHUX CEpBe-
piB PTP npoBoaunucst BUMipioBaHHSI TTOXMOKU 4Yacy
BHyTpitHbo1 Y BemeHoro cepsepa PTP BimHOCHO
Y BHyTpimHboro npuitMaua GNSS BeaeHoro cep-
Bepa PTP. B nboMmy Bumnaaky eTaloHHUM MEePBUHHUM

mxepenoM LY (PRTC) e npuitmau GNSS BemeHoro
cepepa PTP, a 3acoboM BuUMipIOBaHHSI € BOyZOBaHA
(yHKIIisST MOHITOpUHTY BeaeHoro cepepa PTP.

B 1t mincucremi 3abe3nedeHHI €AMHUM YacoM
Ciyx0M €IMHOro Yacy i eTaJJOHHMX 4acToT YKpaiHu
CUTHAJIU CMHXPOHi3alii mepeaaloThesl Mo TEAEKOMYHi-
KalliifHMX MaKeTHUX Mepexax. MepexkeBe obanHaHHS
NOBUHHO Biamosimatu Bumoram crtangaptiB ITU-T.
Jlnst y3roakeHHsI BUMOT A0 TOYHOCTI CMHXpPOHi3allii
yacy 3a goriomoror mnportokojly PTP B TenekomyHi-
KaliliHUX TMaKeTHUX Mepexkax i MeTodiB BU3HAYeH-
HSI TIOXMOKM (HEBM3HAYEHOCTI), IIIO 3aCTOCOBYIOTHCS
METPOJIOTIYHUMHU OpTaHi3alisiMu, HEOOXiTHO 3acTo-
coByBaTu SIK KpuTepii ouiHku moxubku ITU-T, Tak
i JCTY-H PMI 43-2006.

Tak npu JOCHIMKEHHSIX BIUIUBY Pi3HUX (HaKTO-
piB Ta pexXuMiB poOOTHM Ha MOXMOKY CHHXPOHi3allil
yacy MOIJIbHO OLIHIOBAaTU HE TiJIbKM MaKCUMaJlbHe
3HAQUEHHs TMOXMOKM 4Yacy B MepexifHuii mepiom (Ha-
npuKiag, Tpu YBIMKHEHHiI ab0 BUMKHEHHi Ipo-
BinHoro cepsepa PTP, 3MmiHi acumerpii JiHii, npu
MaKCHUMaJIbLHOMY HaBaHTaXX€HHi Ha JIiHil0 TOLIO),
a i cepennbokBanpatuuHe BimxuneHHsi (CKB) B cra-
JoMy pexumi. O6nanHanHg TimeProvider 4100 mae
BOyIoBaHY (DYHKIIII0O MOHITOPUHTY SIKOCTi BXiITHUX
CUTHAJIIB CUHXPOHi3allil i J03BOJIIE MPOBOIUTU O -
HOYacHe BMMIpIOBAHHSI TOXMOKM 4acy 4-X BXiIHUX
CUTHAJIIB BIJHOCHO BHYTPIIIHBOI IIKaJIW 4Yacy abo
GNSS 3i 30epexxeHHsIM AaHUX BUMipioBaHHs. Buko-
PUCTOBYIOUM 11i JaHi, MOXHa 3pOOUTHU CTAaTUCTUYHUN
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aHajli3 MOXMOKM 3a CeaHC BUMIpPIOBaHHSI U OLIHUTH
BKJIAJ JIiHi1 3B’SI3Ky B CyMapHy MOXUOKY Yacy BeIeHUX
cepBepiB PTP nuisixom BuMiproBaHHSI IOXUOKU 4Yacy
Ta 3aTPUMKU TAKETy Ha BXOMi.

DyHKIlisT MOHITOPUHTY SIKOCTi BXiTHWUX CHUTHAJiB
cuHXpoHi3auii BemeHux cepBepiB PTP 3abesneuye
SKICHUI KOHTPOJb 3a CTAaHOM Mepexi W Moxe
3aCTOCOBYBATUCS B CKJIali METPOJIOTIYHOTO O0IaTHAHHS
MPU 3BipEHHI LKA Yacy sSIK MepBUHHE IXKEPEJIO vacy i 1K
BUMIipIOBaJbHUI 3aCi0.

Ha TounicTs BuMiptoBaHHS pizHuuLi Mix Y,
nepegaHolo 3a gonomMoroio nporokony PTP nmo mepexi
nepenayvi nanux Ethernet (TCP/IP), Ta omopHoto (eTa-
sonHoto) Y BruBae 6e3niu gectabijizyrounx dak-
TOPiB, Y TOMY YMCJIi TEXHIYHI XapaKTepUCTUKU MPOBi/I-
Horo Ta BeneHoro cepBepiB PTP, enemeHTiB Mepexi,
tun npodaiiny PTP, HanamTyBaHHS mapaMeTpiB MOBi-
nomiieHb PTP, HaBaHTaxXeHHsT Mepexi 3B 13Ky. 1711 3a-
Oe3nevyeHHs MiHiManbHOI pisHULi Mix LITY npoBigHOTO
cepsepa PTP Ta mkanow yacy KiHIEBOTo crioxuBaya
(BeneHoro cepBepa PTP) HeoOxinHO KaliOpyBaHHS BCiX
3aisiTHUX y Mpolleci nmepeaaydi CUrHaAiB CUHXPOHi3allil
yacy MpUCTPOiB.

B xonmi pochigHoi excrulyaTtauii MpOBOAUJIMUCS
BUMIpPIOBAaHHSI TIOTOYHOIO 3HAYEHHS MOXUMOKU Yacy
i BusHaueHHss max|TE| B yMoBax MepPiOAUYHOTO
Ta Oe3nepepBHOr0 pPEXUMIB poOOTH TMPOBiIIHOIO
cepsepa PTP. 3a nepioa mocnigHoi ekcrutyaTauii 0yJjo
3aikcoBaHO 3MiHY MaplIpyTy MPOXOJKEHHS TMaKeTiB
PTP B mepexi, 1110 MPU3BOAMUIO O 3MiHU acUMETpii
JiHil 3B’a3Ky. JlocHigkKeHO BIUIMB HaBaHTAXXEHHS
B MariCTpajdbHill JiHil 3B’SI3Ky TMPOTITOM 100U
Ha TOYHICTh CHUHXpOHi3auii. IS OUIHKW BIUIUBY
HaBMUCHMX Ta HEHaBMUCHUX BinkiwodeHb [4, 5] Ha
poOOTy MmincucTeMu MiA 4yac AOCIAHOI eKCIlTyaTalii
Oy70 iMIiTOBaHO BiACYTHICTb CHUTHaly CYIyTHUKIB
GNSS.

Merta nociaHoi eKcnayaTamii

MeTol0 HOCHiAHOI eKcrlyaTalii arnapaTHO-MIpPO-
rpaMHUX 3aCO0iB CMHXPOHi3allil €:

*  BU3HAYECHHSI METPOJIOTIYHMX XapaKTePHCTUK
i TmapameTpiB 3aco0iB CHMHXpPOHi3allii B IITaTHOMY Ta
MEepioAUYHOMY peXuMax poOOTU MPOBITHOTO cepBepa
PTP, a Takox mpu BIIKMBI AecTabiizytounx (GpakTopiB
(BILUTUB acUMETpii JIiHil 3B’43Ky, HABAHTAXXEHHS B Me-
pexi, Bpasnubictb GNSS);

*  MiATBEpIKEHHS BiIMOBIZHOCTI METPOJIOTid-
HUX XapaKTEepUCTUK amapaTHO-IPOrpaMHUX 3aco0iB
CHUHXpOHi3alii BMMOram, IO BHUCYBaJIUCS 3TigHO
3 TAKTUKO-TEXHIYHUM 3aBIaHHSIM 0 HayKOBO-IOCTiI-
HOI po0OTH;

* po3poOKa Mpono3ulliii 1oJ0 pPo30yI0BHU,
BIIPOBAJI)KEHHSI, MiABUILEHHS HAAIMHOCTI Ta TOYHOCTI
CUCTEMM 3a0e3TeYeHHsS] €IUHUM YacOM BiliICHBKOBUX
CTIOXX1BAYiB;

* BHU3HAYCHHS CKJIAAy Ta METPOJIOTIYHUX XapaK-
TEPUCTUK 3aCO0IB CUCTEMU METPOJIOTIYHOTO KOHTPOJIIO
Ta yrpaBliHHS €TaJOHHUMU CUTHaJIaMU, CMOCOOIB ix

3aCTOCYBaHHSI IIJIsSI OOIPYHTYBaHHSI TIPOTIO3UIII CKIIamy
arapaTypHOIro OCHAILlEHHSI TeXHiYHOI CKJIaJoBOi IIi€l
CHCTEeMM.

Pe3ynabTaTu 1ociainHoi ekcmiyaraiii anapaTHo-nporpam-
HUX 3ac00iB CHMHXPOHi3amii (MPUB’SI3KM MIKAJ Yacy) Ta
BE3CY

7151 AOCTiXKEeHHST BIUTMBY HABaHTaXXEHHS B Mepe-
i Ha MOXMUOKyY yacy BeneHoro cepepa PTP Oynu npo-
BelleHi 11iJ101000Bi BUMiptoBaHHs moxubku vacy (TE)
iloro BximHoro PTP curHany Ta BUXiZIHOTO CHUTHay
1PPS. Pe3ynbratu BIUIMBY HaBaHTaXXeHHS JIiHiT 3B’ 3Ky
Ha TOYHICTh (POpMYBaHHS MITOK 4Yacy y BxinHomy PTP
CUTHAJTi TPOTSITOM JOOU HAaBeJEHO Ha puc. 3.

pragy sacy (TE) sbx PTP Ta
upHiiMata GNSS peaenoro ceppepa PTP (Knln) 3a ceanc BRMIpROBARRA

Cepeane navenns (cTE) = - 2243624 ue (Acamerpia ainil)
Cranzaprae plaxnaenns (o)= 176,17 ne

PE

Bioxunenna inmepsany uacy, ne
B
£
H

1

Hac 610 RoUamEy ceancy, 200, X6, cex
Puc. 3. Pesynstatv BNnvMBY HaBaHTaXXEHHS MiHii 3B’A3Ky Ha
TOYHICTb (hOpMyBaHHSA MITOK Yacy y BxigHoMmy PTP curHani 3a vyac
CMHXpOHi3aLii BeaeHoro cepsepa PTP Big nposigHoro cepeepa
PTP npw nepiognyHomy pexumi poboTu

Y 1ubpoMy BUIIAAKy acUMETpis JiHii CTaHOBWUJIA
224 mkc. lle He € onTUMaJIbHUM PEXMMOM POOOTH i
30i/IbIIYE TTOXUOKY Yacy, ajie Ja€ MOXJUBICTh OLIHUTU
CyMapHUIl BIUIMB acUMETPil Mepexi Ta HaBaHTaXKeH-
HSI MepexXi Ha MoXuOKy 4Jacy BeaeHoro cepsepa PTP
(kmienta PTP). TumoBy 3MiHYy HaBaHTaXXEHHS Mari-
CTpaJIbHUX MEPeK HaBeIeHO Ha puc. 4.

HaBaHTaweHHA

[ ]

40%

00:00 12:00 00:00 12:00 00:00 12:00 00:0C

Puc. 4. Tunosa 3MiHa HaBaHTaXXeHHS MaricTpanbHUX Mepex

IMoxubky wacy BximHoro PTP curHany (HUXHS
KpuBa) Ta BuximHoro curHany 1PPS (BepxHs kpuBa)
BEIEHOTO cepBepa HaBEIEHO Ha puc. 5.

3 HaBelneHUX rpadikiB BUIHO, 110 MaKCHUMalabHe
HaBaHTaXEHHS MPUIIaJa€e Ha MPoMikok vacy 3 21:00 mo
23:00, 1110 MPU3BOAUTD IO IMiKOBOI'O 3HAYEHHS MOXUO-
K1 BemeHoro cepBepa PTP (BuximHoro curaany 1PPS)
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o6mu3bko 1 mkc. Ilpu upboMy crocTepira€Tbcst Kope-
JISILiSE MiXK 3HAYEHHSIM TTOXMOKU BUXiIHOTO CUTHAIY
1PPS Benenoro cepepa PTP Ta moxubkoio yacy Bxij-
Horo PTP curnany. Ilpu 30inbllleHHI HaBaHTaXEeHHSI
y BxinHoMy PTP curHani 3MiHIOETBCS SIK CEpeaHE 3HA-
yeHHs, Tak i CKB moxu6ku. IlopiBHSHO 3 MOXu0-
Koo yacy BximHoro PTP curHamy 3HaueHHS TOXMOKU
BuxinHoro curHainy 1PPS BeneHoro cepsepa PTP 3Ha-
YHO MEHIIIe, OCKIJIbKM BHYTPIllIHS IIKaja 4Jacy Beje-
HOTO cepBepa (opmyeTbesl BximHUM PTP curnamom
TUIBKM TIicJIs ioro oOpoOKM Ta aHami3y.
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Puc. 5. Bnnue HaBaHTaXeHHs Ha Noxubky yacy BMXigHOro
CurHany BefieHoro cepsepa npoTAarom ,D,OGVI. MNoxnbka vacy
BxigHoro PTP curHany (HWxXHS KpuBa) Ta BUXigHOTO curHany

1PPS (BepxHs kKpuBa) BEAEHOrO cepBepa

BumiproBaHHS MPOBOAMINCS 3TiTHO 3 METOIUKOIO
JIOCITIAHOI eKCIITyaTallii TIpoTSIroM TPhOX Mi0.

3 MeTol BU3HAUYEHHSI MOXUMOKU 4acy BeIeHOIO
cepepa PTP TTIYC3IC 3CY npu mnepionnyHoMy
pexuMi poboTtu mnposigHoro cepsepa PTP MIIBE
3CY (poborti cepBepa koxHoi moou 3 9:00 o 17:00)
MPOBEAEHO ceaHCU BUMiproBaHHS Moxudku yacy (TE)
BuxigHoro curHainy 1PPS BemeHoro cepsepa PTP
(11iyromo6oBa eKCIUTyaTarlist), MPOTSITOM SKUX 3Mili-
CHIOBAJIOCSI BUMKHEHHSI Ta YBIMKHEHHSI TPOBiIHOTO
cepepa PTP. lle pmamo 3Mory OLIHUTH peakliilo Be-
neHoro cepBepa PTP Ha BimcyTHicTh i mosiBy Mepe-
JKeBOI0 CUTHaAy CHMHXPOHi3alii Bil MPOBIIHOTO Cep-
Bepa PTP mpu iioro BUMKHEHHi Ta yBIMKHEHHi abo
HecrnpaBHOCTI B JiHii. TunoBuit mpouec 3MiHU JIKe-

Buskmenns
mposianore
cepuepa TP

Bumicnennn
mpeniamere
cepuepa PTP

1
£

uacy

UTC (GNSS), e

Cunxponitania cepuepa nia
GNSS npuiistana
(«TE==- 0,014 e, CKB=8.3 mc)
-

Cunzponisanin cepuepa nix
GNSS mpufimasa

{¢TE==- 0,014 uc, CKB=53 nc)
[ - - - - - >

Cmuxponitanis cepuepa no
PTP nparocaay sia
BpoBLINGTO CepRepa

(cTE=-13 me, CKB=62,53 uc)

Hoxubra

200 Cuwspouitania cepuepa
0 PTP nporoxoy six
nposiamore cepeepa

Hac UTC, 200: x8: ¢

Puc. 6. TodHicHi xapakTtepucTtukm BegeHoro PTP cepsepa, Lo
posTawoBaHuin y Kuesi npu nepexogi Bif mxepena CUHXPOHi3auii
PTP (nposigHoro cepsepa PTP, o po3aTtailoBaHuii y XapkoBi) 4o

CUHXpOHi3auii Big BnacHoro GNSS npuiimada i HaBnaku

pen cunxpodizauii 3 PTP Bim mpoBigHoro cepsepa
PTP BE3CY (micns iioro BuMkHeHHs) 1o GNSS i
HaBMaku (Ticasl #Ooro yBIMKHEHHS) 3 OLIIHKOIO TOY-
HICHUX XapaKTepUCTUK HaBeneHO Ha puc. 6. Ilpu
BMMKHEHHI TipoBinHoro cepepa PTP uepe3 mepexin
Ha JIeIKU 9ac y peXuM YTPUMaHHS 1O TPUNAHSTTS
pillIeHHS PO 3aMiHy JKepesia CUTHaIy CUHXPOHi3a-
uii 3 PTP Ha GNSS Benenum cepBepom PTP max-
cuMasibHa IoxuOka uacy (max|TE]) craHoBmia He
oinmpiie 2 Mxc. IIpu yBIMKHEHHi IPOBiZHOTO cepBepa
PTP i nepexoni BemeHoro PTP cepBepa i3 pexumy
cuHxpoHizanii Big GNSS 1o pexXxumy cUHXpOHI3allil
Bin curHany PTP uepe3 BiACYTHiCTh MOBHOIO 3axBaTy
etajoHHOro BxigHoro curHamy BE3CY 07-01-01-09
B mpoBigHOoMy cepBepi PTP Ha mouatkoBomMy mepio-
IIi Bil, MOMEHTY YBIMKHEHHSI JO MOMEHTY II€pexoiy
B PEXUM CUHXPOHi3allii MakcMMajbHa MOXUOKa 4yacy
(max|TE|]) craHoBMIA He Oinbine 3 MKC.

Cmxponbamia ceprepa iy GNSS npmiiviaya
Depexiammii nepiol npu

Cxponizamia
cepBepa Bly
npeniamere PTP

Moxuiixa cunxponizauii wacy
nopisuano 3 UTC, ne
g

HJama ma wac UTC, 200: x6: ¢

Puc. 7. MakcumanbHa noxmbka CMHXpOHi3aLii yacy BeaeHoro PTP
cepBepa Npu BUMKHEHHI Ta yBIMKHEHHI nposigHoro cepsepa PTP

MakcuManbHy MOXMOKY uyacy BeIEHOTO cepBepa
PTP npu 3MmiHi mkepena curHany cuHxpoHizauii 3 PTP
Ha GNSS (npu BUMKHeHHi nposigHoro cepsepa PTP),
a MOTIM TIpM 3MiHi [Kepeja CUTHajJdy CUHXPOHi3alil
3 GNSS nHa PTP (npu yBiMKHEHHi MpOBiTHOro cep-
Bepa PTP) HaBeneHo Ha puc. 7. [TouaTkoBe 3HAUCHHS
MOXMOKM Yacy B MEepexiIHUI Mepioa i TpUBAJICThb Ie-
pexony Ha pexXuM MaKCUMaJbHOI TOUHOCTI 3aJ€KUTh
Bill BiAXWJIEHHSI YaCTOTU OMOPHOrO reHepaTtopa Ipo-
BimHoro cepBepa PTP B mepexinnuii nepion. Tepmin
yacy Iepexoiy Ha peXUM MaKCHUMaJlbHOI TOYHOCTI
CcTaHOBUB He Oinbiue 2,5 roa. Ha puc. 7 mig yac me-
pexXigHOro Mepioay Ha PeXUM MaKCUMAJIbHOI TOUHOCTI
Mpu yBiIMKHEHHi mpoBigHoro cepBepa PTP 3adikcona-
HOo mepekaniopyBaHHs BeneHoro PTP cepsepa (PTP
KJIiEHTa) 4yepe3 3MiHYy acUMeTpii JiHil 3B’a3Ky. [Ipo-
Leaypa aBTOMaTUYHOI KOMITEHcAllil acUMeTpii He TIpu-
3BeJla 10 3HAYHOI BUITAJIKOBOI1 MOXMOKM, ajle OCKITbKU
IO TIpoLeAypy OyI0 3AiliCHEHO B Mepion MepexiqHoro
Mpoliecy, BOHA Mpu3Besia A0 HEBEJIUKOI MOCTIHHOT Mo-
XMOKM KajiopyBaHHS acuMetpii (mo 50 HC).

MakcumalibHe 3HaUeHHSI MOXUOKM CUHXPOHi3allil
yacy B TIepioJ Tepexody N0 PeXuMy MaKCUMaabHOI
TOYHOCTI MpU YBIMKHEHHi mpoBigHoro cepsepa PTP
0e3 mpollenypy aBTOMaTUYHOI KOMIIEHcallil acUMeTpii
HaBelIeHO Ha puc. 8.

Ykpaiucokuii memponoeiunuii ucyprnan, 2020, Ne 1, 68-78 73



Pesyaomamu docaionoi excnayamauii nidcucmemu 3a6e3nevenHs €OUHUM YACOM BIHCbKOBUX CHOJNCUBAUIB...

OmHuM i3 dakTopiB, 110 BIUIMBAIOTh Ha
MoxuoKy vacy BeneHoro cepepa PTP, € acumerpis
Mepexi [4]. o acumerpii Mepexi MoxXe MNPUBECTU
3MiHa MaplIpyTu3alii MpoXomkeHHs mnaketiB PTP
y TpsIMOMY Ta 3BOPOTHOMY HampsiMKax (3MiHa
KoHirypauii Mepexi). B mpoueci gociimkeHb 3MiHa
KoHirypauii Mepexi Nnpu3BoAuia OO0 TOSIBU PiZHUX
3HaueHb acuMeTpii. JIJIsT OLiHKW BIJIMBY 1i 3MiHM 3a
pi3HUX OOCTaBUMH 3MiHa KOHQirypailii nmpoBoauiach
K y TiepexigHi mepiond (B MOMEHTM YBIMKHEHHSI
i BUMKHeHHs1 npoBigHoro cepepa PTP (puc. 7)), Tak
i B CTAJIOMY peXuMi poOoOTH.

3aTprMKa MakeTiB y MaricTpajabHiil ONTUYHIN JIiHiT
3B’s13Ky XapkiB- KuiB mpu pizHUX KOHbIrypalisix Mepexi
CTaHOBWJIA Bil 2 10 5 Mc. 3HaYEHHST aCUMETPii B Mepexi
3MiHIOBasiocs Big £2 MKc 10 +1 mc. [ns 3anobiraHHs
BUHUKHEHHIO (DOpC-MaXOpHUX OOCTaBUH, BHACIIIOK
SIKUX MOXe 3MiHUTHUCS 3HA4eHHs1 acuMeTpii B Time
Provider 4100 (Benenuii cepsep PTP I'TTYC3IC 3CY),
0y/10 aKTUBOBAHO (hyHKIIi10 aBTOMAaTUYHOI KOMIIeHcallii
acuMerpii.

25000
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Puc. 8. MakcumanbHa noxmbka cuHxpoHisadii yacy BegeHoro PTP
cepsepa (PTP knieHTa) npu yBIMKHEHHI NPOBIgHOIO
cepBepa PTP 6e3 npouenypu aBToMaTU4YHOI koMneHcawii
acumeTpii (29.10.2019)

3MiHa MapuIpyTH3alii JiHil MpuBoaMIa 10 3MiHU
3HaYeHHsI 3aTpuMKuU mnakeTiB PTP y npsimomy Ta 3BO-
pPOTHOMY HampsMKax (puc. 9) i, IK HaACJiIOK, 3MiHU
3HAYCHHSI BigxuieHHs1 nmo3Hauku yacy PTP Bim 3Ha-
YeHHS 4acy BHYTpIIIIHHOIO TOIUMHHMKA BeaeHoro PTP
cepsepa (puc. 10). Lle B cBOI0O 4epry NpUBOIUTL IO
ABTOMATHMYHOTO TIepeKariopyBaHHs cepBepa (puc. 11).
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Puc. 9. 3miHa 3aTpumku naketiB PTP B Hanpsimky Big PTP knieHTta
0o PTP nposigHoro cepepa BHACcNifoK 3aMiHN eneMeHTa Mepexi

ITpouec 3MiHM 3HAYEHHST aCUMETPii Ta Tpoleaypa
aBTOMATUMYHOI KOMIIeHcallii acuMeTpil BILUIMBAIOTh Ha
TOUHICTb CUHXpOHi3alii yacy BegeHoro PTP cepsepa.
Ha puc. 11 300paxxeHo 3aeXkHiCTb MOXUOKU CUHXPO-
Hizallii yacy BeneHoro PTP cepBepa y BUnaaky 3MmiHu
3HaYEHHs aCUMETPii 3i BCTAHOBJIEHUM PEXUMOM aBTO-
MaTUYHOI KOMIIeHcallii acuMeTpii NMpu MepionuyHOMY
pexumi podotu nposinHoro cepsepa PTP.
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Puc. 10. BiogxuneHHsi 3HauyeHHs no3Hayku Yacy PTP Big 3HaueHHs

Yacy BHYTPILWHbLOIO roaMHHMKa BegeHoro PTP cepBepa npu 3miHi

3aTpumkm naketis PTP B Hanpsmky Big PTP knieHta go PTP npo-
BigHOro cepsepa

3 puc. 11 BuaHO, 11O 3MiHA 3HAYEHHS acUMETpil
Mpu3BeJa 10 KOPOTKOYACHOT TMTOXUOKM Yacy BEIEHOTO
PTP cepBepa. Ilpu GesnepepBHOMY pexXumi poOOTU
3a Mepioj MOCIiAHOI eKCIIyaTallii Taka nmoxmubka cra-
HoBwia He Oinbire 400 He. IMpu mepionnyHiil poOOTI
nposigHoro cepsepa PTP uepe3 TpuBany npouenypy
KajiopyBaHHS (KiJlbKa TOAVMH) BUHUKAE TTOXMOKa KaJli-
OpyBaHHS, 110 MOXE MPU3BECTU 10 CTPUOKA MOXUOKU
yacy B KiJIbKa MiKpPOCEKYH]I.

40 Cmexponisauia cepaepa no PTP mporokey biamposianaro cepaep,
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Puc. 11. 3anexHicTb Noxmbkn cMHXpoHisauii yacy BegeHoro PTP
cepsepa Yy BUNagKy 3MiHU 3HaYeHHs1 acumeTpii

[TpoBeneHi ouiHKM GYHKIIOHYBAaHHS CeEpBicy
HaJaHHS TOYHOTO 4acy MO3BOJWIM copMyBaTu BU-
MOTH J0 MpoBaiiiepa IIOA0 ONTUMI3allii MaplIpyTU-
3allil JIiHiT 3 METOI0 3MEHILIEHHSI 3HAYEHHS acUMETpil.
B pesynbrati npoBeneHux mpoBaiinepom Aill acuMeTpist
3meHIuaacs 3 520,64 mo 2,78 Mkc (puc. 12).

OnTuManibHUM 3 TOYKM 30py MiHIMAaIbHOI TOXUO-
KU € MiHiMaJbHe 3HaUYeHHsI acuMeTpii B Mepexi. KoH-
dirypalito MepexXi 3 MiHiMaJIbHUM 3HAQUYEHHSIM acHUMe-
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Tpii 2,78 MKC B MepexXi OyJlo BUOpaHO I IITATHOTO
pexXuMy poOOTH.

Pesynbratu BUMiproBaHHSI TOYHOCTI MepeaaBaH-
Hs1 wKanu vyacy no BeaeHoro PTP cepsepa npu iioro
IITaTHOMY (PYHKIIIOHYBaHHI Micjig onTUMi3allii ornro-
BOJIOKOHHOTO TiAKJIOYEHHsI HaBeleHO Ha puc. 13.
TouHicTh mepegaBaHHSI IIKaAMd 4Yacy OO BelIEeHOTO
PTP cepBepa npu itoro nepionuayHOMy pexXrumi podoTH
IiC/Isl OoNTUMi3allii ONTOBOJIOKOHHOTO ITiAKIIOUEHHS
HaBelIeHO Ha puc. 14.

Last Config Time T 2019-11-21 07:12:04

GUZIS> show timing-service asymmetry status
ethl eth? ethd ethd ethS eth6 eth? ethd
GUZIS> show timing-service asymmetry status ethl
Service Name itu-g8275-2 ptp~client Domain 44 (8)

Auto-Asymmetry State : Ena'nled
Current Path Calibrated? : Yes
Current Path Offset (us) : 2,761
Current Path Noise (ns) : 65
Path Availablity : 97.41%
Current Table Used 1

Table 1: Clock 1D 00:b0:ae: ff fe:05:92:80
| Entry | Offset | Noise | Samples | rtd Meanl rtd Min| rtd Max| Last Used
1 | 1 | 1 | 1 1
-!—l 1 1 1 1 1 1 1
17 |-224290 [114 L} 16925959 |6923959 |6927959 |0

18418074 |8416074 |8420074 |0

18415520 |8413520 |8417520 |0
|m3315 |6481315 |s435315 lo

12176 |56 o IHSH'ZT | 6489727 |6493]'2I lo
HacmynHe KopezysaHHa

Puc. 12. Tabnuuga pesyneratiB kanibpysaHHsi BegeHoro PTP cep-
Bepa nicns onTuMisaLii OnTOBONOKOHHOI MiHii Ta NpoBeAeHHS
npoueaypy aBTOMaTUYHOI KOMMeHcaLii acumeTpii

< T (BE3CY (slave)) - T {GPS), He
W00

s | 0N .
0 = 38,32m

00

16112019 643
26112019 807
27112009 1:55
7112009415
37112019 643
112009907 -
211120191388 -

611209113
TN 1M F

26117019 1615
26112019 1843
261120192107
2611309 2331

¥
H
§

Puc. 13. ToyHicHi xapakTepucTuku curHany cuHxporisadii 1 PPS
Ha BEJEHOMY CepBepi B LUTATHOMY PEXMUMI

Pesynabrat BUMiplOBaHb BiIXWIEHHs 3HaYeHb
MmiTok uacy PTP, mepemanux Bim HalioHaJbHOIO
eTajioHa, Bif 3HaueHHs yacy BE3CY 07-01-01-09, mio
cuHxpoHizoBaHuii 3a curHanamu THCC, gxi otpuMani
i3 BUKOPUCTaHHSIM BUMIPIOBJIbHOI CUCTEMU Ha 0asi
efekTpoHHOro vactoromipa CNT-91 Tta amapatypu
KepyBaHHSI BUMipIOBaJbHUMU MpoLEecaMU, HaBEIEeHO
Ha puc. 15.

[MTapanenpHO mNpoBOAWIMCS BUMIPIOBAHHS Bifl-
XWUJIEHHS 3HayeHb MiTok 4acy PTP, mnepemanux
BiJi HaLliOHAJILHOTO €TaJloHa, Bil 3HAYEHHS 4Yacy

BE3CY 07-01-01-09, 1mo cMHXpOHi30BaHUIA 3a CHUT-
HamamMu GNSS i3 BUKOpPUCTaHHSIM BUMIipIOBaJIb-
HOI cucteMu, BOymoBaHOlI B cepBep yacy Microsemi
Time Provider 4100. CKB 3HauyeHb MITOK 4acy
cTaHOBUJIO 26,16 Hc, 110 chiBHamae 3i 3HAYCHHSIM
CKB (26,42 HC), oTpuMaHUM TIpU BHUMipIOBaHHI 3
BUKOPHCTAaHHSIM BUMIpIOBaJIbHOI CUCTEMM Ha 0a3i
enekTpoHHOro vacrtoromipa CNT-91 Tta amapatypu
KepyBaHHSI BUMipIOBaJbHUMM MPOLIECAMU.
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Cunxponizanin sis PTP cepeepa |
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nepiod npu el

200

1o

=

I
ci 4id GIVSS np
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Moxubra wacy (1PPS - UTC GNSS), ne

Puc. 14. TouHicHi XxapaKkTepuCcTuKM curHany cuHxpoHisadii 1 PPS
Ha BegeHomy cepsepi PTP npu noro nepioguyHomy
pexuMi poboTtu

- T (MEYY) - T (BEICY (TS GPS)), me
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Puc. 15. Pe3dynsrati BUMiptoBaHb BiAXUMNEHHSA 3HaYeHb MITOK Yacy
PTP Big 3Ha4eHHs yacy BE3CY 07-01-01-09, wwo cMHXpoHi3oBa-
HuK 3a curHanamm THCC (BumiptoBanbHa cuctema
Ha ocHoBi CNT-91)

Lle miaTBEpIXKYE MOXKIUBICTD BUKOPUCTAHHSI CEP-
Bepa uyacy Microsemi Time Provider 4100 sk Bumi-
pIoBaJIbHOTO 3aco0y. BimMiHHICTh 3HaUY€Hb MOCTIAHOT
CKJIaZ0BOI TOSICHIOETHCSI HEBPAXOBAHOIO 3aTPUMKOIO
B CUTHAJIbHMX Kabesx Ta aHTeHHoMy Kabemi GNSS.

ITin yac mocnigHOi eKcrulyaTalii OyJo iMiTOBaHO
BimcyTHiCTb curHany cynmyTHuKiB GNSS 1m1a owiHku
BIUIMBY Ha poboty BemeHoro cepsepa PTP I'TIYC3IC
3CY migcucrteMu BUITAIKIB NPUIYIIEHHS CUTHAJIiB
GNSS abo BrumBY mpuponHux (akTopiB Ha pobdOTy
npuitMmaua GNSS [4, 5]. IIpu cuHxpoHi3alii cepBepa
Bin BE3CY 07-01-01-09 3a nmpotokonom PTP, ko
curHan cynytHukiB GNSS BiacyTHiit, BiH ¢dopmye
aBapiliHe MOBIJOMJIEHHS TMPO BiACYTHICTh MpuUiioMy
curHaniB GNSS, a Ha TOYHICTb CHHXpOHi3allil vyacy
1Ie He BIUIMBAE.
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Crtig 3a3Ha4uTH, MO Y BUMAAKY BiICYyTHOCTI MpU-
oMy curHaiy GNSS i curnany cunxponizauii PTP
TOUHICTh 4acy BeneHoro cepBepa PTP Oyne 3abesme-
YyBaTHUCS MOTO0 BHYTPILIHIM OIMOPHUM T€HEPaTOPOM.
Curnan GNSS BUKOPUCTOBYETBCSI SIK OIOPHUI CHUC-
TEeMOI0 MOHITOPUHTY, Ta TIpM aBTOMaTUYHIl
KOMIIeHcallii acuMeTpii i 3a Horo BiACYTHOCTI OymyThb
obMmexeHi (PyHKIlioHaTbHI MOXJIUBOCTI cepBepiB PTP.

IlepcnexkTHBM MOJAJBIIONO PO3BUTKY CHCTEMH

3 KOXHUM POKOM 3POCTa€ HEOOXigHICTh i TOU-
HICTh CMHXpPOHI3allii 4yacy He TiJIbKA y BiliCbKOBOMY
CEeKTOpi, a i B KPUTUYHUX AO TOYHOCTI Yacy rajyssix
(ypsimoBi, (piHAaHCOBi Ta HAayKOBi YCTaHOBH, 3B’SI30K,
eHepreTuka, TpaHcrnoprt) [4].

3Baxatoun Ha BpasznuBicTh GNSS, mo me-
PEBaXHO BUKOPUCTOBYETHCS $SIK [IKEpeao To4-
HOro vyacy, IIoOymoBa He3aJeXHUX HallioHaJb-
HUX CHUCTEM CHMHXPOHi3allii € HarajibHOI0 MOTpe-
0o1o. JlaHi mociimxeHHs € (byHIaMEHTaJbHOK OCHO-
BOIO /I MOAAJbIIOi pO30yIOBM HE3aleXHOI Bif
GNSS cucremu cuHXpOHi3allii yacy y BiliCBKOBOMY
cexTopi Cny:KOM €IMHOTO 4Yacy i €TaJOHHMX 4YacTOT
DI BU3HAYEHHSI BUMOT 1O TEXHIYHUX XapaKTepuc-
TUK Ta (PYHKLIOHAJIBHUX MOXKJIMBOCTE OOJamHaH-
HSI CUCTEMH, PEXHUMIB ii poOOTHM 3 MeTolo 3abesrne-
YeHHSI HeoOXilIHOI TOYHOCTiI 4acy i HamiHOCTI L€l
CUCTEMHU.

Pesynbratu pmociimkeHb AOLIJIBHO BUKOPHUC-
TaTU TpU po3poOlili Ta BIPOBAIXEHHI AaHAaJIOTiy-
HUX CHCTEM B iHIIMX KPUTMYHUX JO TOUYHOCTI yacy
ranys3sx [4].

BucHoBku

3a pesyabTaTaMu JOCTiAHOI eKCIuTyaTallil arnapar-
HO-TIPOTPAaMHMX 3ac00iB CHMHXpPOHi3amii (IIpUB’SI3KU
LIKaJ yacy) MicucteMu 3a0e3rneYeHHs] EAUMHUM YacoM
MOXHa 3pOOUTH TaKi BUCHOBKM:

1. Bu3HauyeHO METPOJIOTiYHI XapaKTepUCTUKU
i mapameTpu 3aco0iB CMHXpOHIi3alil MiACUCTeMU:

* cepBep To4yHOro yacy Microsemi Time
Provider 4100, mpusHayeHUi sl 3BipeHHS IIKaJ
yacy UTC(UA) i BE3CY 07-01-01-09 i BxitouyeHuit
y pexuMi BeneHoro PTP cepBepa mpu 6e3nepepBHOMY
pexumi podbotu (2 nodu), 103BOJISIE OTPUMATU CUTHAT
CUHXpOHi3alii 3a mnportokoaom PTP Bim Hawio-
HaJIBHOTO €TaJloOHa OOMHUIIL Yacy Ta Jactotu 3 CKB
26,42 HC BiI CepeaHbOrO 3HAYEHHS ETAJIOHHOTO
curHany yactotu 1 PPS mkanmm xoopamnHoBaHOrO 4acy
UTC(UA);

* cepBep yacy Microsemi Time Provider 4100
MIBE, BxitoyeHuii y pexumi mnposigHoro PTP
cepBepa, 3abesreuye 1iiomo00OBe mepeaaBaHHS Bil
BE3CY 07-01-01-09 no T'oJloOBHOTO IMYHKTY yHOpaB-
JIIHHS CHUCTEMOIO 3B’SI3Ky Ta iH(OpMaLiiiHUX CUCTEM
3C VkpaiHU eTaJIOHHUX CUTHAJIIB 4Yacy 3a MPOTOKO-
nom PTP. CKB IIY BemeHoro cepsepa PTP Byzna
3B’s13Ky (M. KuiB) Ha iHTepBai crioctepexkeHHs 30 mio

y IIepioaMYHOMY peXnMi poOOTHU CEPBEPIB HE MEPEeBU-
myBasio 100 He. IIpu wizomodboBomMy pexuMi podoTU
(3a 2 moou) CKB cranoBmno 52,32 HC (3a 2 moOm).
B nepionyHOMYy pexuMi poOOTM B MOMEHTU Mepe-
XOAy Bill OAHOIO JXepejla CMHXPOHi3allil 10 iHILOTO
CIIOCTEPIra€ThCsl KOPOTKOYACHE 301IbIIEHHST MOXUOKU
4yacy J0 KiJIbKOX MiKpOCEKYH/I.

2. TligTBepakeHO BiAMOBIMHICTb METPOJIOTIU-
HUX XapaKTepUCTUK arapaTHO-TIpOrpaMHUX 3aco0iB
CUHXpOHi3allii BMMOTaM, IO BHUCYBaJMCS 3TiTHO
3 TaKTUKO-TEXHIYHUM 3aBAaHHSM 1O HayKOBO-I0-
crimHoi pob6otn. CxemMa IIOOyZOBM TMeEpIIOl dYep-
M TIOCUCTEMU CepBiCY HaJZaHHS TOYHOIO Yacy
B MeXax (PYHKIIIOHYBAaHHSI BiliCBKOBOIO CETMCHTY
Ciyx01 €IUHOTrO Yacy i eTAJIOHHUX YacTOT JO3BOJISIE
3a0e3MeunT 11i101000BUI cepBiC HalaHHSI TOUYHOTO
yacy, CUHXPOHI30BaHOTO 3 HAalliOHAJTBHOIO IIKAJIOIO
koopauHoBaHoro yacy UTC(UA) 6e3 BUKOpHUCTaHHS
3akopaoHHUX GNSS. GNSS BUKOPUCTOBYIOTHCS Tijib-
KU SIK Pe3epB JPYrOro euIesIoHy Ta sIK OMOPHi CUTHAU
CHCTEMU KOHTPOITIO.

3. Ilpu po30ynoBi Ta BOpOBaIXEHHi TiACUCTe-
MM CepBiCY HagaHHS TOYHOTO Yacy B MexXax (PyHK-
LioHyBaHHS BilicbkoBoro cermeHTy Ciy:KOM €IMHOTO
4yacy i eTaJIOHHMX YacTOT HEOOXigHO TPUIIISITA yBary
NiABUILIEHHIO HAAiMHOCTI Ta TOYHOCTI cuctemu. s
LbOTO HEOOXigHO 3a0e3MeYruTr LiJT0A000BUIl pexXUM
pOOOTH CHCTEMH, pe3epPBYBAaHHS IKepesl KUBJICHHS
cepBepiB, BCTAHOBUTHU PEXUM aBTOMATUYHOI KOPEKIIil
acuMmeTtpii Mepexi Jist PTP kiieHTiB, 3aAisiTu B cUCTeMi
y BilmaJeHUX By3JlaX pe3epBHi IKepesia TOYHOTO Yacy,
HaIIpUKJIa, BTOPWHHI €TaJOHU dYacy.

4. BoymosaHa B cepBep 4vacy Microsemi Time
Provider 4100 cuctema KepyBaHHS Ta MOHITOPUHIY,
a TaKoOX iXHE MporpaMHe 3a0e3MeyeHHsI J03BOJISIE
SIK OUCTAHIIIMHO KepyBaTH pOOOTOIO cepBepa, TakK
i KOHTpOJIOBaTM B peajbHOMY Yaci TOYHICTb OTpHU-
MyBaHMX HUMU CUTHAIiB CHMHXpPOHi3allil 3 BCTAaHOB-
JICHHSIM TIOPOTOBUX 3HAY€Hb aBapiliHOi cuUrHasizallii.
DyHKIIisT aBTOMaTUYHOI KOMIIEHcaLlil acuMeTpil cep-
Bepa yacy Microsemi Time Provider 4100 3amobirae
BUHUKHEHHIO MMOXMOKM CMHXPOHi3allii yacy mpu 3MiHi
KOHirypauii Mepexi il 3a0e3neuye BUCOKY TOUYHICTb
CHHXpPOHi3allii Jacy.

5. Jlnsa 3abe3neyeHHs] HaIiHOCTI METpOJIOriu-
HUX XapaKTepUCTUK arapaTHO-TIpOrpaMHUX 3aco0iB
CUHXpPOHI3allii 10 cepBiCy HaJaHHSI TOYHOI'O Yacy
B MeXax (YHKIIIOHYBaHHS BiliCbKOBOIO CErMeH-
Ty ChayX0M €OWHOTO Yacy i €TaJIOHHMX 4YacTOT Ma€
BXOIOUTH CHCTEMa METPOJIOTIYHOTO KOHTPOJIIO Ta
YIIpaBJIiHHS €TaJJOHHUMU cUTHajamMu. BoHa moBuHHa
MaTH MOMKJIMBICTh KOHTPOJIOBATHM TOYHICTH CHT-
HaJliB CHMHXpPOHI3alili i cKjagaTUCs 3 €TaJOHHOIo
mxepena dacy 3 cepsepom PTP Ta BuMiproBajibHOL
CUCTEeMM 3BipeHHS IIKajx d4acy. MeTpooriyHi
XapaKTePUCTUKNA MAalOTh BIOMMOBiZaTA BUMOTaM
crangaprtiB ITU-T, 1110 BUCyBaloThCs 10 BCiX CKIIaTOBUX
MepexXi CMHXpoHi3alii 3a nmporokoysiom PTP.
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AHHOTAIMS

B pamkax ¢yHKIIMoHUpOBaHMSI BO€HHOTrO cerMeHTa CiyXObl €MMHOr0 BPEMEHU M STAJOHHBIX YACTOT MPENCTaBACHBI
pe3yJabTaThl OIBITHON 3KCIUTyaTalluyd TIOJICUCTEMBI O0ecIiedyeHUs] eIMHBIM BPEMEHEeM BOEHHBIX TMOTpeduTeseil, KoTopas
MOCTpOeHa Ha 0a3e HAlMOHAJIbHOTO 3TajlOHA E€IWHULl BPEMEHM M YacCTOTbl, MCXONHOTO STaJOHAa €IWHMI] BPEeMEHU U
yacToThl BoopyxkeHHBIX CHll YKpauHbl ¢ TIPUMEHEHHUEM cepBepoB TouyHOro BpeMeHu (Microsemi Time Provider 4100) u
OINTOBOJOKOHHBIX TEXHOJOTMI /IS Mepefayl CUTHAJIOB CUHXPOHU3alMKU BpeMeHU 110 npoTokojaM PTP u NTP no naketHbsiM
ceTsiM Tiepenauu aaHHbiXx — Ethernet.

HccnenoBaHus MOATBEPAMIM BOZMOXHOCTD MEPeJauyl 3TAIOHHBIX CUTHAJIOB BPEMEHHON M YaCTOTHOW CUHXPOHU3ALUKU
C TIPUMEHEHNEM COBPEMEHHBIX LIM(MPOBBIX U ONMTOBOJIOKOHHBIX TEXHOJOTUI OT HAIIMOHAJIBLHOTO STajlOHA €AWHUI] BPEeMEHU
U YacTOThl K MCXOJHOMY 3TaJIOHY €AMHMIL BPEMEHM W 4YacToThl BoopyxeHHbIXx Cui YKpauHbl CO CpelHEeKBaIpaTUUHBIM
otkioHenueMm (CKO) morpenHoctd, He TpeBblmaiomuM 30 HC.

PesynbraThl MccienoBaHuii JalOT BO3MOXHOCTb chopMUpPOBaTh 0a30Bble TPEOOBAHUSI K COCTaBY, TEXHUUYECKUM Xapak-
TepUcTUKaM, (YHKIMOHAIBHBIM BO3MOXHOCTSIM M peXuMmaM paboTbl 00OpYAOBaHMSI CUCTEMbl CUHXPOHU3ALMU BPEMEHU
BOEHHBIX MOTpeduTeseil ¢ ucnonb3oBanueM npotokogoB PTP u NTP no nmakeTHbIM cetsim mnepeaauu naHHbix — Ethernet
C 1LIeJIblo 0OecrieyeHus] ee HaleXHOCTU U TOYHOCTH.

Kiouessbie ciioBa: Cny>l<6a €AWUHOIo0 BPEMCHU M 3TAJIOHHBLIX YaCTOT, CMHXPOHM3AllUA; 3TAJIOHHOC BPEM:.

The results of pilot operation of the subsystem of universal
time provision for military consumers based on the precise
time servers Microsemi Time Provider 4100
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Abstract

As part of the operation of the military segment of the Service of Universal Time and Reference Frequencies, the
results of the pilot operation of the subsystem for providing universal time for military consumers are presented, which is
built on the basis of the national measurement standard of time and frequency, the output standard of the Armed Forces
of Ukraine of time and frequency using precise time servers (Microsemi Time Provider 4100) and fiber-optic technologies
for transmitting time synchronization signals via PTP and NTP protocols over packet data networks — Ethernet.
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Pesyaomamu docaionoi excnayamauii nidcucmemu 3a6e3nevenHs €OUHUM YACOM BIHCbKOBUX CHOJNCUBAUIB...

Studies have confirmed the possibility of transmitting reference signals of time and frequency synchronization using
modern digital and fiber-optic technologies from the national measurement standard of time and frequency to the reference
standard of the units of time and frequency of the Armed Forces of Ukraine with the root mean square deviation (RMS)
of error not exceeding 30 ns.

RMS from the mean value of the reference signal of frequency 1 PPS of the slave server of the communication center
(Kyiv) when transmitting reference signals for synchronizing time from the reference standard of the units of time and
frequency of the Armed Forces of Ukraine (Kharkiv) in the observation interval of 30 days (with periodic daily switching
on the servers located in the ICEC of the Armed Forces of Ukraine) did not exceed 100 ns. With a continuous operating
mode (2 days), the RMS was not more than 65 ns. The research results make it possible to formulate basic requirements
for the composition, technical characteristics, functional capabilities and operating modes of the equipment of the military
consumer time synchronization system using the PTP and NTP protocols over packet data networks — Ethernet in order

to ensure its reliability and accuracy.

Keywords: Service of Universal Time and Reference Frequencies; synchronization; reference time.
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