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AHHOmMayusi — PaccMOTpeHbl OCHOBHbIE METOAbl CUHXPO-
HU3auUM 1 NPOBEAEH aHanu3 KX anropuTMmoB. [aHbl COOTHO-
LEeHNs1 4N OLUEHKW CABWra Likan 3TaroHOB WM MOrpeLlHoCcTedn
OCHOBHbIX anroputMoB. [laHa knaccudukaums n npeasioxkeHbl
cnocobbl OLEHNBaHNS HEONPEAENEeHHOCTEN U3MEPEHUIA.

|. BBegeHue

CVHXPOHHOCTb (CpaBHeHMWE, MpuBsA3Ka) Tepputopu-
anbHO pa3HeCeHHbIX CTaH4APTOB (B YACTHOCTW Ans 3Ta-
NOHOB — CMUYEHME) BPEMEHU U 4acTOTbl — OCHOBA Ansi
peanu3auumn CoBpeMeEHHbIX YaCTOTHO-BPEMEHHbIX METO-
[0B B KOOpAMHATHO-BPEMEHHOM obecneyeHun, MeTpo-
norMm BpeMeHu U 4YacToTbl, paguoacTpoHOMUN, paguno-
nokauun, paguoneneHraumu n ap. [1]. BaxHyio ponb ur-
paeT CMHXPOHU3aLUSA B COBPEMEHHbIX CETAX CBA3M [2].

Bbicokme Temnbl COBEPLUEHCTBOBAHMS 3TaNOHOB
onpeaensitoT akTyanbHOCTb MOBLIWEHUST TOYHOCTU UX
CUMHXpOHM3auun. MommMmo npsmoro Metoda (nepeBo3u-
Mble kBaHTOBble yackl — [KY), HanbonbLyo TOYHOCTb
obecneymBalT paguoTeEXHMYECKME MEeTOoAbl C UCMOSb-
30BaHWEM pasfiMyHbIX YacTOTHbIX AnanasoHos. [Jo 2000
r. UICNONb30Barncsl pagMoMeTEOPHbI METOA CUHXPOHU-
3aumm (PMC) [3], a B HacTosiLLee BpeMs — METOA, OCHO-
BaHHbIA Ha MCMOMb30BaHWW CMYTHUKOBbLIX pagvoHaBura-
umoHHbIXx cuctem (CPHC) GPS u MOHACC [4]. Uc-
nonb3yeTcsl TakKe pPeTpPaHCMAUWUst CUrHanoB Yepes reo-
ctauunoHapHble cnyTHuku (IC) [5]. B XHYPO3 paspaba-
TbIBA€TCA HOBbI METOA C NMPUMEHEHWEM CUrHarnoB, U3-
nyyaembix 'C [6].

ConocTtaeneHne MeToA0B CUMHXPOHM3ALUN BO3MOXHO
TONMbKO NMpu pa3paboTke MAEHTUYHBbIX METOAMK pacdeTa
MOrpeLLIHOCTEN, a B HACTOsILLLEE BPEMSI U HeonpeaeneH-
HOCTeW u3mepeHun casura wkan [7, 8].

Pa3paboTke OCHOBHLIX MOAXOAOB K PELUEHUIO 3TON
3a[aum nocesileHa HacToswas paboTa.

II. MorpewHoOCTN CUHXPOHMU3aLUN

Ocobyto ponb nNpy aHanuse U CpaBHEHUM CUCTEM
CMMYEHNs NO TOYHOCTW W OPYrMM MokasaTensMm urparoT
anroputMbl U3MEpeHun — Mopsiaok obmeHa curHanamu
MexXay CrnmyaembiMu 3TanoHamu, KOTOpbIA, Mocrne uc-
KMioYeHNss BpeMeHW 3aepXKn curHanos B kaHane PPB
n annapatype, obecneunBaeT usMepeHue caBura Lukan.

ANropuTMbl CAIMYEHUSI, C TOYKU 3PEHUS N3MyYeHus
CUrHaNoB B MNyHKTax pas3MeLleHUss 3TanoHOB, MOXHO
pasgenuTb Ha ABa BUAA:

1) naccuBHbIi anroputm obuwero oxeata (AOO)
(aHrn. TepMrH — common-view), OCHOBaHHbIV Ha npueme
B NMyHKTax curHana obLiero MCTo4HmKa Sq(t) (cm. puc. 1);

2) rpynna akTUBHbIX anropuTMOB, B KOTOPbIX UMELOT
MECTO U3MYy4YeHWs CUTHANOB B KaXXOO0M U3 MYHKTOB.

AOO peanmsyetrcs B CPHC u HoBOM MeTOae
«C+AOO» [6].

B PMC, ocHOBaHHOM Ha METEOPHOM pacnpocTpaHe-
Hum paguosonH (MPPB), n npu peTpaHcnsaummn curHanos
yepe3 C 0ObIMHO MPUMEHSAETCA aKTUMBHbIA BCTPEYHbIN
anroput™m (BA) (aHrn. TepMuH — two-way) (cMm. puc. 2),

Ha puc. 1 n puc. 2 o6o3Ha4deHbl: Ha(t), He(t) — wikanbi
BpeMeHN aTanoHos; AT = ATba OMOPHOEe 3HayeHune

ba oa ob

(reference value) casura LLIKaJ'l;‘t v Ty - Tpa T, —3Ha-

YeHUs 3apepxek curHanoB B kaHane PPB; tf tf , =
BPEMEHHbBIE MOMOXEHUSA MPUHSTBIX B MYHKTAX CUrHasoB.
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Puc. 1. Anzopumm obwe20 oxeama.
Fig. 1. The overall coverage algorithm

t

Puc. 2. AkKmugHbIl 8cmpeYHbIl an2opumm.
Fig. 2. The active counter algorithm

OCHOBHbIM KpUTEpMEM KayecTBa CUHXPOHM3auun
ABNAETCA  TOYHOCTb  OLEHMBAHUS  cABura  Likan

ab ba
AT =—-AT .

Kpome oTnun4ymin OnopHbIX 3HAYEHU 3adepXeK Cur-
HanoB B kaHane PPB oT ux oueHoK, Ha TOYHOCTb BNUs-
0T aHanorMyHble OTNNYNS 3adep)Kek CUrHanoB B anna-
paTtype, a TaKke noMexu.

[MonHas norpewHoCcTb AN anroputMoB COCTaBUT

68 - = AT AT = 53 (xarr) + 5% (ar) + 63 (c/n) , (1)

rne 83 (kan), &2 (am), &% (c/n) — COOTBETCTBEHHO

KaHanbHas, annapaTtypHas W nomMexoBas crnaraemble
MOMHON NOrpPeLLHOCTH.
Cnaraemble BblpaxeHus (1) umeroT Bua:

ans AOO — SZbT (KaH):[(‘Coa ~0a) —(tOb Ob)],

SZQF( ) ('Can an) (Tan Tan)
830 (c/m) = (57 - 87

onsa BA —>8aAbT(1<aH):0,5[( ~ab)_(T ~ba)],

82?1'( aH):O’S( szm_%:pm _Tilp;lJr% ‘E ﬂnpmﬂ npq ) >
& (e/m) =053} -57) ,

=b ~a =b

ab =ba 02 ob
npn? Tnp:l’ Tan ’

T Ty Tp — OLEHKM COOT-

BETCTBYIOLMX 3afepKek B annapatype U kaHane PPB;

roe ©™ .7 T

npm’

6?,8? — BbI3BaHHbIE MOMEXamy MOrPeLHOCTU OLIeHOK

BpemeHHoro nonoxerus (OBI1) curnanos.

YuutbiBas criy4anHbli XxapakTep nomex, MoOMexoBble
MOrpeLlHOCTN MOXHO OLEHUTb CpegHeKkBagpaTU4ecKumm
oTknoHeHnsmu (CKO):
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ansa AOO — cg%(c/n):cg% (¢/m hf(c?)zﬂoP)z ;
ans BA — 63 (c/n)ob% (c/n):O,Saf(Gta)zﬂGP)z ,

rae of, o — CKO OB curHanos B nyHKTax.

Ill. HeonpeaeneHHOCTU CUHXPOHU3ALUMN

Mockonbky CKO nomexoBbIX NOrpewHocTn onpe-
OensTcs Npy cTaTucTudeckon obpaboTke pesynbTaTtoB
namepenui, aTn CKO coOTBETCTBYIOT CTaHAaApTHOW He-
onpegeneHHocTu Tuna A [7, 8]

ab _  ba ___ab ___ba
Upjat =Upiar (¢/m)=0%7 (¢/m)=0,7 (c/m).

KaHanbHyto 1 annapaTypHyt MOrpeLHOCTM Hernb3si
onpegennTb NyTeM cTaTUCTUYeckon obpaboTkm pesyrb-
TaToB u3MepeHun. lMoatomy, cornacHo [7, 8], aTu no-
rpeLHOCTM hOpMUPYIOT HeonpeaeneHHoCTb Tuna B.

[Nsi OUEeHKM CTaH4apTHOW KaHanbHOW HeonpeaeneH-
HOCTW Up (KaH) npUMeHNMbl Moaenu kanana PPB, MKY
n gpyrme HesaBucuMmble kaHanbl kannbpoeku (HKK), a
ONS annapaTypHoOW HeonpenerneHHOCTU uB(an) - us-

MepeHust (NMUNOTUPOBaHME») annapaTypHbIX 3afepiKek
(A3) unu npoBefeHNE N3MEPEHUI B PEXMME «HYNEBON
0asbl» (annapatypa nyHKTOB coBmellaetcd). MNapameT-
pbl HeonpegeneHHocten tvna B gna PMC n metoga
«C+AOO» ceeaeHbl B Tabn. 1 u 2.

Tabn. 1. HeonpegeneHHoctn tuna B gns PMC
Table 1. The uncertainties type B for RSM

Bun MpuynHbI MeTogbl yyeTa
up(xan) HecTtabunbHocTb 1 Mogenu, MKY,
HeB3ammHocTb MPPB HKK
HeB3aumHoCTb 3agep- Monenb [1]
uB(an) xek B ADY A
TemnepaTypa, MamepeHune A3,
CTapeHue 3NeMeHTOB U pexum
ap. «Hynesou 6a3bl»

Tabn. 2. HeonpegenernHoctu Tvna B B meTtoae
«C+AOO»

Table 2. Type B uncertainty in the method of "GS +

AOC"
Bun MpuynHbI MeToabl yyeTa
MapameTpbl MoHOChEpPHI
up (xau 1 Tponocaepsbl Monenu, (4]
B ponoccpep MKY, HKK
Hytauus I'C [9]
MHoronyyeBoctb PPB Mopenb
uB(an) MuoronyyeBocTb B AQY Mopenb
TemnepaTypa, ctapeHune | WamepeHue A3, [1]
3MEeMEHTOB U Ap pexum
«Hynesowu ba-
3bI»

V. 3aknroyeHune

CKO nomexoBovi MOrpeliHoCcTM M3MepeHun coBsna-
[aeT co CTaHAapTHOM HeonpeaeneHHoCTLo Tuna A.

KaHanbHble ¥ annapaTypHble MOrpeLuHOCTM OTHO-
CATCA K HeonpegeneHHocTaMm Ttuna B. Ons ux oueHok
NPYMEHUMbI MOAENW W LONOMHUTENbHbIE U3MEpPEHUs,
KOTopble TpebyloT COBEPLUEHCTBOBAHUS.
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Abstract — The basic method of synchronization are con-
sidered and the analysis of their algorithms is conducted. The
analysis of their algorithm has been carried out. Correlation is
given for estimating the shift of scales for standards and errors
of basic algorithms. Classification is presented and the methods
of estimating measurement uncertainties are proposed.

I Introduction

At present there is the large number of methods of synchro-
nization of time and frequency standards.A comparison of
methods of synchronization is possible only in the development
of identical methods of calculation of errors, and now we have
the uncertainties of measurement of scale changes [7, 8]. The
present paper is devoted to developing the main approaches to
solving this problem.

I, 1l Main Part

A special role in analyzing and comparing the matching sys-
tem against accuracy and other indexes is played by measure-
ment algorithms — the procedure for exchanging signals be-
tween the standards being matched, which upon using the sig-
nal delay time in the PPB channel and equipment provides for
measurement of the shift scale.

Algorithms of comparison in terms of emission signals in par-
agraphs accommodation standards can be divided into two types:

1) a passive overall coverage algorithm (the English ver-
sion:” common-view”) , based on reception at signal points in a
common source of So(t) (see Fig. 1);

2) the group of active algorithms, which have the emission
signals in each of the items.

The overall accuracy for the algorithms will be

ab
SggT —AT AT = SaAbT (KaH) + Sng (an) + SZbT (c/n) , (D)
Given the random nature of noise, interference errors can
be estimated by standard deviations.
Since the standard deviation of interference errors are deter-

mined by statistical processing of measurement results, they cor-
respond to the standard deviation of uncertainty of type A [7, 8].

IV. Conclusion

Standard deviation of measurement error interference coin-
cides with the standard uncertainty of type A. Channel and the
instrumental errors are uncertainties of type B. For their esti-
mates the model and additional measurements that need im-
provement are applied.
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