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AHHOMauusi — Pa3pabomaHbl Modesib OUEeHKU ¢hba3bl CUT-
Hana BpeMeHHbIM MeTOAOM Mocrne ero CTpobUpoBaHUst Ha Bbl-
X0Ae INVHeNHoro cornacosaHHoro dwunbtpa (CP) n mopens
oLeHKM hasbl C MCNonb3oBaHWEM KsBagpaTypHon obpaboTtka
(KO). MNpun moagenupoBaHun OCHOBHOE BHYMMaHWe obpalleHo Ha
noporosble 3 MEKTHI.

|. BBegeHue

HenpepblBHbIA pocT TpeboBaHWIA K TOYHOCTM Ya-
CTOTHO-BPEMEHHOW  CUMHXPOHMU3aLMN  TeppUTopuanbHO
pa3HeCeHHbIX 3TanoHOB BPEMEHWU M 4acToTbl 06ycrnoB-
NeH BbICOKMM TEMIMOM COBEPLUEHCTBOBAHWS 3TarOHOB,
OTHOCMTENbHas HECTabMNBLHOCTL KOTOPbIX B HacTosLlee
Bpemsi gocturna 107°...10™°, u pacimpeHvem kpyra
3ajad, pelaemblX C NPUMEHEHNEM BbICOKOTOYHbIX Ya-
CTOTHO-BpeMeHHbIX MeTogoB [1]. OgHum u3 nepcnek-
TMBHbIX HanpaBliEHU COBEPLLUEHCTBOBAHUS CYLLECTBY-
IOLLMX N pa3paboTKM HOBbIX PagMOTEXHUYECKUX CUCTEM
CUMHXPOHM3aUMM SBMASETCS MCMNONb3oBaHne (asoBbIX
NPUHLIMMNOB MX NOCTPoeHus. K oCTOMHCTBaM ¢ha3oBbix
MeTodoB CUHXpPOHM3aumm (PMC) oTHOcCATCA: BbiCOKas
noTeHuuanbHasi TOYHOCTb WM NPOCTOTa YCTPOWCTB Anis
W3MEPEHUA BPEMEHHOIO MOJIOXKEHNS CUrHanoB; BO3-
MOXXHOCTW BbICOKOTOYHOIO (POPMMPOBAHUS CUrHANoOB U
reTepoauHOB OT CUrHanoB 3TaNlOHOB; CUMMETPUS N3Me-
pUTENBHOIrO CUrHamna, MMeLLEero rapMoHUYeckyto dop-
my. C aTOM uenblo paspaboTaHbl ABE MOAenu Ans oue-
HOK Bo3MoxHocTern ®MC n uccnepoBaHusi NOPOroBbIX
adhpeKkTOoB.

Il. OnucaHue mogenen

C uenblo uccrnegoBaHUs MOrpeLuHocTer asoBbIX
U3MEPEHUIN BPEMEHHOTO MOMOXEHUA WUMMYNbCHBIX pa-
OnocuUrHanoB Npou3BoSibHON HOPMbI, MPUHUMAEMBIX Ha
dhoHe agauTMBHBIX HEKOPPENMPOBaHHBLIX U KOpPEenupo-
BaHHbIX nomex, B nakete Matchcad-14 paspaboTaHbl
OBe moJenu.

B mogenu Ne1l hasa oueHnBaeTCcss BPEMEHHBIM Me-
TOL4OM Mocne cTpobupoBaHns B nHTepBane +To/2 B pait-
OHEe Makcumyma curHanoB Ha Bbixoge C®. Mogenb
BKMOYaeT: dopmupoBatenu curHana si(t) m nomexmu
ni(t); cymmatop («+»); C®; 6nok cTpobupoBaHus
(«CTpob» +To/2); Gnokn Ans M3MepeHuUsi BPEMEHHOIO
nonoxenus (UBI1) curHana 6e3 n ¢ nomexon; 6nok o6-
paboTkn pe3ynbTaToB.

Ha puc.1 npuBeaeHbl He TOMbLKO CTPYKTypa Mogenwu
Ne1, HO 1 OCHOBHbIE BPEMEHHbBIE ANarpaMMbl.

Mogenb nossonseT onpedenuts CKO Cco ANS

Pa3nuyHbIX OTHOLUEHWI curHan/momexa ¢ W 3agaHHbIX
3HayeHu pasbl curHana wo. locTpoeHune ructorpamm
MOrpeLLHOCTEN NO3BOSET NPOBEPUTL MMNOTE3bI O 3aKOHAX
pacnpeneneHusi.

B mogenn Ne2 (puc.2) nprMeHeHa LUMPOKO MCMOfb-
3yemas B paguonokauuu [2] n pagunoHasuraumm [3] KO
curHanoB. Mogenb coctout m3 kaHana KO curHana u
kaHana C® (otmeyeHbl nyHkTUpoMm). Mogens popmupy-
eT ormbarowyto curHana Se(t), agaWTUBHYIO MOMEXY
ni(t), Hecywee konebaHue so(t), pagnocurHan si(t). Ha

puc.2 0603HaYeHbI: «+» — CYMMAaTOpbl; «x» — YMHOXM-
Tenu; «m/2», «yo» — COOTBETCTBYIOWME ha3oBpallaTe-
nn. Ha puc.2 npuBegeHbl OCHOBHblE BpEMEHHbIE Auna-
rpamMMmbl AnNg HayanbHou asbl curHana \yo=90°
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Puc. 1. Cmpykmypa modenu Ne 1.
Fig. 1. The structure of model No 1

+

o LA

‘OrJIacOBaHHBIN
bumsTp

=
2
Q
=]
g
(=3
=3
z
=3
=
7]

Pe3yIIBTaTOB

A=

Cormacc

busTp

CornacoBaHHbI#H Brok 0bpaboTku |

1 buIBTp % Pe3ynbTaToB
""""""""""""""""""""""""" l l 8

Yo Ol

Puc. 2. Cmpykmypa modenu Ne 2.
Fig. 2. The structure of model No.2

[ll. PesaynbTaTtbl MOAenMpoBaHUs

Pa6oTy mogenu Ne 1 unnioctpupyeT p1c.3, a OCHOB-
Hble pe3ynbTaTbl UCCrieqoBaHuii — puc.4.
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Puc. 3. BpemeHHbIe duazpamMmbi (a—8, 0—X) U
aucmozpamMmbl €OUHUYHBIX U3MepeHU (2, 3) 8 Modernu Net
onst y=-90° U omHoWeHuL cuzHar/momexa
01=2 (a—2) uq2=10 (0-3).

Fig. 3. Temporal diagrams and histograms of one-off
measurements are in model No.1
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Puc. 4. Pe3ynbmamsi uccriedosaHuti modenu Net.
Fig. 4. Results of researches of model: No.1

Mogaenb Ne 2 no3sonsieT ornpeaensiTe OTHOLLEHUS CUr-
Han/nomexa g npu C® n CKO agns KO (G(p/KO ) Npu pas-

NWYHBIX 3HaYeHusx yo. PesynbTatbl uccnegoBaHui
npuseaeHbl Ha puc.5.
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Puc. 5. Pesynbmamsi uccriedogaHuti modesiu Ne2.
Fig. 5. Results of researches of model: No.2

V. 3aknoyeHune

B pesynbraTte MogenvpoBaHUA MNOATBEPXAEHO
Hannyne noporoebix adcpekToB [2]. CpaBHEHNE pe3ynb-
TaToB uccnenoBaHunsa mogenen Ne 1 n Ne 2 nokasbiBaer,
4YTO MOPOroBble OTHOLWEHUS curHan/nomexa npu KO
(Qnopiko) BonbLue, yem npn CP (Qnopico). MopenbHble 3Ha-
YEHUs MOPOroBbIX OTHOLUEHUA curHan/nomexa (Qnopco,
Onop/ko) MPaKTUYECKV COBMafatloT C TeOpeTUHECKMMM TOMNb-
Ko Ans -1t/2 <yo< /2. Mo Mepe NpubnmxeHns o K rpa-
HMUaM uHTepBana HabnogeHns BenUYMHBL Quopico U
Onop/ko CYLLECTBEHHO BO3pacTalT (CM. puc.4d u puc.5).
MpakTnyeckn ycTpaHnTb BIMAHUE 3HAYEHUI Yo HA NOpO-
roeble 3ppeKTbl MOXHO, eCnv NPOBOANTL NapannensHO
00paboTKky He TOnbKO Ans WHTepBana HabniogeHus

- < \I/Oi <m, HO N OnA nHTepBana 0 < ‘I’Oi <2n. N3 pe-

3ynbTaToB 06paboTkn B 3TMX MHTepBanax (puc.6) Bbi6u-
paetcs T0, Ansa kotoporo CKO muHumansHo (puc.6,6).
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Puc. 6. lucmoepammbl eQUHUYHBIX U3MepeHul Ons
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Fig. 6. Histograms of the single measurings for y/o=ﬂ700
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Abstract — The model of an assessment of a phase by a
temporal method after time strobbing of signals on an exit of the
matched filter and the model of quadrature signal processing
are developed. When modeling the main attention paid to
threshold effects.

|. Introduction

The perspective line of development of new radio engineer-
ing systems of synchronization and improvement of the existing
ones is use of phase principles of their construction. There are
many advantages of phase methods of synchronization: high
potential precision and simplicity of devices for measurements
of temporal provision of signals; high-precision formation of
signals and heterodyne from signals of standards; symmetry of
the measuring signal that has a harmonious form. Two models
are developed for this purpose to estimate possibilities of phase
methods of synchronization and research threshold effects.

I, lll. Main Part

To study the errors of phase measurements for the pulse
signals of arbitrary shape accepted against the background of
additive uncorrelated and correlated disturbances, two models
are developed. In model No. 1 the phase is estimated by a
temporal method after strobbing in the interval of +7¢/2 around
a maximum of signals on an exit of the matched filter. The
model allows defining a root mean square deviation for

Coico for the various signal-to-noise ratio g and given values of

a phase of a signal yg. The creation of histograms of errors allows
verifying hypotheses about distribution laws. In model No. 2 the
signal quadrature processing, extensively used in a radioloca-
tion and radio navigation, is applied. The model consists of the
channel of quadrature processing of signals and the channel of
the matched filtering. The model forms waveform envelope
Sor(t), an additive noise ny(t), carrying oscillation sq(t) and radio
signal s;(t).

IV. Conclusion

As a result of the simulation, the existence of threshold ef-
fects is confirmed. Comparison of results of research of models
No. 1 and No. 2 shows that the threshold signal-to-noise ratio at
of quadrature processing of a signal (Qnpko) iS more than at
matched filtering (Qnopico). Simulation values of the threshold
signal-to-noise ratio (qnopce: Jropiko) Practically coincide with theo-
retical only for -n/2 <yo< m/2. As approaching o borders of an
interval of observation of Size Qnopce aNd Guopio €SSENtially in-
crease. Practically to eliminate influence of values on threshold
effects it is possible if carry out in parallel processing not only

for a observation interval —x < \y; < mr, but also for an interval

at the choice of intervals of observation 0<wyg; <2m.
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