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B PEXVMI CTEXKEHHS 33 HECYYOI0 YaCTOTOIO

2. Models and methods for increasing the accuracy of operation of phase synchronization systems of satellite
telecommunications in the mode of carrier frequency tracking

Pedepar:

1. Y puceprauiiiHiil po60Ti BUPillyeThCS aKTyaJbHa HAyKOBO-TEXHIYHA IPO6ieMa pO3pO06JIEHHS MOJIesIEN Ta METOLiB
IiBUIIEHHS TOYHOCTI pO60TU cucTeM (PA30BOi CUHXPOHi3allii CyMyTHMKOBUX TeJIEKOMYHiKalliil B pesKUMi CTeKeHHS
3a HECY4OI0 4acTOTOI0. Y pobOTi po3po6ieHO MOAiesli Ta METOIU CUHTe3y KOMOIHOBaHOI cucTteMu a3oBoi
CHHXPOHIi3allii KOTepeHTHUX eMOYJISITOPIB B PEKMMI CTEXXEHHS 32 HECYYOIO YaCTOTOIO B CTAJIOMY Ta MEPEXiIHOMY
PeXKMax pob0TH CyIyTHUKOBUX TeJIEKOMYHiKallii, IKi 103BOJISIOTh CUHTE3YBaTU KOMOIHOBaHi CUCTEMU
CUHXPOHi3allii 3 CyTTEBUMU IepeBaraMu Mo MWBUAKOAII i TOYHOCTI OLIiIHKM HECY4O0i 4aCTOTU Ha BiIMiHY Bif, iCHYIOUMX
cucreM $a3oBOi CUHXPOHi3allii 3aKpUTOTro TUIly. [y BU3HAUEHHS KiJIbKiCHMX 3HaueHb MiHIMasIbHOI gucrepcii
OLIiHKM HECY40i 4aCTOTH BXiJHOTO CUTHaJly KOTEPEHTHUMHU J€MOIYJIITOPaMU CYyIIyTHUKOBUX TEJIEKOMYHIKALN y
pO6OTH OOGI'PYHTOBAHO KPUTEPIiil HUXKHBOTO KOpAOHY Kpamep-Pao Ta nojaHa MeTouKa oro po3paxyHky. s

OLIiHKM HEeCy4oi 4aCTOTH [1J151 KOT€PEHTHUX JeMOJyJISITOPIiB B 6€3[1epepBHOMY PEKMMi IPUHOMY CUTHAIY



CYIyTHUKOBMMH TE€JIEKOMYHIKallisIMU B pOOOTI [10faHa BiANOBigHA METOAMKA. JlaHa METOJIMKA BPAXOBY€ BILJINB
«CYCiJIHiX» KaHaJliB IPUIOMY BXiJHUX CUTHAJIIB Ta, IPY 3HAYHO 3MEHIIEHOMY iHTEPBaJIi CIIOCTEPEKEHHS, MiTIBUIy€E
TOYHICTb OLIIHKM HECY4Oi YaCTOTH 110 IIPaBUJIy MaKCUMaJIbHOI IIPaBAOINOi6HOCT] 3 BUKOPUCTAaHHSIMU (PYHKLI
mwBUAKOro nepetBopeHHs Pyp’e i MeToma nomMHoXKeHHs (pa3u BXiJHOrO CUTHAY [IPY YMOBI HEBU3HAYE€HOCTI BCiX
IIapaMeTpiB BXiJHOTO CUTHAJY, IO MPUIIMAETHCS B 6€3NI€PEPBHOMY PEXUMIi B po60Ti po3p0671€HO METONUKY
IIBOETAIHOI OLIiIHKM HECY4Oi YaCTOTH [JIs1 KOTEPEHTHHUX IEMOLYJIATOPIB B IAKETHOMY PEXKUMi IPUNOMY CUTHAIY
CYIIyTHUKOBMMHU Te€JIEKOMYHiKalisiMU. [JaHa MeToAuKa 3abe3eyye NpoCTy NpoLenypy 00paxyBaHHS IIEPIIOTO €Taly
HaOJIVDKEHOI OL[iHKYM YaCTOTH 3 BUKOPUCTAHHSIM KOB3HOTO IIBUAKOTO epeTBopeHHs1 yp’e Ta, 3aBASIKY iTepaTUBHIN
NpoLenypPi JUXTOMIYHOrO MPOLECY, LO3BOJISE, HA APYTOMY €Talli, 3HaYHO IMiJBUIATHA TOYHICTb OLIiHKM HECYYOi
4aCTOTY IIPY 3MEHIIEHH] iHTepBaJIiB CIIOCTEPESKEHHS 3 BpaXyBaHHSIM YMOBU HEBU3HAYEHOCTI BCiX [IapaMeTpiB

CUrHajly, mo HpI/IﬁMBGTbCH B ITAKETHOMY pe)KI/IMi.

2. In the dissertation work the actual scientific and technical problem of development of models and methods of
increase of accuracy of work of systems of phase synchronization of satellite telecommunications in a mode of
tracking on a carrier frequency is solved. Models and methods of synthesis of the combined system of phase
synchronization of coherent demodulators in the mode of monitoring of the carrier frequency in constant and
transient modes of operation of satellite telecommunications which allow to synthesize the combined systems of
synchronization with essential advantages on speed and accuracy closed type synchronization. To determine the
quantitative values of the minimum variance of the carrier frequency estimation of the input signal by coherent
demodulators of satellite telecommunications, the criterion of the lower Kramer-Rao boundary is substantiated
and the method of its calculation is presented. To estimate the carrier frequency for coherent demodulators in the
continuous mode of signal reception by satellite telecommunications, the corresponding method is presented.
This technique takes into account the influence of "adjacent" channels of input signals and, with a significantly
reduced observation interval, increases the accuracy of carrier frequency estimation by the rule of maximum
likelihood using the fast Fourier transform function and the method of phase multiplication of the input signal.
taken continuously The method of two - stage carrier frequency estimation for coherent demodulators in the
packet mode of signal reception by satellite telecommunications is developed in the work. This technique provides
a simple procedure for calculating the first stage of approximate frequency estimation using sliding fast Fourier
transform and, thanks to an iterative dichotomous procedure, allows, in the second stage, to significantly increase
the accuracy of carrier frequency estimation by reducing observation intervals taking into account the uncertainty
of all parameters. received in batch mode. It is shown that the application of the carrier frequency estimation
method for a coherent demodulator when receiving a signal in continuous mode for modulation methods FM-2
and FM-4 provides an estimate of the carrier frequency with a variance that is not more than 3 times higher than
the corresponding conditions. -Rao in the range of signal / noise from 1 to 6 dB. The proposed method of
estimating the carrier frequency by a coherent demodulator when receiving a signal in batch mode provides an
estimate with a certain variance at a small observation interval equal to 27 clock intervals and the variance of the
frequency estimate almost coincides with the defined lower Kramer-Rao boundary. Hardware implementation of
the algorithm for estimating the carrier frequency in the packet mode of signal reception is proposed to perform
on modern computing devices, which together with their capabilities and capabilities of the proposed algorithm
provide real-time calculations.
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