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CYIIyTHUKOBHX TE€JIEKOMYHiKallill B IEPEXiTHUX PEKUMAX CTEXKEHHS 32 HECYYOI0 YaCTOTOIO

2. The method of increasing the accuracy of the system of phase synchronization of coherent demodulators of
satellite telecommunications in transient modes of tracking the carrier frequency

Pedepar:

1. AHOTAIIIS Hesrom M.IO. - KasidikauiiiHa HaykoBa IIpalis Ha IIpaBax pyKonucy. Jlucepraliist Ha 300yTTs
HAyKOBOIO CTyIEeHs loKkTopa Pinocodii 3a crienianbHicTio 172 — «TenexkomyHikauii Ta pagiotrexHika». — Jlep>kaBHUN
yHiBepcuTeT iHpopMaLiiHO-KOMYHIKaLifHAX TeXHOJIOTi! MiHicTepcTBa OCBiTH i HayKu YKpaiHu, Kuis, 2023. Y
IYcepTauiliHiil po60Ti BUPILIYEThCS aKTyalbHE HAYKOBO-TEXHIYHE 3aBAAHHS OO0 MHiIBUILIEHHS [TOKa3HUKIB SIKOCTI
poboTu cucteM (pazoBoi CUHXPOHI3allii CyIyTHUKOBUX T€JIEKOMYHIKalliil B IEPEXiJHUX PEXXMMax CTEeKEHHS 3a
HECY4OI0 4YaCTOTO0. MeTOI0 AucepTaliliHOl poO0TH € MifBUIIEHHSI TOYHOCTI pob0oTU cucteM (Pa3oBOi CUHXPOHI3aLlii
CYIIyTHUKOBUX TEJIEKOMYHIKalliil B IEPEXITHUX PEKUMAX CTEXXEHHS 38 HECYYOI0 YaCTOTOIO. 171 OCATHEHHS

IIOCTaBJIEHOI METU B POOOTI BUpillleHi HACTYIHI HAayKOBi 33aui: 1. MpoBeeHo aHaJli3 MOXKJIMBUX LJISIXIB i BUIIEHHS



TOYHOCTI poO0OTH cucTeMU (pa30BOi CUHXPOHi3allil KOTEPEHTHUX JEMOLYJIISITOPIB CYIyTHUKOBUX TEJIEKOMYHIKALliil B
[epexifHUX pesKMMax CTEKEHHSI 32 HeCy4Ol0 YaCTOTOIO; 2. pO3p0o6JIeHO MaTeMaTH4Hy MoJiesib MiHimizarii ¢pazoBoi
IIOMUJIKY cucTeMu (a30Boi CUHXPOHi3allii KOTepeHTHUX JeMOYJISITOPIB B IEPexiTHMUX PeKMMax CTEKEHHS 3a
HECYYO0I0 YaCTOTOIO 3 BpaxXyBaHHAM XapaKTePy BIUIMBY 30BHIIIHIX Ta BHYTPILIHIX HETaTUBHUX YNHHUKIB; 3.
PO3p006JIEHO METOJUKY CUHTE3y cucTeMHU (a30BOi CUHXPOHI3allii KOTepEeHTHUX JeMOAYJIATOPIB IIPU YMOBI
MiHimizanii gucnepcii pazoBoi IOMUIIKY B IEPEXiTHUX PeKUMax CTEKEHHS 332 HECYy40l0 4YacCTOTOIO; 4. IPOBEIEHO
aHasi3 epeKTUBHOCTI PO3POOJIEHUX MOZeJIel Ta METOUK CUHTE3Y CUCTEMHU (PA30BOi CUHXPOHI3allii KorepeHTHUX
IEeMOIyYJIITOPIB IIpY YMOBI MiHiMi3alii gucnepcii ¢pa3oBoi B IepexifHUX PEKUMaX CTEXXEHHS 32 HECYYOI0 YaCTOTOIO.
O6'eKTOM JOCIIiJIKEHHS € ITPOLeC IIPUHOMY BXiIHOI'O CUTHAJy KOT€PEHTHUM JeMOIYJISTOPOM CYIIyTHUKOBO]
TesieKoMyHiKaljii. [IpegMeToM JOCTiIKeHHS € MeTOIU MiJIBULILEHHS TOYHOCTI po60TH cucteM (pazoBoi
CHHXPOHi3alii KOTEPEHTHUX LEMOAYIATOPIB CYIIyTHUKOBUX TEJIEKOMYHIKALiM B IEPEXITHOMY PEXMMI CTEKEHHS 32
HEeCYYOl0 YacTOTO0. Y AMCEePTaLiliHill po60Ti ofep>kaHi HayKoBi pedysbTaty: 1. HabyB noganbuoro po3BUTKY METO],
OIIiHKM MO>KJIMBOCTI cucTeM (a30BOi CUHXPOHI3allii CyITyTHUKOBUX TeJIEKOMYHIKalliil 10 MiABUILEHHS SIKOCTI
(YHKLIOHYBaHHS, SIKWI1, HAa BiIMiHY Bifi BifoMuX, 3a6e3nedye 6inbll CTiliKe PYHKLIOHYBaHHS cUCTEM (Pa30BOi
CUHXPOHi3alil B IEpEeXiTHUX PEXKMMAX CTEXXEHHS 32 HECYUOIO YaCTOTOI0; 2. YIOCKOHAJIEHO MOJEJIb IiIBUIIEHHS
TOYHOCTI po60TH KOMOIHOBaHOI cucTeMu (Ha3oBOi CUHXPOHI3allii IPU YMOBiI 0OMEe>KeHHSI IIepeXiHOI CKIIai0BOi
($a30BOi MOMUJIKY 3 BpaXyBaHHSIM XapaKTepy BIJIMBY 30BHILIHIX Ta BHYTPILIHiX HETaTUBHUX YMHHUKIB; 3. Bniepiue
PO3p0O6JIEHO METOJMKY CMHTE3Y cucTeMH (Ha30BOi CMHXPOHI3allii CyIlyTHMKOBOI TE€JIEKOMYHiKallii, IKa, Ha BiIMiHY
BifI iCHyI0YHX, 03BOJISIE PO3POOUTH KOMOIHOBaHYy CXeMy cucTeMu a3oBoi CUHXPOHi3allil 3 BMiHHOIO CTPYKTYPOIO
IIpu yMOBIi MiHiMi3alii (pa30Boi TOMUJIKY B NIepeXifHNUX PekUMaxX CTeXEHHS 3a HECY4Olo 4acToTol0. [IpakTuyHe
3HAUEHHS OJlep’KaHUX Pe3yJbTaTiB IIOJISITA€ Y TOMY, 10 3aIIPOIIOHOBAHI B IMCEPTalliiiHiil po60Ti MOZEJi Ta METOAU
MOXYTb CTaTA OCHOBOIO 711 CTBOPEHHSI TPAKTUYHO Peajli30BaHMUX CXEM CHUCTeM (Pa30BOi CUHXPOHI3allii, siKi
CIIPOMO>KHI 3a6€3Me4nTH MMiABUILEHHS TOYHOCTI POOOTH KOTePEHTHUX AEMOAYJISITOPIB CYyITyTHUKOBUX
TeJIeKOMYHiKallill B IepexXifHUX pe>KnMax CTEXXEHHS 32 HECY4O0l0 YaCcTOTO0. PO3p0o06yieHO Mozesb MiHiMizalliio
CepeHbOKBAIPATUYHOI MOMMJIKA KOMOIHOBAaHOI cuCcTeMHU (Pa30BOi CUHXPOHI3alii TPy yMOBi 0OME>XKEHHS
nepexinHoi ck1amoBoi (pa3oBoi IOMUIIKH, SIKA IO3BOJISIE CUHTE3yBaTh KOMOIHOBaHI CCTEeMU CUHXPOHi3allii 3
MiJBUILIEHUM 10 IPYrOro Ta BUIIE MOPSIKOM aCTaTU3MY B ITOPiBHAHHSA 3 iCHYIOUMMHU CUCTEMaMU CUHXPOHI3allil
3aMKHYyTOro Tuny; Po3po6syeHa B po60Ti METOAMKA CUHTE3Y CUCTEMU (PAa30BOi CUHXPOHI3allii CyllyTHUKOBO]
TeJIEKOMYHiKallii 3aBsKY 3MiHHI CTPYKTYpi PO3iIMKHYTOTO 3B'SI3KY J03BOJISIE 10 2-3 pa3 3MEHLIUTH Yac NepeXiHOro
npouecy Ta 110 18-20% 3HN3WTH NepexinHy CK1anoBy (a30Boi HIOMUJIKY B IIOPIBHSAHHS 3 iCHYIOUNMU CUCTEMaMHU
CHHXPOHIi3allii 3aMKHYTOTr0 TUIly. Pe3ysibTaTu AucepTaliiiHoi po60TH 3HANILIIM 3aCTOCYBaHHS B HAYKOBO-IOCIIITHUX
poboTax, a came: “JlocyiiI>KeHHs HalIMHOCTI TesleKoMYHiKaninHux mepex” (PK N2 0114U000404), “MeTtonuka
PO3pOOKU 6e3IIPOBOLOBOI MepesKi BUCOKOI 1iNbHOCTI Ha 6a3i TexHosorii Aruba Instans” (PK N2 0118U004553).
PesynbraTu guceprauiiHoOi poOOTH BIPOBAIKEHO B HABYAJIbHUI ITpoliec Jlep>kaBHOTO yYHiBepCUTETy
iHpopmaliiiHO-KOMYHIiKaliTHMX TEXHOJIOTiH MIPpY NiAroToBLi KBadigikalilHUX JUIIJIOMHUX Ta KYPCOBUX POOIT Ta
[IpY BUKJIQJAHHI HaBYaJIbHUX OUCLUILIIH: «TeJleKoMyHIiKaliiiHi cucteMu nepegayi jaHux», «IIpoektyBanHA

TEJIEKOMYHIKalliTHUX CUCTEM Ta MEPEXK.

2. ABSTRACT Nevgod M.Yu. - Qualifying scientific work on manuscript rights. Dissertation for obtaining the
scientific degree of Doctor of Philosophy in specialty 172 - "Telecommunications and radio engineering". - State
University of Information and Communication Technologies of the Ministry of Education and Science of Ukraine,
Kyiv, 2023. In the dissertation work, an actual scientific and technical task is solved in order to increase the quality
indicators of the phase synchronization systems of satellite telecommunications in the transient modes of tracking
the carrier frequency. The aim of the dissertation work is to improve the accuracy of satellite telecommunications
phase synchronization systems in transient carrier frequency tracking modes. To achieve the set goal, the
following scientific problems were solved in the work: 1. an analysis of possible ways of improving the accuracy of
the system of phase synchronization of coherent demodulators of satellite telecommunications in transient modes
of tracking the carrier frequency was carried out; 2. a mathematical model for minimizing the phase error of the
phase synchronization system of coherent demodulators in the transient modes of tracking the carrier frequency



was developed, taking into account the nature of the influence of external and internal negative factors; 3. the
method of synthesis of the system of phase synchronization of coherent demodulators under the condition of
minimizing the dispersion of the phase error in the transient modes of tracking the carrier frequency has been
developed; 4. an analysis of the effectiveness of the developed models and methods of synthesis of the system of
phase synchronization of coherent demodulators under the condition of minimizing the phase dispersion in the
transient modes of tracking the carrier frequency was carried out. The object of research is the process of
receiving an input signal by a coherent demodulator of satellite telecommunications. The subject of the study is
methods of increasing the accuracy of phase synchronization systems of coherent demodulators of satellite
telecommunications in the transient mode of tracking the carrier frequency. The scientific results obtained in the
dissertation work: 1. The method of assessing the ability of phase synchronization systems of satellite
telecommunications to improve the quality of functioning has been further developed, which, unlike the known
ones, ensures more stable functioning of phase synchronization systems in transient modes of tracking the carrier
frequency; 2. The model for improving the accuracy of the combined phase synchronization system under the
condition of limiting the transient component of the phase error, taking into account the nature of the influence of
external and internal negative factors; 3. For the first time, a methodology for the synthesis of a satellite
telecommunication phase synchronization system was developed, which, unlike the existing ones, allows for the
development of a combined scheme of a phase synchronization system with a variable structure under the
condition of minimizing the phase error in the transient modes of tracking the carrier frequency. The practical
significance of the obtained results lies in the fact that the models and methods proposed in the dissertation work
can become the basis for the creation of practically implemented schemes of phase synchronization systems,
which are capable of increasing the accuracy of the operation of coherent demodulators of satellite
telecommunications in the transient modes of tracking the carrier frequency. A model has been developed to
minimize the root mean square error of the combined phase synchronization system under the condition of
limiting the transient component of the phase error, which allows synthesizing combined synchronization systems
with increased astatism to the second and higher order in comparison with existing closed-type synchronization
systems; The method of synthesis of the phase synchronization system of satellite telecommunications developed
in the work, thanks to the variable structure of open communication, allows to reduce the time of the transition
process by 2-3 times and to reduce the transient component of the phase error by 18-20% in comparison with
existing closed-type synchronization systems. The results of the dissertation were used in research works, namely:
"Study of the reliability of telecommunication networks" (RC No. 0114U000404), "Methodology for the development
of a high-density wireless network based on Aruba Instans technology" (RC No. 0118U004553). The results of the
dissertation work were implemented in the educational process of the State University of Information and
Communication Technologies in the preparation of qualifying diploma and course works and in the teaching of
educational disciplines: "Telecommunications data transmission systems”, "Designing telecommunications systems
and networks".
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