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Pedepar/aHoTanis:

1. Kapramos Onekcannp Bonogumuposuy. MeToau ajanTaiii cucTeM paziioakyCTUYHOTO 30HAyBaHHS aTMocepu. —
KBanigikaniiiHa HaykoBa npalisl Ha IpaBax pykomnucy. Jlucepralist Ha 30,00yTTsI HAQyKOBOTO CTYII€HS JOKTOpa
dinocodii 3a cnenianpHicTio 172 TesekoMyHikalii Ta pagioTexHika. — XapKiBCbKU HalliOHAJIbHUI YHIBEPCUTET
pazioenekTpoHiky, Xapkis, 2026. B nuceprauii BupineHa HayKOBO-TIPUKJIaZHA 337ja4a 3 pO3POOKM METOy afanTarii
CUCTEM PalioaKyCTUYHOTO 30HAYyBaHHS atMocdepu (PA3) 10 3MiH HABKOJIMIIHBOTO CEPENOBUIIA MITISIXOM
YIPaBJIiHHS YaCTOTOIO 30HIyBaJIbHOTO PaJlioCUrHaJly B IIpolieci BUMiploBaHHs NPOoQiliB MeTeonapaMmeTpiB. Y BCTyMi
OOGI'PYHTOBAHO aKTyaJIbHICTb TEMU JOCIIIPKEHHSI, COOPMYJIbOBAHO METY, 3aBIAHHS, 00 €KT, IPEAMET, PO3KPUTO
HAYKOBY HOBU3HY, IPAaKTUYHE 3HAYEHHSI OTPMMAHUX Pe3yJbTaTiB, BABHAYEHO OCOOUCTUI BHECOK 31,00yBaya,
HaBeJleHO JaHi CTOCOBHO anpobaliii Ta BIpOBaJyKeHHs B IPAKTUKY Pe3yJbTaTiB AOCIiIPKEHHS, HaBeJEeHO KiJlbKiCThb
ny6Jlikanii 3a TeMor po6oTu. [lepmnii po3zin MiCTUTh OIVISA, JITEPAaTyPHUX AKepeJl 32 TEMOIO AUCEPTaLi.
Po3risiHyTO HasiBHI CUCTeMU 30HIyBaHHS, BiJloMi METOIMKY BUMipIOBaHHS IPO(ijiB MeTeonapameTpiB, CTaH

HayKOBO-METOJMYHOrO arapary AJisi CUHTe3y Ta aHajli3y cucteM. [IokasaHo, o BiloMi METOIX YaCTOTHOI afjanTanlii



cucrem PA3 10 3MiH METEOPOJIOTiYHOI CUTYallil He 3a0€3Me4yI0Tb BUMOT NIPAKTUKHY, 3 OISy TOYHOCTI Ta
OTIEPATUBHOCTI OTPUMAaHHS MPodisiB MeTeonapameTpis, po3pobJieHi eBpUCTUYHUM HIISIXOM 6€3 BUKOPUCTaHHS
HasIBHMX MaTeMaTUYHUX METOZiB onTuMizalii iHpopmaniiiHux cucrem. BubpaHo Ta 0OIPyHTOBaHO HAIIPSIMOK
OOCHiIXeHb. Y ApyromMy po3iji BillIOBiIHO 4O CUCTEMHOTIO MiIX04y PO3P0O06JIEHO MOCiIOBHICTh IPOEKTYBAHHS
CTPYKTYPH Ta €JIEMEHTIB CTPYKTYpPHOI cxemu cucrteM PA3. BinokpemiieHO OCHOBHI 3a/1a4i OCJIII>KEHHS Ta
onTuMiszatlii cucteM: cuHTe3 (BUOip) BUJiB BEKTOPHUX 30HAYyBaJIbHUX Pafiio Ta aKyCTUYHUX CUTHAJIB; CUHTE3
aJITOPUTMIB IPOCTOPOBOI Ta YaCOBOi 06POOKM CUTHAJIIB; pO3pO0Ka aJITOPUTMIB YIIPaBJIiHHS KOMILJIEKCOM i ajanTarii
JIO 30BHIIIHIX YMOB. Y TPETbOMY PO3/1iJli BUKOHAHO YL OCKOHAJIEHHS i MOCIIIPKEHHS aleKBaTHOI MATEMATUYHO]
MogeJii pasiioakyCTUYHOro iH(popMaLiiiHOrO JIOKALIHOTO KaHaly Ijisl BAKOPUCTAHHS il B KOHTYPI yIpaBiliHHS
4aCTOTOIO 30HIyBaJIbHOTO PALiOCUTHAIY 3 METOIO ajanTauii cuctem PA3 1o HasgBHOI METEOPOJIOTiYHOI CUTYallii.
Mogpeb Bifpi3HsE€TbCSI BAKOPUCTAHHSIM [IPOCTOPOBUX XBUJILOBUX YACTOTHUX YSIBJIEHb 30HIYBAJIbHUX aKyCTUYHOTO
Ta €JIEKTPOMAarHiTHOTO CUTHAJIIB, IO JO3BOJSIOTh (Pi3MYHO 3MiCTOBHO Ta HAOYHO OMHKCATHU ITPOLEC iX B3aeMO/ii B
atMmocdepi Ta npouec GopMyBaHHS PO3CISIHOTO pafiioCUrHasly IIpy Pi3HUX BUAAX 30HAYyBaIbHUX KOJIMBAHb Ta Pi3HUX
ctaHax aTMmocdepu. JlociakeHo OCHOBHI BUIY CUTHAJIIB, BUBHAYEHO PEKOMEH Iallii 11[07j0 BUKOPHUCTaHHS
30HIyBaJIbLHUX CUTHAJIIB cucTeM PA3, pexxuMiB po60TH Ta BUMIPIOBaHb y CTAHLISIX 30HAYBAHHS 3 METOI0 peasisaliii
Ha MPaKTULli METOZiB Ta aJIFTOPUTMIB 4YaCTOTHO] afjanTallii CuCTeM 0 METEOPOJIOTIYHOI CUTYyallii, IO 3MiHIOETbCSA. Y
YEeTBEPTOMY PO3/iji po3po6sieHO ePeKTUBHUI MeTO/, YaCTOTHOI ajanTaii cuctem PA3 1o MeTeopoJIoriyHoi
CHUTYyallii, 10 3MiHIOETHCS, 3 BUKOPUCTAHHSIM aIeKBaTHOI MOJeJli paflioaKyCTUYHOTO iH(pOpMaLitHOro KaHaily i Ha
OCHOBI TEOPEMU PO3[iJIEHH, BilOMOI 3 TEOPIii ONITUMAaJILHOIO CTOXACTMYHOTIO YIIPaBJIiHHA. MeTO, yIIpaBiIiHHA
4aCTOTOIO 30HIYBaJIbHOTO paJlioCUTrHaly BKJIIOYA€E IOCJiJOBHO BUKOHYBaHi onepatlii popmMyBaHHSI OL[iHOK
iHopmauiiiHOro napameTpa po3cCisiHOro paiiocuruasnty, onTUMabHOI JIiHIMHOI QinbTpallii OTPUMMaHUX OLiHOK i
IeTepMiHOBAHOrO YIIPABJIiHHS YaCTOTOIO 30HIYBAJILHOIO pafiocurHany. CUHTE30BaHO CTPYKTYPY Ta BUSHAYEHO
IapaMeTpy ONTUMAJIbHOTO JIiHIHHOTO PinbTpa, 10 BUKOPUCTOBYETHCS 17151 (ibTpaliii OlliHOK BeKTOpa CTaHy
aKyCTMYHOrO XBUJIbOBOrO naketa (AXIT) B KoHTypi aganTauii. [TokazaHo, mo y 3agadi ¢inbpTpallii oLliHOK BeKTopa
crany AXI] Heo6XiZHO BUKOPUCTOBYBATU CTOXAaCTUYHI MOJI€JIi, 110 ONUCYIOTh 3MiHM iHPOPMaLilTHOrO NapaMeTpa B
atmocdepi B mpocTopi Ta B yaci. JlerepmiHOBaHi Mojiesli BUCOTHUX NTPOdisliB TapaMeTpiB BEKTOpa CTaHy He
3a0€e31e4yIoTh [I0TPi6HUX pe3ybTaTiB. [lokaszaHo, 110 BUKOPMCTaHHS aJrOPUTMIB JIiHIAHOI 11ocifoBHOI QinpTpalii B
KOHTYpi aganrauii cuctem PA3 103BoJIsle CyTTEBO 3MEHIIUTY BUNAIKOBI IOXMOKU Pe3yJIbTaTiB BUMipIOBaHb Ta
3HAYHO 3HMU3UTHU BIJIUB AUHAMIYHUX IOMUJIOK Ha €(EeKTUBHICTh KEPYBAHHS YaCTOTOIO CUTHAMY IJISIXOM
€KCTParoJisLii BEKTOpa CTaHy [1aKeTa J10 HACTYIIHOI TOUKY MPodisiio. 3alIpOIIOHOBAHO METOJ, BUMIPIOBaHHS
IIBUAKOCTI 3BYKY B KaHaJli Y4aCTOTHOI afanTaliii, 10 BiAPi3HIE€TbCS BUKOPUCTAaHHAM CXEMU OL[iHIOBAHHS
€HepPreTMYHOro NapaMeTpa pafiocurHaiy, o [03BOJIsS€ YCYHYTH CUCTEMATUYHi IOXUOKM BUMipIOBaHb, MiJJBUIIUTU
TOYHICTb yIIpaBJliHHA YaCTOTOIO 30HAYBAJILHOTO PafioCUTHay NpY HaJIAlITYBaHHI Ha yMOBY bperra i TOYHICTb

BUMIipIOBaHHS BUCOTHUX NTPOdisiB MeTeonapameTpiB.

2. Kartashov Oleksandr. Methods for Adaptation of Radio-Acoustic Atmospheric Sounding Systems. - Scientific
qualification work as a manuscript. Dissertation for the degree of Doctor of Philosophy in specialty 172 -
Telecommunications and Radio Engineering. - Kharkiv National University of Radio Electronics, Kharkiv, 2026. The
dissertation solves a scientific and applied problem of developing a method for adapting radio-acoustic
atmospheric sounding (RAS) systems to environmental changes by controlling the frequency of the probing radio
signal during the measurement of meteorological parameter profiles. The introduction substantiates the relevance
of the research topic, defines the aim, objectives, object, and subject of the study, reveals the scientific novelty and
practical significance of the obtained results, determines the author’s personal contribution, provides data on the
approbation and implementation of the research results, and indicates the number of publications on the topic.
The first chapter contains a review of literature sources related to the dissertation topic. Existing sounding
systems, known methods for measuring meteorological parameter profiles, and the state of the scientific and
methodological apparatus for system synthesis and analysis are considered. It is shown that existing methods of
frequency adaptation of RAS systems to changing meteorological conditions do not meet practical requirements in
terms of accuracy and efficiency of obtaining meteorological profiles and have been developed heuristically



without using modern mathematical optimization methods for information systems. The research direction is
selected and justified. The second chapter, based on a systems approach, develops a sequence for designing the
structure and structural elements of RAS systems. The main research and optimization tasks are identified:
synthesis (selection) of vector probing radio and acoustic signals; synthesis of spatial and temporal signal
processing algorithms; development of system control and adaptation algorithms to external conditions. The third
chapter improves and studies an adequate mathematical model of the radio-acoustic information sensing channel
for its use in the control loop of probing radio signal frequency to adapt RAS systems to current meteorological
conditions. The model differs by using spatial wave-frequency representations of probing acoustic and
electromagnetic signals, which allows a physically meaningful and clear description of their interaction in the
atmosphere and the formation of the scattered radio signal under different types of probing oscillations and
atmospheric states. The main types of signals are studied, and recommendations are provided regarding the use of
probing signals, operating modes, and measurement procedures in sounding stations to implement frequency
adaptation methods and algorithms in practice. The fourth chapter develops an effective method for frequency
adaptation of RAS systems to changing meteorological conditions using an adequate model of the radio-acoustic
information channel and based on the separation theorem from optimal stochastic control theory. The method of
controlling the probing radio signal frequency includes sequential operations of estimating the information
parameter of the scattered radio signal, optimal linear filtering of the obtained estimates, and deterministic control
of the probing radio signal frequency. The structure and parameters of the optimal linear filter used for filtering
estimates of the state vector of the acoustic wave packet (AWP) in the adaptation loop are synthesized. It is shown
that stochastic models describing spatial and temporal variations of the information parameter in the atmosphere
must be used for filtering the AWP state vector estimates, while deterministic models of altitude profiles do not
provide the required results. It is demonstrated that the use of linear sequential filtering algorithms in the RAS
adaptation loop significantly reduces random measurement errors and decreases the influence of dynamic errors
on frequency control efficiency by extrapolating the state vector to the next profile point. A method for measuring
the speed of sound in the frequency adaptation channel is proposed. It differs by using an estimation scheme
based on the energy parameter of the radio signal, which eliminates systematic measurement errors and improves
the accuracy of frequency control under Bragg condition tuning, as well as the accuracy of meteorological profile

measurements.
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