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Caxosuu A. A. JIUCKpETHO-aJaITUBHI aJITOPUTMH OOpOOKH CUTHAJIIB B yMOBax
KOMILIEKCY 3aBaj. — KBamidikaliiiHa HaykoBa mpails Ha IIpaBax PyKOIHUCY.

Huceptamiss Ha 3700yTTS HAyKOBOTO CTymeHs gokTopa ¢iumocodii 3a
cnemianbHicTio 172 EnexTpoHHi KOMyHIKamii Ta pamioTexHika. — HarionansHuit
yHiBepcuTeT «Ojechbka MojiiTexHika» MiHicTepcTBa OCBITU 1 Hayku Ykpainu, Ojeca,
2026.

Po6oTy mpuCBsSYE€HO BUPINMICHHIO aKTyaJIbHOI HAYKOBO-TIPUKJIAIHOI 3aaadi I10
MOJISATaE y PO3BUTKY 3aCHOBAHMX Ha MPUHIIUII UCKPETHOI ajamnTaiii MEeTO/IiB CHHTE3Y
AJITOPUTMIB 1 CHUCTEM BHSIBJICHHS Pa/lOJIOKALIMHUX IIUJIEH Ha T KOMIUIEKCY 3aBajl 3
METOI0 3MEHIIeHHS 1X OOYMCIIOBAaJbHOI Ta amaparypHoi CKJIQJHOCTI  MpHU
KOHTPOJIbOBAaHOMY OOMEXEHHI Ha PiBEHb BTPAT B €()EKTUBHOCTI

AKTYyallbHICTh TE€MHU JOCIHIKECHHS BU3HAYAETHCS HASBHUM MPOTUPIUUSM MIK
BUMOraMu 70 e(QEeKTUBHOCTI cucTeM BuiyudeHHa iHpopmamii (CBI) Tta ix
004YHCITIOBAJILHOTO CKIaaHicTIO. PimeHHs, sAKi peani3yloTh CKJIaJHI aJlalTHUBHI
ONTUMAaJIbHI 0araToOBUMIpPHI aJITOPUTMH, 4Yepe3 iX BHUCOKI OOYMCIIOBaJIbHI BHUTpATH
npo0JIeMaTUYHO BUKOPUCTOBYBATH B MOOLUIBHUX PaJIOJOKATOpPAX, JUISl SKUX OLUIBII
MPOCTI MiIONITUMAJIbHI AITOPUTMHU BUSIBIICHHS € ORI TPUBAOIMBUMU 32 TEXHIYHUX Ta
eKOHOMIYHMX YMOB. OJHHMM 13 NUIAXIB BHUPIMIEHHS MNPOTUPIYYS «E(HEKTUBHICTb—
Butpatn» B CBI € BHKOpUCTaHHS AMCKPETHO-aJANTUBHOTO MIiAXOAY 10 OOpoOKH
CUTHAJIIB, 1110 PEai3y€ThCs y BUTIISI KOMIUIEKCY HEQIaTUBHUX IMIJACUCTEM (PEKUMIB),
Kl aBTOMATH4YHO IEPEMUKAIOTHCS B 3aJIe)KHOCTI BiJl pIllIEHb aHaNi3aTopa 3aBaoBOi
obcranoBku. B nucepramii  po3poOSSIOTBCS AMCKPETHO-aJANTHUBHI alTOPUTMU
BUSBIICHHS  CHUTHAJIB B yMOBaxX KOMIUICKCY 3aBaj, IO MICTHTh HEKOPEIbOBaHY,
KOpEJbOBaHy Ta IMIYJIbCHY 3aBaJIH.

CrpykTypa kBamidikaiiitHoi poOOTH Ma€ HACTYITHUN BU/I;

y BCTYMI MMOKa3aHa aKTyaJbHICTh BUPIIICHHS 3a/1a4 3MEHIIIEHHSI 00YUCTIOBAIBHOT
Ta amapaTypHOi CKJIQJIHOCTI aJalTHBHUX aJTOPUTMIB Ta CUCTEM OOpPOOKH CHUTHAJIB B

yMOBaXxX CKJa/JHOi, MIHJIMBOI 1 allplOpHO HEBIJIOMOI 3aBa/I0BOI 0OCTaHOBKHU. Bu3HaueHO



00'exT, mpenMeT, 3aJadl Ta METOAU JOCIIIKEHHS; HAaBEIECHO HAyKOBY HOBU3HY Ta
IPAKTUYHE 3HAUEHHS OTPUMAHUX pe3yJibTaTiB; BHUCBITIEHO OCOOUCTUI BHECOK
3m100yBaua;

nepmui po3aij JucepTaliiiHol poOOTH MPUCBAYEHO aHAII3Y Cy4acHOTO CTaHy
MUTaHHS BUSBICHHS PaJI0JIOKAIIIMHUX CUTHATIB Ha TJI1 aIATUBHOI CYMIIIl 3aBayKaF0UUX
BIUIMBIB, 3a pe3yjbTaTaMU SKOIO OOIPYHTOBAaHO OOMEXKEHHs (JOMYyIICHHS) SK Ha
CTPYKTYpY CHUCTEMHU BUSIBJICHHS, TaK 1 Ha MOJeJl CUTHANy 1 3aBaj, Mpu po3poOiri
nuckpetHo-anantuBHux cucteM (JJAC), chopMynboBaHO METY Ta 3aBAAHHS IOCIHIKECHb;

y APYIOMY PpO31iJii HaBEIECHO PE3YyJbTaTH CTPYKTYPHOTO CHUHTE3Y AMCKPETHO-
aJanTUBHUX CUCTEM OOpOOKM KOTepeHTHUX N-IMIYJIbCHUX CHUTHAJIlB B YMOBAax
KOMIUIEKCY 3aBajl. Po3po0iena cTpyKTypHa cxema JUCKPETHO-aJalTUBHOI CUCTEMH, 1110
GyHKILIOHYE il KEepyBaHHSAM aHaji3aropa 3aBaJoBOi OOCTaHOBKU. Y  Kiaci
OJTHOKAaHAJIBHUX 3 JOIUIEPIBCHKOI YAacCTOTH BHSIBHUKIB TayCOBOTO CHUTHaly Ha TJi
aIUTUBHOT CYMIIIl HEKOPEJIbOBAHO1 Ta KOPEJIHOBAHOI TayCOBUX 3aBaj] Ta 32 0OMEKEHb Ha
IpyXH1 (QIayKTyarii IMOYJbCIB B MaKeTl, poO3poO0JEHO ONTUMAJIbHUN MJIs UUX YMOB
1HBaplaHTHUN IO JMOIUIEPIBCHKUX 3pYIICHb (a3 cUrHamy () adrOpUTM BHUSBICHHS.
JloBez1eHO, 1110 CHHTE30BaHUH aJITOPUTM € ONTUMAJIBHUM 32 KPUTEPIEM YCEPETHEHOTO I10
(. BITHOIIEHHS MPaBIOMOAIOHOCTI, a TAKOXX ONTUMAIbHUM 32 KPUTEPIEM MaKCUMyMYy
YCEPEIHEHOT0 M0 (P «MOKA3HUKA SKOCTI BUSBICHHS MPH BUPILICHH] 3a/1a41 BUSBICHHS
raycoBOI0 CHUTHAILy, L0 «JApY’KHO» (DIyKTye, B yMOBax raycoBux 3aBaj. [IpoBeneHo
NOPIBHAJIBHUN aHalli3 e(EeKTUBHOCTI PO3POOJIEHOT0 aNrOpUTMy 3 MOTEHLIAIHHOIO
e(EKTUBHICTIO ONTUMAJILHOIO 0AraToKaHaJbHOTO AJTOPUTMY JUIsl TOBHICTIO BiJIOMOTO
CUTHaJTy Ta 3 NOTEHUIWHOI €(EeKTHUBHICTIO alrOpUTMy (QOPMYIOUOrO CTATUCTHKY
[oTeninra A pi3HUX CHEKTPATbHO-KOPENALIMHUX TapaMeTpiB aAUTHBHOI CyMilIi
KOpEJbOBAaHOI Ta HEKOPEIbOBAHOI 3aBaJ 3a IMOBIPHICHUMM XapaKTEPUCTHUKAMU -
IMOBIPHICTIO TIPaBUJILHOTO BHUSBJICHHS MpPH 3aJaHiil IMOBIPHOCTI MOMMJIKOBOT TPUBOTH
3aJIC)KHO BiJ BIJHOIICHHS CHUTHAJ/HEKOpeJbOBaHA 3aBajla Ha BXOJllI CHCTEMH.
JlocnikeHHsT BCTAHOBWJIM TapaMeTpU CUTHATY Ta aJUTUBHOI CyMiIlll HEKOPEJIbOBaHO1
Ta KOPEJIbOBAHOI 3aBajl 3a SIKUX MOTEHIlIaJIbHA €(PEKTUBHICTH PO3POOJICHOTO aJrOpUTMY

BUSIBIISIETHCSI BUILE 3a €(EKTUBHICTh aJITOPUTMYy IO peali3y€ BiIOMY CTaTUCTUKY



['oteninra. Takox AJisi MOPIBHSJIBHOTO aHaji3y MOTEHIIATbHOI €(PEeKTUBHOCTI JBOX
HETIHIMHUX OJIHOKAHAJIbHUX CHUCTEM BHSBJICHHS KOPHUCHOTO CHUTHAJIy B YMOBax
aIUTUBHOI CyMillll HEKOpPEJIbOBAHOI Ta KOPEIbOBAHOI TayCOBUX 3aBaj OyJo
3aMpONOHOBAHO MOKA3HUK MOJIIMILIEHHS, KK € YaCTKOIO BITHOIICHHS CUTHAJI/3aBajia Ha
BUXO/I1 HEJIIHIMHOT CUCTEMU JI0 BiTHOIIICHHS CUTHAJI/3aBajia Ha ii BXOJI1, YCepETHCHHUM 3a
BCIMa MOXJIMBUMHU paJialIbHUMU MIBUAKOCTSIMH 11iJ1i. BcTaHOBIEHO, 110 32 MOKa3HUKOM
MOJIMNIIEHHS 1 00paHuMHU B poOOTI TapaMeTpaMH aJUTHUBHOI CyMIIlll HEKOPEJIbOBAaHOI Ta
KOpEeNbOBaHOI  3aBajJ]  NOTEHLIaJbHa e€(EeKTUBHICTH PO3POOJIICHOTO aITOPUTMY
BUSIBJISIETHCS BUIIE 32 €PEKTUBHICTh AITOPUTMY III0 peajizye CTaTUCTHKY I'oTeniHra;

TpeTiii po3iJ NpUCBIYECHUN TapaMETPUYHOMY CHUHTE3Y AUCKPETHO-aJalTUBHUX
CUCTEM OOpOOKM KOTE€PEHTHHX N-IMITyJIbCHUX CHUTHAIB B YMOBaxX KOMILIEKCY 3aBal.
3anponoHoBaHa JBOETallHA METOAMKA CHUHTE3Y JIMCKPETHO-aJalTUBHOI CUCTEMU
oOpoOKM CHTHANIB HI0 Mependadae MiHIMI3ALII0 YKCIa PEXHUMIB 3aBaJ03aXHUCTy 1
onrtuMizaiiito napamerpis JJAC B ymoBax raycoBux 3aBaj. [IpoBeneHo mapameTpuyHuii
CHHTE3 OJIHOKaHAJIbHOI 3 IOIIEPIBChKOI yacToTu curHainy JIAC, B sKiil 1711 CKOPOUYEHHSI
yHclia pexuMiB OyB 30epekeHuil Oe3nepepBHUN XapakTep afanTaiii JO apryMeHTy
KopessiiHoi pyHkuii 3aBaau. [loka3zaHo, 1110 CHHTE30BaHa, BiJIMOBIAHO 10 pO3pO0JICHOT
METOJUKH 13aJaHuX 0OMEKeHb Ha MakcuMalbHi BTpatu, JJAC 103B0JIsI€ IpU MOPIBHSAHO
HEBEJIMKOMY YHCII PEXUMIB  3aBag03axHCTy, 3a0e3NMe4yuTH, B MPHUIYLICHHI
0e3rmoMMIIIKOBO1 Kitacudikallii 3aBajoBoi 00cTaHOBKHM, He3HauHi1 cepenHi moao CBII
BTpaTH B €EKTUBHOCTI 0OpOOKH CUTHAIIIB HA (POHI AUTUBHOI CyMillll HEKOPEIHOBAHOT 1
YHIMO/JIaJIbHOT KOPEJIhOBAHOI 3aBa/I;

y 4eTBePTOMY PO3[diji BHpIIIECHHI MUTAHHS CUHTE3Yy 1 aHalli3y €(QEeKTUBHOCTI
ONTHUMAIBHUX 1 KBa310NTUMAJIBHUX aJTOPUTMIB pO3Mi3HABAaHHS KJACiB 3aBaj IS
kepyBaHHs pexxumamu JIAC. CuHTE30BaH1 alrOPUTMHU PO3ITI3HABAaHHS KJIaciB 3aBaj 3a
1H(OPMAaTUBHUMU O3HAKaMH, B SIKOCT1 IKUX BUKOPUCTaHI MOTYKHICTh 3aBaJly Ta EPLIHii
1 mpyruit MixIepioani koedimientn kopessiii. [IpoBeneno gqocmimxeHHs: epeKTUBHOCTI
PO3pOOIIEHUX aNTOPUTMIB METOJOM CTATUCTHYHOTO MOJIEITIOBAHHS, 1110 TIOKA3aJI0 TIOBHY
BIJIMOBITHICTh €KCIIEPUMEHTAIIBHUX Ta TEOPETUYHUX pe3yibrariB. [ns imenTudikarii

€JIEMEHTY J03BOJIy 32 JAJBHICTIO YPAXKEHOTO0 HECHHXPOHHOIO IMITYJIbCHOIO 3aBaJI0I0


https://uk.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BA%D0%B0_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)

PO3pO0IJIEHO ANTOPUTM ii BUSBJICHHS, 10 MOXKe e(DeKTHBHO (PYHKIIIOHYBaTH B YMOBax
aIUTUBHOI CyMIIIl HEKOPEIhOBAHOI Ta TOTYXKHOI JUCKPETHOI 3a BIJICTAHHIO
KOpENbOBaHOI 3aBaJil TMpH HAIBHOCTI OOMEXEHb Ha JIUHAMIYHMNA Jlama3oH
npuiiManibHoro Tpakty CBI. Ha ocHOBI po3po06iieHuX alropuTMy po3Ii3HaBaHHS KJIaciB
KOpENIbOBAaHUX 3aBajl, ajJrOPUTMYy BHUSBIEHHS IMITYyJIbCHOI 3aBajid, a TaKOX BIJOMOTO
ONTHUMAJILHOTO aJTOPUTMYy BUMIPIOBAHHS JOIUIEPIBCHKOI (Da3u 3aBaju, 3aMporOHOBaHA
CTPYKTypHa CcXeMa MPHUCTPOI0, IO J03BOJISIE BUPIIIMTU 3a/1auy KEPYBaHHS PEKUMAMHU
AAC;

y I’STOMY PO3diJi 3 BHKOPHCTAHHAM METONY CTaTUCTHYHOTO MOJEIIOBAHHS
MPOBEACHO MOPIBHsUIbHE HociikeHHs edekTuBHOCTI JAC y nunamiuHOMy pexumi. B
AKOCTI KpHUTEpis €(PEeKTUBHOCTI ISl MOPIBHIOBAHHS CHUCTEM OOpaHO OLIHKH BTPAT y
MOKa3HUKY TONMINIICHHS aJanTUBHOI 1 JHUCKPETHO-aJalTHBHOI CUCTEM, IIIO
aHAII3YIOThCS, Yy TOPIBHSHHI 3 MOTEHIIAJIbHA MOXIMBOIO €(PEKTHUBHICTIO alTOpUTMY,
T00TO, y IPUMYIIIEHHI IO 00CAT HaBYaIbHOI BUOIpKH 1 — 0o, [IpoBeneHi J0CTiKEHHS
MoKa3aJju, o MmBUIKICTh 301kHOCTI JIAC, 1110 JOCTIKyBaIacs, BUSBISIETbCS BUIIE, HIXK
cucteMu 3 OesnepepBHOIO amanTarlieto. Llei pe3ynsrar € HacuigkoM BpaxyBaHHS MPHU
cunresi JIAC anpiopHoi iHpopMallii mpo XapakTep CekTpy piayKkTyarii girodii Ha BXO/I
CHUCTEMH 3aBaJid. 3allpOIIOHOBAHO METONMKY BEKTOPHOI ONTHMI3alli JUCKPETHO-
allalITABHUX CHCTEM B YMOBAaX alpiOpHOi HEBU3HAYEHOCT! CHEKTPAIbHO-KOPEIALIHHUX
XapaKTEePUCTHUK 3aBaJl 3 BUKOPUCTAHHIM KPHUTEPisl «ePEKTUBHICTh-BUTPATHY. 3TiTHO 3
JAHOI0 METOJUKOIO0 MOKa3HUK €(PEeKTHUBHOCTI € (YHKIE€IO OIIHKA BTPAT y MOKa3HUKY
MOJITIICHHS JJI 33JaHO0i 3aBaJloBOi 0OCTAHOBKH, IO OOYHCIIOBANACH 3a JTOTIOMOTOIO
METOAY CTaTUCTHYHOTO MOJICITIOBAHHS, a MOKa3HWK BUTPAT HA MPAKTUYHY pealizalliro
BpPaxoBY€ OI[IHKM KIJIBKOCTI OMepaliil J0laBaHHS, MHOXCHHS, AUICHHS, 3UUTYBaHHS 3
nam’siTi, sIki BUKOHYIOTBCS Yy CHUCTeM1 OOpOOKH, a TaKOX OIIIHKY 00’€MYy CTaTHYHOL
OMEepaTUBHOI MaM’ATi, fKa MOTpiOHa ans peanizamii OnMOKy mam’sTi KiacugikaTopa
3aBaJI0BOi OOCTaHOBKM 1 OJIOKy maM’siTi, B SKOMY 30€piraroThCsi BEKTOPHU BaroBUX
koedimientiB Marpuilb 00pooku JIAC. 3a i momoMoror mpoBeIeHO BUOIP BapiaHTY
noOy/lOBM CHUCTEMH BHSIBICHHS KOTEPEHTHOTO S5-TH IMIYJIBCHOTO CHUTHally Ha T

aUTUBHOI CyMIIlll YHIMOJAJIbHOI KOPEJIbOBAaHOI 1 HEKOPEIhOBAHOI 3aBajl B yMOBax



napamMeTpUYHOI. anpiopHOi HeBU3HaYeHOCTI. [IpoBeaeHH] MOCHIAKEHHS MOKa3ald, 1110
JMCKPETHO-a/IalITUBHA CHUCTEMA, DPEKHUMH $KOi NEPEMHUKAIOTHCS B 3aJIKHOCTI BiJl
pe3ynbTaTiB aHalli3y 3aBaJoBOi OOCTAaHOBKH, MOPIBHSIHO 3 CHUCTEMOIO Oe3MepepBHOIO
nepedy/IoBOI0  MMapaMeTpiB, 3a BUOpPAaHUM BEKTOPHUM KpUTEpiEM €(hEeKTUBHOCTI
BUSIBIISIETHCSI TIepeBakHime y 1,51 pasmu.

B po6oTi mokaszaHi NEpCHEeKTHBH MOJANBIIOTO JOCTIIKEHHS  JUCKPETHO-
aJanTUBHOTO BUSIBJICHHS CUTHAIIB Y Tally31 pajioyioKallii 3 BUKOPHUCTAHHSAM IITYYHOTO
1HTEJIEKTY Ta HEUPOHHUX MEPEXK.

TakuM YHHOM, MIATBEPHKEHO CIIPOMOKHICTD Ta MPABWIBHICTh TEXHIYHUX PIIICHb,
3aCHOBAHMX Ha pe3yjbTaTax JIucepTaliiHoro mociimkeHHs. Po3pobieni B pobOoTi
QITOPUTMH Ta METOAW OTPUMAIHM BIPOBA/DKEHHS y HAYKOBO-JOCIIIHUX PoOOTax
kadeapu pagioeIEKTPOHHUX 1 TEJICEKOMYHIKaIliiHuX cucteM HaBuaabHO-HAyKOBOTO
IHCTUTYTY  1HQOpMaIiiiHOi  Oe3meku, pPaJlOCNeKTPOHIKM Ta  TEJEeKOMYHIKaIlii
HarmionaneHoro yHiBepcuteTy «OJiechbka MOMITEXHIKa» B paMKax JAepkKOIOIKETHOI TeMU
Ne 201-57 "MopentoBaHHs Ta ONTUMI3ALlisl TApaMETPIB TEIEKOMYHIKAIIMHUX CUCTEM Ta
mepex" (Homep aepxkaBHOi peectparii - 0121U111053), y misibHOCTI TOBapuCTBA 3
obmexenoro BianoBiganpHICTIO «Cekper CepBic» Ta TOBapUCTBA 3 OOMEKEHOIO
BiAmoBiganbHICTIO « Texnokom CepBicy.

Kniouogi cnosa: nucKkpeTHO-aJanTHBHA CUCTEMA, BIIHOIIICHHS IIPaBIOIO I0HOCTI,
JIOCTaTHS CTaTUCTHUKA, «IPYKHI» (QIyKTyallli, KopeJlboBaHa Ta HEKOpeJIbOBaHa IayCoBi
3aBajy, MOKa3HUK MOJIIIIEHHS, IMITyJIbCHA 3aBajia, aAUTHBHA CYMIIIl 3aBaJl, TUHAMIYHUNA

Jlara3oH.
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ABSTRACT

Sakovich, A. A. Discrete-Adaptive Signal Processing Algorithms in the Presence of
Complex Interference. — Qualifying scientific work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in the specialty 172 Electronic
Communications and Radio Engineering. — National University «Odessa Polytechnic» of
the Ministry of Education and Science of Ukraine, Odessa, 2026.

This thesis is devoted to solving a topical scientific and applied problem, which
allows the development of methods for synthesizing algorithms and radar target systems
based on the principle of discrete adaptation against the background of a complex task in
order to reduce their computational and hardware complexity with a controlled limitation
to the level of loss in efficiency.

The relevance of the research topic is due to the existing contradiction between the
requirements for the efficiency of the information extraction system (IOS) and their
computational complexity. Solutions that implement complex adaptive optimal
multidimensional algorithms, due to their high computational costs, are problematic to
use in mobile radars, for which a simpler suboptimal detection algorithm is more
attractive for technical and economic conditions. One of the ways to solve the "efficiency-
cost" contradiction in 10S is to use a discrete-adaptive approach to signal processing,
which is implemented in the form of a complex of non-adaptive subsystems (modes),
which are automatically switched depending on the decisions of the analyzer of a given
situation. The dissertation develops discrete-adaptive algorithms for signal detection in a
complex of tasks containing uncorrelated, correlated, and impulse noise.

The structure of the qualification work has the following form:

the introduction shows the relevance of solving the problems of reducing the
computational and hardware complexity of adaptive algorithms and signal processing
systems in conditions of a complex, changing and a priori unknown interference
environment. The object, subject, tasks and methods of the research are determined; the
scientific novelty and practical significance of the results obtained are given; the personal

contribution of the applicant is highlighted;



the first section of the dissertation is devoted to the analysis of the current state of
the issue of detecting radar signals against the background of an additive mixture of
interfering influences, the results of which justify the limitations (assumptions) on both
the structure of the detection system and the signal and interference models in the
development of discrete-adaptive systems (DAS), the goal and objectives of the research
are formulated;

the second section presents the results of the structural synthesis of discrete-
adaptive systems for processing coherent N-pulse signals under conditions of a complex
of interference. A structural diagram of a discrete-adaptive system operating under the
control of an interference environment analyzer has been developed. In the class of single-
channel Doppler frequency detectors of a Gaussian signal against the background of an
additive mixture of uncorrelated and correlated Gaussian interference and with
restrictions on friendly fluctuations of pulses in a packet, an optimal detection algorithm
invariant to Doppler phase shifts of the signal (¢ c) has been developed for these
conditions. It has been proven that the synthesized algorithm is optimal according to the
criterion of the likelihood ratio averaged over ¢ c, as well as optimal according to the
criterion of the maximum of the “detection quality indicator” averaged over ¢ c when
solving the problem of detecting a Gaussian signal that fluctuates “friendly” under
conditions of Gaussian interference. A comparative analysis of the efficiency of the
developed algorithm with the potential efficiency of the optimal multichannel algorithm
for a completely known signal and with the potential efficiency of the algorithm forming
the Hotelling statistics for various spectral-correlation parameters of the additive mixture
of correlated and uncorrelated noise according to the probabilistic characteristics - the
probability of correct detection at a given probability of false alarm depending on the
signal/uncorrelated noise ratio at the system input was carried out. The research
established the parameters of the signal and the additive mixture of uncorrelated and
correlated noise for which the potential efficiency of the developed algorithm turns out to
be higher than the efficiency of the algorithm implementing the known Hotelling
statistics. Also, for a comparative analysis of the potential efficiency of two nonlinear

single-channel systems for detecting a useful signal under conditions of an additive



mixture of uncorrelated and correlated Gaussian noise, an improvement index was
proposed, which is the fraction of the signal/noise ratio at the output of the nonlinear
system to the signal/noise ratio at its input, averaged over all possible radial velocities of
the target. It was established that according to the improvement index and the parameters
of the additive mixture of uncorrelated and correlated noise selected in the work, the
potential efficiency of the developed algorithm turns out to be higher than the efficiency
of the algorithm implementing the Hotelling statistics;

the third section is devoted to the parametric synthesis of discrete-adaptive
systems for processing coherent N-pulse signals under conditions of complex
interference. A two-stage method for synthesizing a discrete-adaptive signal processing
system is proposed, which involves minimizing the number of interference protection
modes and optimizing the parameters of the DAS under conditions of Gaussian
interference. A parametric synthesis of a single-channel signal with a Doppler frequency
of the DAS was carried out, in which the continuous nature of adaptation to the argument
of the interference correlation function was preserved to reduce the number of modes. It
is shown that the DAS synthesized in accordance with the developed methodology and
the specified restrictions on maximum losses allows, with a relatively small number of
interference protection modes, to provide, assuming an error-free classification of the
interference situation, insignificant average losses in terms of SBP in the efficiency of
signal processing against the background of an additive mixture of uncorrelated and
unimodal correlated interference;

in the fourth section, the issue of synthesis and analysis of the effectiveness of
optimal and quasi-optimal algorithms for recognizing interference classes for controlling
DAS modes is addressed. Algorithms for recognizing interference classes by informative
features, as which the interference power and the first and second interperiod correlation
coefficients are used, are synthesized. The effectiveness of the developed algorithms is
studied by the method of statistical modeling, which showed full correspondence of
experimental and theoretical results. To identify the range resolution element affected by
asynchronous pulsed interference, an algorithm for detecting this interference has been

developed that can effectively function in conditions of an additive mixture of



uncorrelated and powerful discrete distance-correlated interference in the presence of
restrictions on the dynamic range of the receiving path of the SPVI. Based on the
developed algorithm for recognizing correlated interference classes, the pulsed
interference detection algorithm, as well as the known optimal algorithm for measuring
the Doppler phase of the interference, a structural diagram of a device is proposed that
allows solving the problem of controlling DAS modes;

In the fifth section, a comparative study of the effectiveness of DAS in dynamic
mode was conducted using the method of statistical modeling. As an efficiency criterion
for comparing systems, the loss estimates in the improvement index of the adaptive and
discrete-adaptive systems under analysis were chosen in comparison with the potential
efficiency of the algorithm, i.e., assuming that the volume of the training sample is n—co.
The conducted studies showed that the convergence rate of the DAS under study is higher
than that of systems with continuous adaptation. This result is a consequence of taking
into account, when synthesizing the DAS, a priori information about the nature of the
spectrum of fluctuations of the interference acting at the input of the system. A method
for vector optimization of discrete-adaptive systems under conditions of a priori
uncertainty of the spectral-correlation characteristics of interference using the
“efficiency-cost” criterion is proposed. According to this methodology, the efficiency
indicator is a function of the loss estimate in the improvement indicator for a given
interference situation, which was calculated using the statistical modeling method, and
the indicator of costs for practical implementation takes into account the estimates of the
number of operations of addition, multiplication, division, reading from memory, which
are performed in the processing system, as well as an estimate of the volume of static
RAM, which is required for the implementation of the memory block of the interference
situation classifier and the memory block, which stores the vectors of weight coefficients
of the DAS processing matrices. With its help, a choice of the option for building a system
for detecting a coherent 5-pulse signal against the background of an additive mixture of
unimodal correlated and uncorrelated interference under conditions of parametric a priori
uncertainty was made. The conducted studies showed that a discrete-adaptive system, the

modes of which are switched depending on the results of the analysis of the interference



situation, compared to a system with continuous parameter adjustment, is 1.51 times more
advantageous according to the selected vector efficiency criterion.

The paper shows the prospects for further research into discrete-adaptive signal
detection in the field of radar using artificial intelligence and neural networks.

Thus, the capability and correctness of technical solutions based on the results of
the dissertation research have been confirmed. The algorithms and methods developed in
the paper have been implemented in the research work of the Department of
Radioelectronic and Telecommunications Systems of the Educational and Scientific
Institute of Information Security, Radioelectronics and Telecommunications of the
National University "Odesa Polytechnic" within the framework of the state budget topic
No. 201-57 "Modeling and optimization of parameters of telecommunication systems and
networks" (state registration number - 0121U111053), in the activities of the limited
liability company "Secret Service" and the limited liability company "Technocom
Service".

Keywords: discrete-adaptive system, likelithood ratio, sufficient statistics,
«friendly» fluctuations, correlated and uncorrelated Gaussian noise, improvement index,

impulse noise, additive noise mixture, dynamic range.
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