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Pedepar:

1. Mera pocnigkeHHs. JJocaiIKeHHs 30CepeIyKEHO Ha po3po0bLii HOBUX METO/IiB I0OYZ0BU I1JIAaHAPHUX PO3PiIPKEHUX
aHTeHHUX peliToK (PAP), 3okpema a4 pagioreneckomnis (8-80 MI'n). Bynu 3anponoHoBaHi iHHOBaLiiHI METOIUKY 3
BMKOPHMCTaHHSIM JIATUHCBKYX KBAJIPATiB Ta IXHIX TPUKYTHUX MATPULb, SIKi JAIOTh 3a[10BiIbHI pe3yabTaTy. Kimo4osi
BHECKHU BKJIIOYAIOTh [€PLIE BUKOPUCTAHHS JIATUHCBKUX KBAIPATHUX MAaTPULlb Y KOHCTPYIOBaHHI PAP, HOBaTOPCTBO B
[IO€JHAHHI KPYTOBUX Pi3HULIEBUX MHOXUH i IATUHCBKUX KBAJPaTHUX MATPULb, @ TAKOXK iHTErpalilo JJATUHCbKUX
KBaJpaTHUX MATPULBb 3 iXHIMU HWKYMMU TPUKYTHMMU aHaJIOTaMu. 3anpoBaKeHN MAaTPUYHUN METO, €
eQeKTUBHUM, [IPSIMUM i IPOCTUM IOPIBHSHO 3 iTepaniiinumu ninxonamu. leit HOBui minxin 3abesneyye oBHe
OXOIJIEHHS [IPOCTOPOBOI YaCTOTH B IJIaHapHUX PAP, npusHadeHux 11 pagioacTpoHoMii. CTpyKTypa Ta 3MiCT

nuceprauiinoi pobortu: PO3/I1JI 1 micTuTh orsisp icTopii JocaigkeHb pO3NOBCIOKEHHS PafioXBUJIb i TEOPii aHTEeH.



Y nuceprauii BBOAATLCS KJII0YOBI [TapaMeTpH, TaKi SK fiarpama CIpsMOBaHOCTI, IMPHYHA OCHOBHOTO TEJIIOCTKU
(LIOIT), cepenHiii piBensb 6idHMx nemocTok (PBIT), koedilieHT 3ar10BHEHHS, pe3epByBaHHS Ta IPOCTOPOBA YacTOTA.
Kpim TOro, NOSICHIOETHCS TPAOULIHMN MaTpUYHUI MeTos o6ynoBu PAP. PO3IJ 2 nocnimkye nodbynosy PAP Ha
OCHOBI JIATUHCBKUX KBaAPaTiB. AJITOPUTM BUKOPUCTOBYE 3HAUYEHHS €JIEMEHTIB MaTPHLi 3 «JIaTUHCbKUAX» KBAAPATiB
17151 064KCyIeHHs KoopauHaT PAP, yrBoprooun iHTeppepoMeTp Mix CycifHiMu esleMeHTaMU. JleMOHCTPYETbCS
CUHTE3 BeJMKUX PAP Ha OCHOBI KOMIIOHEHTHHUX KBaJpaTiB 3 BUKOPUCTaHHAM BOYIOBAaHUX JIATUHCBKUX KBAJParTiB, a
XapaKTEePUCTUKM aHaJIi3yIOTbCH 32 PI3HUX 3CYBIB i TIOBOPOTIB. B3aeMHi IOBOPOTH BCEPEIVHI CUHTE30BaHOI CiTKA
MIOKPAILYIOTh ii XapaKTePUCTUKU. [JOCIIiIPKEHHS ITPOIIOHYE HOBi MOXKJIMBOCTI 151 CTBOPEHHS PAP 3 HU3bKUMU
KoediljieHTaMu Ta IPUIHATHUMU PiBHSMU GiYHUX IIEJIIOCTOK, IIepeBEePIIYI0YY [T0NIepeiHi MeTOAM, 3aCHOBaHi Ha
LMKJIiYHO-pi3HMLeBUX MHOXUH (LIPM). PO3]I1JI 3 30cepenskeHa Ha no6y 0Bl PAP 3 BUKOPUCTaHHSM JIaTUHCHKUX
KBazgparis i3 IPM 4K esileMeHTaMu, BUKOPMCTOBYIOUM TPAOULIIMIHMI alrOpUTM i3 ry1aBu 1. OTpruMaHi macuBmu
IEMOHCTPYIOTh MalKe IIOBHE IMOKPUTTSA [IPOCTOPOBOI YaCTOTU 3 MiHiMaJIbHOIO HagMipHicTio. PAP Ha 0CHOBI
JIaTUHCBKUX KBagpaTiB 3 eiemMeHTamu LIPM nepeBepiuytoTh iHII KOHDIirypariii, BifkprBaoun HOBi I€PCIIEKTUBY J1JIs
BesinKux PAP 3i 3HIDKeHMMU KoeillieHTamu 3alI0BHEHHs Ta pe3epByBaHHs. PO3]I1JI 4 npencrapiisie HOBUNM METOJ,
cuHTe3y PAP, 3acHOBaHMI Ha JIATUHCBKOMY KBaZpaTi Ta MOro TPUKYTHIN maTpuli. llei epekTuBHUN migxiz,
3abe3redye TIOBHE IIOKPUTTSI [IPOCTOPOBOI YAaCTOTH, 3MEHIIYe€ KOMIIAKTHICTb MAaCUBY Ta 3arajibHy KiJIbKiCTb,
ofHo4yacHO edekTuBHO 3MeHnyouu PBI1. He3pakaloun Ha BEJIUKY KijbKiCTh es1eMeHTiB, PAP 36epirae ¢pikcoBany
reoMeTpilo Ta nocTiiHi xapakrepuctuku. PO3IJI 5 npencTasiisie MOPiBHSJIBHUI aHAJi3 3 BAKOPUCTAHHSIM aHTEHU
pazioacTpoHoMiuHOro Teneckomna 25 MI'n sk enemenTta PAP. Hosi ninxonu asist no6yioBY HEeKBiIMCTaHTHUX
nockux PAP Ha OCHOBi MaTeMaTUYHUX CTPYKTYP, TAKUX K MariyHi KBaJIpaTy Ta JIATUHCHKI KBaIpaTH (BKJIIOYAI0YU
LIMKJIiYHI Pi3HULEBI HAOOPH SIK €JIEMEHTH), JEMOHCTPYIOTh YHIKaJIbHi BIaCTUBOCTI. METO0JI0Tisl XapaKTEPU3y€EThCS
IIPOCTOTOIO Ta €(PEKTUBHICTIO, YHUKAIOYHM CKJIALHOI HeJiHIHOCTI, TOB'13aH0i 3 TpaguliiHumM ausaiiHoMm PAP. Bin
BUKOPHMCTOBYE NPOCTi MAaTEMATUYHI KOHIIEMIii, TaKi K MHOXXEHHS MaTpHULlb, BKJIAIEHHS Ta F€Hepallisl €JIEMEHTIB.
Kpim Toro, e ninxin € peryisspHAM, MaclITabOBaHUM, [TOEHYE HeJliHIIHICTb i 6araTOBUMIipHICTb i Mae 3HaYHUI
MaMOyTHIl IOTeHLias AJ1s1 KOMIJIEKCHOI CUCTEMHU ITPOEKTYBAaHHS ONTHMi3alii PAP, mpokiasaiouu Lulsix A
CHACTEMaTUYHUX IOCimKens i 6a3 3HaHb. BUCHOBOK MicTuTh BUUEpPIIHUN OTJIS[ AUcepTallii, IpefCcTaBsiiouu HOBI
METOJM NPSIMOTO MPOEKTYBAaHHA IJ1s IIJIOCKUX PAP Ha OCHOBI crienianbHuX Marpullp. [linkpeciowun ixHi mepesaru
(HM3bpKa BapTiCTh, HU3bKA SLL, HU3bKa HAAMIPHICTb i3 TOBHUM OXOIJIEHHSIM IIPOCTOPOBOI YaCTOTH) Ta
Pi3HOMaHITHICTb 3aCTOCYBaHb (30KpEMa B paZlioaCTPOHOMIi), Y BACHOBKY OOrOBOPIOIOThCS IIEPCIIEKTUBU Ta
MOTEeHILIMHI nepeBaru. OHaK BU3HAIOTLCS KPUTHUYHI HEJIOJIIKY B TOTOYHUX JOCIIIPKEHHSX, BKJIIOYAIOUH BifICYyTHICTh
IiJIOTHUX BUMIipIOBaHb, BiJICYyTHICTb PO3YMiHHSI KOHKPETHUX CLI€HapiiB 3aCTOCYBaHHSI, IOTPEOY B 10JATIbIIOMY
MaTeMaTU4YHOMY PO3BUTKY Ta BXJIMBICTb aHaJIi3y cucTeM O6pPOOKYM cUrHailiB B iHTerpauii PAP. 1li Bu3HaueHi

0671aCTi 11711 BOLOCKOHAJIEHHS [TPOTIOHYIOTh LIiHHI HAIPSIMKY JJ1s1 MalOyTHIX JOCJiIKEHb i pO3POOOK.

2. The purpose of the research. The research focuses on developing new methods for constructing planar sparse
antenna arrays (SAAs), specifically for radiotelescopes (8-80 MHz). Innovative techniques utilizing Latin squares
and their triangular matrices have been proposed, providing satisfactory results. Key contributions include the
inaugural use of Latin square matrices in SAA construction, pioneering the combination of circular difference sets
and Latin square matrices, and integrating Latin square matrices with their lower triangular counterparts. The
matrix method introduced is efficient, direct, and straightforward compared to iterative approaches. This novel
approach achieves full spatial frequency coverage in planar SAAs designed for radio astronomy. The outline of the
main content of the thesis is as follows: Chapter 1 provides a review of the research history in radio wave
propagation and antenna theory. The thesis introduces key parameters, such as radiation pattern, main beam
width (MBW), average side lobe level (SLL), filling factor, redundancy, and spatial frequency. Additionally, the
traditional matrix-based method for constructing SAAs is explained. Chapter 2 explores constructing SAAs based
on Latin squares. The algorithm uses matrix element values from "Latin" squares to compute SAA coordinates,
forming an interferometer between adjacent elements. Synthesizing large SAAs based on component squares using
embedded Latin squares is demonstrated, with characteristics analyzed under various shifts and rotations. Mutual
rotations within the synthesized grid enhance its characteristics. The study suggests new possibilities for creating



SAAs with low coefficients and acceptable side lobe levels, surpassing previous methods based on cyclic-difference
sets (CDS). Chapter 3 focuses on the construction of SAAs using Latin squares with CDS as elements, employing
the traditional algorithm from Chapter 1. The resulting arrays exhibit nearly complete spatial frequency coverage
with minimal redundancy. SAAs based on Latin squares with CDS elements outperform other configurations,
providing new prospects for large SAAs with reduced filling and redundancy coefficients. Chapter 4 introduces a
novel SAA synthesis method based on the Latin square and its triangular matrix. This efficient approach ensures
full spatial frequency coverage, reduces array compactness and overall numbers, while effectively reducing SLL.
Despite the large number of elements, the SAA maintains a fixed geometry and consistent characteristics. Chapter
5 presents a comparative analysis using the 25MHz radio astronomical telescope antenna as SAA element. Novel
approaches for constructing non-equidistant planar SAAs based on mathematical structures like Magic squares
and Latin squares (including cyclic-difference sets as elements) exhibit unique properties. The methodology is
characterized by simplicity and efficiency, avoiding intricate nonlinearity associated with traditional SAA design. It
employs straightforward mathematical concepts like matrix multiplication, nesting, and element generation.
Additionally, the approach is regular, scalable, combines nonlinearity and multidimensionality, and holds
significant future potential for a comprehensive SAA optimization design system, paving the way for systematic
studies and knowledge bases. The CONCLUSION provides a comprehensive overview of the thesis, introducing
novel direct design methods for planar SAAs based on special matrices. Emphasizing their advantages (low cost,
low SLL, low redundancy with complete spatial frequency coverage) and versatile applications (particularly in radio
astronomy), the conclusion discusses prospects and potential benefits. However, critical shortcomings in current
research are acknowledged, including the absence of pilot measurements, lack of understanding of specific
application scenarios, the need for further mathematical development, and the importance of analyzing signal
processing systems in SAA integration. These identified areas for improvement offer valuable directions for future
research and development.
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