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Pedepar:

1. MeTa pocnimpkeHHs. [JocaiIKeHHs 30CepepKeH0 Ha po3po01ii HOBUX METO/IiB IIOOYZOBHU I1JIaHAPHUX PO3PiIPKEeHNX
aHTeHHUX peliTok (PAP), 3okpema aJs pagioresneckonis (8-80 MI'n). Byiu 3anporioHoBaHi iHHOBallifiHI METOAUKY 3
BAKOPUCTAaHHSM JIATUHCHKUX KBAJIPATIB Ta IXHIX TPUKYTHUX MaTPULb, 4Ki HAIOTh 3a70BiIbHI pe3ybTaTi. Kio4oBi
BHECKHU BKJIIOYAIOTh MEPIIE BUKOPUCTAaHHS JIATUHCHKUX KBAIPATHUX MAaTPULlb Y KOHCTPYIOBaHHI PAP, HOBaTOPCTBO B
[TO€JIHAHHI KPYTOBUX Pi3HULIEBUX MHOXXUH i IATUHCBKUX KBaJIDATHUX MaTPUIlb, & TAKOXK IHTETPALIil0 JJATUHCHKUX
KBaJIpaTHUX MaTPULlb 3 IXHIMU HIDKYMMU TPUKYTHUMU aHaloramu. 3anpoBai)keHUI MaTPUYHUN METOJ, €
e(peKTUBHUM, NIPSIMUM i IPOCTUM MOPIBHSHO 3 iTepalliiiHuMu nifxonamu. Lleit HoBuM nizxin 3abesnedye NoBHE
OXOIJIEHHS TPOCTOPOBOI YaCTOTH B IJIaHapHUX PAP, npusHadeHux 1714 pagioacTpoHoMii. CTpyKTypa Ta 3MiCT
nuceprauiiitnoi po6otu: PO3/I1JI 1 MicTUTh orsisiz icTopii JocinkeHb PO3NOBCIONIKEHHS PaJiOXBUJIb i TEOpii aHTeH.
Y nucepratii BBOASATHCS KIII0YOBi TapaMeTpy, TaKi SIK Jiarpama CIpSMOBaHOCTI, IIMPHUHA OCHOBHOTO NEeJIIOCTKU
(LIOTI), cepenniit piBeHb 6iuHKX NemOCTOK (PBIT), KoedilieHT 3ar10BHEHHSI, pe3€pBYBaHHS Ta IPOCTOPOBA YACTOTA.
Kpim TOT0, IOSICHIOETHCSI TPAIULIHNN MaTpuYHUI MeTop 1odynoBu PAP. PO3III 2 nocnimkye nobynosy PAP Ha



OCHOBI JIATUHCBKUX KBAJIPATiB. AJITOPUTM BUKOPHUCTOBYE 3HAYEHHS €JIEMEHTIB MAaTPULLi 3 <JIATUHCBKUX» KBAIPATiB
17151 oburcyieHHs KoopauHat PAP, yrBopioiouu iHTepdepoMeTp MixX CycinHiMu eneMeHTaMu. JleMOHCTPYEThCS
CUHTE3 BeJMKUX PAP Ha OCHOBI KOMIIOHEHTHHUX KBaZpaTiB 3 BUKOPMCTaHHAM BOYOBAaHUX JIATUHCHKUX KBAJParTiB, a
XapaKTEePUCTUKM aHaJIi3yIOTbCA 3a PI3HUX 3CYBIB i TIOBOPOTIB. B3aeMHi IOBOPOTHY BCEPENVHI CUHTE30BaHOI CiTKA
[IOKPALLYIOTh ii XapaKTePUCTUKU. [JOCIiIPKEHHS ITPOIIOHYE HOBI MOXKJIMBOCTI J1s1 CTBOPEHHS PAP 3 HU3bKUMU
KoediljieHTaMu Ta NPUIHATHUMHU PiBHSIMU GiYHUX IIEJIIOCTOK, IIepeBEPIIY0UU [T0NIepeiHi MeTOAM, 3aCHOBaHi Ha
LMKJIiYHO-pi3HUALeBUX MHOXUH (LIPM). PO3[I1JI 3 30cepenxeHa Ha no6y0Bi PAP 3 BUKOPUCTaHHSM JIaTUHCHKUX
KBazgpariB i3 IIPM 4K esileMeHTaMy, BUKOPMCTOBYIOUM TPAOULIIMIHMI alrOPUTM i3 ry1aBu 1. OTprMaHi MmacuBmu
I€MOHCTPYIOTbh Malke ITOBHE IOKPUTTS IPOCTOPOBOI YaCTOTH 3 MiHiMaJIbHOIO HaIMipHiCcTIO. PAP Ha OCHOBI
JIaTUHCBKUX KBagpaTiB 3 eiemeHTamu LIPM nepesepiuytoTh iHII KOHDirypari, BifkprBaloun HOBi I€PCIIEKTUBY [1J1s
BesInKUX PAP 3i 3HIDKeHMMU KoedillieHTamMu 3alIOBHEHHS Ta pe3epByBaHHs. PO3]ILJI 4 npencrabiisie HOBUN METOZ,
cuHTe3y PAP, 3acHOBaHMI1 Ha JIATUHCBKOMY KBaJIpaTi Ta I0ro TpUKyTHi Matpuli. Lleit epeKTUBHUI Miaxi
3a0e3reyvye IIOBHE IIOKPUTTS [IPOCTOPOBOI YAaCTOTU, 3MEHIIIYE€ KOMIIAKTHICTb MAaCHBY Ta 3arajlbHy KiJIbKiCTb,
0JIHOYaCHO e(dEeKTUBHO 3MeHIy4n PBII. He3pakaloum Ha BEJMKY KiJIbKiCTh ef1eMeHTiB, PAP 36epirae ¢ikcoBany
reoMeTpilo Ta NocTiiHi xapakrepuctuku. PO3II 5 npencTasiise NOPiBHSJIBHUI aHAJIi3 3 BAKOPUCTAHHSIM aHTEHU
pazioacTpoHoMiuHOro Teneckormna 25 MI'n sk enemenTta PAP. Hosi ninxonu niist no6yioBY HeeKBiIMCTaHTHUX
niockux PAP Ha OCHOBI MaTeMaTUYHUX CTPYKTYP, TAKUX SIK MariuHi KBaApaTu Ta JaTUHCBKI KBaApaTH (BKJI0YAI0UU
LIMKJIiYHI Pi3HULEBI HAOOPHU SIK €JIEMEHTH), JEMOHCTPYIOTh YHIKaJIbHi BIaCTUBOCTI. METO0JI0Tisl XapaKTePU3y€EThCS
IIPOCTOTOIO Ta €PEKTUBHICTIO, YHUKAIOYH CKJIALHOI HeJIiHIHOCTI, TOB'13aH0i 3 TpaguLiiHumM ausaiiHoMm PAP. Bin
BUKOPHMCTOBYE MPOCTi MaTEMATU4HI KOHIIEMIIii, TaKi K MHOXXEHHS MaTpULb, BKJIAIEHHS Ta F€Hepallisl €JIEMEHTIB.
Kpim Toro, ey niaxin € peryisipHAM, MaclITaOOBaHUM, NTOEHYE HEJliHIIHICTD i 6araTOBUMIipHICTb i Mae 3HaYHUI
ManOyTHIl IOTeHLias AJ1s1 KOMIIEKCHOI CUCTEMHU [TPOEKTYBAaHHS ONTHMi3alii PAP, mpokianaoun mIsix AJis
CUCTEeMaTUYHUX JOCIimKeHb i 6a3 3HaHb. BUCHOBOK MiCTUTh BUMEPITHUM OTJISIH, AYCePTallii, MpeCTaBIIsII0Y HOBI
METO[M IIPSIMOTO IIPOEKTYBaHHA 115 IJIOCKUX PAP Ha OCHOBI crienianbHuX MaTpule. [linkpeciowouy ixHi mepesaru
(HM3bKa BapTiCTh, HU3bKA SLL, HU3bKa HAOMIPHICTD i3 IOBHUM OXOIJIEHHSIM ITPOCTOPOBOI 4aCTOTH) Ta
pi3HOMaHITHICTb 3aCTOCYBaHb (30KpeMa B PaflioaCTPOHOMii), y BUICHOBKY OGTOBOPIOIOTHCS EPCIEKTUBYU Ta
MOTEHLMHi nepeBaru. OHaK BU3HAIOTLCS KPUTHUYHI HEJIOJIIKY B TOTOYHUX JOCJIIPKEHHSX, BKJIIOYAIOUU BifICYyTHICTh
IiJIOTHUX BUMIipIOBaHb, BiJICYyTHICTb PO3YMiHHS KOHKPETHMX CLI€HApiiB 3aCTOCYBaHHS, IOTPEOY B IOJAIbIIOMY
MaTeMaTUYHOMY PO3BUTKY Ta BaXJIMBICTb aHAJI3y CUCTEM 00pOOKU curHaiiB B iHTerpauii PAP. 11i Bu3HaveHi

00671aCTi 117151 BLOCKOHAJIEHHS [TPOTIOHYIOTh LIiHHI HAPSIMKY JJ1s1 MOy THIX 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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