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The purpose of the research. The dissertation work is devoted to the
development of new methods to construct sparse planner antenna arrays (AAS),
which can be used for multiple functions, specially for radiotelescopes (8-80
MHz). A series of direct and simple methods for designing such sparse planar AA
were proposed. Non-equidistant sparse AAs constructed on the structure of Latin
Squares and its Triangular matrix are the most satisfactory results currently
available. A method for their construction, which is different from the past, are
proposed. The properties of this type of AA, which ensure full coverage of spatial
frequencies at a high degree of rarefaction with a sufficiently small lateral
radiation, are thoroughly examined. The innovativeness and highlights of this

dissertation is summarized as follows:

1) The inaugural use of a Latin square matrix in constructing an AA.

2) Pioneering combination of circular difference sets and Latin square
matrices for planar sparse arrays.

3) Novel integration of the Latin square matrix and its lower triangular
matrix in constructing a planar sparse array.

4) The proposed matrix method, in contrast to iterative and deletion-based
optimization approaches, offers an efficient, direct, and straightforward
method for AA design.

5) A novel matrix approach attains full spatial frequency coverage in a
sparse planar antenna array tailored for radio astronomy.

The outline of the main content of the thesis is as follows:



In CHAPTER 1, the research history of radiowave propagation, antenna
theory, linear AA, and planar AA were reviewed. Some parameters used in this
thesis (including radiation pattern, main beam width, average side lobe level,
filling factor, redundancy, spatial frequency), etc. are explained. And the

traditional matrix-based method of constructing antenna arrays is explained.

In CHAPTER 2, the feasibility of constructing non-uniform AA based on
Latin squares is explored. The algorithm used for computing the coordinates of the
AA, based on‘“Latin” squares, mirrors the approach employed in AA constructed
from “Magic” squares. This algorithm is grounded in using the matrix element
values that generate (form the square) as the basis for the interferometer created by
adjacent elements. While the resulting AA provide complete coverage of the
spatial frequency in the AA element placement area, they exhibit a substantial
redundancy coefficient. Radiation patterns of the generated AA are studied, and
side lobe levels of the obtained non-uniform AA are assessed. Mitigating
redundancy in AA based on Latin squares has a minimal impact on the main lobe
width. However, it significantly reduces fill and redundancy coefficients while
notably increasing the average side lobe levels. The possibility of synthesizing
large AA based on component squares using embedded Latin squares is
demonstrated. Characteristics of the obtained grids are examined under additive
and multiplicative shifts, as well as rotation (transposition). It is shown that
employing mutual rotations of individual layers within the synthesized grid can
enhance its characteristics. The study establishes that AAs with the most favorable
characteristics are those obtained by embedding a magic square through additive
shifts of elements in a Latin square, resulting in the formation of a new Latin
square. This remains true even when employing rotation operations (transposition).
The results open new possibilities for creating non-uniform antenna grids with low
fill and redundancy coefficients and acceptable side lobe levels, surpassing the
characteristics of previously utilized non-uniform planer AA based on cyclic-

difference sets (CDS). New avenues are proposed in the presented approach and



methodology, including the use of Greco-Latin (Eulerian) orthogonal squares as

starting elements, offering promising possibilities for further exploration.

In CHAPTER 3, the construction of non-equidistant Antenna Arrays (AAS)
based on Latin squares with CDS as elements, employing the triditional algorithm
presented in CHAPTER 1. The resulting AAs demonstrate nearly complete spatial
frequency coverage with a minimal redundancy factor. Notably, AAs based on
Latin squares utilizing CDS as elements outperform other configurations, offering
new possibilities for AA with reduced filling and redundancy coefficients. The
synthesis of large AAs using Latin squares with CDS as element were also
explored, highlighting improvements in performance and increased flexibility in
design parameter adjustments. The proposed synthesis approaches hold potential
applications in designing low-frequency radio telescopes, radar complex, and

systems monitoring seismic and atmospheric activity.

In CHAPTER 4, a novel Antenna Array (AA) synthesis method, based on
the Latin square and its triangular matrix, was proposed and has been demonstrated
as a direct and efficient approach for sparse AA synthesis. This method ensures
full spatial frequency coverage, reduces array compactness and the overall number
of arrays, while maintaining effective control over side lobes. The synthesized
array exhibits a narrow main lobe and low side lobe levels, making it versatile for
various applications, including radar, communications, radio astronomy,
radiotherapy, remote sensing, automotive, medical imaging, navigation, and more.
Despite the large number of AA elements synthesized using this method, the array
maintains a fixed geometry, displaying consistent characteristics when rotated on a

plane.

In CHAPTER 5, a comparative analysis was conducted using the example
of an antenna element designed for a 25MHz radio astronomical telescope. The
novel approaches to constructing non-equidistant planar sparse AAs utilizing
mathematical constructions such as Magic squares, Latin squares (including
elements in the form of CDS), were proven to offer several unique properties.

Firstly, the methodology is characterized by simplicity and efficiency, steering



clear of the intricate nonlinearity associated with traditional sparse AA design.
Instead, it employs straightforward mathematical concepts like matrix
multiplication, nesting, and element generation, resulting in a straightforward and
effective AA design process. Secondly, the methodology exhibits regularity and
scalability, as the mathematical concepts employed can be expanded with
increasing order, allowing for the synthesis of large AAs. Thirdly, it combines
nonlinearity and multidimensionality, representing a nonlinear approach using
linear forms (matrices) for AR design. The method’s multidimensional nature
enables the generation of coordinate matrices of varying sizes, making it adaptable
to multidimensional constraints. Finally, this innovative approach holds significant
future potential, providing a new paradigm for AA design with clear foundations,
transparency, and the prospect for further development. It opens the door to a
comprehensive AA optimization design system, accommodating additional
mathematical concepts, modifications, and replacements. With a sufficient number
of projected AAs and a high matrix order, it can facilitate the creation of
knowledge bases for AA classification, systematic studies on the characteristics of

sparse AAs, and the geometric distribution of their elements.

In the CONLUSION a comprehensive review of the entire thesis is
presented. The thesis introduces a set of novel direct design methods for sparse
planar AAs based on special matrices, highlighting their numerous advantages
(especially, low cost, low side lobe level, low redundancy while ensuring complete
spatial frequency coverage) and versatile applications (especially in the field of
radio astronomy and monitoring for the atmosphere and Geospace). The prospects
for applying these methods are discussed, emphasizing their potential benefits in
various scenarios. However, critical shortcomings in current research are also
discussed, including: 1) the absence of specific measurements in real-world
situations, 2) a lack of in-depth understanding of specific application scenarios and
constraints, 3) the need for further development of the mathematical nature of
generating sparse arrays based on special matrices, the necessity for comparative

analyses of arrays using different types of antennas as antenna units, and 4) the



requirement for in-depth analysis and consideration of signal processing systems
(such as phase shifters and signal amplifiers) in the integration of sparse antenna
array designs. These identified areas for improvement serve as valuable directions

for future research and development in the field.
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Merta nocaigxenns. JIuceprauniiiHa po6oTa mpucBsiueHa po3poOLl HOBUX
METO/11B TOOY0BH PO3PIIKEHUX TUIAHAPHUX aHTEHHUX peuriTok (AP), siki MOXyTh
OyTH BHKOpHUCTaHI ajisi OaraThboX (PYHKIIH, 30KpeMa sl paaioTeneckomniB (8—
80 MTI'm). Cepist npsAMHUX 1 TPOCTUX METOIIB MPOCKTYBAHHS TaKUX PO3PIIHKECHUX
Oynu 3ampornonoBani miocki AP. HeekBinuctanTtHi po3pimkeni AP, modyaoBani Ha
OCHOBI CTPYKTYPH JIATUHCHKMX KBaJpaTiB Ta iX TPUKYTHOI MaTpulll, € HAOUIbII
3aJIOBUIBHUM PE3yJIbTaTOM, OTPUMAHUM Ha TEMEepilHIA dYac. 3anpornoHOBAHO
HOBUM MeToa moOynoBu AP, 1m0 iCTOTHO BIAPI3HSIETHCA Bij paHillle BiJIOMHX.
JIoCKOHAJIBHO JOCIIIKEHO BiIacTUBOCTI AP Takoro tuiry, siki 3a0€31MeuyoTh TOBHE
MOKPUTTS TMPOCTOPOBUX YACTOT, NMPU BUCOKOMY CTYMEHI PO3PIIKEHHS 3 JOCHUTH
MaJIuM OIYHUM BUIPOMIHIOBaHHAM. HaykoBa HOBM3HA Ta NPaKTHYHA

3HAYHMICTh PE3yJbTaTIB IUCEPTAIIHHOT pOOOTH MOJSTAIOTH Y HACTYITHOMY:

1) Brmepiie BUKOPHUCTaHO JIATHHCHKY KBaJIPaTHY MATPUIIO MPH TOOYHOBI

AP.

2) 3amnporoHOBaHO IMOHEPCHKY KOMOIHAIII0 IUKITIYHUX PI3HUIECBUX

MHOHH 1 JJATHHCHKUX KBAJPATHUX MATPHIlh IJIs TUIOCKUX po3pimkeHnx AP.

3) BukoprcTaHO HOBY IHTErpaIlif0 JATHMHCHKOI KBaapaTHOI MaTpHIli Ta ii

HUKHBOT TPUKYTHOI MaTPHIIl IpU MOOY0BI IJIOCKOT po3pikeHoi AP.



4) Po3po0iieHnii MaTpUIHUN METO, Ha BiIMIHY BiJl iTepaIliiHUX MiJIXOIB 1
MIXO/IB 10 ONTHUMI3aIlli Ha OCHOBI BUIAJICHHS, MPOMOHYE ePEKTUBHUHN, IPIMUH 1

IIPOCTUHM METOJ I MPOEKTyBaHHsA AP.

5) HoBuii MaTpuuHuil miaxig 3a0e3mneuye MOBHE OXOIUICHHS MPOCTOPOBUX
4acTOT Yy PO3PIJPKEHIN IJIaHapHIM aHTEHHIN PeIIiTi, MPU3HAYEHOI IJi1 MOTped

pagioacTpoOHOMIi.
CtpykTypa Ta 3MICT AUCEpTaIliitHOi poOoTH:

Y PO3AIJII 1 3pobneHo orisg poOIT y Tairy3i AOCTIIHKEHBb IMOITHPCHHS
panioXBuiib, TEOpii aHTEH, METOJMIB MoOyaoBu miHIWHUX AP 1 mmanmapuux AP.
HaBeneHO po3’sCHEHHS IMIOA0 JEAKUX MapaMeTpiB, sIKI BUKOPHCTOBYIOTHCS B
JTUCEepTaIiiiHii poOOTI BKIIOYAIOYH: JlarpaMy CIpPSIMOBAHOCTI, IIMPUHY OCHOBHOI
MEJIOCTKUA, CEpeHI piBEHbh OOKOBUX TEIIOCTOK, KOE(MIIIEHT 3alOBHEHHS,
HAJMIpHICTh, HPOCTOPOBI YACTOTH, IO MOKPHUBAIOTHCA TOLO. Po3risHyTO
TpaJuLIAHUN MaTpUYHUI MeTO OOy I0BU aHTEHHUX peiTok. HaBeaeno nepenik

3aBJIaHb, 110 BUPIIIYIOTHCS Y AUCEPTAIiiHIN pOOOTI.

Y PO3IJII 2 A0CiIKYEThCA TOUUIBHICT TO0Y10BH HEepiBHOMIpHOT AP Ha
OCHOBI JIaTUHCBKHMX KBaJpaTiB. AJNTOpUTM, W10 BHUKOPHUCTOBYETHCS IS
oOumucieHHss koopauHaT AP Ha OCHOBI «IATMHCHKHX» KBaApaTiB, BiOOpaxkae
MiaXia, SKUA BHUKOPUCTOBYEThCS B AP, moOymoBaHMX 13 BUKOPUCTaHHSIM
«MariyHux» KBaapatiB. Llei anropuTMm TIPpyHTYE€TbCS HAa BHKOPHUCTAHHI 3HAYCHD
CJIEMEHTIB MaTpHili, M0 TeHEpYITbcs (YTBOPIOIOTH KBaJpaT), SK OCHOBA JIJIst
iHTepdepoMeTpa, CTBOPEHOTO CYCITHIMU €JIeMEHTaMHU. Y TOM 4ac sIK pe3yJbTyroul
AP 3a0e3meuytoTh MOBHE MOKPUTTS MPOCTOPOBOI YACTOTU B OOJIACTI PO3MIIICHHS
eneMeHTiB AP, BoHM MarOTh 3HaUHMN KOoe]iIieHT HaAMIpHOCTI. BuBUeHo miarpamu
CIpPSIMOBAHOCTI reHepoBaHOi AP Ta OliHEHO piBHI OIYHMX MEIIOCTOK OTPUMAHOT
HeomHopigHoi AP. 3menmienns HagamipHocTi B AP Ha OCHOBI JAaTHHCHKHX
KBaJIpaTiB Ma€ MiHIMaJbHUW BIUIMB HA IIMPUHY TOJIOBHOI memtocTku. IIporte 1e
3HAYHO 3MEHIIY€ KOe(DIIIEHTH 3alOBHEHHS Ta HAJIMIPHOCTI, BOJHOYAC MMOMITHO

30UTBIITYIOYH CepeHI PiBHI OIYHUX MENIOCTOK. [IpoeMOHCTPOBAaHO MOKIIUBICTH



cuHTe3y Benukux AP Ha ocHOBI BriIageHHX (CKJIQIOBHX) KBaAparTiB 3
BUKODUCTAaHHAM  BOYJOBAaHHMX  JIATUHCBKUX  KBajApaTiB.  XapaKTepUCTHKU
OTPUMAaHMX PEIIITOK JOCIIKEHO MPU aAUTUBHUX 1 MYJIbTUILTIKATUBHUX 3CYyBax, a
TaKOXX IMOBOPOTI (TpaHCIOHYBaHHI). [loka3aHO, 110 BHUKOPUCTaHHS B3AEMHHUX
IOBOPOTIB OKPEMHUX IIIapiB y MeXaX CHUHTE30BAHOI PEIITKH MOXE MOKPALIUTH il
XapaKkTepUCTUKH. JlOCHIIHUM LIJISXOM BCTAHOBJIEHO, 1[0 HAHOUIBLI CHPUSTIUBI
XapaKTepuCTUKU MaioTb AP, orpumani mpu BOYIOBYBaHHI MariuHoro KpajpaTta
IUIIXOM aJIUTUBHOTO 3CYBY €JIEMEHTIB y JIATUHCBKOMY KBaJparTi, 110 MPUBOJIUTH
70 YTBOPEHHS HOBOTO JIATHHCHKOTO KBajparta. lle 3anuimaeThcsi BIpHUM HaBITh
Ipy BUKOPUCTaHHI omepauid oOepraHHa (TpaHcHoHyBaHHs). OTpuMadi
pe3ysibTaTl BIJIKPUBAIOTh HOBI MOJKJIMBOCTI JUIsl CTBOPEHHS HEOIHOPITHUX
AHTEHHUX PEUIITOK 3 HU3bKUMH KOe(DIl[leHTaMU 3alIOBHEHHS Ta HAJIMIIKOBOCTI U
OPUMHATHUMU PIBHAMHU OIYHMX MEIIOCTOK, L0 MEPEBEPIIYIOTh XapaKTEPUCTUKU
HCOJHOPITHUX IIaHapHUX AP Ha OCHOBI HUKIIYHO-pi3HUICBUX MHOXUH (L[PM),
10 BUKOPUCTOBYBAJIUCH paHilie. [Ipencrapnenuid miaxij 1 METOAOJIOTIS IPOIOHYE
HOBl ULUIAXM, BKJIIOYAIOUYM BHUKOPUCTAHHS TIPEKO-JTATUHCHKUX (EHIEpOBUX)
OPTOTOHAJIBHUX KBAJApaTIB K BHUXIJHUX €JEMEHTIB, 10 BIIKPUBAIOTH

MEPCIEKTUBHI MOXKJIUBOCTI U1 MOJATBIINX JOCIIIKEHb.

Y PO3JIJII 3 po3misHyTo ToOyaoBY HeekBiucTaHTHUX AP Ha OCHOBI
JATUHCHKHUX KBanpatiB 13 [[PM B sIKOCTI €IeMEHTIB, 3 BAKOPUCTAHHIM aJTOPUTMY,
npencrasienoro y PO3IAUII 1. Orpumani AP neMOHCTpYIOTh Maike MOBHE
MOKPUTTSI IPOCTOPOBUX YACTOT 3 MIHIMAILHUM KoedilieHToM HaamipHocTi. Ciin
BIJI3HAUYUTH, 0 AP Ha OCHOBI JIATUHCHKUX KBAJpaTiB 13 BUKOpucTaHHsAM L[[PM B
SAKOCT1 €JIEMEHTIB MAalOTh ICTOTHI TIe€peBard HajJ IHIIMMH KOHQITYypaIlisiMu,
MPOTIOHYIOYHM HOB1 MOXJIMBOCTI JijIsi AP 31 3HHMKEHUM KOe(]iI[leHTOM 3allOBHEHHS
ta HaamipHocTi. KpiMm Toro Oyno AOCHIIKEHO CHUHTE3yBaHHS BenWKux AP 3
BUKOPUCTAaHHSAM JATHHCHKUX KBanpaTiB 13 [[PM B sikocTi enementiB. [{oBeaeHo,
0 1€ CIOPHUATHME MOKPAIICHHIO MPOIYKTHBHOCTI Ta THYYKOCTI KOpPEryBaHHS
napameTpiB KOHCTPYKITi. 3alporoHOBaH1 MiIXOAH 10 CHHTE3y MalOTh MOTEHITIIHE

3aCTOCYBaHHA  MPHU  MPOEKTYBaHHI  HU3BKOYACTOTHUX  PaJ10TEJIECKOMIB,



pasioNoKaliMHUX KOMIUIEKCIB 1 CUCTEM MOHITOPUHTY CEHMCMIYHOI Ta aTMOC(HEPHOT

AKTUBHOCTI.

Y PO3AIJII 4 Oyio 3anponoHOBaHO HOBUM MeToa cuHTe3y AP, 3acHOBaHuUM
Ha BHUKOPWCTAHHI JIATHHCHKOTO KBajpara Ta HOTr0 TPHWKYTHOI MAaTpHIN, SKAN
MPOJIEMOHCTPYBAB NpsIMUM Ta eHEKTUBHUN MIIX1]] AJI1 CHHTE3yBaHHS PO3P1IHKEHOT
AP. 3anmpononoBanuii MeToj 3a0e3neuye MOBHE MPOCTOPOBE YACTOTHE MOKPUTTS,
3MEHIIye KOMIaKTHICTb AP Ta 3aranbHy kibkicTb AP, 30epiratoun edeKkTuBHUN
KOHTpOJIb Haja OiuHuMH nentoctkamu. CunHre3oBaHa AP 1eMOHCTpye BY3bKY
TOJIOBHY TENIOCTKY 1 HU3bK1 PiBHI O1YHUX METIOCTOK, 110 POOUTH 11 yHIBEpCATbHOIO
JUISi  PI3HOMAHITHOTO  3aCTOCYBaHHS, BKJIIOYAIOUM Paai0JIOKAIlil0, 3B’SI30K,
pagioacTpOHOMIIO, pajaioTepaniio, TUCTaHIIHHE 30HyBaHHS, aBTOMOOUIbHY
MPOMUCIIOBICTh, MEIMUHY Bi3yasizallito, HaBiraiir Tomo. He3paxkarouu Ha BEIHKY
KUIBKICTh eeMeHTIB AP, CHHTe30BaHMX 3a JIOIOMOIOK IhOTO Metoay, AP
30epirae ¢ikCOBaHy reOMETPil0, JEMOHCTPYIOUYHM Y3TOJKEHI XapaKTEPUCTUKU MPHU

oOepTaHHI Ha TUIOITHHI.

Y PO3JIJII 5 Oyno mNpoBeleHO NOPIBHSJIBHUN aHalli3 Ha MPUKIIAJII
AHTEHHOTO €JIEMEHTAa, TMPU3HAYEHOrO0 [UIsI PaJioacTPOHOMIYHOTO TelecKoma
25 MI'u. JloBeneHo, 110 HOBI MIAXOAM JO MOOY/IOBU HEEKBIIUCTAHTHUX TJIOCKUX
po3pimkeHux AP 13 BUKOPUCTaHHSM MaTeMaTHYHMX KOHCTPYKIIM, TaKUX sIK
MariyHi KBaJpaTH, JJATUHCHKI KBaJpaTH (BKJItoUYarouu eneMeHTH y opmi [[PM),
MalTh PSSl  YHIKQIBHUX  BJIACTUBOCTEH. [To-niepue, METO/I0JIOT 15
XapaKTepU3yeTbCsd  MPOCTOTOI ¥ €PEeKTUBHICTIO, YHHUKAIOYH  CKJIAHOI
HEIIHIMHOCTI, 110 MOB’Si3aHAa 3 TPAAULIMHOI KOHCTPYKIE po3pimkeHux AP.
HatomicTe BOHa BHUKOPUCTOBYE TMPOCTI MaTEMaTW4Hl KOHIICMINi, TakKi SK
MHOKEHHSI MaTpHIlb, BKJIAJEHHS Ta TeHepallisi €JIEeMEHTIB, 10 MPUBOAMUTH MO
npoctoro Ta edeKkTuBHOrO mpouecy npoektyBanHs AP. Ilo-apyre, metonomnoris
JIEMOHCTPY€E PETYISPHICTH 1 MAacITA0OBAHICTh, OCKUIBKM MaTeMaTHUYHI KOHIICTIII],
0 BUKOPUCTOBYIOTHCS MOXKYTh OyTH PO3LIMPEHiI 31 30UIBLIEHHSM MOPAIKY,
no3Bossitoun  cuHTesyBaTu Benuki AP. Ilo-Tpete, mpomoHOBaHWiA METOAMKA

NO€EHYE B €001 HENMHIMHICTD 1 0araTOBUMIPHICTb, MPEACTABISIOUN HEIIHIMHUMI



OiAXiJa 13 BUKOPUCTAHHAM JIHIMHHX (QopMm (MaTpuib) uis npoekTyBaHHs AP.
baratoBumipHa mpupoga METOIy IO3BOJII€ T€HEPYBaTH KOOPAMHATHI MaTpHIll
PI3HOTO PO3MIpY, III0 POOUTH MOTO aganTOBaHUM J0 0araTOBUMIPHUX OOMEXEHb.
Hapemri, 1iefi iHHOBAIiMHUN MiAXiq Ma€ 3HAYHAKA MaAWOYTHIM TOTEHINad, IO
3a0e3MeunTh HOBY TMapagurMy MpoekTyBaHHS AP 3 4YiTkUMH OCHOBamw,
MPO30PICTIO Ta TEPCIEKTUBOIO TMOAANBIIOr0 po3BUTKY. lle BigkpuBae HOBI
MO>KJIMBOCTI /i1l KOMIUIEKCHOI CHCTEMHU ONTHUMI3allii KOHCTpYKIii AP, 1o MicTuth
JIOAATKOBI MaTeMaTH4Hl KOHIEMIi, moaudikaiii Ta 3aminu. [Ipu mocraTHii
KUTBKOCTI CIIpoeKToBaHUX AP Ta BHCOKOMY MOPSAKY MAaTpPHUIl 1€ MOXKE CHPHUATH
CTBOpPEHHIO 0a3 3HaHb I Kiacudikamii AP, cucTeMaTH4HUX JOCITIIKEHb

XapaKTepUCTHUK po3pikeHux AP Ta reoMeTpuyHOTO pO3MOALTY iX €JIEMEHTIB.

Y BHUCHOBKAX, BHOKpEMJIECHO OCHOBHI pe3yjbTaTH OTpUMaHi B
aucepTaiiiiHii  poboti. [ucepTailiss MICTUTh HaOlp HOBHUX METOJIB MPSIMOIO
MPOEKTYBaHHS JUIsl pO3pIKEHUX TIaHapHuX AP Ha OCHOBI crieliaIbHUX MaTPHILb,
B po0OTI MIJKPECIEHO iX YUCIEHHI MepeBaru, 30KpemMa HEBEJIHUKY BapTICTh, MAJIAN
piBeHb OIYHUX TMETIOCTOK, HU3BKY HAJUIMIIKOBICTH NpPH 3a0€3MeUeHHI MOBHOTO
MOKPUTTS TPOCTOPOBOI YacCTOTH Ta PI3HOMAHITHICTh 3aCTOCYBAaHb, 30KpeMa B
rajry3i pajioacTpOHOMIi 1 MOHITOPUHTY aTMoc(epu Ta reokocMocy. Po3risHyTo
NEPCIIEKTUBH MOAAIBIIONO 3aCTOCYBAHHS 3alPONIOHOBAHUX METO[IB, MIAKPECICHO
iX MOTEHIIIIHY BUTOy MpHU pI3HUX cleHapiax. OgHak, Mpu YUCIEHUX IepeBarax,
CJI1JI BII3BHAYUTHU JESKI HEJIONIKU MOTOYHUX JOCIIKEHB, 30Kpema: 1) BICYTHICTh
KOHKPETHHUX BHMIPIOBaHb Yy pEalbHUX YMOBaxX, 2) BIJACYTHICTb TJMOOKOTrO
pPO3YyMIHHSI KOHKPETHUX CLEHapiiB 3aCTOCYBaHHS Ta MOXJIMBUX OOMEXKEHb, 3)
HEOOXITHICTh TMOJAJIBIIOTO PO3BUTKY MAaTEMAaTUYHOI TPHUPOAH CTBOPEHHS
PO3PIKEHUX  PElIITOK Ha OCHOBI  CHEIIadbHUX MaTpUllb, HEOOXIAHICTH
MOPIBHSJILHOTO aHaIi3y PENIiTOK, 10 BUKOPHCTOBYIOTH SIK aHTEHHI OJIOKU PIi3HI
TUNM aHTeH, 4) HeOoOXiJHICTh OUIBII TIMOOKOIr0 aHaji3y Ta PO3IIISIIy CHCTEM
o0poOku curHamiB (Takux sK ¢azoodeprayi Ta NIACWIIOBAYl CHUTHATY) B
IHTETpOBaHIM KOHCTPYKINi po3pimkenux AP. Ili Busnadeni oOmacti as

BJIOCKOHQJICHHS, 110 HE OyJM MNpPeaMEeTOM JOCIIIKeHb AaHOl JucCepTaIliHOi



po0oTH, € aKTyaJlbHaMHU HampsMKaMH JIsi MaOyTHIX IOCHIIXKEHb 1 PO3pO0OK Y
I1H ramysi.
KirouoBi cjioBa: aHTeHa, NMPOEKTYBAaHHS PEUIITKH, MPOCTOPOBUM (iIbTp,

JiarpamMa  CIpSIMOBAHOCTI, 00poOKa CHUTHally, TOUIMPEHHS  PaIiOXBUJIb,

paaioacTpOHOMIs, paIi0IOKAITis.



