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Pedepar yKpaiHCBKOIO:

O6'exT gocmigxeHHs: Teopis 6aratoyacToTHOi pazoBoi pagiosnokauiiiHoi faspHOMeTpil. [IpegmMeT focmimKeHHs:
[Tpouecu 6araTro4acToTHOrO (Ha30BOro pajyliooKaliHOrO0 BUBHAYEHHS JAJIbHOCTI Ta PafiaabHOI IIBUIKOCTI
PYXOMUX Ta HEPYXOMUX Liisieil. MeTa: po3BUTOK Teopii 6araTouyacToTHOi (pa3oBoi JanbHOMTEPIi, po3pobka Ta
IOCJIIPKEHHSI METOiB PalliOJIOKALIMHOTO BUMIPIOBAHHS JAJIbHOCTI Ta PalliajIbHOI IIBUAKOCTI LiJIEN 3 BpAXyBaHHSIM
YAaCTOTHUX XapaTKEPUCTUK CUCTEM, TPACU NIOMIUPEHHS paaioxBuii. MetToay gocinKeHHs. 115 BUpilleHHS
IIOCTAaBJIEHUX B AUCEPTALlii 3a/1a4 3aCTOCOBYBAJIMCSI METOIY TEOPii paiioTeXHIYHUX CUCTEM, AUPEPEHLIITHOTO
YKCJIEHHS, TEOPii KOMIIJIEKCHUX YMCeJI, JIiHIHOI anrebpu, Teopii BUMipIoBaHb, TeOpii IOXUOOK, TEOPii IMOBIPHOCTI
Ta MaTeMaTUYHOI CTATUCTUKY, METOJIIB YUCEJILHOTO PO3B'A3aHHS PiBHAHb Ta CUCTEM JIIHIMHUX PiBHSAHD.
ExcriepuMeHTanbHi JOCHiIKEeHHS IPOBOAUIINCS 3 BAKOPHUCTAHHSIM IOCiJHUX MaKeTiB Ta BUMiPIOBaJIbHUX
IIpusafiB, a TaKOX Pi3UYHMX Ta MATEMATUYHUX METO/IB iMiTallilHOrO MOZEJIIOBAaHHS HIJIIXOM YMCJIOBOTO aHAIi3y
Ta KOMIT'FOTEPHOTO MOJIEJII0BAaHHS 32 IOIIOMOTrOI0 MTPUKJIaAHoro nakery Maplel5, MatLab2013 Ta KOMIT'IOTEPHUX
[Iporpam HalMcaHUX Ha MOBax nporpamysaHHs C++ Ta Pascal. TeopetnyHi pe3yspTaTu. JicTany noaanbuoro
PO3BUTKY TEOPETUYHI OCHOBU 6araToyacTOTHUX (a30BUX BUMIPIOBaHb J1aJIbHOCTI 00'eKTiB Ta ix napameTpis. B
OCHOBY IIOJIaJIbIIOTO PO3BUTKY TEOPii MOKIaleHO B3a€EMO3aIeXHOCTI Bifi aMILIiTyo010 Ta (pa30BUM 3CYBOM
rapMOHIYHMX 30HIYIOUMX CUTHAJIB Ha Pi3HMX YaCTOTAaX, SKi IIPOSABJIAIOTLCA Y 3POCTaHHI Ta ClaJaHHI aMILITy U
CyMapHOT0 CUTHAJy B TOYLi IPUIIOMY IIpY HAOYTTI, 110 JO3BOJIUJIO OTPUMATH aHAJIITUYHI 3aJI€5KHOCTI, SIKi
BCTAHOBJIIOIOTb B3a€MO3B'SI30K MiXK CUTHAJIaMU, BiJOUTUMMU BiJl KOKHOTO 00'€KTY Ta CYMapHUM BiJlOMTHM CUTHAJIOM
y TPUTOHOMETPUYHIN Ta eKCIOHEHiHiN popmax. Po3pobseHo aHamiTUYHI 6araToyacToTHi (pazoBi MeToau
BMMIipIOBaHHSI JaJIbHOCTI Ta IIapaMeTpiB 00'eKTiB, SIKi TIOJISITAIOTh Y PO3B'SI3aHHI CUCTEMU HEJIiHIMHUX PiBHSIHb. SIKa
OIIMCYE€ 3aJIEXKHOCTi CYMapHOT0 BilOUTOrO FTapMOHIYHOI'O CUTHAJY Ta CUTHAJIIB, BiOUTHX BiJ] KOKHOTO 00'€KTYy Ha
yacToTax 3 KpartHicTio 1:2:3:...:2N. JI7151 3an1cy CUCTeMU PiBHSIHb IPOBOJUTHLCS 30HAYBaHHS N 06'eKTiB 2N
curHaziamu. Pe3ysbTaToM pO3B'a3aHHS CUCTEMU PIBHAHD € 3HAYEHHS [1aPaMEeTPiB BEKTOPIB rapMOHIYHUX CUTHAIIB,
BiIOMTHX Bifl KOXXHOTrO 00'eKTy. JlO0CIiIPKEeHO 3a/IeXKHOCTI IIOXUOKY Ta PO3AiJIbHOI 31aTHOCTIOAraToO4aCTOTHUX
(a30BUX METOZIB BiJ] IOXUOKHU 3a/1aBaHH CiTKM 30HAYIOUMX 4aCTOT, KPOKY YaCTOTU, IOXUOKY BU3HAYEHHS (PA30BUX
3CYBIB Ta aMIIiTyZ] CYMapHUX BiiOUTHUX CUTHaiB. [IpoBeeHO MaTeMaTUYHE MOIEIIOBaHHS BUMiPIOBaHHS
IAJIbHOCTI, SIKE M0Ka3aJlo, 0 MOXMOKa BUMiPIOBaHHSI TaJIbHOCTI Ta PO3[IiJIbHA 3[ATHICTH 3i CMIalaHHSIM ITOXUOKU
BCTAHOBJIEHHS YaCTOTU Ta PO3LMMPEHHAM KPOKY 3MiHM 4aCTOTU 30HIYIOUMX CUTHAJIIB CIIafa€ 32 €KCIIOHEHLIMHOIO
3ajeskHicTio. [Ipy 3MeHIIeHH] TOX1MOKYU BUMIpIOBaHHS (Pa30BOro 3CyBY Ta aMIUIITYIU CyMapHUX 30HIYIOUNX
CHT'HAJIiB MOXM6Ka BUMIPIOBaHHS JAbHOCTI CHaAae JiHiliHO. OTpUMAaHO aHaJITHYHI 3aJ1€5KHOCTI 3HAXOPKEHHS
MOX1OOK BUMiPIOBaHHS IAJIbHOCTI Pi3HUMU MeTOJaMU B 3aJI€SKHOCTI Bif] IOXMOOK BU3HAYEHHS TapaMeTPiB
CyMapHMX rapMOHiUHUX curHaiiB. I1if yac 3acTocyBaHHS aHaNITUYHUX (PA30BUX METO/IB BUMipIOBaHHSI 1aJIbHOCTI,
3HAYHUU BIUIMB HA TOYHICTh BU3HAYEHHS JAJIbHOCTI Ma€ 9MCiI0 06yMOBJIEHOCTi MAaTPHLi CUCTEMHU PiBHSIHB, 110
OTIMCYE€ 3aJIEXKHOCTI MK CyMapHUMU 30HAYIOUNMU CUTHAJIaMU Ta CUTHaJIaMU, BiIOMTUMU Bifl KOXXHOTO 00'€KTY.
[TpakTuyHi pesysnbTaTu. 1. Po3pobsieHo MaTeMaTH4Hi MOZEJi Ta aITOPUTMU MAaTEMATUYHOTO MOZEJIIOBAaHHS
6araTo4acToTHOro (pa3oBOro METO/Y i3 BpaXyBaHHSM HECTa0iIbHOCTI YaCTOTU 30HAYIOUMX CUTHAJIIB, BILJIMBY UIyMiB
Ha pe3yJIbTaTH 30HyBaHHS Ta BUMIPIOBAHHS (Pa30BUX 3CYBiB Ta aMILIITY[, CyMapHUX CUTHAiB. B pe3ysbTari
MIPOBEIEeHHSI MaTeMaTUIHOTO MOJIEJIIOBaHHS B cepenoBulli MatlLab mokasaHo afieKBaTHICTh aHAJITUYHUX BUPA3iB

6araTo4acTOTHOrO (Pa30BOI'0 METOJly BUMiPIOBAHHS JAJIbHOCTI MifiTIOBEPXHEBUX 00'€KTiB. 2. PO3p06JI€HO CTPYKTYPHI



CXEMHU Ta aJITOPUTMHU POOOTU CUCTEM MiNOBEPXHEBOTO PallioJIOKALIMHOrO 30HLyBaHHS. OCHOBHUMU OJI0KaMU
CXEMU € CUHTE3aTOp 30HAYI0UMX YacTOT, 6JI0KU BUMIPIOBaHHS aMILITy Ay Ta (pa30BOro 3CyBy CyMapHUX 30HAYIOUNX
CUTHaJiB i 610K 064YucaeHHs. 4. PO3p06s1€HO CTPYKTYPHi Ta IPUHLMUIIOBI CXEMU BOJIbTMETPA
CepeIHbOKBAAPATUYHUX 3HAYEHD MiJBUIIEHOI TOYHOCTi. BUTOTOBJIEHO J1a60paTOPHUI MAKET Ta JOCITKEHO HOoro
METPOJIOTiUHI XapaKTePUCTUKU. 5. PO3p006JIEHO Ta BUTOTOBJIEHO JIAOOPATOPHI MaKeTH NPUCTPOIB MOLIYKY 06'€KTIB,
BU3HAYEHHS JAJIbHOCTI Ta ix KoeilieHTiB BinOUTTs 3a 6araToyacToTHUM (Ha3oBUM MeTonoM. [lepeBipeHa
IIpaue3faTHiCTb METOY 32 JOIIOMOI00 PO3PO0JIEHUX Ta BUTOTOBJIEHUX MAKeTiB LIJISIXOM BUMIPIOBaHHS
HEOJHOPIiTHOCTE KabeIbHUX JIiHill 3B'3Ky. 6. PO3p06IeHO CTPYKTYPHI CXeMU CUCTEM PafiosIoKaLiliHOTO
CIIOCTEPE>KEHHS, SIKi B CBOEMY CKJIaTli MAlOTh HACTYIIHi 060B'I3KOBi 6JIOKM: CUHTE3aTOpP CiTKM YacTOT abo
CHHTE3aTOp CUTHaJy 3 IPSIMOKYTHOIO OOBiIHOIO CIIEKTPY; IpUMMabHO-TIepeaBaabHUi 6JI0K, SIKUI MOXKe
CKJIaJIaTHCh 3 OfiHi€l nepenaBasbHOI Ta OfiHI€l a00 TPbOX IPUIOMHUX aHTEH; 6JI0KY BUMipIOBaHHS (Pa30BUX 3CYBIB Ta
aAMILJITY]] CHiJIPHUX CUTHAJIIB Y 6JIOKY AUCKPETHOTO NepeTBOpeHHs Pyp'e; 06UMCII0OBAIIBHOTO MPUCTPOIO Ta
iHmukaTopa. 7. Po3po6yieHo anropuTM poboTy 6araTo4acTOTHUX (Pa3soBUX CUCTEM BU3HAUYEHHS JAJbHOCTI Ta
pazianbHOI BUIKOCTI IOBITPSIHUX LiiJl€H, 5IKi JO3BOJISIIOTh B aBBTOMAaTUYHOMY PEXKUMi (POPMYBATH CiTKy 4acCTO
30HIyBaJIbHUX CUTHAJIiB, MPOBOJMTHY 30HIYBAHHS LiijIel, BUMIpIOBaTH (pa30Bi 3CYBU Ta aMILIITYIU CYMapHUX
BiIOMTHX CHUTHAJIIB, pO3Pax0OBYBAaTH JaJbHOCTI, KoedilieHTy BiOUTTS 1iiiel, pafiaibHi MBUIKOCTI PyXOMUX LijIe.
EdexTuBHICTb YIIPOBaKEHHS. 3aCTOCYBaHHS PO3PO0JIEHMX METO/IB J03BOJIsIE IPOBOJIUTY BUSIBJIEHHS |
CIIOCTEPE>KEHHSI NiJNIOBEPXHEBUX 00'€KTIB, SIKMMU € MiHM, MiA3€MHIi TOHEJI, KOMYHiKalii Towo. [17151 3aCTOCYyBaHHS
6aratoyacTOTHUX (PA30BUX METO/IB € MogudiKallii 1[0 JO3BOJISIOTh BpAaXOBYBATU €/1€KTPOQi3NyHi BIaCTUBOCTI
Pi3HUX MiJIOBEPXHEBUX CEPENOBUIL, a 1ie, B CBOIO Yepry, MiBUIIy€e TOYHICTb Ta PO3LiJIbHY 3aTHICTb I10 [JIMOUHI.
PesynbTaTl HAyKOBOi PO3POOKM MO>KHA 3aCTOCOBYBATHU [1J1s1 IOOY0BU PalioJIOKALIiIIHUX CUCTEM Ta KOMILIEKCIB
pizHOMaHiTHOro npusHadeHHs. Cdepa BUKOpUCTaHHS. TeopeTUYHi OJI0KEHHS Ta METOIM PalioOKaLiTHIX
BHMipIOBaHb MOXKHA BUKOPHCTOBYBATH [IJIs1 PO3POOKY IIPUHIIMIIOBO HOBUX CUCTEM JIaJIbHOMETPIi Ta BUMipIOBaHHS
pazianbHOI LBUAKOCTI Liisiel SIK y UUBiIbHIN Ta 1 y BilicbKOBil o6sacTsax. OCo6IMBO Lie aKTyalbHO IIPU pO3poOLi
PafioNIOKaLiHUX CUCTEM, 10 [IOBUHHI PO3PIi3HSTH LiJli HA HEBEJIMKMX BiICTAHSIX OJHE Bifj OLHOrO Ha OJHIN JiHil.
Oco6MBICTIO CIIOCO6Y € MOKJIMBICTD 3aCTOCYBAaHHSI HETIIEPEPBHUX 30HIYIOUYMX CUTHAJIB, 11O JO3BOJIUTD
PO3pO6IATH PaflioNoKaliliHi CUCTEMMU i3 OTHOYACHUM BUCOKOTOYHUM BHUMipPIOBaHHSIM SIK TAJILHOCTI TaK i pafiiasbHO]
IIBAJIKOCTI Liisiell. TaKo>XK € MOXKJIMBICTb 3aCTOCYBaHHS 30HYI0UM CUTHAJIB 3 IPSIMOKYTHOIO OOBiJJHOIO CIIEKTPA Ta
MiHIMaJIbBHUM MiK-()aKTOPOM, L0 IPEICTaBIISAI0Th COO0I0 IeTepPMiHOBaHI ITYMOINOAiIOHI CUTHATH, SIKi MOXYTb

320€31eYUTH CKPUTHICTD 30HIYBaHHS IIPU 30€pe>KeHH] IlepeBar akTUBHUX PafioyIOKaLifHUX CUCTEM

Pedepar aHI1iliCbKOIO:

Object of research: Theory of multifrequency phase radar distance measurement. Subject of research: Processes of
multifrequency phase radar determination of range and radial velocity of moving and immobile targets. Objective:
development of the theory of multifrequency phase-farmeter, development and research of methods of radar
measurement of range and radial velocity of targets, taking into account frequency characteristics of systems,
trajectories of radio wave propagation. Research methods. Methods of the theory of radio engineering systems,
differential calculus, theory of complex numbers, linear algebra, theory of measurements, theory of errors,
probability theory and mathematical statistics, methods of numerical solution of equations and systems of linear
equations were used to solve problems posed in the dissertation. Experimental studies were conducted using
experimental models and measuring instruments as well as physical and mathematical simulation methods
through numerical analysis and computer simulation using the application package Maplel5, MatLab2013 and
computer programs written in programming languages C ++ and Pascal. Theoretical results. The theoretical
foundations of multi-frequency phase measurements of the range of objects and their parameters have been
further developed. The basis for further development of the theory is the interdependence of the amplitude and
phase shift of the harmonic probing signals at different frequencies, which manifests itself in the growth and
decrease of the amplitude of the total signal at the point of reception at acquisition, which made it possible to
obtain analytical dependencies that establish the relationship between signals repelled from each object and total



reflected signal in trigonometric and exponential forms. The analytical multifrequency phase methods of
measuring the range and parameters of objects, which consist in solving the system of nonlinear equations, are
developed. which describes the dependencies of the total reflection of the harmonic signal and the signals
reflected from each object at frequencies 1: 2: 3: ...: 2N. To record the system of equations, N is probed by 2N
signals. The result of the solution of the system of equations is the value of the parameters of the vectors of
harmonic signals, reflected from each object. The dependences of error and resolution of multifrequency phase
methods from the error of determining the grid of probing frequencies, the frequency step, the error of the
determination of phase shifts, and the amplitudes of the total reflection signals are investigated. A mathematical
modeling of the range measurement was conducted, which showed that the error of measuring the range and the
resolution with decreasing error of frequency setting and expanding the step of changing the frequency of probing
signals decreases with exponential dependence. With a decrease in the measurement error of phase shift and the
amplitude of total probe signals, the measurement error of the range falls linearly. The analytical dependencies of
finding the errors of measuring the range by different methods are obtained, depending on the errors of
determining the parameters of the total harmonic signals. In the application of analytical phase methods for
measuring the range, the number of conditionality of the matrix of the system of equations, which describes the
relationships between total sounding signals and signals shifted from each object, has a significant influence on the
accuracy of the distance determination. Practical results. 1. Mathematical models and algorithms of mathematical
modeling of the multifrequency phase method are developed, taking into account instability of frequency of
probing signals, influence of noise on the results of sounding and measuring of phase shifts and amplitudes of
aggregate signals. As a result of mathematical modeling in the MatLab environment, the adequacy of the analytical
expressions of the multi-frequency phase method for measuring the range of sub-surface objects is shown. 2.
Structural schemes and algorithms of sub-surface radar sounding systems are developed. The main blocks of the
circuit are the synthesizer of probing frequencies, blocks of measurement of amplitude and phase shift of the total
probing signals and the unit of calculation. 4. The structural and principle schemes of the voltmeter of the mean-
square values of increased accuracy are developed. A laboratory model has been manufactured and its
metrological characteristics have been investigated. 5. Laboratory models of devices for finding objects,
determining the range and their coefficients of reflection by the multifrequency phase method are developed and
manufactured. Proven performance of the method with the help of developed and manufactured models by
measuring the heterogeneities of cable lines. 6. Structural schemes of radar surveillance systems have been
developed, which in their composition have the following compulsory blocks: frequency grid synthesizer or signal
synthesizer with a rectangular by-pass spectrum; a receiving and transmitting unit, which can consist of one
transmitting and one or three receiving antennas; a block of measurement of phase shifts and amplitudes of
common signals or a block of discrete Fourier transform; computing device and indicator. 7. The algorithm of
operation of multi-frequency phase systems for determination of range and radial velocity of air targets, which
allows to automatically generate a grid of probing signals in an automatic mode, conduct sounding of targets,
measure phase shifts and amplitudes of total reflection signals, calculate the range, coefficients of reflection of
targets, radial velocities of moving goals. Efficiency of implementation. The application of the developed methods
allows to detect and observe sub-surface objects, which are mines, underground tunnels, communications, etc.
For multi-frequency phase methods, there are modifications that allow for taking into account the electrophysical
properties of different subsurface environments, which, in turn, increases the accuracy and resolution in depth.
The results of scientific development can be used for the construction of radar systems and complexes of various
purposes. Scope of use. Theoretical positions and methods of radar measurements can be used for the
development of fundamentally new systems of ranging and measurement of radial velocity of targets in civilian and
military areas. This is especially true in the development of radar systems, which must distinguish between targets
at short distances from each other on a single line. The feature of the method is the possibility of using continuous
probing signals, which will allow the development of radar systems with simultaneous high-precision
measurements of both range and radial velocity of objectives. It is also possible to use probe signals with a
rectangular by-pass spectrum and a minimum peak factor, which are deterministic noise signals, which can



provide secrecy of sounding while preserving the advantages of active radar systems
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