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PO3POBJIEHHA TA MOAEPHIZAINIS OBT

VK 621.391.812 DOI: https://doi.org/10.33577/2312-4458.22.2020.3-6

V. Atamaniuk, Yu. Kosovtsov, A. Zubkov, Yu. Shabatura, M. Mikhalieva

Hetman Petro Sahaidachnyi National Army Academy

OBTAINING STABLE CHARACTERISTICS DESCRIPTION OF SIGNALS
SCATTERED BY COMPLEX OBJECTS THROUGH FREQUENCY AVERAGING

An analysis of the appearance of a complex dependence of the echo signal field on the observation conditions
was performed. It was demonstrated that it is caused by the interference of electromagnetic fields of the local
scattering area (LSA) of a complex object with the spatial coherence of the probe signal generated by the antenna
with a limited aperture. Reducing of the variability of the informative features is associated with solving the
problem of reducing the interference of the local scattering area, forming the signal reflected by the target. This is
possible either by increasing the spatial resolution of the radar system or by averaging the received field over a
particular set of parameters. It was demonstrated that the carrier parameter of quasi-monochromatic premises for
spectral scanning of the probe signal is an effective parameter for the formation of stable informative features of
averaging signal. It follows from the analysis that, for a sufficiently wide band in which the scanning probe is
scanned and the object is in an arbitrary spatial location, the phases of the scattered signal are statistically
independent and uniformly distributed. It increases robusmess of characteristics of scattered signals to the
variations in observation parameters due 1o the decrease of the sensitivity of frequency-averaged parameters 1o the
spatial position of LSA. The criterion of sufficiency of the frequency band for approximate fulfillment of
abovementioned statistical independence is provided. It has been demonstrated that the characteristics of complex
radio-locative objects obtained utilizing the signal frequency-averaging satisfy the conditions of universality of the
description, robustness to the spatial position of LSA, accessibility of their observation, and informativeness.

Keywords: frequency averaging, local scattering area, radio-locative characteristics of complex objects robust
10 the variation in observation conditions, signals scattered by complex objects, variability radio-locative

characteristics.
; 2R3
E(t,m,?):Z‘{:] 407k < ., 0.

where 4; - amplitude of the signal reflected by the
i-th local scattering area (LSA) (local reflection area);

¥ - a vector that characterizes the conditions of
observation: the evolution of the state of the target, its
orientation.

Introduction

The pertinent problem of radio-locative recognition
of complex objects (targets) has been examined over
decades.

One of the most important challenges preventing
the problem to be solved is the detection of certain
radio-locative features (standards) aiming to meet

contradictory requirements.

On the one hand, those features should be informa-
tive enough in order to definitely characterize an object
(or distinguish it as a representative of the certain class
of objects). On the other hand, the number of standards
should be minimized keeping in mind that they should be
robust to the variations in radio-locative observations.

In order to study the processes of scattering of an
electromagnetic wave by objects with a complex shaping
surface, it is advisable to use the model of a limited set
of local scattering regions for which the field at the
entrance of the receiving path of the radar system can be
represented in the form

The complex dependence of the echo-signal field
on the observation conditions is determined by the
rapidly oscillating factor exp{j(oZRi/ c} and is due to
the spatial coherence of the probing signal generated by
the antenna with a limited aperture [1-3]. Therefore, if
we do not take additional special measures, the field E,
and all its parameters, are very sensitive to the change in
conditions, which leads to a huge variety of signal
characteristics at the input of the receiving path and
makes it difficult to use them effectively for detection
and recognition.

Therefore, the search of radio-locative characteristics
of complex objects robust to the variation in observation

© B.B. Aramauiok, JO.M. Kocosuos, A.M. 3y6kos, }0.B. llla6arypa, M.C. Mixanesa



2272020 Bijicexopo-Texniutnii 30ipHik

89

3MICT

PO3POBJIEHHS TA MOJIEPHI3ALIA OBT
Atamanwk B.B., © Yacrothe )'-cepcluictm;i g% cnocié o:rpnﬂ:uaHHﬁ cTifikoro on'nc_\'
Kocosuor HO.M., 3v6rkos A.M., XapakTepHCTHK CHIHAMIB, POICISHIIX CKIAAHHMH 00 €KTaMH
LlaGaTypa 10.B.,
Mixasncna M.C.

Ipabuax B.1., Bacuaenxo B.I1., Brins cuin ta sonenTy et Mariyca Ha JansHicTh NOJILOTY CHApAa ...

Ocunenxo C.M.,
Wanosan O.M.
Trauyk ILIT.,
Fopunncernii LB,
Beanuwo JL.

Xaycros 51.€., Xaycros J.€., KomniuckcyBanusa 300paskens 3 BIJIHMOro Ta TennoBi3iiiHoro kananis y

Puxos €.B., JInukoBebkiit E.L (hopMi KOMIICKCHOT (PYHRIIT ottt
Hacrumwn H0.A.

BOﬁOBE 3ACTOCYBAHH$! OBT

Anapyxie AL, I'yaux H.M., Mnoﬂnm ,’locmnmmm Bn.rma}' unGy.\m HQ eeMENTH 3aXHCHHX

Corkin B.I., Cokin M.B., KO T Dy RN Y o s s o o o o B L e

Yaran H0.A.
3insko P.B., Kazau I1.1.,

Yepesko HO.M., Bisink O.C. MACOBOTO OOCIYTOBYBAHHA ...evieeiriereerierenrestessesassesesssasssessens sessesssnsssssssssaans

Maiicrpenko O.B., BH3HAYCHHA KOOPIHAT HAZCMHHX LNCH 3 BHKOPHCTAHHAM

Bypaeiinuii M.B., Crerypa C.I., manoraGapitainx BI1JIA na ocioBi BIOCKOHAICHOTO

" EKCIUIVATALIS TA BIAHOBJIEHHS OBT -

Bpyé.aescnknii 1LH. 30UILWCHHA KYTIB NIIIOMY BAHTAKIB ¥ BiOpauiliHoMy TpaHcnopTepi 3

CNEKTPOMATHITHIM NPHBOZOM 1vvvesiesiassasessssesnsessesseesensesasesesnsnsssasesssesanes
IC'acbor B.B., lyxsa FO.M., Uloao sactocysanns ribpHAHOT CHIOBOT YCTAHOBKH Hi BiHCHKOBIX
Kopoasos B.M., TYCCHHUHIX T KOJICHHX MAITHHAX «.vovveeeereerseseseeseeseessseineemessesasasensasiains
CrpimoBchknii C.B.
Jpoban O.M., Brinauenns y3aranbHeHOTo NokasHuka e)eKTHBHOCTI CTpineunkoi 36Gpoi....

HKoraabscbkHii E.@.,
Deaop B.C.
% T K S CTAHnAPTnsAum TA METPOJIOI']‘IHE 3ABE3n1~:qEHm| OBT

Cahomm JL M., Pitxon €. B., Meromika BU3HAMCHUN NOCTIIOBHOCTI mpr. Blle pa:unuterrpoumf\

Hacruumn FO.A.,
Mupomuntenko 10.B.,
Kopotuenko JLA.
By S _f_'-‘ BAXHCT OBT BLI 3ACOBIB BHHBJ!EHHJI TA VPA}KEHHH

LaaToe €.M., ,IIu m,lpm ninis PXB PO3BIIKH nm yac uomym HCBE/THKHX UCLPCJII\IB
MapTtuuniox .M.,
Craaninyk O.M., Hikoneus L1
Xom'nk K.M., Jlapionos B.B.,

Martsees IM.A.

HALUT ABTOPH ... R S Y B S S [
IMEHHII TTORKANCHEII ... ooivsess sy e ssisms s ssiivsssvisssessssss 55 53 556 ss07580 b s v s sneon it st ssemsisosss
NOBUIOMA ABTEOPIB..............0c0000 e 5w s oo s s s s cas it e ivese (e v s svssss poiess SEassesssassssossssy

‘© HauionansHa akageMia cyxonyTHIX Bifickk iveni reteMmana IMerpa Caraiizassoro

30BHIIIHA JIMHAMIKA OcKoNKoBO-hyracnoro cnapsiia O®-4620K.................

Ouinka edexrusrocTi Aifi MoOiAbHIX GoiloBHX pOGOTIB MeTOaaMI Teopil

Creunis C.B. NCEBAOMIBHOMIPHOIO METOILY wvveviurieesesiiesssianessesensesassnessssmnessmsssnssnnas

KOMITACKCIB MnpH FL!\!I]‘IHL‘IM}’ UGC.’I)’FOB) BaHHI 38 CTAHOM .....oveereernnnnn.

pﬂ}]lOdl\ THBHOFO 3APAAMCHHA ..ooviiiiiiiiiiiiiisiiciii e i e

20

..... 53

e 66



90 BiiicbkoBo-TexHi4H1iT 361pHIK 2272020
COJEPKAHHUE

PA3PABOTKA H MOJEPHHU3ALINA BBT

Atamaniok B.B,, YactoTHoe ycpeaHeniie Kak crnocob nonyyeniis ycToiiunBoro onucatns
Kocosuor K).H., 3y0rkoB A.H., XapakrepucTHK CHIHANOB, PACCEANHLIX CAOKHLIMI OOBLEKTAMIT..oviriiienen. 3
[laGarypa 10.B.,

Muxanesa M.C.

Ipabuak B.H., Baciienwo B.I1., BanAune cinst 1 momenra cispl Marnyca Ha JabHOCTE HOACTA

Ocunenro C.M., CHAPAIIA cvveeiisiesessseaitesiiise it e essessbaeesaseaesseesbasesasseeasbnessabesabssesbaseeabesabneeaesbaees 7

[anosaa O.M.

Trauyk ILIL, Fopunucknii U.B. Buemuss anuassika ockonkoBo-thyracoro chapsia OD-4624C............... 14

Beanuro JI.

Xaycrtos f.E., Xavcros /LE., Konmnnexciposatne i3o6pazkennii BILINMOTO H TCMIOBH3HOHHOTO

Poi#os E.B., JIbtukoscknii 3.H.. kananos B (hopMe KOMILIEKCHOT DYHKLIH. c.ouceeireriniiereieniecrie s 20

Hacruunn HO.A.

e T -BOEBOE NPUMEHEHHUE BBT

Amnapyxus A.H., I'yseik HM,,  Metonuka neeaeosanns BIHAHMS B3PLIBOB HA 37ICMEHTHI

Corua B.HU., Corna M.B., OrPAKAAIOUIHX KOHCTPYRUHIE coveiiiiiiicic i 29,

Yaran H0.A.

3uubko P.B., Kazan ILH., Ouenka apdexTusnocty acficTsuil MobibibIX Hoerbix poboToB

Yepesro 10.H., Buasik O.C. METOIAMH TCOPHH MACCOBOTO OBCITYIMHBAHNA .ovvveiirierirereerresreneessneseesnnens 37

Maiicrpenxo O.B., Onpegenchie KOOPAHHAT HA3EMHbIX LECHT € HCMOAL30BAHNCM

Bypaeiinetii H.B., Crerypa C.H.. manoradaputhbix BI1JIA na ocnose ycoBcpuicHcTBOBAHHOIO

Creuns C.B. NCERAOMANBHOMEPHOTO METOMN ovnsvusmtartusscimivven v s s sivess 43

IKCILTYATALUUA H BOCCTAHOBJIEHHE BBT . ;

Bpybaepcknii H.H. YBennucHie yrhbu noanima rpyaoé B Buﬁpaunbﬂﬁbm Tpaucnoprépé c
INEKTPOMATHHTHBIM APUBOLOM vitiiiiiiiestiicicetenieitesessesssses et et encsmees b 48

I1edos B.B., I'viksa HO.M., O npumMcHeHHN THOPHAHOIT CHAOBOI YCTAHOBKI HA BOCHHbBIX

Kopoaér B.H., TYCCHHUHBIX H KOJCCHBIX MALIHHAX ...ocimiiiiiiiieeceineeree e e e e 53

Crpumosckunii C.B.

Apodan O.H., Onpeaencune obobuennoro nokasarens YPQeKTHBHOCTH CTPEIKOBOTO
Woransewinh DM DETOP BC: DDA vuvmosvnsvecoris comiossm v s st s v T S VAT v v 61
CTAHAAPTH3ALIUA U METPOJIOTHYECKOE OBECIIEYEHHE BBT

Caxosuu JLH., Poizos E.B., MeToanka onpesiescHils nocic/10BaTClbHOCTH MPOBEPKH
Hactmmnn 10.A,, PAIHOMVIEKTPOHHBIX KOMITICKCOB TPH TEXHHHECKOM 00CIyXHBAHHI 110
Mupounnuenxo H0.B., COTTORMHID < ereveteeereereeeeaiereeeeeseaebeseasosesssasassss et assesbsbaasasesatesssasnrmnenesesenbmnnnnns 66
Koporyenro JLA.

JALIUTA BBT OT CPEACTB OBHAPYKEHHA H IIOPAXKEHHUSA -
Imavros E.M., Heitcreus n():lbaa,uc.ncrmii PXb pa3sscaki Bo Bpems HOHCKA HEBObLUHX
Mapremior H.H,, OUATOB PAAHOAKTHBHOTO FAPAMKCHHA L.vviviiiiirisressnsssemneest ettt seneeieenr s 74
Cragnnuyk E.H.,
Hukouen U.H., Xomak K.M.,
Jlapuonos B.B., Martseen I".A.
HAUIH ABTOPDI ..ottt et et s st sE SR et a b e 82
IMEHHOH TOKABATEIID cocosicisiisiisiistivsassssnsmassssssosssesessassensistees prsamsssesesseessesiss F5 5555 rnmsssans 86
KCBEREHRIO ABTOPOB.....coisuuiisoisustisihiiitiiniomamsmssmsmssommssrns ssrasssscssossans i S srnas 37

‘© Hauionannra akajgemis CYXOMYTHHX BIHCHK IMCHI reThMana [Terpa Carajigaqynoro



22/2020 BiiicbkoBo-TexuitHuii 301pHHK 91

LIST

DEVELOPMENT AND MODERNIZATION OF WEAPONS AND MILITARY EQU]PMENT
Obtaining stable characteristics du;npnon ofqn_nah scattered by

Atamaniuk V., Kosovtsov Yu.,
Zubkov A., Shabnluru Yu., complex objects through frequency averging. .o, 3
Mikhalieva M.
Hrabchak V.. Vasylenko V...  Effect of the Magnus force and torque on the projectile flight range ............ 7
Osipenko S, Shapoval O.
Tkachyck P., Horchynskiy L.,  External dynamics of shipping projectiles OF-462Z ..o, 14
Velychko L.
Khaustov Ya., KhaustovD., Fusion of visible and infrared images via complex function ..., 20
Ryzhov Ye., Lychkovskyy E.,
Nastishin Yu.
COMBAT EMPLO\’MEN'I OF WEAPONS AND MILITARY EQU!PMENT
Andrukhiv A., Huzyk N., Mulmdoluw ot investigation of the influence of the ‘.\p]ouon on the
Sokil B., Sokil M., Chahan Yu. eclements of protective SIMUCIUTES . ... 32
Zinko R., Kazan P., Evaluation of actions cfficiency of mobile combat robots by methods of
Cherevko Yu., Bilyk O. [ § AT U Tl ({03 o SOV SN 37
Maistrenko O., Burdeinyi M., Dectermination of coordinates of terrestrial targets with the use of small
Stehura 8., Stetsiv S. UAVSs on the basis of'an improved pseudolongdimensional method............. 43
MAINTENANCE AND RECOVERY: OF WEAPONS AND MILITARY EQUIPMENT
Vrublevskyi L Increasing of clevation angles in vibratory conveyor with electromagnetic
ATTVE Lttt ettt b e e e et e s eee e n e b e s e s e ae e b ene sttt 48
Glebov V., Guzhva U,, About of using a hybrid power plant on military tracked and wheeled
Karolev V., Strimovskyi S. N G B o, o i T S T i o S S I AT S0 53
Droban O., Zhohalskyi E., Determination of the summary weapon cfficiency effectiveness indicator ... 61
Fedor B.
STANDART]ZATION AND '\lETROLOGICAL SUPPORT OF WEAPONS
AND MILITARY EQUIPMENT
Sakovych L., Ryzhov Ye., Methodology for determining the sequence of chccking radio electronic
Yu.A. Nastishin, Yu.V, COIMPIlEXes B MAMIENANCE! it s i iy i 66
Miroshnichenko, L.A.
Korotchenko
PROTECTION OF WEAP()NS AND MILITARY EQUIPMENT FROM DETECTION MEANS AND
; ENGAGEMENT ,
Shmatov Y., Mnrl_vniuk 1., Actions of NBC reconnaissance units during search for small spots of
Stadnichuk O., Nikonets I., radioactive contamination ...........c.coceues R S e 74
Homyak K., Larionov V.,
Matveyev G.
AUTHORS iiiimvisiasimsonsssonons oo st s s s b o e 10 a1 ot s wmsantssssliEs e e Bsie it e 82
NAME TNDEX ... c.c0oessnnsnnssii i S0 5 i nne amnses st sesasss s sssssasosnnsseosasnosansasnsas SFIE D 86
NOTED AUTHORS wiossiovnsrsiosmssssstyross s i oy o S ediasi oty Saassaas ot i v o s e 87

& HauioHallbHa aKaacMis cyxonyTHux sificek imeni retsyana Ietpa Caraiizaunoro



