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Henocratkom monmydaeMpIX OZHOKaHAIBHON paguodniekTponHol craniwei (PJIC) paanoinoKaroHHBIX H300payKEHHUH SBIISETCS
HAJIMYHE CIEKIIa, KOTOPBI IPUBOIKT K BCIIBIIIKAM WHTEHCHBHOCTH, YBEIMUHMBAIOIINM YHCIIO JIOKHBIX TPEBOT NPH OOHAPYKEHNUH
ToyeuHbIX Ienei. [losToMy oOHapyXeHWe W pa3IMueHHe Ieiell Mo MX OTpaKaTeJIbHOH CHOCOOHOCTH (C MCIIONB30BAaHHUEM
SHEPreTHYECKHUX XapaKTePUCTHK CHTHAJIa) ABJIAETC HenocTaTtouHo 3¢dextnBHbM. B nomspumerprdeckux PJIC dpopmuposanue
KaXXa0oro 3JICMCHTa I/I306pa.)KeHl/Iﬂ OCYIICCTBJIACTCA 10 BBIXOJAHBIM CHIHaJIaM 4YCTBIPEX IPHUCMHBIX KaHaJIOB. CoBMecTHaAs
00paboTKa ITUX CHIHAJIOB ITO3BOJISIET MUHUMHU3HUPOBATH CIIEKIT O3 CHIDKEHUSI paspellarolei criocooHocTu. B pabote npuseieHb!
PE3YJIbTaThl KOMIIBIOTEPHOI'O MOJCIUPOBAHNA MCETOOB IMOJABJICHHA CIICKJIa 1/1306pa>1<eH1/1171, TOoJIy4yacMbIX B HOJ'I)IpI/I?)aIlI/IOHHOﬁ
PJIC ¢ cunTe3upoBaHHOM arepTypoii aHTeHHBI. [1epBbIii HCTIONBb3yeT B KAYECTBE TapaMeTpa MHHTEHCUBHOCTH OTPAKEHHOTO OT i-TO
SIEMEHTa pa3pelleHNs CUTHAIA HOPMY €r0 MaTpHIIbl 00paTHOro paccesiHust. Bo BTOpoM NpoM3BOIUTCS HEKOTEPEHTHOE CII0KEHUE
WHTEHCHBHOCTEH, MOJIyYeHHBIX TIPY TTOCIIEA0BATEIFHOM 0030pe IPOCTPAHCTBA HECKOJIBbKUMH JiydamMu. O0a 3THX MeToJa MOTyT
ObITh TpHMEHEHbI coBMecTHO. [IpmBenmeHa OnOK-cxema Takol 0OpaOOTKM TSI OJHOM TONOCKM amanmbHOCTH. [IpoBemeno
KOMITBIOTEPHOE MOJICTIMPOBAHHUE «TPEXJIydeBOro» METO/a TOAABIEHMS cHekia u300pakeHwii, mnomydaemeix B PJIC ¢
CHHTE3UPOBAHHOW arepTypoil aHTeHHBL. B KauecTBe MOIEIN OTpaKaromlel MMOBEPXHOCTH BBIOpaHa CiydaiiHas Iu(paKIMOHHAS
peleTka, 0Opa3oBaHHAsl COBOKYITHOCTBIO HE3aBHCHMBIX OTpakaTelel, PacroioXEHHBIX B y3/ax PEeryJisIpHON MpSAMOYTOIbHOH
cetku ¢ maroM 1 M. Ilpm 3ToM M300pakeHHMe pemreTkH c(hOPMHUPOBAHO KAK HEKOTEPEHTHAs CyMMa TpeX HM300paXKeHHH,
HOJy4YeHHBIX IOl Pa3HBIMHU YITIaMH. Pe3ynbTaThl MOKa3bIBAIOT, YTO CHEKI-3((EKT yMEHbIIACTCS YKe TP YIJIOBBIX OTBOPOTAX
TIOPS/IKA €IMHULL TPayCOB.

KroueBsle ciioBa: 3pheKTUBHAS TIOBEPXHOCTh PACCESIHIS, H300paKeHHE 00BEKTa, aJITOPUTM, CHHTE3UPOBAHHAs arepTypa.
BBEJIEHUE

OO6paboTka aHHBIX paJnOSIOKaToOpa ¢ CUHTe3upoBaHHOU aneprypoi (PCA) mo3Bosnser moy-
YyaTh M300paKEHUs C BBICOKUM DPAa3pelIEHHEM, HO KadeCTBO M300paK€HUH B 3HAUUTEIBHOU CTEIEHH
3aBHCUT OT TaK Ha3bIBAEMOTO CIEKJIa, 00YCIOBIEHHOIO KOI'€PEHTHBIM CIIOKEHHEM CUTHAJIOB OT He-
OOJIBLIIOTO YMCIIa OTICNIBHBIX paccenBaTelled, HaXOAsIUXCsl B dJieMeHTe paspemeHust. Crieki npuBo-
JUT K MIEPUOINYECKON MPOCTPAHCTBEHHO-BPEMEHHOM HECTAIIMOHAPHOCTH CUTHAJA U, KaK pe3yibTar, —
K ISTHUCTOU CTPYKTYype M300paKeHUs C SPKUMH BCIIBIIIKAMU MHTEHCUBHOCTH, KOTOPBIE MOTYT OBITh
IIPUHSTHI 332 OTPA’KEHUS OT LIETIEH.

B 0030pax aganTuBHBIX (YUIBTPOB CHUIKEHUS criexna’ [1, 2, 3] mokasaso, 4To JYYIIAA U3 HUX
¢meTp JIu coxpansieT cpeaHee 3HaYeHHE OJHOPOIHON obnactu B pamkax ~0,1 nb, onHako He cmoco-
O€H XOpOIIO aJaNTHPOBATHCS K HAJTMUUIO TOUCUHOU LeIHu. DTU (QUiIbTpsl paboTaloT, PaCCUUTHIBAS JIO-
KaJbHYIO CTaTUCTUKY MAaJICHbKHX YYaCTKOB paJHOJIOKAIIMOHHBIX M300paxenuii (PJIN), u 3amensis ux
HEKOTOPBIM HOBBIM 3HAU€HHEM, BBIOPAHHBIM B COOTBETCTBHH CO CBOMM QJITOPUTMOM.

IIpencrasisier MHTEPEC UCIIONB30BAHUE B YCPEIHEHHUH IOJHBIX 110 paspewmenuto PJIM, nomyden-
HBIX MOJISIPU3AIMOHHON paauodiekTponHon ctaniueit (PJIC). 3HaunTenbHBIM MTPEUMYIIIECTBOM TOIX0/1a

! Pa/i031IeKTPOHHEIE CHCTEMBI: OCHOBBI TIOCTPOEHHS M TEOHSL: cripaBounuK / o pex. S1.J1. Illupmana. M.: Maxsuc, 1998. 828 c.
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ABIIICTCS TO, YTO IIPH 3TOM YMEHBILICHHE ITPOCTPAHCTBEHHOI'O paspelleHus He mpoucxonurt. [losromy B
paboTe NpUBEJEHBI Pe3yIbTaThl KOMIIBIOTEPHOIO MOJICIMPOBAHUS METO/A TIOIaBJICHHUS CIIEKIIa M300paxe-
HUI, OJTyyaeMbIX B nossipu3anoHHoi PJIC ¢ cuHTe3upoBaHHOMN anepTypoi aHTEHHBI.

METO/AblI CHUKEHUSA CIIEKJIA B PJIX

Jns pukcupoBaHHON JUIMHBI 30HAMPYIOLIEH BOJHBI M MHTEPBaJla CHHTE3MPOBAHUS aNepTyphI
PCA cymectByer Ba (U3NYECKUX ACTIEKTA, OMPEICNIAIONINX IBa OCHOBHBIX METOa CHIYKEHUS CIIEKJI-
s dexTa 6e3 MPaKTUUIECKH 3HAYUMBIX IOTEPh B MPOCTPAHCTBEHHOM pa3pelieHuu [4—6].

Meron 1. Mcnonb3oBaHue B Ka4eCTBE MapaMeTpa UHTEHCUBHOCTH J; OTPAKEHHOTO OT I-T0 AJie-

1/2
2
MEHTa pa3pelLIeHNUs CHrHalla HOPMY ero MaTpuisl odparHoro paccesnus. J ~ k||S, || = (§ | S ! | )

(k— xo3ppuuueHT NponopLUUOHAIBHOCTH). B cuity Toro, 4ro crmeki-kapTuHsl n3oOpaxenuit PJIN;;,
MOJYYCHHBIX B YETHIpEX KaHajlaX COIJIACOBAaHHOTO (MIbTpa, B OOHIEM cilydae 4YacTUYHO-KOPPEIH-
pOBaHbI, CyMMHPOBaHHE UHTEHCUBHOCTEH 3TUX M300paxeHuii PJIM;; mpMBOANT K yMEHBIIEHHIO KOH-

1/2
TpacTa CIeK/I-KapTUHbI B CyMMapHoM u3o0paxenun PJIU . = (Z | PJIN, |2) :

Merton 2. HekorepeHTHOE CIIOKEHHE M300pakeHnH (CyMMHUPOBaHUE WHTEHCUBHOCTEH), TIOJTY-
YEHHBIX C Pa3HBIX PAKypcoB HaOMOAeHHS. J[Is1 3TOro METoAa MPOU3BOIUTCS MOCIEI0BATEIbHBIN 00-
30p MPOCTPAHCTBA HECKOJBKUMH JIy4yaMH, YIJIOBOE Pa3HECEHUE KOTOPBIX IPEBBIIIAET HHTEPBAJ yIJIO-
BOM (pakypCHOM) KOppeJsLMU IuarpaMMbl 0OpaTHOTo paccessHus aneMeHTa pasperienusi PCA, obOpa-
30BaHHOTO OOJIBIIMM KOJMYECTBOM 3JIEMEHTAPHBIX, «HEPA3peIIaeMbIX» OTpakaTeslel co CiydailHbIM
KOX((HUIMEHTOM OTPaXKESHHsI, pacTpeeNIeHHBIX 10 TUIoaau (00beMy) dEMEHTa pa3pelieHusl.

[Ipy BBIMOJHEHMM 3THUX YCIOBHH B KaHalle KaKIOro M3 Jydyed (hopMUPYIOTCS HM300pakeHUs
OJHOM M TOM K€ 30HBI IPOCTPAHCTBA C YAaCTUYHO-KOPPEIUPOBAHHBIMHU CIEKI-KapTuHaMu. Hekore-
PEHTHOE CYMMHPOBAHHE 3TUX M300paxKeHUH (IIPU COBMEILEHHH, YUUTHIBAIOIIEM F€OMETPUIECKUE T10-
NPaBKH, CBSI3aHHBIC C Pa3HBIM PaKypcoM HaOJIOAEHUS) MPUBOAUT K CHIDKCHHIO (P (eKTa «3epHUCTO-
CTH» CyMMapHOT0 N300pakeHMsL.
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Puc. 1. Wmoctpanust npuniuna Gopmuposanus PJIN PCA co CHHXEHHBIM KOHTPACTOM CIICKJI-KaPTUHBI
Fig. 1. Illustration of the principle of formation of radar image of the RSA with reduced contrast of the speckle pattern
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OueBuaHO, YTO 00a METO/Ia MOTYT OBITH IPUMEHEHBI cOBMecTHO. [Ipu aTOM 06m1as O1ok-cxema
Takoi 0OpabOTKH AJII OJTHOM MOJIOCKH JTAJIbHOCTH COOTBETCTBYET pHUC. | . BXOMHbBIE MaHHBIE C BBIXO/IA
NpUEeMHHKA B aHAJIOrOBOH 160 B L poBoii popme mocTynaroT Ha O6JI0K AuarpaMmooOpasyromiei 00-
pabotku ([100), BemonHsAOmEeH yHKIIMN TOATOTOBKH JTaHHBIX JIJII MHOTOJIY4Y€BOTO (B JaHHOM CITy-
yae 3-myueBoro) pexuma padotsl PCA. B 6oke 100, ¢yHKIIMOHANIBHAS cXeMa KOTOPOTo IpUBEeHA
Ha pHC. 2, MTPOU3BOJUTCS COBHUI YAaCTOTHI MPUHUMAEMOI0 KOMIUICKCHOTO CHUTHAJIa Ha HEKOTOPYIO Be-

maundy Af;, CBA3aHHYIO C yIJIOM OTKJIOHEHHS. 0 CHHTE3UPYEMOTO JIy4a COOTHOIIEHHEM

Af; = et -sina,
%

r7ie BeauunHa Vy; — abCoMOTHAs CKOPOCTh HOCUTENS, O — YTrOJ OTKJIOHEHHS OT HOpPMalld K BEKTOpY
abcomroTHON ckopocTH. I1os1 aOCOMOTHOM CKOPOCTRIO V; TOHUMAETCSI CKOPOCTh OTHOCUTEIIBHO 3eMITH
MIPY IBUKEHUHM HOCUTEIIS MapauIeIbHO €€ TOBEPXHOCTH.

0oo 1
BbixoaHble
AaHHble, NnyY,
BxogHble
2
AaHHblE BbixogHble
AaHHble, Ny,
3

BbixogHble

OaHHbIe, Ny4,

- Af +Af

BOY4

Puc. 2. ®yHKunoHagbpHAs CXeMa YCTPOUCTBA JUarpaMMoodpasyromieii 00paboTku
Fig. 2. Functional diagram of the diagram-forming processing device

Ha puc. 2 nokazan BapuanT uudpooii peanuzanuu JJOO, Korja BXOAHbIE JaHHBIE TPEICTaB-
JIEHBI B BUJE KBaJPAaTypPHBIX KOMIOHEHT OTPa)XKEHHOTO CHTHAJa, & OMOPHBIC YAaCTOTHI CABUTA MOTYT

ObITh KaK oTpuLaTebHbiMU (— Af;), Tak u nonoxutensHbiMu (+Af).

Takum 00pa3zom, U3MeHssl aOCONIOTHYIO BETUYMHY COBUIA YacTOTHI BXOJHOTO KOMIUIEKCHOTO
CUTHAJIa, MOKHO YTNPAaBJIATh YIJIOM OTKJIOHEHMS Jy4ya AMAarpaMMbl HAIllPaBICHHOCTH CHUHTE3UPYEMOM
aHTEHHBI. /{7151 OTHOCUTENHHO HEOONBIIHX (110 CPAaBHEHHIO C IIMPUHON AMAarpaMMbl HAIPaBICHHOCTH
nepBrUuHOil aHTeHHbI PCA) yrimoBbIX OTKIOHEHHH (@ moTepu B kod3dduirente ycuieHus OyayT He-
3HAYUTENbHBIMU. J[JI yIJIOB, CPaBHUMBIX C IIMPUHON TUArpaMMbl HaIpaBJIEHHOCTH MEPBUYHON aH-
TEHHBI, 3TU TOTEPU HEOOXOAUMO YUUTHIBATH IPU OIIEHKE SHEPreTUYECKOT0 OTEHIIMANA CUCTEMBI U €€
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paspemraomux CcBOUCTB. [Ipu OONBIIMX OTKIOHEHHMAX Jydya HEOOXOAMMO MPOU3BOIUTH IMPOCTpPAH-
CTBEHHYIO (DUIIBTpPALIMIO YTIOBOIO CIEKTPa OTPAKEHHBIX BOJH JUIS €r0 COTJIAaCOBAHMSI C YAaCTOTOM Mo-
BTOpEHMs 30HAMpYtomero curnaia [7]. IIpocTpaHCTBeHHYIO (MIBTPALUIO YTJIIOBOTO CHEKTpa OTpa-
’KEHHBIX BOJH IPH MPUEME LIeIeCO00pa3HO MPOU3BOAUTH MPH MOMOIIM (a3upOBaHHON aHTEHHOU pe-
MMETKU, YTO HO3BOJIACT CYIICCTBCHHO YMCHBIIUTDH FaGapI/ITI:I CUCTCMbI 11O CPABHCHUIO C BAPpUAHTOM
WCIIOJIb30BAaHMS HECKOJIBKUX MTPUEMHBIX aHTEHH, OPUEHTUPOBAHHBIX MO/ pa3HbIMU yriiamu [8, 9].

PE3YJIBTATBI KOMIIBIOTEPHOI'O MOJAEJINPOBAHUA

Jlis wimocTpalyy MpUBEACHHBIX BBIIIE PAacCyKIEHUI MPOBEIEHO KOMIIBIOTEPHOE MOJEIUPO-
BaHUE «TPEXJIy4€BOI0O» METOJIA MTOJIaBJIEHUS CIIEeKIa n300paxenuii, nonydaemsix B PJIC ¢ cunresupo-
BAHHOM anepTypoil aHTEHHBI.

AdpekTMBHOCTL NOAaBNEHUs cnekna npyu ycpegHeHUn Tpex
n3o6paxeHuUn

28
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Puc. 3. 3aBHCUMOCTb BEJTMYMHBI OTHOILICHHSI CPEIHEN SIPKOCTH N300paKEHHS K CPETHEKBAIPATHIECKOMY OTKIOHEHHIO
JUTSL Pa3JINYHBIX YTIJIOB pa3HOca JuarpaMM HampaBlIeHHOCTH Tpex iaydeir PCA
Fig. 3. Dependence of the ratio value of the image average brightness to the MSE for different angles of separation
of the directivity patterns of SAR three rays

B xadecTBe Mozenu oTpaXkarolieil MOBEpXHOCTH BhIOpaHa CirydaifHast A paKIoHHas peneT-
Ka, 00pa30BaHHasi COBOKYITHOCTHIO HE3aBUCUMBIX OTPa)KaTeleH, pacloNIOKEHHBIX B Y3J1aX peryIspHON
IIPSAMOYTOJIBHOW CeTKH ¢ maroM | M. Paspemenue cUCTEMBI aBTOMAaTH3UPOBAHHOTO PACIIO3HABAHUS
ObUIO 3amaHO paBHBIM 5 X 5 M. KommuiekcHble KO3((GUINEHTH OTpaKEHUS PEUIETKH ObUIN 3a]aHbl
CIlydaifHBIM 00pa3oM, MPU 3TOM «KBaJpaTypbD» K03(D(UIIMEHTOB ObUIM pacTpeieeHbl 10 HOpMallb-
HOMY 3aKOHY C HYJIEBBIM CpeAHUM. B pesynbrare MomenupoBaHMs OBUTH MOIYYEHBI TPOWKH SPKOCT-
HBIX M300paXCHUN PEIIeTKH JUTsl pa3HBIX YIIIOB Bu3nupoBaHust. Monemupyemas PCA ¢yHKImoHHpOBa-
Ja B COOTBETCTBHH C pHC. 1.

Ha puc. 3 npuBeneHa 3aBUCUMOCTD BETMUMHBI OTHOILICHUSI CPETHEN SPKOCTH TOJIy4aeMoro u300pa-
YKEHHSI MOJIETTUPYEMOM pelleTKH K cpeiHeKBagpaTnyeckoMy oTkinoHeHuto (CKO) 3ol sspkocTy T yriioBoro
pazHeceHust Tpex auarpamm Kaxaoro m3 kanaaoB PCA. Ilpu sTom n3o0pakeHne pemerkd chopMUpOBaHO
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KaK HEKOTEPEHTHAs CyMMa TpeX H300pakKeHH i, moTydenHsIx mo yraamu @, 0°, — ¢ cootBercTBeHHO. Pe-

3yJIbTAaThl OMy4eHbI 1j1st pazpeieHus PCA 5 X 5 M U JUIMHBI BOJTHBI 30HIUPYIOIIETO CUTrHaja 3 cM.

Kak cnenyer u3 puc. 3, qucnepcus SpKOCTA U300paxKeHHs 3aMETHO MaaaeT (T. €. cuekiI-3¢dexT
YMEHBIIAETCS) yKe TPH YIJIOBBIX OTBOPOTAX MOPSAKA €IUHUI TPaaycoB. st yriIoBBIX OTBOPOTOB 0O-
nee 2,5° criekisl TpeX U300paKEHUI CTAaHOBATCS HEKOPPETUPOBAHHBIMHU, U TPHU JalIbHEHIIIEM YTJIIOBOM
pa3HoOCe IUCIEPCHs SIPKOCTU HE yMEHbIIAaeTcs. [lanpHeillnee CHIKEHUE CHEKJIa BO3MOYKHO MPHU yBe-
JUYEHUH YKCIIa KAaHAJIOB YTIIOBOTO pa3Hoca.
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SIMULATION RESULTS OF SPECKLE SUPPRESSION IN RADAR
WITH SYNTHETIC APERTURE

Ruslan N. Akinshin', Vladimir L. Rumyantzevz, Andrey V. Peteshov’

!Section of Applied Problems at the Presidium of the Russian Academy of Sciences, Moscow, Russia
?JSC Central Design Bureau of Apparatus Engineering, Tula, Russia

 Cherepovets Higher Military Engineering School of Radio Electronics, Cherepovets, Russia

ABSTRACT

The disadvantage of (RLI) radar images obtained with a single-channel radar station is the presence of speckle that leads to
intensity flashes increasing the number of false alarms when detecting point targets. Therefore, the detection and target
distinguishing by their reflective capability (using the energy characteristics of the signal) is not effective enough. In polarimetric
radar stations the formation of each image element is carried out by the output signals of four receiving channels. Joint processing
of these signals allows minimizing speckle without reducing the resolution capability. The paper presents the results of the
computer simulation of the suppression methods of the image speckle obtained in the polarized radar stations with the synthesized
antenna aperture. The first one uses the norm of the backscattering matrix as a parameter of the intensity of the reflected signal
resolution from the i-th element. The incoherent addition of the intensities obtained by sequential overview of the space with
several rays is carried out in the second one. Both of these methods can be applied together. The block diagram of such processing
for one strip of range is given. The computer simulation of the three-rayed suppression method of the image speckle obtained in the
radar stations with the synthesized antenna aperture is carried out. As a model of the reflecting surface a random diffraction grating
formed by a set of independent reflectors located at the nodes of a regular rectangular grid with a step of 1 m is chosen. In this
connection the image of the grating is formed as an incoherent sum of three images obtained at different angles. The results show
that the speckle effect reduces even at angular changes of the order of degree units.

Key words: effective surface of scattering, the image of the object, the algorithm, synthesized aperture.
REFERENCES

1. Vasile, G., Trouve, E., Lee, J.S. and Buzuloiu, V. (2006). Intensity-driven adaptive
neighborhood technique for polarimetric and interferometric parameter estimation. IEEE Transactions
on Geoscience and Remote Sensing, vol. 44, no. 6, June, pp. 1609-1621.

2. Lee, J.S., Schuler, D.L., Grunes, M.R., Pottier, E. and Ferro Famil, L. (2006). Scatter-
ing model based speckle filtering of polarimetric SAR data. IEEE Transactions on Geoscience and
Remote Sensing, vol. 44, no. 1, January, pp. 176-187.

3. Kozlov, A.L, Logvin, A.L. and Sarychev, V.A. (2008). Polyarizatsiya radiovoln. Kn. 3
Radiopolyarimetriya slozhnykh po strukture signalov [Polarization of radio waves. V. 3. Radio-
polarimetry of complicated structure signals]. Moscow: Radiotekhnika, Radio Engineering, 688 p.
(in Russian)

4. Akinshin, N.S., Rumiantsev, V.L. and Khomyakov, V.A. (2016). Algoritmy ob-
naruzheniya obyektov v polyarizatsionnikh RLS [Algorithms of object detection in the polarized ra-
dars]. Izvestiya TulGU. Ser. Tekhnicheskiye nauki [Proceedings of the Tula State University. Ser. En-
gineering Sciences], iss. 2, pp. 14-21. (in Russian)

5. Giuli, D., Fossi, M. and Facheris, L. (1993). Radar target scattering matrix measurement
through orthogonal signals. IEE Proceedings F — Radar and Signal Processing, vol. 140, no. 4, August,
pp. 233-242.

6. Claude, S.R. and Pottier, E. (1997). An entropy-based classification scheme for land ap-
plications of polarimetric SAR. IEEE Transactions on Geoscience and Remote Sensing, vol. 35, no. 1,
pp. 68-78.

81



Hayunblii Becruuk MI'TY T'A Tom 22, Ne 01, 2019
Civil Aviation High Technologies Vol. 22, No. 01, 2019

7. Freeman, A., Saillard, J., Pottier, E. and Boerner, W.M. (1992). Classification or multi-
frequency. Multi-temporal polarimetric SAR images of natural vegetation. Eds. Proc. JIPR-2. 1992
Sepl. 8-10. IRESTE. U. Nantes, Brelagne, France, pp. 272-288.

8. Akinshin, N.S., Varenitsa, Y.I. and Khomyakov, K.A. (2016). Sovmestnaya otsenka
koordinatnikh i polyarizatsionnikh parametrov radiolokatsionnikh obyektov [Joint estimation of the
coordinate and the polarized parameters of radar objects]. Izvestiva TulGU. Ser. Tekhnicheskiye nauki
[Izv. The Tula State University. Ser. Technical Sciences], iss. 2, pp. 3—14. (in Russian).

9. Varenitsa, Y.I. and Rumyantsev, V.L. (2016). Otsenka dostovernosti modelnoy rekon-
struktsii izobrazheniya tochechnikh obyektov metodom pryamolineynogo sinteza apertury [ Assessment
of the reliability of the model image reconstruction of point objects by the method of straight-line aper-
ture synthesis]. Izvestiya TulGU. Ser. Tekhnicheskiye nauki [Proceedings of the Tula State University.
Ser. Engineering Sciences], iss. 7, part 1, pp. 184—191. (in Russian).

INFORMATION ABOUT THE AUTHORS

Ruslan N. Akinshin, Doctor of Technical Sciences, Associate Professor, Leading Researcher of
the Section of Applied Problems, Presidium of the Russian Academy of Sciences
rakinshin@yandex.ru.

Vladimir L. Rumyantzev, Doctor of Technical Sciences, Professor, Deputy Head of Department
of JSC CDBAE, cdbae@cdbae.ru.

Andrey V. Peteshov, Candidate of Technical Sciences, Associate Professor, Head of the
CWWIURE Chair, Cherepovets Higher Military Engineering School of Radio-Electronics,
D-john_post@mail.ru.

[MocTynuna B penakiuio 11.05.2018 Received 11.05.2018
[IpuHsTa B me4ath 17.01.2019 Accepted for publication 17.01.2019

82



