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Onucbigaemcs annapamypa 2eHepayuu u o6pabomku cueHasios Orisi 3KCIIOPIMHO20 8apuaHma MHO20(hYHKUUOHaITEHO-
20 paduoriokamopa. Annapamypa rnocmpoeHa Ha OCHO8e UUGbposbiX Memodo8 C UCrob308aHueM KoMbuHauuu
rpozpamMmupyeMbIX SI02UYeCcKUX UHMegparibHbIX CXeM U rMpogpaMMUupyeMbiX NMpoueccopos cueHaos. Ha eepxHem yposHe
uepapxuu cucmemy MOXHO paccmampusamb Kak MakpoKoHselep 3adad C repeMeHHbIM makmom pabombi, Kak ro obpa-
bomke cueHana, mak U ro ynpaeneHuro. Onucbieaemcsi epemMeHHasi Ouagpamma pabomsi cucmembl. MeHOBEHHbIL
OuHamudeckul Quara3oH arinapamypb! npu 0bpabomke muroeo2o Kea3UHernpepbieHo20 cuaHana cocmaensem 103 b,
YPO8eHb UHMePMOOYAUUOHHBIX COCMAaBSoWUX He rpesocxodum MuHyc 95 Ob.

Knrodesbie crioea: paduoniokayuoHHble cuzgHarsbl, yugposass obpabomka cusHanos, apxumekmypa ebl4uc-
numernbHbIX ycmpoucme.

In this paper we consider signal generation-processing system for export modification of multifunction radar.
The equipment is designed on the basis of digital signal processing methods with wide usage of programmable
signal processors and field programmable gate arrays. At the top hierarchy level the system may be considered
as a macro-pipeline both for signal processing and for its control. The paper describes block diagram, timing
diagram, and performance of the system. Instantaneous dynamic range of the equipment for typical pulse train
processing amounts to 103 dB, intermodulation distortions is less than minus 95 dB.

Keywords: radar signals, digital signal processing, hardware structure.

CucreMa reHepanuu 1 00padOTKH CHTHAIOB MHOTO(YHKIIHOHATBLHOTO paguonokaropa (M®PP) co-
JEPKUT CICTYIOIe OCHOBHBIC YCTPOUCTBA: IUPPOBOH (opMUpOBATENh CHT'HATIOB, YCTPOHCTBO Tpe-
00pa30BaHUs CUTHAJIOB, YCTPOHCTBO UMUTAIIMH M (PUIILTPALMN CUTHAJIOB, IIPOIIECCOp 00pabOTKM CHT-
HAJIOB, YCTPOMCTBO CHHXPOHU3AIMY U TIepeiaun ynpasistoieii nadGopmanuu. B paboTe onucaHsl oc-
HOBHBIC ocoOeHHOCTH M®P 1 BRITeKaronie w3 HUX TPeOOBAaHUS K CHCTEME TCHEpaIul U 00paboTKH
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curHaioB. Llenpro pa3paboTku yKa3aHHON CHCTEMBI, IOMUMO MOJMYUYSHHsI anmapaTrypsl A KOHKpPeT-
Hoii PJIC, sBnsuioch co3aaHue YHUGUITUPOBAHHBIX Y3JIOB, JOIYCKAIOIIMX HUCIOJIb30BAaHUE IIPH pas3pa-
ootke apyrux PJIC aHamoru4HOTrO Ha3HAUCHMUSL.

B pabote o6cyxeHsr 6a30Bble MPUHITUIIBI, HA OCHOBAaHWU KOTOPBIX ITPOBOAMIIACH pa3paboTka. Bee
OCHOBHBIE (D)YHKITMHM CHCTEMBI PEaTM30BaHbI B MU(POBOM BHUAE C IHPOKHM HCIOIH30BAHHEM IPO-
TPaMMHPYEMBIX TIPOIECCOPOB CUTHAIIOB JIJIS 33724 ¢ U3MEHAEMBIMU JITOPUTMAMU U TIPOTPAMMUPYE-
MBIX JIOTHYECKHX MHTETPAIBHBIX CXEM IS 33134 ¢ (PMKCUPOBaHHBIMH anropuTMamu. Cucrema reHe-
paruu 1 00pabOTKHM CHTHAJIOB pean3yeT Bce PYHKITHI 1Mo (GOPMUPOBAHHUIO CHUTHAJIOB U UX 00paboT-
K€, KOTOPbIE MOKHO BBHITIONHUTE B PE3YJIHTATEC OJHOTO 30HAUPOBAHUS. APXUTEKTypa CHCTEMBI obOec-
MEYMBACT OC3MHEPIIMOHHOE MEPEKIFOUYCHUE PEKUMOB pabOThl U MApPaMETPOB anmnapaTypbl B KaXKIOM
30HAMPOBAaHUK O€3 3aTpaT BpeMeHH paauoiiokatopa. s BHEMHWX WHTep(ElCOoB ammaparypbl Hc-
MOJTB3YIOTCS CTaHAAPTHBIE KAHAIBI CBSA3H.

B paGote npuBeneHa cTpyKTypHas cxema cucTeMbl. Ha BepxHeM ypoBHE HepapXuu cUCTeMa Tpe/l-
cTaBiseT co00 MakpOKOHBeWep, Kak 1Mo o0padOTKe CHTHAIIOB, TaK UM 1O ymnpasieHuto. [laetcs Bpe-
MeHHasl [uarpamma paboTsl MaKpOKOHBeHepa.

OrnrcaHbl METOJIBI OLICHKH TapaMEeTPOB CHUCTEMBI Ha KOMIUICKCHOM HCIIBITATEIIBHOM MOACIHPYIO-
IIeM CTEH/IE, TPOUJLTIOCTPUPOBAHBI PE3yJIbTaThl 00PA0OTKU THUITOBBIX 30HIUPYIOIIUX CUTHAJIOB, TPH-
BEJICHBI PEe3yJILTAThl OIICHKH XapaKTEPUCTHK CUCTEMbl. MTHOBEHHBIN TUHAMUYECKUH TUAITa30H arla-
patypsl Tipu 00paboTKe THUIIOBOTO KBa3MHENPEPHIBHOTO cUTHana coctaiseT 103 xb, momueni auHa-
MUYECKUN TUATIA30H C YYETOM PeryJaupoBKH ycuneHus — 133 ab, ypoBeHb HHTEPMOAYIISIIUOHHBIX CO-
CTaBJISIIOLIUX HE MPEBOCXOAUT MUHYC 95 1b.
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SIGNAL GENERATION-PROCESSING SYSTEM
OF MULTIFUNCTION RADAR

A.P. Dobrozhansky, G.V. Zaytsev, D.M. Litvinov, I.B. Tsipin

Signal generation-processing system (SGPS) of multifunction radar (MFR) contains the following facilities: dig-
ital signal generator, unit for signal conversion to the digital form, imitation and filtering unit, programmable
signal processor, control and synchronizing unit. The paper describes main MFR features and corresponding
requirements to SGPS. Design purpose of this equipment, besides development of particular radar, was to get
unified building blocks of hardware to be used in similar radars.

Basic design principles are discussed in the paper. The SGPS is designed on the basis of digital signal pro-
cessing methods with wide usage of field programmable gate arrays and programmable signal processors. The
SGPS performs all the problems of signal generation and processing which may be solved in one probing
radar cycle. The architecture of the system provides switching of work modes without radar time expenditure and
minimizes time delay in results calculation. Standard communication channels and load-carrying structures are
used in the system.

Block diagram of the system is described. At the top hierarchy level the system may be considered as a mac-
ro-pipeline both for signal processing and for its control. The paper describes timing diagram of pipeline
operation.
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Performance test of the system has been executed. The paper describes experimental techniques of
parameters estimation, gives radar display images for typical waveforms, and presents main measurement
results. Instantaneous dynamic range of the equipment for typical pulse train processing amounts to 103 dB,
intermodulation distortions is less than minus 95 dBFS.
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O6cyrx0aromces pe3yribmamel pa3pabomku ycmpolicmea rpeobpa3osaHusi cueHarnos (YIC) 0risi 3KcrnopmHoz0 eapu-
aHma MHo20ghyHKUUOHarIbHO20 paduoriokamopa (M®P). YIIC exodum e cocmas cucmemMbi 06pabomKu cueHaros U ceou-
MU riapamempamu ornpedensiem €€ YyscmeumeribHoCMb U QuHamudeckul Ouarna3oH. Paccmampusaemcs cmpykmypa,
rpobrieMbi peanusayuu ycmpoticmea, rnpusodsimcs 20 OCHOBHbIE XapaKmepUCMUKU.

Knroyeenie cnoea: aHanozo-yugposoe npeobpasosaHue, OuHamudeckull duana3oH, NUHelHoCMmb, WyMkbl.

We discuss design results of signal conversion equipment for export modification of multifunction radar. The
equipment is a part of signal generation and processing system. Its parameters determine sensitivity and dynamic
range of the system. The paper describes block-diagram, performance, and design problems of the equipment.

Keywords: analog-to-digital conversion, dynamic range, linearity, noise.

[IpencraBmeHsr pe3ynbTaThl  pa3pabOTKH  IIMPOKOMOJIOCHOTO YCTPOHCTBA mpeoOpa3oBaHUA
curHasioB (YIIC) wmHorodyHKIHOHANRHOTO panuonokaropa. YIIC BXOOUT B COCTaB CHCTEMBI
00pabOTKH CHUTHAJIOB U CBOMMH TapaMeTpaMHu OIPENENseT €€ YyBCTBUTEIBHOCTh U JMHAMUYCCKUIMA
JMara3oH. YCTPOWCTBO COAEPKUT BOCEMb HICHTHYHBIX KaHAJIOB OOpa0OTKH Ha TPOMEXYTOYHOH
4acToTe, B KaXX/JIOM W3 KOTOPBHIX pEIIaloTCsS CIEAYIONMe 3aJad: KOMMYTAalus BXOAHBIX U
KOHTPOJIbHBIX CUTHAJIOB; YCUJICHHE C BO3MOXHOCTBIO €r0 PEryJIMPOBKH MO0 KOMaHIHOW WH(OpMAIUY;
(hopMupoOBaHUE MOIOCH YaCTOT 00PabOTKH U aHAIOTO-IIU(POBOE TTPeoOpa30BaHNE CHUTHAIIOB.

O6cyxmaercst cTpykTypHas cxema YIIC, 000CHOBBEIBAeTCS BBIOOp DJIEMEHTHOH 0asbl ¢ y4eTOM
JMara3oHa 4acTOT, apaMeTpOB JTMHEWHOCTH M IIYMOBBIX XapaKTepUCTHK. AmmapaTypa yCTpOWCTBa
peann3oBaHa Ha 0a3e CTaHIApTOB €BPOKOHCTPYKTHBA.

[lpuBogsTCcst pe3ynbTaThl JKCHEPUMEHTANBHBIX HCCIENOBaHM ombITHOrOo obpasma YIIC.
JluHaMHuYecKuil uana3oH BBIXOJHOIO CHTHAlIa B IMoyioce 00paboTku — He MeHee 65 nb. YpomeHb
CTaplIeii UHTEPMOTYJIAIIUOHHON COCTABISIONICH TPETHETO MOPSIKA HE MPEBHIIIACT BEIIMYMHBI MUHYC
95 nb otHOcuTenprHO Hecymel. [IpuBeneHHOe KO BXOIy CpeIHEKBaJpaTUYECKOe 3HaueHHE
CcOOCTBEHHOT'0 IITyMa ycTporicTBa — He Ooiee 40 MkB B momoce 10 MI.

[IpuBoasTCS peKOMEHIAMKU IO HCIOJIH30BAHMIO 3JIEMEHTHON 0a3bl yCTpOMCTBA, ONTHUMH3AINH
CTPYKTYPHBIX, TOTIOJIOTHYECKUX U KOHCTPYKTOPCKHX PEIICHUH MpH pa3paboTKe ammaparypebl.
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SIGNAL CONVERSION UNIT OF MULTIFUNCTION RADAR

N.l. Avdeev, G.V. Zaytsev, J.A. Steshenko, I.B. Tsipin

We discuss design results of the broadband signal conversion unit (SCU) for multifunction radar. The unit is a
part of signal generation-processing system. Parameters of the unit determine sensitivity and dynamic range of
the system. SCU contains eight identical processing channels at intermediate frequency. Each channel performs
the following tasks: switching of input and test signals, controlled amplification under command information, selec-
tion of the necessary frequency band for further processing, and analog-digital conversion.

The paper gives SCU block diagram and discusses the choice of integrated circuits taking into account the
frequency range, parameters of linearity, and noise characteristics. Mechanical construction of the unit is realized
on the basis of eurostandards.

Results of SCU performance measurements are presented. Instantaneous dynamic range of the output signal
for the processing band is no less than 65 dB. The third-order intermodulation distortion does not exceed minus
95 dBc. Root-mean-square value of input-referred own noise is at most 40 pV in the frequency band 10 MHz.

Design recommendations on the use of integrated circuits and optimization of structural, topological, and de-
sign decisions are given.
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Paccmampusaemcsi MHO20MpoueCccopHoe npospamMmmupyemoe ycmpoticmeo yugposoli obpabomku cueHanos
¢ npoussodumernbHocmbio 6oniee 100 [¢prion/c. Yecmpolicmeo npedHa3HadyeHo Orisi peweHusi paduoriokayuUuoH-
HbIX U C8513HbIX 3a0ay 8 Ha3eMHbIX MOOUMbHbLIX MHO20GhYHKUUOHaIbHBIX MOHOUMMYIbLCHBIX paduosiokamopax
(M®P).

Knroyesbie crioea: MHO20(hyHKUUOHabHbIU paduoniokamop, npoueccop obpabomku cusHasnos.

Multiprocessing programmable unit for digital signal processing is considered. The unit has throughput more
than 100 GFLOPS and is intended for radar and communication signals processing in multifunction ground-based
monopulse radars (MFR).

Keywords: multifunction radar, digital signal processor.

PaccmatpuBaetcs mponeccop obpadotku curnanos (IIOC), npeacrapnstommii U3 ceds MHOTOIPO-
[[ECCOPHOE TPOTPaMMHPYEMOE YCTPOMCTBO [UIsl KCIIOJIb30BaHUS B HA36MHBIX MOOWJIBHBIX MHO-
ro(pyHKIIMOHATHHBIX MOHOUMITYJILCHBIX PaJNOJIOKATOPAX.

YerpoiicTBo ncnonb3yercs Uisi 00padOTKH CHTHAJIOB B PAIHMOJIOKAIIMOHHBIX M CBSI3HBIX 3a/lavax.
TpaI[I/IHI/IOHHBIMI/I pPaanoJIOKAlIMOHHBIMU 3aJavdaMU ABJIAIOTCA ONITUMAJIbHAA @Manpaum{ CHUI'HAJIOB B
3aJlaHHON O0JIACTH KOOpAHMHAT, OOHApYKEHHE TOJEe3HBIX CUTHAJIOB 10 pe3ysbTaTaM (GUiIbTpaIiu, 13-
MepeHHe apaMeTpoB OOHAPYKEHHBIX CUTHAJIOB, BEIYHCICHUE CHUTHAIOB OITHOOK JUIS COTPOBOXK/Iae-
MBIX 00BeKTOB. lIpy pemeHnu CBA3HBIX 3a7a4 YCTPOWCTBO BBHIMOIHAET aJTOPUTMBI CHHXPOHHU3AINH
npueMa, KOMITCHCAIIMH JOTUIEPOBCKOIO CABHTA, JIEMOJYJISAIUH, JCKOIUPOBAHUS ISl UCIOIb3yEMbIX
n30BITOUHBIX K0IOB 1 CRC-mipoBepKy. JlOMOTHUTENHHO Ha OTHEIBHBIX MPOIECCOPHBIX MOJIYIISX BbI-
MOJTHSAETCS IU(POBasi aBTOKOMITEHCAIHSI TIOMEX 0 OOKOBBIM JIETIECTKaM JHarpamMMbl HalpaBIIEHHO-
ctu. O0IIee KOJINIEeCTBO PA3HOBUIHOCTEH 00padaThIBAEMBIX CUTHAJIOB JIOCTUTAET HECKOJIBKUX COTCH.

[loka3aHo, 94TO PU COBPEMEHHOM YPOBHE Pa3BUTHS 3JIEMEHTHOI 0a3bl, YCTPONCTBO IS PEIICHHS
MIEPEeYNCIEHHBIX 33/1a4 B peaslbHOM MacIiTade BpeMeHH, JOKHO OBITh MHOTOIPOIiecCOpHBIM. [IpuBe-
JIeHa OIleHKa OTHOCHUTEIHHOTO BKJIA/Ia PA3IMYHBIX AJITOPUTMOB 00OpabOTKM CUTHAJIOB B OOIIyIO0 HE0O0-
XOJIUMYIO TPOU3BOUTEIHLHOCTh yCTPOWCTBA. Ha OCHOBaHWMHM yKa3aHHOW OIICHKH COPMYIHPOBAHBI
obmume npuHIEEl octpoeHus [10C n pacmapamtenuBanus onepamnuii. OO0CHOBaHA ONTHMAaTbHASL
apxutektypa [IOC B BuIe mapaieNbHOW CTPYKTYPHI M3 OJWHAKOBBIX IMPOLIECCOPHBIX AJIEMEHTOB C
KOHBelepHOi 00pabOTKOM MOCIEIOBATEILHO MOCTYNAIOIIUX 33/1a4 U COBMEIICHUEM OIepaluil BbI-
YHUCIIEHUI 1 BBOAA-BBIBOJIa HH(OPMAILINH.

[IpoBeneHo cpaBHEHHE MEXKITy ABYMs (pyHIaMEHTANTBHBIMU ToaxoaaMu K pazpadorke [10OC — wuc-
nosb3oBanue bUC curnaneubix mnpoueccopos mwin [IJIMC B kauecTBe OCHOBHOTO BBIYUCIHTEILHOTO
cpenctBa. [ paccmaTpruBaeMbIX MPUMEHEHHUH ¢ OONBIIUM pa3HOOOpa3ueM 3ajad U aarOpUTMOB, ap-
XUTEKTypa, OCHOBaHHas Ha mpuMeHeHuH b C cuTHaIBHBIX MMPOLIECCOPOB, UMEET PS MPEUMYIIECTB, a
[JIMC nenecooOpa3HO MCHOIB30BATh JJIS PEATU3AIMH AITOPUTMOB, HE TPEOYIOIINX THOKOCTH U TITy-
0OKO¥ MOJICpHU3AIIUH B MPOLIECCE MPOBEICHUS HCIILITAHUH.
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PaspaboTtanHoe ycrpoiicTBo uMeet npousBoautenbHocTh 6oee 100 GFLOPS u BeImonHeHO B BU-
ne crangaptHoro Onoka EBpomexanmka 19" ¢ ucnonszoBanuem mopaysieid gopmarta 6U. OCHOBHBIM
3JIEMEHTOM YCTPOICTBA SABJSETCA BBIYUCINUTENBHBIM MOIYJIb, COEPKAIINN BOCEMb CUTHAJIBHBIX MPO-
rieccopoB ADSP-TS201S ¢upmer Analog Devices, a Takke KOHTpOJUIEpHI BBOJa-BhIBoja. [Ipon3Bo-
JMUTETHHOCTh BRIYUCIHTEILHOTO MOy s coctaBiseT 28,8 GFLOPS. B ycrpoiicTBe HCTIOMB3YIOTCS Ue-
ThIpE€ BBIYUCIUTENBHBIX MOTYJIS.

Onwucanpl NPUHLIUIBI pa3paboTku mporpamMmHoro obecneuenus [1OC. CtpykTypa ycTpolcTBa U
METO/Bl pacHapajuleIMBaHUs OINEpaluil MMO3BOJIOT OCYLIECTBIISATh pa3feibHOE MPOrPaMMHUPOBAHUE
JUIS KaXXJIOTO TMPOIIECCOPHOTO 3JIEMEHTa. YKa3aHHBIH OCHOBOMOJAraloNIMi MPUHIUI CYIIECTBEHHO
yIpouiaeT pa3padoTKy 1 MOAU(PHUKAIHMIO TPOTPaMMHOT0 00eCIeUeHHSI.

B 3akmtoueHne qaHbl XapakTepUCTUKU deThipex nokojienuit [10C, pa3paboTaHHBIX B COOTBETCTBUU
C ONMMCAaHHBIMH IPHUHIHITAMH. [IpOM3BOIUTEIHFHOCTS YCTPOUCTB 3a MocieaHue 15 et Bo3pocia 6omee
yem B 100 pas.

JIUTEPATYPA

1. Bo6pos O.10., Ao6poxaHckun A.M., 3anues IN.B., ManukoB 10.B., LibinvH U.B. Lincdposasi o6paboTka curHanoB B MHO-
rodyHkumoHanbHbix PINC. Yactb 1. MpuHumnel paspaboTtku. MNpeobpasoBaHune curHana B uudposyto dopmy // Lindposas
obpaboTka curHanos. — 2001, Ne4. — C.2—-11.

2. Bbo6pos [.10., No6poxaHckuin A.M., 3anueB I.B., ManukoB 0.B., Ubinun U.B. Lincdposas obpaboTka curHanos B MHO-
rogyHkumoHanbHbix PNC. Yactb 2. AnroputMbl 06paboTku paamoriokaumnoHHbix curHanos // Lindposas o6paboTka curHa-
nos. — 2002, Ne1. — C.28-39.

3. Bbo6pos A.10., No6poxaHckun A.M., 3anues I'.B., ManukoB 10.B.,CyxapeB E.M., UbinuH U.B. Lindposas obpaboTtka
curHanoB B MHorogyHkumoHanbHbix PJIC. YacTe 3. MNporpammupyembiin npoueccop curHanos // LUudposasi obpaboTka cur-
HanoB. — 2002, Ne2. — C.17-26.

4. Bob6pos A.10., NobpoxaHckui A.M., 3anueB IN.B., CyxapeB E.M., Libinun U.B. MHoronpoueccopHoe ycTporcTBO Lmnd-
poBoit obpaboTku curHanos / Tpyabl 1- MexayHapopHou koHdepeHumn «Ludposas obpaboTtka curHanosy». — M., 1998,
T.IV. - C.113-120.

5. [Oo6poxaHckun A.M., 3anues IN.B., LUbinud U.B. MHoronpoueccopHoe nporpamMMupyemoe yCTporCTBO LudpoBoi obpa-
B60TKM pagunonokaLMoHHbIX curHanos // PagmotexHuka. — 2006. Ne2. — C.11-17.

6. 3anues IN.B. BbluncnutenbHbli MakpoOKOHBEWEp C nepemMeHHbIM TakTom paboTtel // Lindposas obpaboTka curHamnos. —
2006, Ne1. — C.38-44.

DIGITAL SIGNAL PROCESSOR OF MULTIFUNCTION RADAR

A.P. Dobrozhansky, A.B. Zazulina, G.V. Zaytsev

The paper presents a description of multiprocessing programmable unit for digital signal processing in multi-
function ground-based monopulse radars (MFR).

The unit is intended for radar and communication signals processing. Traditional basic radar tasks of the unit
are optimum filtering, detection, and measurement. In communication tasks processor performs demodulation,
decoding, and CRC calculation. Additionally, side lobe cancellation task is executed by separate special pro-
cessing module. Total quantity of processed waveforms amounts up to several hundreds.

Percentage estimation of required throughput for basic algorithms among necessary total throughput of the
processing unit is given. From this estimation basic fundamentals of processor architecture and methods of paral-
lel processing are deduced. The resulting architecture is a parallel structure of identical processor elements with
pipeline realization of sequential tasks and simultaneous execution of computational and input-output operations.

The paper also discusses a comparison between two fundamental approaches to signal processor design —
DSP vs FPGA. The reasoning is given for authors’ opinion that for considered application with wide variety of
tasks and algorithms DSP-based architecture has a lot of advantages, although FPGA should be used as an
auxiliary instrument.

The unit has throughput more than 100 GFLOPS. It is designed as standard 19” subrack with 6U modules.
The main element of the processing unit is a processing module. It includes eight ADSP-TS201S DSPs and input-
output controllers and have throughput 28,8 GFLOPS. Four processing modules are used in the unit.

The paper describes principles of software design. The structure of the unit and analyzed algorithms permit sep-
arate programming for each processing element. This basic principle significantly simplifies software design and
modification. There are four types of processing elements for programming: processing element in processing mod-
ule, two processing elements in control module, and processing element in side lobe cancellation module.

In conclusion four generations of signal processing units are listed that were designed according to
described principles. Throughput of the units increased more than 100 times during last 15 years.
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PaccvompeHo obHapy»keHue yenu u riooasrieHue rnoMex 8 paduosioKauUOHHBIX CMaHUUSIX C MOMOWbIO JIOKalTbHbIX
Makcumymos. Paboma Hogo20 memoda obHapyxeHus uerneli u rnodaeneHusi nomex bbina demarbHO rpomoderuposaHa ¢
riomouwibto Matlab, ymo daém ocHoeaHusi cdename 3akrnoHeHUe o pabomocriocobHocmu mMemoda U e20 rpakmu4yeckou
UeHHocmu. B cmamee paccmMompeHbi arneopummbi 4ughposoli 0bpabomku cuzHarios, npedazaembie 8 0aHHOM Memode
0ns pasHbix PJIC.

Kmroyeenle crnosa: cueHarnbHas ommemka (CO), riokarnbHbit makcumym (JIM), cmamucmudeckasi obpabomka, PJIC,
criekmpasibHbIlt aHanus (CA), obHapyxeHue CO, nodasrieHue roMex, CrioxKHble ad0UMUBHbIE CUHasTbI.

The article deals with the target detection and antijamming in the radars by means of the local maximum. The
work of the new antijamming target detection method has been modeled by MatLab in great depth. The
report considers the digital processing algorithms offered in this method for different radars. The list of references
was provided at the end.

Keywords: local maximum, statistical analysis, radar, spectral estimation, blinking detection, clutter suppres-
sion, complex additive signals.

Hoggrit crioco6 60pb0s! ¢ momexamu B PJIC ocHOBaH Ha TOM, 4TO O€JbIif TayCCOBCKHMA ITYM UMEET
CITy4alHBIN XapakTep, a curHaibHas otmeTka (CO) geTepMUHUPOBAHA.

st 00bsicHeHns! paboThI 3TOTO cr1ocoda MPUMEM HEKOTOPBIE YCIOBUSI:

1. 3neck UMEIOTCS B BUAY aJIUTUBHBIE IOMEXH, B COCTaB KOTOPBIX MOXET BXOJUTH HEKOTOPAs I10-
CTOSTHHAs1, THOO ciabonepeMeHHas U 00s13aTeIbHO OBl rayCCOBCKUH LIyM.

2. IIpeanonaraercsi, 4TO BO BpeMs IIPOBEACHHS OJHOTO U3MEPEHHS C COOTBETCTBYIOLICH pa3peria-
IOIIEH CIIOCOOHOCTBIO MO JallbHOCTH, YIIy MECTa U a3UMYTY AJISI COOTBETCTBYIOIUX 00BEKTOB MECTO-
nosioxkeHre CO oT 3TUX 00BEKTOB HE MEHSETCH.

Hanpumep, niist PJIC MeTpoBoro nuamnasoHa npeJHa3HaYeHHBIX U1 HaOII0IEHHUS 32 MOPCKUMH CY-
JaM{ OZHO W3MEPEHHE COCTOUT U3 HECKOJIbKUX IIMKIOB M3ilydeHus u npuema. A s PJIC nennmer-
POBOT0, CAHTUMETPOBOTO M MHJUTUMETPOBOTO TUAMA30HOB MpPeIHA3HAUYEHHBIX I HaOJIOJEHUS 3a
OBICTPOJIETAIIUMHI 00BbEKTAMH OHO U3MEPEHHE COCTABIISIET OT HECKOJIBKO MUKPOCEKYH 10 HECKOJIb-
KHUX MHJUIMCEKYHI M COCTOHMT M3 OJHOTO LIUKJIA U3YUYCHHUS U IpueMa. BrIBaIOT U Apyrue THUIIBI H3Me-
peHuil npousBoauMselx ¢ nomombo PJIC, HO Beerga mOMKHO COOIIOAATHCS YCIOBHE HEM3MEHHOCTH
Ha0I01aeMOT0 00BEKTa BO BpeMs MPOBEIEHHsS ONHOIO M3MepeHHs. s JokazaTenbcTBa MOJIO0XKHU-
TEJIFHOTO NEWCTBHS MpeaiaraeMoro crnocoda 60pb0sl ¢ moMexaMu HEOOXOAMMO NPHUHATH CIEAYIOIINE
OTIPENICIICHUS:

- JlokanbHBIE MAKCUMYMBI — 3TO OUTOBas WH(pOpPMAIUI Ha MecTe Ka)KJO0Tro MMMKa aMIUTUTYAHOM MH-
(hopMmarum, mory4eHHOU Nocye creKTpalibHoi 00padbotku (CA).

- Uteparus — 3TO MOMCK BEKTOPa JIOKAIBHBIX MakCUMyMOB (JIM) Ha TeKyIeM aMIUIUTYJHOM BeK-
tope CA Ha onHOoM 1ukie uznyderus PJIC u cnoxenne ero ¢ BektopoM JIM Bektopa CA oT mpensi-
nyuero nukia uzmepenus PJIC.

- bnok — 3T0 cymma JIM BekTOopoB CA OT HECKOJBKUX UTEPALIUM.

- OTBIT WM OJTHO U3MEPEHHUE — ATO CPpaBHEHHE MOI0XKeHUH JIM B pa3HBIX OJIOKax C IEIBbI0 UCKITIO-
YEeHUS JIOKHOU TpeBoru ooHapyxenus CO.

AnroputMm paboTsl npearaeMoro Merona ooHapyxeHnus: CO nmpu OOJIBIIOM KOJIWYECTBE LUKIIOB
n3Mepenns. Ha xaxxnom rukie mmyderns PJIC npousBogutcst ogHa urepanus. Jlamee mpon3BOgUTCS
HEKOrepeHTHoe HakoruieHue JIM, oOHapyKEeHHBIX B KaX/0il UTepalnu, T.e. IPOU3BOIUTCS OJUH OJIOK.
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Jaree, ast Toro 4ToOBI HCKITFOYUTH JIOXKHYIO TpeBory o Hanmmynu CO, B ciiy4ae OTCYTCTBHS JACHCTBU-
tenpHOM CO, HAmO MPOU3ZBECTH CPABHEHHE PE3YJILTATOB JBYX OJIOKOB, T.€. MPOW3BOAMTCS OMBIT. B
npeyiaraeMoM Metoje ooHapyskeHus CO u GophObI ¢ TOMEXaMH BCE KOJIMYECTBO IIMKIIOB HEKOPEHT-
HOTO HAKOIUIEHHUs pa3OMBaeTCs Ha WTepaluu, ONIOKM W OmbITHL. UM moaTBepkmaeTcs ¢ MOMOIIBIO
Matlab uro o6napy:xkenne CO 110 JOKAIbHBEIM MaKCHMyMaM IPOU3OUIET C TOU JKe BEPOIATHOCTHIO 00-
HapykeHus mosiesHod CO 1 MEHbIEH BEPOSATHOCTHIO JIOKHOW TpeBOTU. JpyruMu cioBamu, mpeasia-
raeMbIil METOJI MOXET JIaTh MPEUMYIIIECTBA NPU TIOJABJICHUU ITOMEX, B TOM YHCIIC U MPU O0Hapyxe-
ann CO Ha ypoBHE CHIIHHBIX TTOMEX.
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A NEW METHOD OF TARGET DETECTION
AND ANTIJAMMING IN THE RADAR

A.A. Kosin

The new radar antijamming method is based on the fact that white Gaussian noise has a random character
and the blinking is determined.

To explain this method operation we will accept some conditions:

1. We speak about additive noise, a part of which can be a various constant or a weak variable and surely
white Gaussian noise.

2. It is supposed that during one measurement with the corresponding range/elevation angle/azimuth/ resolu-
tion for the particular objects the blinking position from these objects doesn't change.

For example, for the sea VHF band surveillance radar one measurement consists of several radiating/ receiv-
ing cycles.

And for the dem/cm/mm frequency radars intended for the fast-flying object surveillance one measurement is
from some microseconds up to milliseconds and consists of one radiating/ receiving cycle.

There are also the other measurement types performed by the radar, but the condition of an invariability of the
surveillance object always has to be met during one measurement.

To prove the abovementioned antijamming method positivity it is necessary to establish the following defini-
tions:

— Local maxima are the bit data on a place of each amplitude data peak received after spectral processing
(SP).

— lteration is a vector search of the local maxima (LM) on the SP current amplitude vector on one cycle of ra-
dar radiation and its addition with the LM vector of SP vector from the previous radar measurement cycle.

— The block is the sum of the LM vectors of SA from several iterations.

— Experience or one measurement is a comparison of LM positions in different blocks to exclude the false
alarm of the blinking detection.

The operation algorithm of the offered blinking detection method is under a large number of measurement cy-
cles.

One iteration is made at each radar radiation cycle.

Then the LM incoherent accumulation found in each iteration is performed i.e. one block is made.

To exclude a false alarm about the blinking presence if there is no valid blinking, it is necessary to make com-
parison of two block results, i.e. an experiment is conducted.

In the proposed antijamming/blinking detection method the totality of cycles of inappropriate concentration
breaks into iterations, blocks and experiences.

MatLab confirmed that the blinking detection according to local maxima will happen with the same useful blink-
ing detection probability and smaller probability of a false alarm.

The offered method can give advantages, when antijamming.
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B daHHOU cmambe paccmompeHa npobnema go3delicmausi MouHo2o OMU, obpa3osaHHO20 MOTHUESbLIM
paspssidom, Ha paduo3nleKmpPoHHY arnnapamypy. PaccmompeHbl Memodbi oueHku cmolkocmu POA «k
so30elicmeuto OMU. NpedcmasneHa 6r10k-cxema rnpospamMmbl OUEHKU eusHus OMU Ha anepmypHbie aHMeHHbI.

Knrodesblie crnosa: snekmpomacHUMHbLIU UMIYILC, MOSIHUESbIU pa3psil, paduosaneKkmpoHHble cpedcmea,
MemoObl OUEHKU, poepaMma OUEHKU.

In this article the problem of the impact of powerful electromagnetic pulse formed by lightning discharge on
electronic equipment. Methods of an assessment of resistance of the equipment to influence of an electromagnet-
ic impulse are considered. Presents the block diagram of the program evaluate the impact of electromagnetic
pulse on the aperture of the antenna.

Keywords: electromagnetic pulse, lightning digit, radio electronic tools, evaluation methods, evaluation pro-
gram.

B cooTBeTcTBMM C HOpPMAaTHUBHOW JAOKyMEHTAalLlMEH ammaparypa JOJKHA 00J1afiaTh CTOHKOCTBIO K
BHEIIHUM BO3JeicTBUAM. OJHUM M3 BHEIIHUX BO3JCHCTBHUH SBISETCS MOIIHBIA 3JIEKTPOMArHUTHBIH
UMITYJIEC, 00pa30BaHHBIH MOJTHUEBBIM Pa3PsIIOM.

[Mpobnema BO3AEHCTBUS MOIIHOTO 3JEKTPOMArHUTHOTO MMITYJIbCA Ha almnapaTypy 4Ype3BbIUaifHO
aKTyaJlbHa M3-3a CIOKHOCTH DJIEKTPOAMHAMUYECKUX IIPOLECCOB B3aHMMOACHCTBUS TOJNEH ¢ MHPOKUM
KJlaccoM 00BEKTOB. B craThe OyayT paccMOTpeHBI MeXaHU3MBl Bo3neicTBus OMMU Ha ammapaTypy
TEXHUYECKUX CPEJACTB M CYHIECTBYIONIME METOMABI IO OLIEHKE CTOMKOCTH TEXHUYECKUX CPENCTB K BO3-
neiicreuro OMMU.
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EVALUATION OF THE RESISTANCE OF ELECTRONIC
EQUIPMENT TO ELECTROMAGNETIC PULSE,
FORMED BY THE LIGHTNING DIGIT

N.M. Kuptsov

According to the normative documentation the equipment should possess stability to external influences. One
of external influences is the powerful electromagnetic pulse formed by the lightning digit. The problem of
influence of a powerful electromagnetic pulse on the equipment is extremely actual because of complexity of
electrodynamics processes of interoperability of fields with a wide class of objects.

In article will be considered mechanisms of influence of an electromagnetic pulse on the equipment and
existing methods according to stability to influence of an electromagnetic pulse.
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B cmambe paccmampuearomesi npobriemMbi CUHXPOHU3aUUU U UHGOPMayUOHHO20 0bMeHa 8 co8peMEHHOM
paduonokamope. pugodssmcsi NpuUHYUMbI U CMPYyKmMypa cucmeMbl CUHXPOHU3auuu u nepedayu uHgopmayuu
pewarowell 0aHHble Npobremsl.

Knroyeenble crosa: cuHxpoHu3auusi, kaHan obmena, ethernet, LVDS.

The report deals with the problems of synchronizing and data exchange in the modern radar. The principles
and structure of the synchronizing and data transfer system are presented.
Keywords: synchronizing, data communication channel, Ethernet, LVDS.

CoBpeMeHHBIIT MHOTO(DYHKITHOHATBHBIN paauoiokaTtop (M®P) sBiseTcs CIOXKHBIM COCTaBHBIM
YCTPOMCTBOM, COCTOSIIUM M3 Pa3IUYHBIX OJIOKOB U Y3JIOB. B Takoi#l ClI0XKHOMN crcTeMe OCTPO BCTAeT
mpobiieMa CHHXPOHHU3AINH U HTHPOPMAIIMOHHOTO 00OMEeHa MEXKTy COCTaBHBIMH dacTsiMu MOP.

PexwmM pa®oThl paarookaTopa OnpeneNseT CTPYKTYpy CHCTeMBI CHHXpOoHU3auu. COBpEeMEHHBIH
M®P paboTtaer B UMITyJIECHOM pexXuMe, (haza H3TydeHUs 30HIUPYIONIEro curHana u asza mpuema ot-
P2XXCHHBIX CHUTHAJIOB pa3HECeHbI BO BpeMeHH. [Ipu 3TOM UK paboThl paHoIOKaTOpa MOXKHO pa3-
OWTH Ha PsIJI MTOCIEAOBATENBHBIX ACWCTBUN: MOATOTOBKA K M3IYyUEHHUIO 30HIMPYIOMIETO CHTHAlA, U3-
JTydeHre 30HIUPYIOIIETO CUTHAJIA, IPUEM CUTHAJIOB, OTPAKCHHBIX OT IEJIeH, 00paboTKa MOTydeHHBIX
curHaioB. Jlyns oOecriedeHUss CHHXPOHHOW paboOThl Kaxaas cocTaBHas yacTh M®P nmomkHa TOYHO
3HATh TEKyIIyIo (a3y IUKIa 30HaupoBanus. OTCI0a BBITEKAET, YTO JUI CHHXPOHHU3AIMK Ha amnmnapa-
Typy M®P nmomxHBI IepeiaBaThcs UMITYJIBCH Hadana padodero muxona (MHIL) n HyneBo#t manpHOCTH
(uznyuenue 3oHaupyromero curHaia R0). s ynpomienust orcueTa BpeMeHH BHYTPU LIMKJIA 30HIU-
POBaHUs AO0ABIISAETCS UMITYJIbC MUHUMaNbHOTO TakTa (MMT), anms oOecrieueHus MPUBSA3KH K €TUHOMY
MCTOYHHUKY TaKTOBOT'O CHTHaja — cUrHan omopHoi wactotsl (Fref). OTm dersipe curHama JOIKHBI
(hopMHUPOBATKLCS B OJJHOM MECTE U PaCIpOCTPaHATHCS Ha BCE COCTaBHbBIC yacT MDP.

[Momumo cuHXpOHHM3aIMK Ha anmnapatypy M®P HeoOxomumo nepenaTs HHGOpPMAIUIO, Onpeaes-
IONIYIO TapaMeTphl TEKYIEro MUKIIa 30HIUpoBaHus ((pa3upoBKa aHTEHHBI, YCHICHHE IPUEMHUKA, THIT
30H/IMPYIOLIETO CUTHANA U T.1.). 7 Kak1oro 0J10Ka paguoioKaTopa 3TO yIpaBisiomas HHpopMarus
CBOSI U MEHSIETCS OT 30HJAUPOBAHUS K 30HIMPOBAHHI0. MOMEHTHI Mepeaun ypasisomei napopma-
IIUU JTOJDKHBI OBITh JKECTKO TMPHBSI3aHbl K IUKIAM 30HAMPOBAHUSA, a CIEIOBATENIbHO W K CHUTHAIaM
CUHXPOHU3ALINH.

Masple AMUTEIBLHOCTH IUKIOB 30HAMPOBAHUS (IJTUTEIBHOCTE MUHUMAIBHOIO TaKTa U3MEPAETCA
COTHSIMH MUKPOCEKYHJ) TPUBOAAT K TOMY, YTO IICHTPaJIbHBIA BhrunuciutenbHblil komimeke (I[BK)
M®P He moxer obecnieunTh pabOTy B peaibHOM Macintadbe BpeMeHH. TakuM o0pa3oM, BO3HUKAET
HEOOXOAMMOCTh HAJMYHUS OTJCIIEHOTO 0JI0Ka, 3aHUMAIOIIEToCs (POPMUPOBAHUEM CUTHAIOB CHHXPOHHU-
3anuy ¥ 0OMEHOM YTpaBIsoed nHOPMAIUH ¢ anmnaparypoii paguonokaropa. OOMeH MeXay 3TUM
omoxom u 1IBK opranmsyercs ¢ OOJbIIUM TMEPUOIOM, Y€M MUHUMAIBHBIA TaKT MU HEOOXOJAMMOCTH
JKecTKoW npuBsi3ku padotel [[BK k peanbHOMY BpeMeHHU OTHajaer.
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THE SYNCHRONIZING AND CONTROL DATA
TRANSFERRING SYSTEM OF THE MULTIPURPOSE RADAR

D.M. Litvinov

The modern multipurpose radar (MMR) is the complex compound device consisting of various units and junc-
tions. The major problem of such a complex system is synchronizing and the data exchange between the MMR
component parts.

The radar operating mode defines the synchronizing system structure. The modern MMR is operational in a
pulse mode; the radiation phase of a probing signal and a phase of receiving the returned signals are separated
in time. Thus the radar operation cycle has a number of serial actions: preparing for the probing signal radiation,
the probing signal radiation, receiving the signals returned from the targets, the received signal processing.

To provide synchronizing the each MMR component has to know the current phase of the sounding cycle pre-
cisely. All it implies that for synchronizing it is necessary to transmit pulses of the operation cycle beginning (OCB)
and zero distance (probing signal radiation RO) to the MMR equipment. To simplify the time reading in the cycle of
sounding the minimum step pulse (MSP) is added, providing the binding to a single source of a clock signal — the
reference frequency signal (RFS).These four signals have to be formed in one place and propagate to all the
MMR components. Besides synchronizing, it is necessary to transfer data determining parameters of sounding to
sounding to the MMR equipment. The control data transmission moments have to be rigidly connected to the
sounding cycles and therefore to the synchronization signals.

Short duration of sounding cycles (minimum step duration is measured by hundred microseconds) results in
the MMR central computer complex (CCS) inability to perform the operation in real time. Thus need arises to have
a separate unit forming the signals of synchronizing and control data exchanging with the radar equipment. The
exchange between this unit and the CCS is made for a longer time than a minimum step and the need of strict
fixing of the CCS operation to the real time disappears.
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Paccmampusaromesi pasniudHbie Memodsl 3awumsi PJIC 0630pa om f10KHbIX MpPeeoe 8 30He MPOMSIKEHHbIX
1o anbHOCMU acCUBHbIX MOMEX, C8513aHHbIX C aHOMasIbHbIMU 3HaYeHUsIMU amraumyoOb! U 0onneposckol ghasbl
ompaxx€éHHbIX cugHaoe 8 omoesbHbIx anemeHmax danbHocmu. lNMpednazaembie Memodbl OCHO8aHbI Ha UCMHOIb-
308aHUU YacMOMHO20 ropoeaa Mpu obHapyXeHUU navyek UMybcoe ¢ 80bynsuueli nepuoda noemopeHus U na-
YeyHbIX cueHanos. Mccrnedyemcsi aghgheKmueHOCMb NMpuMeHeHUs1 8 OaHHbIX YCII08USIX Pa3HOCMHO-8PEMEHHOU
(PB) YriK u adanmueHo2o0 ammeHwamopa cuzHanoe Ha CBY. [NonyyeHHble pe3ynbmambl 2080psiM O 803MOX-
HOCMU cyuw,ecmeeHH020 nosblweHus 3aujuueHHocmu PJIC 063opa om daHHo20 suda rMoMex.

Knroyesnie cnoea: PJ/IC ob30pa, naccusHasi riomexa, «aHeesn», MecmHbil rnpedMem, JI0XHas mpeegoeaa,
uersnb, obHapyxeHue.

Some methods for surveillance radar defense from false alarm in zone of extended by range clutter,
connected with anomalous values of reflected signals amplitude and Doppler phase in particularly elements, are
considered. The suggested methods are based on the frequency threshold using for detection of patch impulses
with pulse period trembling and patch signals. The efficiency of time-difference (TD) MTI and adaptive signal
attenuator at MW are researched. The obtained results tell about possibility of high radar defense from this type of
clutter improvement.

Keywords: surveillance radar, clutter, «angel», local object, false alarm, target, detection.

PaccmartpuBarorest pasnuunbie MeTozp! 3amuTbl PJIC 0630pa OT JIOKHBIX TPEBOI' B 30HE IPOTSKEH-
HBIX 10 JAIBHOCTH ITACCHBHBIX IIOMEX, CBA3aHHBIX C AaHOMAaJIbHBIMU 3HAUYECHUSMHU aMIUIMTYAbl U JOILIE-
POBCKOH (pa3bl OTpaKEHHBIX CUTHAJIOB B OTACNBHBIX dJIEMEHTaX AajdbHOCTH. lIpemiaraemMbpie METOIBI OC-
HOBaHbl Ha HCIOJB30BAHMM YacTOTHOIO IIOpora IpH OOHapy>KeHWH HayeK HMITYJIbCOB C BOOYIsLMEH
neprosia TIOBTOPEHUST W TMaueuHbIX cUrHaioB. Vccnenyercst 3h(GEKTUBHOCTh MPUMEHEHUS! B JTAHHBIX
ycnoBHsX pazHocTHO-BpemeHHoH (PB) UIIK u anantuBHOTrO arreHroaropa curHagoB Ha CBY. B nenom
NPEIOKECHHBIE METO/IBI TTO3BOJISIOT CYLIECTBEHHO MOBBICUTH 3¢ dekTuBHOCTS 3ammThl PJIC 0630pa ot
JIOXKHBIX TPEBOT B 30HE MPOTSKEHHBIX IO AAJBHOCTU MACCHBHBIX IOMEX, CBA3aHHBIX C aHOMAaJIBHBIMU
3HAUEHMs] aMIUIUTYAbl U JOIUIEPOBCKON (ha3bl OTPaKEHHBIX CUTHAJIOB, NPH COXPAaHEHWU BUIUMOCTH
«TUXOXOIHBIX» Lienel. [Ipyn HEBO3MOXKHOCTH MX peai3allii M3-3a HENOCTAaTKa BPEMEHHU B PEKUMAX C
OJTHO3HAYHBIMH IO JAJILHOCTH CUTHAIaMU MPEATI0KEHO HCIOIb30BaTh AT ONMPEAEICHHOTO MOIaBICHUS
Takux momex amroput™m aBykpartHoi PB UIIK u amantuBHbli CBY-arTeHroatop, ympaBisieMbIid IO
MOILIHOCTH OCTAaTKOB IPOTSKEHHBIX NMACCUBHBIX MOMeX. [1oirydeHHbIe pe3yabTaThl TOBOPSAT O BO3MOX-
HOCTH CYILECTBEHHOT'0 ITOBbIIeHus 3amuieHHocTH PJIC 0630pa oT 7aHHOTO BUA TOMEX.
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SURVEILLANCE RADAR DEFENSE FROM FALSE ALARM
IN ZONE OF EXTENDED BY RANGE CLUTTER

I.F. Lozovskyi

Some methods for radar defense from false alarm in zone of extended by range clutter, connected with anoma-
lous values of reflected signals amplitude and Doppler phase in particularly elements, are considered. The suggest-
ed methods are based on the frequency threshold using for detection of patch impulses with pulse period wobble
and patch signals. The efficiency of time-difference (TD) MTI and adaptive signal attenuator at MW are researched.
On the whole the offered methods allow sufficiently to raise efficiency of surveillance radar defense from false alarm
in zone of extended by range clutter, connected with anomalous values of reflected signals amplitude and Doppler
phase, with saving of slowly moving target visibility. With impossibility of its realization for lack of time in regimes with
unambiguous on range signals the algorithm of double TD MTI and adaptive signal attenuator at MW, managed by
power of extended by range clutter traces, are suggested to use for some suppression of these clutter. The obtained
results tell about possibility of high radar defense from this type of clutter improvement.
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Paccmampuearomesi  pasnudHbie MemoObl noebiueHuss aghgpekmusHocmu 3awumsl PJIC o63opa om
moyYeyHbIX Mo danbHocmu naccusHbix nnomex (Trl), ebi3aHHbIX OMPaXXeHUsMU OM «aH2er08» U MECMHbIX
npedmemos. lNpednazaembie Memoodbl, 8 YacmMHOCMU, 8Ko4Yaom 8 cebsi UCnoib308aHUe nadYyeyHbIX cuaHasnoe u
obpabomky ¢ ynpasnsemMmbiM nopo2omM o 4yacmome [onnepa. NonyyeHHble pe3ynbmambl 2080psimM O 803MOX-
HOCMu cyuwecmeeHHo20 nosbiweHus 3awjuweHHocmu PIC o63opa om TIII1.

Knroyesnie cnoea: PJ/IC o630pa, naccugHasi riomexa, «aHaern», MecmHbil rnpedMem, IoxHas mpegoeaa,
uesib, 0bHapyXxeHue.

The different methods for efficiency of surveillance radar defense from the pointed by range clutter (PC),
caused by reflections from angels and local objects, are considered. The proposed methods, in particularly,
include using of patch signals and processing with Doppler frequency adaptive threshold. The obtained results tell
about possibility of high radar defense from PC improvement.

Keywords: surveillance radar, clutter, «angel», local object, false alarm, target, detection.

PaccmarpuBatoTcst pa3nmudHbIe METO/IBI MTOBBIIeHNS S dekTnBHOCTH 3ammThl PJIC 0630pa oT To-
YEYHBIX M0 AanbHOCTH maccuBHBIX momeXx (TIIII), BEI3BaHHBIX OTPaKEHHUSIMH OT «AHTEIOB» U MECT-
HBIX MpeaMeToB. [IpeaaraeMbie METObI, B YaCTHOCTH, BKIIIOYAIOT B C€0s UCIOJb30BAaHHE MAUYCUHBIX
CUTHAJIOB U 00pabOTKy C yIpaBiseMbIM IIOPOroM 1o yacrore Jlomiepa.

B otmuume ot UIIK, mpu ucnonp3oBaHUM alropuTMa 4YacTOTHOTO TOPOTa JOCTUTASTCS CHIKEHHE
YHUCJIA JIOKHBIX TPEBOT JI0 BEJIMUYMHBI, COOTBETCTRYIOIIEH mpomyckHoi criocodHoctu PJIC. [pu atom
obOecnieunBaeTcsi 0oJiee BBICOKAsh BEPOSTHOCTh OOHAPYIKEHUS I pa3HOTo BH[A, BKIIOYAsi CPaBHU-
TENBHO «THUXOXOHBICY», 0COOEHHO MPH 00pabOTKe ABYX MaueK ¢ pa3HOU BoOyisiuer nepuoa. Bepo-
ATHOCTHO-CKOPOCTHASI XapaKTEPUCTHKA alTOPUTMa YaCTOTHOTO TIOpPOTra HE WMEET IPOBAJIOB, YTO HC-
KITFOUAEeT MPOITYCKH IEJieH ¢ «HeOIaronpusITHEIMI» CKOpPOCTIMH. [Ipy NCIIOIb30BaHUH PEKUMOB C TTa-
YEUHBIMU CUTHAJIAMH U aJITOPUTMa YACTOTHOTO MOPOTa CHIKEHUE YKCia JOKHBIX TPEBOT 0 BEIUYU-
HBI, COOTBETCTBYIOIIECH TpoITycKHO# crocobHocTn PJIC mocTturaercs mpu MEHBITHX 3HAYCHUAX da-
CTOTHOTO TIOPOTa, YeM B PEXKUMAaX C OJJHO3HAYHBIMH T10 JATLHOCTH CUTHaIaMu. O0ecreunBaeTCs erie
00JIbIIast BUAMMOCTD «THXOXOJIHBIX) LEIEH.

B menowm, mpemioxxenHbie MeToabl 00paboTku curHanoB B PJIC obecrieunBaroT mpu COXpaHEHUH
BUIMMOCTH «THXOXOJIHBIX» IeJIed M TeMIla 0030pa CyIIeCTBEHHOE CHIKEHHE YMCIIa JIOXKHBIX TPEBOT
ot ocHOBHBIX BUI0B TIII1 B pa3sHOOOpa3HBIX MOTOAHBIX YCIOBHSX U JUIS Pa3HOW MECTHOCTH.
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EFFICIENCY IMPROVEMENT OF RADAR DEFENSE
FROM POINTED CLUTTER

I.F. Lozovskyi

The different methods for efficiency of surveillance radar defense from the pointed on range clutter (PC),
caused by reflections from angels and ground features, are considered. The proposed methods, in particularly,
include using of patch signals and processing with Doppler frequency adaptive threshold.

Unlike MTI with using of frequency threshold algorithm reduction of false alarm number to the value, corre-
sponding of radar throughput is reached. With this more high values of detection probabilities for targets of differ-
ent types, included comparatively «slowly moving» targets are provided, especially for two patches with different
period wobbling. Probability-velocity characteristic of the frequency threshold algorithm have no dips that exclude
targets with unfavorable velocities gaps. With using of patch signals regimes and frequency threshold algorithm
reducing of false alarm number to the value, corresponding of radar throughput is reached with smaller values of
frequency threshold, than in regimes with unambiguous on range signals. Higher visibility of «slowly moving» tar-
gets is provided in this case.

On the whole, the suggested methods of radar signal processing are provided essential reducing of false
alarm number from main types of PC in different weather conditions and various places with saving of «slowly
moving» targets visibility and survey’s rate.
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Paccmampusaromesi pasnuyHbie amnaumyOHble Memoob! nosbiweHuUs aghghekmueHocmu 3awumel PJIC 06-
30pa om moYeyYHbIX o OanbHocmu MecmHbix npedmemos (TMII). [Npednazaembie Memodbl OCHO8aHbl Ha
mexo630pHol U MaHoseHHoU obpabomke amrnumyd ocmamkoe Ha ebixode YIIK, nodasneHuu 60Ko8bIX
nenecmkos [HA. lNonyyeHHbie pe3yrnbmambl 2080pSiM O 803MOXHOCMU CYUWeCmeeHHO20 Mo8bIWEeHUsT 3auju-
weHHocmu PJIC o63opa om TMIT.

Knroyeenle cnosa: PJ/IC 063opa, naccusHasi momexa, MecmHblil npedMem, n1oxHas mpeegoaa, ueslb, 0bHapy-
JXKeHue, bokosoU 1ernecmox.

Some amplitude methods for efficiency improvement of surveillance radar defense from pointed by range local
objects (PLO) are considered. The suggested methods are based on between surveys and instantaneous pro-
cessing of remains amplitudes at the output of MTI, suppression of AD side lobes. The obtained results tell about
possibility of high surveillance radar defense from PLO improvement.

Keywords: surveillance radar, clutter, local object, false alarm, target, detection, side lobe.

PaccMaTpuBaroTcs pa3nuuHble aMIUTUTYJHBIE METOABI MOBBIMIEHHS dPPeKTHBHOCTH 3amuThl PJIC
0030pa OT TOYEUHBIX IO JAILHOCTA MeCTHBIX npeameroB (TMIT). [Ipennaraembie METOABI OCHOBAHBI
Ha MeX0030pHON U MTHOBEHHOH 00paboTke aMrumuTy] octaTkoB Ha Beixoze UIIK, nogasnennu 60ko-
BBIX JiermecTkoB JIHA.

B OoJbIIMHCTBE ClIy4aeB B arOpPUTME MEXKOO30pPHOr0 OMHAPHOTO HAKOIUICHHUS YHCIIO JIOMKHBIX
TPEBOT' HE MPEBBIIIACT KPUTUIESCKOTO, OMPENEISIEMOro POMycKHOM criocoonocThio PJIC. B mpemo-
JKEHHOM aJITOPUTME C HOPMHUPOBKOI1 oOecriednBaeTcs MpakTHIECKH MOJTHOE MOJIaBICHNE OTPaKEHUH
ot TMIIL. Onpeneneno, uro B PJIC ¢ Mex0030pHO# 00pabOTKOM CUTHATIOB 00ECIICUNBACTCS YMEPEH-
Has BUJMMOCTh Pa3HOTO THUIIA IIeJICH, BKITFOUAsk «TUXOXOIHbIeY. [Toka3aHbl OUeBHIHBIC IPEUMYIIECTBA
CHUCTEM C JOMOJHUTEIHFHBIM IPOCTPAHCTBEHHBIM KaHAIOM B yciaoBusax TMII, mpuHATHIX M0 OOKOBBIM
nenectkaM JIHA. IToporoBast MOIITHOCTh OOHAPYKHBaeMOT0O Ha (pOHE ITyMa CHTHaIA TIPHU 3TOM YBEIH-
yuBaeTcs He3HauuTeNbHO (~ Ha 0.121b). B PJIC mias oqHOMMITYJIBCHOTO peXMMa TOJIYYSHHOE YHUCIIO

noxmubix Tpesor coctauino N, = 0.1 — 0.2 3a 0630p npu BKIoYeHHOM 1 : 6-10° mpyu OTKIIOYEHHOM

JIOTIOJTHUTEIIEHOM KaHale. B mpennoxxeHHOM airoputMme ¢ OJaHKUpOBAaHHEM 110 KOX(hGUIIMEHTY Tiepe-
nmagn YIIK npu gonmomHUTENsHBIX TTOTEepsax He O6omnee 0.51b obecrneunBaeTcs orpaHUYCHUE BEITUIIMHBI

BEpOATHOCTH J10XKHBIX TpeBor or TMIT Ha yposre 107K 107" B saBHCHMOCTH OT MOIIHOCTH MPOTS-
s»xeHHBIX MI1. Yncno noxubix TpeBor ot TMII 3a 0030p B OONBIIMHCTBE CIy4YacB HE MPEBBIIIACT KPU-
THYECKOTO, OTIPEACIIIEMOT0 TIPOITYCKHOM criocoOHOoCThIO manHoro PJIC.

B 1enom, ¢ mOMOIIBI0 NPEATIOKESHHBIX METOIOB 00pabOTKM aMIUTUTY OcTaTKOB Ha Bhixoae UIIK,
MOIaBJICHHS OOKOBBIX JierecTKoB JJHA M0OKHO 3aMeTHO MOBBICUTS 3amuiieHHocTs PJIC or TMIL.
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AMPLITUDE METHODS FOR SUPPRESSION OF CLUTTER
FROM POINTED LOCAL OBJECTS IN SURVEILLANCE RADAR

|.F.Lozovskyi

Some amplitude methods for efficiency improvement of surveillance radar defense from pointed by range
ground features (PGF) are considered. The suggested methods are based on between surveys and instantane-
ous processing of amplitudes remains at the output of MTI, suppression of AD side lobes.

In majority cases number of false alarm in the algorithm of between surveys accumulation not exceed of criti-
cal number, determinated by radar throughput. In suggested algorithm with normalization practically total sup-
pression of reflections from PGF is provided. Its defined that moderate visibility of different target types, include
«slowly moving», is provided in radars with between surveys signal processing. Obvious advantages of systems
with additional spatial channel in conditions of PGF, received from side lobes of AD, are shown. With it threshold
power of detected signal against background noise is raised insignificantly (on ~ 0,12dB). In radar for one impulse

regime obtained number of false alarm have been formed N: = 0,1 — 0,2 by survey with switched on and: 6-10°
with switched off additional channel. The limitation of false alarm probability from PGF value on level of

10°K 107" in dependence from extensive GF power with additional losses less of 0.5dB is provided in suggested
algorithm with blanking by MTI gain. The number of false alarm by survey in majority cases is not exceed of criti-
cal value, determined by this radar throughput.

On the whole one can raise radar defense from PGF with help of suggested remains amplitudes processing at
the output of MTI methods, side lobes of AD suppression.
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lMpedcmasneHa cmpoeasi mocmaHoeka 3adayu onmuMasibHo20 fpuéma Ha OCHOB€ pPOCMPaHCMEEeHHO-
8peMeHHbIX Moderiell NMone3Ho20 cuzHaa u Mewaruwux ompaxeHul. lNpueedeHa memoduka cuHme3sa brusKux
K onmumarbHbIM an2opummos ¢hunbmpayuu cusHanos 08uxXywuxcs yenel 8 MHozokaHarnbHbix PJIC. [Mony4yeH
adanmusHblIl aneopumm gunsmpayuu nodobHbix cueHanos 8 P/IC ¢ cyMmMapHbIM U a3uMymarbHbIM KaHanamu,
rnpedHasHayeHHbIl 01 cenekyuu dsuxywuxcs yenel Ha ¢hoHe kapmoepaghuposaHusi nosepxHocmu. pusede-
Hbl HEKOMOPbIe €20 XxapakmepUCMUKU 8 CPaBHEeHUU C U38ECMHbLIM an2opummom.

Knrodeenle cnoea: cenekyusi 08UXyuluxcs yened, npocmpaHCmeeHHO-8peMeHHasi chunibmpauyusi cuzHaros,
moHoumnynbcHass PJIC, komnnekcHasi yacmomHasi xapakmepucmuka, rodasfieHue Mewarouwux ompaxeHud,
alanmueHbil anzopumm obpabomku.

There has been presented the strict formulation of the problem of the optimal receiving on the basis of space-
time models of a useful signal and clutters. There has been given the synthesis technique of the moving target sig-
nals similar to the aimed filtering algorithms in the multichannel radars. There has been received the adaptive filter-
ing algorithm of similar signals in the radar with the sum and azimuth channels intended for moving target detection
against ground mapping. Some performance in comparison with the known algorithm was provided.

Keywords: moving target detection, space-time signal filtering, monopulse radar, complex frequency re-
sponse function, clutter suppression, adaptive processing algorithm.

OOHapy>keHHe OBIDKYIINXCS 00bEKTOB (1ierieil) Ha ()OHE MHTEHCUBHBIX MMACCHBHBIX OMEX pPa3iny-
HOT'O NPOUCXOKACHUS SIBJISIETCS] OHON M3 aKTYalbHBIX 3a7ad OOPTOBBIX PaIMOJIOKALIMOHHBIX CHCTEM
KapTorpaupoBaHus MOACTUIIAIONIEH MOBEPXHOCTH. BriaeneHune ABMKYIIHMXCS OOBEKTOB IMPOM3BO-
JUTCSI HA OCHOBE MPOCTPAaHCTBEHHO-BPEMEHHBIX Pa3lMyUil CUTHAJIOB, OTPAXXEHHBIX OT LiEJeH U Hero-
JOBIDKHBIX OTpaXkaTeseH, MyTeM CIEKTPaJIbHOTO MX pa3AelieHus ¢ HCIOIb30BaHUEM MPOCTPAHCTBEHHO
MHOTOKAaHAJIBHBIX crcTeM. ONTHMHU3AIHS aIrOpUTMOB (DYHKIIMOHUPOBAHUS CHUCTEM 00pabOTKH ¢ He-
CKOJIbKMMH TIPOCTPAHCTBEHHBIMH (aHTEHHBIMM) KaHaJlaMH, MO3BOJISAIONIAs peaqu30BaTh TaKWUe ajro-
pUTMBI (QYHKIMOHWPOBAHMSA B pEaJbHOM BPEMEHHM, SIBIISIETCS BaXKHOU 3afadeil MpH NPakTHYECKOM
IPOCKTUPOBAaHUM M OCHOBaHA Ha a/JeKBaTHOM YIPOLICHUH MOJEIN MEINAIOIINX OTPAXKEHUH B BHIE
ydeTa OTAEIbHBIX HanboJsee 3HaYMMBIX COCTABISIONINX CIIEKTpa CUTHAJIa TOMEXH.

B noknazne paccMOTpeHBI MPOCTPAHCTBEHHO-BPEMEHHBIE MOJIENIM CUTHAJIOB, OTPAXKEHHBIX OT MO-
JBIDKHBIX OOBEKTOB, M OTPXKEHUH OT MOACTUIIAIONICH TOBEPXHOCTH, XapaKTEPHBIX AJIs1 OOPTOBBIX KO-
repeHTHO-UMITYJIbcHBIX PJIC mepeane6okoBOTO M mepenHero o63zopa. Mojenu moidydeHsl B IpuoIIu-
JKEHUM MaJbIX BEPTUKAJIBHBIX OTKJIOHEHU myua PJIC.

IlpuBeneHa MeTOAMKa CHHTE3a MPOCTPAHCTBEHHO-BPEMEHHOTo (GuibTpa (OJIM3KOr0 K ONTHMAallb-
HOMY) CUTHAJIOB IBIDKYILIMXCS IieJied Ha ()OHE OTpaKeHHWH OT 3e€MJIM B MOHOUMITYJICHON (ABYyXKa-
HanpHOMN) PJIC. TlokaszaHo, 4To B BBIpaKeHHUs U K03()QUIIMEHTOB yKa3aHHOTO QUIBTPa BXOIAT pa-
JMalbHas ¥ TaHTeHIHalIbHasl (OTHOCUTEIHHO PABHOCUTHAIBHOTO HANPaBJIEHUs) CKOPOCTH HOCUTENS, a
TaKK€ COOTHOILIEHHE JUarpaMM HaIPaBICHHOCTH a3MMYTAJILHOIO M CyMMapHOro kaHanos. Ha mpak-
THKE ONpeNieiecHUue MapaMeTpoOB JIBUKEHUSI OTHOCUTENBHO IEHTpa 001acTH KapTorpadupoBaHus OCy-
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IIECTBISETCS M0 JaHHBIM HaBUTAaMOHHOU cuctembl Hocutens PJIC. TpeOyemast TOUHOCTH ompenere-
HUSI COCTABISIIOIIMNX CKOPOCTH pacTeT C yBEJIMYSHHWEM NpocTpaHcTBeHHoro pasperrenus PJIC u co-
BPEMCHHBIMH WHEPIMAIBHBEIME CUCTEMaMU He obOecrieunBaeTcs. B mokiage npesiokeHa aanTuBHas
cxeMa (hUIbTpaIii, OCHOBAaHHAsI Ha M3MEPEHHH HEOOXOJUMBIX IMapaMeTpOB M0 CHTHAITY OTPaXKEHHM
OT 3€MHOM MMOBEPXHOCTH.

[MpencraBneH cpaBHUTENBHBIA aHamu3 S(QGEKTHBHOCTH MOJIYYSHHOTO MPOCTPaHCTBEHHO-
BPEMECHHOTO (PIJILTPA C U3BECTHBIM QJITOPUTMOM CEJICKIIMM HA3eMHBIX JBIDKYIIUXCS IENeH, KaKk MpH
TOYHO M3BECTHBIX IMapamMeTpax (00ecIeunBaroIero MOTeHIHATLHYI0 3(PPEKTUBHOCTE), TaK B B OTCYT-
CTBHUH TAKOBBIX (aJalTHBHAA CXEMa).
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ADAPTIVE SPACE-TIME SIGNAL PROCESSING
OF THE GROUND MOVING TARGET INDICATION
IN THE MONOPULSE RADAR

P.A. Makarov, E.E. Koltyshev, V.V. Mukhin, D.Yu. Suslyakov

The moving target detection under the intensive heavy clutters of various origin is one of the actual problems
of the airborne underlying terrain mapping radar systems. The moving target identification is made on the basis of
space-time differences of the signals returned from the targets as well as the reference reflectors by means of
their wavelength division multiplexing, using the spatial multichannel systems. The functioning algorithm optimiza-
tion of the processing system with several spatial (antenna) channels is an important task of practical designing
and is based on the suitable simplification of a clutter model in terms of considering the separate most significant
spectral components of a disturbing signal, allowing to implement such functioning algorithms in real time.

The report has considered the space-time models of the signals returned from the moving targets as well as
from the spreading surface reflections proper to the forward/ forward-side looking airborne coherent pulse radars.
The models were made for the small vertical radar beam deflections.

There has been given the synthesis technique of the moving target signals similar to the aimed filtering algo-
rithms in the multichannel radars.

The paper has introduced the nearoptimal synthesis technique of the space-time moving target signal filter
against the terrain reflections in the monopulse radar. There was shown that the carrier radial and tangential ve-
locities as well as the directional pattern ratio enter into the expressions for the mentioned filter coefficients.

In practice the movement parameter definition concerning the mapping field center is carried out according to
the radar carrier navigation system. The required speed component definition accuracy grows with the radar
space resolution increase and isn’t provided by the modern inertial systems. The adaptive filtering scheme based
on the measurement of necessary parameters according to a signal of reflections from the terrain was offered in
these proceedings.

The comparative efficiency analysis of the performed space-time filter with the known moving target indication
algorithm both under the precisely known parameters (providing the potential efficiency), and in the absence of
those (the adaptive scheme) was described in this article.
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PaccyumaHbl CKOpPOCMHbIE XapakmepucmuKu cucmeMbl cefekyuu 0suxyuwuxcs uenel UMMybCHO-
donnneposckoli PJIC, nocmpoeHHolU Ha odHOKpamHom ycmpolicmee YIMK npu pasnuyHbIx 3aKoHax U3MEHEHUS
nepuodos criedosaHusi 30HOUpYOWUX cueHanos. [pu 3mom paccMompeHb! NTUHEUHbIU 3aKOH UBMEHEHUS U3 Ye-
mbIpéx, desssimu u wecmHaduamu UMIy/bCOo8, @ mak e rnocrnedosamesibHOCMU, oy4YeHHbIE Ha OCHO8E KOO08
®dpeHka.

Knroyesblie cnoea: HesksuducmaHmHbIe rocnedogamenbHOCMU, 800ynauus nepuodos crnedosaHusi UM-
MynbCco8, CKOPOCMHasi Xapakmepucmuka.

Calculated performance characteristics of the system moving target pulse-Doppler radar, built on a single de-
vice POCs for different types of change periods of probing signals. In this case, consider a linear variation of four,
nine and sixteen pulses and sequences derived from the Frank codes.

Keywords: non-equidistant sequence wobble periods of repetition, speed characteristic.

[Mpu ckanupoBannu npoctpanctBa PJIC ot menu ¢opmupyercst madka OTPa)KCHHBIX WMITYJIbCHBIX
curHanoB. Ecnu mepron ciiefoBaHHs MMITYJIBCOB SIBJSIETCS TIOCTOSTHHOM BEIMYHHOM, TO OJHO3HAYHO
ompezensiemas yactora Jlorepa He HOJDKHA MPEBBINIATh O MOAYJIIO TOJOBUHY YaCTOTHI CIICAOBAHUS
MMITYJIbCOB, YTO, KaK MPaBWIIO, HE TIO3BOJISIET MEPEKPHITh BECh AHANa30H BO3MOKHOTO M3MEHEHHs J0-
TUJIEPOBCKOTO CIIBUTA YACTOT OTPAXKEHHOTO OT Iiefiu curHaia. Kpome HEOAHO3HAYHOTO U3MEPEHUS paiu-
aITBHOM COCTABIIIIONIEH CKOPOCTH TIEITH, TTOSIBICTCS YPPEKT «CIIETBIX» CKOPOCTEH.

B03MOKHBIM BBIXOJOM U3 3TON CUTYallUU SBJISETCS UCIOIB30BAHKE MTPU 30HAUPOBAHUU IIPOCTPAH-
CTBa MMITYJIbCHBIX CHTHAJIOB, TEPHOJ CIEIOBAHMS KOTOPHIX U3MEHSIETCS MO ONpeAeIeHHOMY 3aKOHY.
DTO MO3BONSIET PACIIUPUTH JMANA30H OJHO3HAYHOTO HM3MEPEHHsI CKOPOCTH IENIM U M30aBUTHCA OT
«CTIETIBIX» CKOPOCTEH. 3aKOH M3MEHEHHS TIepHUOJIOB CIIEZI0BAaHUS UMITYJILCOB HAIPSIMYIO BIUSIET HA He-
PaBHOMEPHOCTh CKOPOCTHOM XapaKTepUCTUKH W BEIMYMHY MpoBasioB. B Hacrosimiee Bpems cyle-
CTBYIOT Pa3lIMYHbIE MOIXOABI K BEIOOPY 3aKOHOB M3MEHEHUS IMEPHOAOB CIIEAOBAHUS 30HAMPYIOIINX
UMITYJIbCOB, OCHOBaHHbBIC, KaK MPABWIO, HA IMIUPUUYECKUX Moaxonax. OTCYTCTBYET CTPOTHM CHHTE3
MOCTIeI0BATEIFHOCTEH UMITYJILCOB C HAMIIYYITNM B KAKOM-TO CMBICIIE 3aKOHOM M3MEHEHUS IePHOJIOB
CIIETOBAHHUA.

B mpencraBnenHoi paboTe maeTcs aHaau3 CKOPOCTHBIX XapaKTEpUCTUK pealbHbIX PJIC, ucmonb3yro-
IIUX 33/IaHHBIC 3aKOHBI U3MEHEHUS TIEPHOJIOB CIIENOBAHHS 30HANPYOIIMX UMITYIILCOB, H pa3paboTka HO-
BBIX TIOCIIEIOBATEIIHPHOCTEH, 00SCTIEUNBAIONTHX JIyUIIIe CKOPOCTHBIC XapakTepuctuku PJIC.
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INFLUENCE OF THE LAW CHANGE PERIODS OF PROBING
SIGNALS AT HIGH-SPEED CHARACTERISTICS OF RADAR

S.M. Makulov, S.N. Zhiganov

When space radar scanning, the burst of the returned pulse signals are formed. If the pulse-repetition interval
is a constant, then uniquely determined Doppler frequency shouldn't exceed a half of the pulse repetition cycle on
the module. As a rule this fact doesn't allow to cancel all range of possible changing of the Doppler frequency shift
of a signal reflected from the target. Besides ambiguous measurement of the radial velocity component, the blind
speed effect occurs.

The potential way out is using the pulse signals, the pulse repletion cycle of which changes under a certain
law, when space sounding. It allows to expand the range of unambiguous target speed measurement and to es-
cape the «blind» speeds. The law of variation of the pulse repletion cycle influences directly on the nonuniformity
of the speed performance and the failure size. Now there are various approaches to choose the empirics based
laws of variation of the probing pulse repletion cycle. There is no strict synthesis of the pulse sequences with the
best in any sense law of variation of pulse repetition cycle.

This work presented the analysis of the speed performance of real radars using the preset laws of variation of
probing pulse repetition cycle and the development of the new sequences providing the best speed performance.
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B cmambe paccmampugaemcsi ycmpolicmeo umumauuu paduosiokayUoHHbIX CU2HasIo8 Ha OCHO8E OImMeYeCcmeeHH020
Mukponipoyeccopa R500S paspabomku 3AO «MLICT», cocmae GaHHO20 ycmpolicmea U e20 (DyHKUUOHUPOB8aHUE Ha
YpOBHE UHGhOPMAUUOHHBIX MOIMOKOS.

Knroyesnlie cnoea: umumayusi paduosiokayUoOHHbIX CU2HaI08, 0omeYyecmeeHHbIl MUKPOMpPoUueccop, yugpo-
8asi obpabomka cuzHasos.

This article examines the device simulation of radar signals on the basis of domestic microprocessor R 500S
(development of JSC «MCST»), the composition of the device and its operation at the level of information flows.
Keywords: radar signal imitation, target simulaton, COTS.

CrpemiieHHEe YMEHBIINTH 3aTpaThl BpeMeHH U AeHer Ha paspaborky CPB PJIC mpuseno k co3aa-
Huto yHuBepcansHoro YUPC (YYUPC).

YVYUPC - mpencrapnsier co0oil amnmapaTHO-IPOrPaMMHYIO MOJENb Cpeabl (yHKIMOHUPOBAHUS
PJIC (umuTanusi BO3AyIIHOW OOCTAaHOBKW: MMHUTALUS TPACKTOPUH MHOXECTBa LeNei, IyMOB U MO-
MeX).

YCTpoicTBO MMUTALMK CUTHAJIOB M IOMEX NMPEIHA3HAYECHO AJISI UMUTALUKM CUTHAIOB LIEJeH, OTBET-
YHKOB PaKeT, IIyMOB 1 ITOMEX Ha MPOMEXYTOYHOH 4acTOTe MPUEMHOI0 YCTPOHCTBA MPU PA3TUYHBIX yT-
JIOBBIX MOJIOKEHUSX, JATBHOCTH U CKOPOCTH UMHUTHPYEMBIX 00BEKTOB, B HEOOXOAUMOM AOIJIEPOBCKOM
JHana3oHe 4acToT U TpeOyeMbIX YPOBHAX (POPMHUPYEMBIX CUTHAJIOB.

Mpuanuner noctpoerus Y YUPC ocHOBaHBI Ha MCIIONB30BAHUH OOIIUX alTOPUTMOB CHHTE3a HU(-
POBBIX PaAMOIOKALIMOHHBIX CUTHAIOB (0€3 (hOpMHUPOBaHUS OTICIBHBIX KAHAIOB ISl KAXKOU 1IETIH).

YVYUPC moctpoeH Ha 0ase miarel mudpoBoii 06paboTtku curHanoB PITA/C ¢ ucnombs3oBaHueM
orevecTBeHHOro Mukponpoueccopa R500S. ITnarer PITA/C coctouT u3 mumkpormporeccopa R5008,
I3V wnawanpHOTO 3arpy3umka, oneparuBHO# mamsatu (O3Y) oobemom 1 ['GaiiT, mporpammupyemoit
norudeckoi mHTerpanbHoit cxemsl (IIJIMC), nByx G6ankoB O3V IIJIMC c opranmsamueir 1Mx72 u
JIBYX ME30HHHHBIX pa3beMOB IS YCTaHABIMBAEMBIX Ha Tu1aTy cyomomyieit ¢ [TATL.

HauanbHble ycroBHs U MOBEICHUECKIE alTOPUTMBI aHTEHHBI U TIeTiei (OPMUPYIOTCS YIPAaBIISIO-
meit mporpammoit 9BM nnu moctymatot no kaHany Ethernet B kauecTBe 3amiaHupOBaHHBIX KOOPAU-
HAaT IeJe U AuarpaMMsbl aHTEHHbI VI IOCIEAYIOINX 30HANPOBaHNH. MHUKpONIpoLeccop OCyIecTB-
JISICT pacdeT M 3arpy3Ky YIPaBISAIONIMX KOJOB B ¢ poBoit cunTe3arop curnanos (LICC), peanuso-
BaHHBIH Ha Oaze [IJIUC.
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UNIVERSAL RADAR SIGNAL IMITATION DEVICE BASED
ON DIGITAL SIGNAL PROCESSING BOORD

V.0. Millerov, A.Ya. Stalnoy

This article examines the device simulation of radar signals on the basis of domestic microprocessor R 500S
(development of JSC «MCST»), the composition of the device and its operation at the level of information flows.

In developing and creating radar system various kinds of equipment functioning as a real-time system (RTS),
there is the need to verify, tune and debug their systems. Such systems include radar. Radars are complicated
RTS, their development, prototyping and customization is costly and need more epmoloyers.

The desire to reduce the time and money going to develop universal radar signal imitation device (URSID).

URSID - is a hardware and software environment model's functioning radar (imitation air environment,
trajectories variety of purposes, noise and interference).

Device simulation of signal and noise designed to simulate signals of targets, missiles, noise and interference
at the intermediate frequency of the receiver at different angular positions, range and speed of simulated target, in
the required Doppler frequency range and the required forms and levels trolled signals.

Principles of construction URSID is based on the use of standard computer technology with the use of more
general algorithms for synthesis of digital radar signals (without the formation of separate channels for each goal).

Prototyping URSID conducted on normal computer using the electronic board TS-PCIl developed by ZAO
«SCAN Telecom Engineering» and work in real-time mode.

Next version URSID based on the electronic board of the RPA / C.

Creating UUIRS allows:

— form the various types of radar signals depending on the formed air environment that provides an estimate
of the apparatus in real time;

— diagnose and evaluate the work of the system in the critical conditions;

— get the information and be for a future upgrade or build a new, better system that other ways and can not be
obtained;

— carry out quick substitutions in th e new or administration of the individual components of the system at any
level layer reliability and evaluate actions be undertaken both in terms of costs and in terms of quality.
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lMpedcmaerneHbl 08a pa3pabomarHbix memoda cxamusi cocmasHozo JIYM umnynbca. Nepebil — npu MHO-
eokaHanbHoM cxxamuu JIYM nodumnynbcoe ¢ nocriedyrowum yKopodeHuem OnumesibHoCmu mymém cymmuposa-
HUSs cosmeuaeMbiX 10 8pPeMeHU, HO pa3HeCcéHHbIX Mo Yyacmome cxambix JIYM nodumnynscos. Bmopold — ripu
MHO20KaHaIlbHOM 8bI4UC/IeHUU criekmpa Kax9do20 Hecxxamoeo JIYM nodumnyrnbca u nepeHeceHUU €20 Ha C80t0
cobcmeeHHyto Hecywyto Yacmomy. ObbeduHeHue criekmpos JIYM nodummnynbcoe u cxamue cocmasHo20
J1YM umnynbca 8 0OHOM c8epXLIUPOINONIOCHOM KaHarne 8 YacmomHol obnacmu.

Knro4eenle cnoga: ceepxuwupokononocHell JIYM cueHan, cxxamue JIYM umnynbca.

In article present two developed methods of compression of compound LFM impulse. The first method is mul-
tichannel compression of subimpulses with the subsequent shortening of duration by summation combined on
time, but carried on frequency compressed LFM subimpulses. The second method is multichannel spectrum cal-
culate of each uncompressed LFM subimpulse with transferring this subimpulse on own carrier frequency.

Keywords: the ultra wideband LFM signal, compressing LFM impulse.

Hccnemyercss BO3MOXKHOCTh M pa3padaTHIBAIOTCS METOIBI CkaTthsi cocTaBHoro JIYM mmimyisca B
BHUJC ITOCICA0OBATCIIBHOCTHU JIUM IMOAUMITYJIBCOB, HAYaJIbHBIC YaCTOThI KOTOPBIX COOTBETCTBYIOT CTY-
neHvatoir UM, a HauanbHbIe (a3bl pacda3zupoBaHbl MO CIIyYaAHHOMY 3aKOHY.

HccnenoBanne BO3MOXHOCTH CKAaTHSI TAKOTO CHTHAINIA MPOBOAUTCS MPH €ro IUPpPOBOil 00padoTKe
KaK BO BPEMEHHOMH, TaK U B 4aCTOTHOU o0macTu. [l TOro U Apyroro ciyyas IpeacTaBlIeHbl aHAIUTH-
YECKHUE BBIPAKCHUS, YUUTHIBAIONIUE CIIyYalHOCTh HadanbHBIX (a3 JIYM moaummynbscos. [lokasano,
YTO BBIYHUCIAS paca3vpoBKy HadanbHBIX (a3 JIYM moauMITyibCoB MO MUIOT-CHTHAIY JUIS Ka)IOTO
30HAUPOBAHUS U 3alKCHIBAsl €€ B MaMSATh, MOXKHO IMOJYYHUTh CXKAThIM CBEPXITUPOKOMNONOCHbINH JTUYM
CHUTHAJI, COOTBETCTBYIOIIHI COCTaBHOMY chazupoBanHoMy JIYM ummybcy.

[IpencraBnens! nBa pa3paboTaHHEIX MeToNa cxatus coctapHoro JIUM ummnynsca. OquH pyu MHO-
rokaHanbHoM cxxatuu JIUM nmoauMmyiabCoB ¢ MOCIAEAYIOIIMM YKOPOUEHHUEM JJIUTENBHOCTU IIyTEM
CYMMHPOBaHWA COBMCIIAEMBIX 110 BPEMEHU, HO PA3HCCECHHEBIX 10 YaCTOTE CXKATBIX JIYM IMOAUMITYJIb-
coB. Ipyroii mpu MHOTOKaHAJIHHOM BBIUHCICHUU CIIEKTpa Kaxaoro Hecxkaroro JIYM nogummynbca u
MIEPEHECEHNH €T0 Ha CBOI0 COOCTBEHHYIO HeCyIyro dactoTy. O0benuHenne cnextpoB JIUM momnm-
MyJIbCOB U cxaTue coctaBHoro JIYM umiynbca B OJTHOM CBEPXUIMPONOJOCHOM KaHajle B YaCTOTHOU
o0nactwu.

Jns o0orux METOZOB BBIMTONIHEHO MOEIUPOBAHNE U MPOBEACHA SKCIIEPUMEHTAIbHAS TPOBEPKA B
nericteytomeit PJIC. IlpemcraBieHsl pe3yabTaThl MOACTUPOBAHUS U SKCIICPUMEHTAILHOW IPOBEPKH B
BHJIE CKaToro cocTaBHOTO JIUM mMITyIbca IS pa3INuHBIX CIIy4aeB 00pabOTKH.
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COMPRESSION OF COMPOUND LFM IMPULSE
IN THE FORM OF SEQUENCE OF LFM SUBIMPULSES
WITH STEP FM AND RANDOM INITIAL PHASE

V.S. Okoneshnikov, A.V. Ivanov, V.V. Ivanov

Possibility and methods of compression of compound LFM impulse are investigating and developing in this ar-
ticle. The LFM impulses in the form of sequence of LFM subimpulses with step FM and random initial phase.

Possibility of compression of compound LFM impulse are investigating at digital processing both in temporary,
and in frequency area. For this purpose and other case the analytical expressions are presented.

In article present two developed methods of compression of compound LFM impulse. The first method is mul-
tichannel compression of subimpulses with the subsequent shortening of duration by summation combined on
time, but carried on frequency compressed LFM subimpulses. The second method is multichannel spectrum
calculate of each uncompressed LFM subimpulse with transferring this subimpulse on own carrier frequency.

For both methods modeling is executed and experimental check in operating RLS is carried out. Results of
modeling and experimental check in the form of compressed compound LFM impulse for various cases of
processing are presented.
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lpusedeHbi pe3ynbmamel paspabomku Uugpposo2o hopmuposamerssi cuzsHasnos, 8xodsu,e2o 8 cocmas MHo-
20¢byHKUUOHaIbHO20 paduosiokamopa, U ro38ossou,e2o ¢hopmuposame paduoriokayUuOHHbIE cugHallbl C pa3Ho-
obpasHbiMu 3akoHamu Modynsyuu. PaccmompeHa ¢hyHKUUOHabHasi cxema U OCOb6eHHOCMU KOHCMPYKuuu
LI®CMP, obocHosaH ebibop Memoda cuHme3sa cueHasos U sfeMeHmHoU ba3bl 0CHOBHO20 y3ra ¢hopMmuposame-
5. OmmeyeHa peanusayusi MpoepaMmMHO-Uughpo8o20 yrpasrieHuUsi 8 peasbHOM mMacwmabe epeMeHU u yHUu-
Kayusi paspabomku rno opMUpPOBaHUID Pa3fiUuYHbIX MUMO8 CIIOXHbIX cugHanos. [lpusedeHbl pe3yrnbmambi
aKcriepumeHmarbHbix uccredosaruli L{OCMP, npoussedeHa cpasHumersbHasi oueHKa ¢ pesyrbmamamu Mode-
JIUpo8aHusi.

Knrouyesnie cnoea: chopmuposamens cuzHanos, rnpsmol yugposol cuHme3, keadpamypHbIl uughposol
npeobpasosamerns, JIYM-cueHan, ®KM-cuzHarn, keasuHenpepbI8HbIe CUgHaslbI.

Development results of the digital signal generator, which is a part of the multifunctional radar and which
allows to form radar signals with various modulation laws of their parameters, are presented. Functional diagram
and structural features are analyzed. Signals synthesis methods and used integrated circuits are discussed. The
aspects of the real-time software-based control and the development unification in context of different complex
signals generation are also considered. Results of performance test are given and compared with modeling
results.

Keywords: signal generator, direct digital synthesis, quadrature digital converter, linear frequency modulation,
phase coded modulation, pulse trains.

Heo0XoauMbIM 3JIEMEHTOM PaJHOIOKAlIMOHHOW CTaHIUHU SBIAETCS (OPMUPOBATENb 30HIUPYIO-
IIUX CUTHAJOB. /{151 MHOTO(YHKIIMOHATBHOTO PaJIMOJIOKATOPa BAXKHO UMETh MIMPOKOE MHOTOOOpa3ue
THUTIOB (QOPMHPYEMBIX CUTHAJIOB C PA3IMYHBIMU 3aKOHAMH MOYJISINH UX TTapaMeTPOB TI0 aMILTUTYIE,
yactoTe u (ase.

OT popMupoBaTens TaKMX CUTHAJIOB TpeOyeTcsi 00ecleunTh Ha BBIXOAE HU3KUI YpOBEeHb (a30BOTO
IITyMa Y Mapa3suTHBIX CIIEKTPAITBHBIX COCTABISIONINX, & TAK)KE - MTHOBEHHYIO TIEPECTPOKY 10 4acTo-
Te uiH (aze ¢ BEICOKOW CTENEHBI0 TOYHOCTH.

Cy1ecTByeT MHOTO CIIOCOOOB CHHTE3a TaKMX CHTHAJIOB, HO HauOoJiee MEPCHEeKTHBHBIM SIBISIETCS
METOJ] IPSIMOTO MU(PPOBOTO CHHTE3A, MTO3BOJISIONIHH IMOJIYYUTH AHAIOTOBBIN CUTHA ITyTeM T'eHepaIliu
BPEMEHHOH TOCIIeI0BATEIHFHOCTH MU(PPOBBIX OTCUETOB CHTHANA B HU3KOYACTOTHOW 00JacTv ¢ Jaiib-
HEWIINM MepeHOoCcOM c(hOPMUPOBAHHOTO CUTHANA B 00IAaCTh BEICOKHUX YacTOT M MPeoOpa3oBaHUEM €ro
B aHAJIOTOBYIO (hOopMy MOCPEICTBOM (P POaHATIOTOBOTO TTpeodpa3oBaTers.

HOCMP, peann3oBaHHBEIN B pa3paboTKe, MO3BOISET CHHTE3UPOBATH OOIIMPHEBIN AMana3oH THIIOB
CUTHAJIOB B peajlbHOM MacIiutabe BpeMeHH, omnpeaensemblii padounmu nukiaamu PJIC. Ilpu aTowm,
MUMEIOTCS IIUPOKUE BO3ZMOKHOCTH IO Pean3aluy pa3InyHbIX BUAOB MOAYJISALWH 110 YaCTOTe, 1O (aze
¥ TI0 aMIUTATYZE, BKIIFOYasi OMHOBPEMEHHOE M3MEHEHHE dTHX MapaMeTpoB, Kak I10 JIMHEHHOMY, TaK H
10 MPOU3BOJILHOMY HEJIMHEHHOMY 3aKkoHY. biaronaps peannzoBaHHOMY B pa3pa0OoTKe MPOTrpaMMHO —
IU(QPOBOMY YNPABICHUIO U HCIIOJIB30BAHUIO B cCXeMax cHHXpoHH3auuu mukpocxem [TJIMC, dopmu-
poBaTeNbh CHUTHAIOB XapaKTEPH3yeTCs THOKOCThIO HACTPOHMKHM Ha KOHKPETHBIE THUIBI CHTHAIIOB 0e€3
KOHCTPYKTHBHBIX J0pabOTOK ammapaTypsl, KOMIIAKTHOCTHIO MCTIOIHEHHWS, HU3KUM JHEPrornoTpedie-
HHEM M XOPOIIINM KaueCTBOM BBIXOJHOTO CUTHAJIA.
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DIGITAL SIGNAL GENERATOR
OF THE MULTIFUNCTIONAL RADAR

S.N. Filin, M.S. Baranova

Necessary element of a radar station is the probing signals former. For a multifunctional radar it is important to
have wide variety formed signal types with various modulation laws of their parameters: amplitude, frequency
and a phase.

DSGMR for these signal types is obligated to have low phase and spectral noise ratio, fast and precise phase
and frequency switching capability.

There are many ways to synthesize such signal types but the most perspective is the method of the direct digi-
tal synthesis, allowing to form an analog signal by digital samples generation of a signal in low-frequency area
with the further carrying over of the generated signal to area of high frequencies and its transformation to the ana-
log form by means of the digital-to-analog converter.

The developed DSGMR is capable to synthesize wide spectrum up different signal types in real-time scale as-
suming current radar operating mode. DSGMR offers the possibility to implement different modulation types: fre-
quency modulation, frequency and phase modulation, including simultaneous changing of these parameters ac-
cording to linear or arbitrary non-linear law. Due to implementing software-based control and using FPGAs in syn-
chronization scheme, the DSGMR can be flexibly configured to generate particular signal types without any hard-
ware redesign, it also offers compact hardware constructive implementation, low power consumption and good
quality of the output signal.
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PaspabomaHa npoyedypa onmumarnsHol yughposoli obpabomku paduonokaylOHHO20 cugHana ¢ y4émom
rnepemeuwjeHuUs uenu 60 8pems eé obrydeHUs U rpueedeHbl CMamuCMUYecKUe XapakmepucmuKu OUEHOK
ckopocmu u danbHocmu uyesnel 8 3a8UCUMOCMU OM OMHOWEHUS CugHal/WyM, rnosy4YeHHble C e€ MoMoWwbio Ha
Mamemamudeckol molenu cuesHana. Bpems o6pabomku Ha ogpucHoMm [1K cocmaensem rnopsiOka HEeCKOIbKUX
cekyHO, ymo Oeslaem peasnusayuro amou npouyedypbi 8 peaslbHOM 8PeMeHU MepcrneKmMueHoU npu npUMeHeHuUU
COBPEMEHHbIX 8bICOKOMPOU3BOOUMETIbHbIX 8bIYUC/IUMENbHbBIX cpedcms, 8 mom Hucse 0515 06pabomku cusHanoe
8 yughposoli aHmeHHoU pewémke.

Knroyeenle cnoga: paduonokayus, yughposasi obpabomka cueHaios.

A technique is developed of the optimal radar signal processing with allowance for the target motion during its
illumination, and statistical characteristics of the target speed and range estimates as a function of the signal-to-
noise ratio are obtained with its help based on a mathematical model of the signal. The processing time on a per-
sonal computer is about several seconds, which makes the real-time implementation of this technique very prom-
ising on modern high-performance computing means, also for the signal processing in a digital array.

Keywords: radar, digital signal processing.

Kax mpaBwmito, nporieaypsl mudpoBoii 00pabOTKH CHTHAIOB HE VYHTHIBAIOT (PAKT MEPEMEIICHUS
I[EJIX B TIpOIlecce ee O0MyUeHUS 30HIUPYIONIMM UMIYJIBCOM, TO €CTh, IPUOIUKCHHO CUYUTACTCS, YTO
NPUHSATBIA CUTHAT UMEET Ty e OrnOarollyro, YTO M M3IyUYSHHBIH, TOJBKO CMEIIEH 10 YacTOTe U Bpe-
MeHH. B IeficTBUTENFHOCTH, KaK U3BECTHO, OTPAXKCHHBINA CHTHATI MACIITAOUPYeTCsl B COOTBETCTBUH CO
CKOpPOCTBIO LICIIN. HpI/I BBICOKHUX CKOPOCTAX LCIIXU Pa3IN4YuC MEKAY 3TUMHU ABYMS MOIACISIMU CTAaHO-
BUTCS 3aMETHBIM, UTHOPHPOBAHUE 3TOTO 3PPEKTa BEACT K MOHIKECHUIO JUHAMUYCCKOTO UANa30Ha U
YXYIIICHUIO Pa3InNIAMOCTH TeNIeH.

B craTthe onmcana mporeaypa onTHManbHOW U(poBoil 00pabOTKK CUTHANA C YYETOM TepeMellie-
HUS 1IeJTM 332 BpeMs e¢ O0JydeHUs] U TPUBEJCHBI CTATUCTUYCCKHUE XapaKTEPUCTUKUA W3MEPCHHBIX I1a-
paMeTpoB Iiesieii B 3aBUCMOCTU OT OTHOILICHHS «CUTHAI/TIIYM», TOMYYSHHBIC C €€ MOMOIIBI0 Ha Ma-
TeMaTH4IeCKOH Moenu curaana. Bpems oopaborku Ha oducHoM 1K cocraBnser menee 1 ¢, uro aema-
€T peaTu3alliIo 3TOM NPOICIypPhl B pEaIbHOM BPEMEHH MEPCIICKTUBHOW IMPH MPUMEHEHUH COBPEMEH-
HBIX BBICOKOITPOH3BOIUTEIBHBIX BBIUMCIUTEIBHBIX CPEICTB.
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RESULTS OF MODELING THE OPTIMAL DIGITAL RADAR
SIGNAL PROCESSING WITH ALLOWANCE
FOR THE TARGET MOTION

A.D. Khzmalyan

As a rule the digital signal processing techniques ignore the fact of target motion in the process of its illumina-
tion by the sounding signal, i.e., they approximately regard the received signal as having the same envelope as
the radiated one shifted in frequency and time. Actually the reflected signal duration is known to scale up or down
in accordance with the target speed. At high target speeds the difference between these two models becomes
noticeable. Disregard of this phenomenon decreases the dynamic range and deteriorates the target resolution.

A technique is described of optimal digital signal processing that allows for the target motion during its
illumination, and statistic characteristics of the measured target parameters as a function of the signal-to-noise
ratio are obtained with its help based on a mathematical model of the return signal. On a personal computer, the
processing time is on the order of one second, which makes the real-time implementation of this technique very
promising, with the use of modern high-performance computation means.
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Paccmampueaemcsi 08yxamanHbili adanmueHbili an2opumm CO8MeCcmHO20 OOHapyXeHUsl U OUeHuU8aHusi
CU2Has108, OMPaXEHHbIX OM HU3KOIeMAWUX yesnel Ha ¢hoHe NMoMeX U 2ayCCO8CKUX WYMO8 8 yCII08USIX MHO2011y-
4e8020 pacrpocmpaHeHusi 311eKmpoMagHUMHbIX 80s1H. CueHarbl U nomMexu npedcmasrnsiom coboll y3Kornosnoc-
Hble crny4yalHble npouecch! co crydaltHol amnnumydol, pacrnipedeneHHoU o 3akoHy Belbynna, u pagHoOMepHO
pacripedeneHHoU ¢hasol. AHanu3UpPyroMCcsl xapakmepucmuku OOHapy)XeHUsl U oyeHusaHusi napamempos rnpeo-
JIOXKEHHbIX CrlydalHbIX CU2Hano8 u romMex.

Knro4desnlie crioea: Huskornemsuwue yesnu, CoeMecmHoe 0bHapyXXeHue U OueHU8aHUe CueHaros, nomexu, Wymbl.

There has been considered the two-stage adaptive algorithm of the joint detection and estimation of the sig-
nals returned from the low-flying targets against the backgrounds and Gaussian noises under the conditions of
the multipath transmission of the electromagnetic waves. The signals as well as backgrounds are the narrow-
band random processes with a random amplitude distributed under the Weibull law and well-distributed phase.
The detection and estimation performance of the parameters of the offered random signals and backgrounds are
analyzed.

Keywords: low-flying targets, joint detection and estimation of the signals, backgrounds, noise.

PaccmarprBaeTcs MaremaTrndeckasi IIOCTaHOBKA M peIleHHe 33/Jadl COBMECTHOTO OOHApYKEHHS U
OLICHVMBAHHUSI CHTHAJIOB, IPUHUMACMBIX OT HHU3KOJETSAINX OOBEKTOB MPH HATMYMH MOMEX B YCIOBHAX
MHOTOJIy4€BOI'0 PacHpOCTPaHEHHs 3JIEKTPOMarHuTHeIX BoiH (OMB). [Ipeanonaraercs, 4yTo cUrHajibl U
MIOMeXH TIPEJICTABIIAIOT cO00M y3KomonocHble ciyyaitnbie npouecchl (CII) co cmydaiiHol aMIUIUTYI0H,
pachpesneneHHol 1o 3akoHy BeliOynna u ciydaiiHoil paBHOMEpHO pactpeaeneHHoi ¢a3oil. Takue CII
Ha3BaHbl MoauuIMpoBaHHBIMH BelOyutoBckumu CII. IlokasaHo, 4To Ha OCHOBE MOIU(PUIIMPOBAHHBIX
BerOyuToBcKuX CII MOYKHO CKOHCTPYHPOBATH MOJICITH MEUICHHO (DIYKTYHUPYIOMHX, OBICTPO (PIyKTYH-
PYIOLINX, JUCIEPCHBIX, CUTHAJIOB U MOMEX C JOIUIEPOBCKUM pAacCesiHHEM, a TaKXKe C PacCesHHUEM IO
JIBYM TIapameTpaM. B kadecTBe aJiuTHBHOTO UCTIONB3yeTcs Oenblit rayccoBekwii tryM (BI'LLI).

Ilpennaraercs paccMaTpuBaTh COBMECTHOE OOHApy)KEHHE M OLICHMBAaHHE IIapaMETPOB CUTHAIIA,
MIPUHUMAEMOro Ha (hoHe MOMEX B YCIOBHIX MHOTOIYYEBOIr0 pacnpocTpaHeHus OMB, kak aByxaran-
HYIO 3a/laqy IpPOBEPKH T'MIIOTE3 M OILEHKHU MapameTpoB. Ha mepBoM sTame ocyIiecTBiseTcs peleHue
3aJa4d OOHapY)KEHUs U OLICHUBAHUS IIapaMeTPOB MHOTOJIyYEBOI'O CHTHaJIa, IPUHUMAEMOI0 OT 00BEK-
Ta, Ha ()OHE TIOMEX U IIyMOB. Ha BTOpOM 3Tamne — perieHue 3a1aqu MOIHOTO pa3pelieHus] MHOTOTyYe-
BbIX CHUTHAJOB, NOJYYEHHBIX B pE3yJIbTaTe BBINOJHEHMS NepBoro srama. OHO CBOAMTCA K OIpenene-
HUIO YHCJIa Jy4del, 0 KOTOPBIM OCYILIECTBIISIETCS IPUEM CUTHAJIOB (pa3pelieHue — oOHapyKeHue) u
OLICHMBaHUE MapaMeTPOB KaKJOTO U3 CUTHAJIOB.

[IpuBoasTCS MONydYeHHBIE aHATTUTHYECKHE BBIPAXKEHHUS A1 MHOTOMEPHBIX YCJIOBHBIX IUIOTHOCTEH
pacnpenenenus BepositHocteit (YIIPB), mpuMeHsieMbIX A7l TPOBEPKH THIIOTE3 O HAJTMYUH UM OTCYT-
CTBHHU CUTHAJIA, IPUHUMAEMOIo Ha ()OHE IIOMEX U LUIyMOB YKa3aHHOTO BBIIIE THIIA B 3aAadax oOHapy-
JKEHHSI U OLCHUBAHMS MapaMeTpOB CUTHAJIOB Ha (OHE MOMEX B YCIOBUSX MHOTOJIYYEBOTO PacIpo-
ctpaHeHus OMB. Ykazannsle oqHOMepHBIEe 1 MHOroMepHbele YIIPB oTHocATcs K Knaccy HeycToluu-
BBIX, T.€. BUJ U ONKCHIBAIOIINE UX aHATUTHYECKNE BBIPAXKEHUS 3aBUCAT OT YHCIA CIAaraéMbIX B CYMME.
PaccmarpuBaroTcs yceuennble MogudunupoBanasie BeiiOymioBckue CII kak Hambomee ameKkBaTHBIC
peaIbHBIM CUTHAJIaM U IOMEeXaM.
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B ycnoBusix napaMeTpuyecKoil alpuoOpHOW HEONPENeIEHHOCTH YMCIIOBBIX XxapakTtepuctuk YIIPB
JUISL pEIIeHUs 3aJad COBMECTHOTO OOHApYKCHUS W OICHUBAHMS HCIOJB3YIOTCS OIEHKH Mak-
CHUMAJILHOTO TIPaBI0NO00US, TIOTyYeHHBIE TT0 BEIOOpKaM cooTBeTcTByromux CII.

AHaNMM3UPYIOTCA XapaKTePUCTHKN OOHAPYKEHHS U OICHUBAHMS MapaMETPOB MPENIOKEHHBIX CITy-
YailHBIX CUTHAJIOB U MIOMEX B YCIOBHUSX MHOT'OJy4€BOI0 pacnpoctpanenus OMB.
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THE ADAPTIVE ALGORITHM OF THE JOINT DETECTION
AND ESTIMATION OF THE SIGNALS RETURNED FROM
THE LOW-FLYING TARGETS AGAINST NON-GAUSSIAN NOISE

V.A. Shatalova

There has been considered the mathematical statement and the problem solving of the joint detection and es-
timation of the signals received from the low-flying objects with the noise environment under the conditions of the
multipath transmission of the electromagnetic waves (EW).

It is supposed that the signals and backgrounds represent the narrowband random processes (RP) with the
random amplitude distributed according to the Weibull law and a uniformly distributed random phase. Such ran-
dom processes were called the modified Weibull RP. There has been demonstrated that on the basis of the modi-
fied Weibull RP it is possible to build the models of the slowly fluctuating/quickly fluctuating disperse signals and
backgrounds with Doppler scattering as well as scattering on two parameters. The white Gaussian noise (WGN)
is used as additive. There is proposed to consider the joint detection and estimation of parameters of a signal
received against the backgrounds under the EW multipath transmission conditions as a two-stage problem of
checking the hypotheses and the parameter estimation. At the first stage the problem solving of the detection and
estimation of parameters of a multipath signal received from the object against backgrounds and noise is carried
out. The second stage is the problem solving of a full discrimination of the multipath signals received as a result of
the first stage performance. It reduces to the number definition of beams on which the signal acquisition is carried
out and to the parameter estimation of every signal.

The obtained analytical expressions for the multivariable conditional densities of probability distributions
(CDPD) applied for checking the hypotheses of the availability/lack of the signal received against the abovemen-
tioned backgrounds and noise in the signal parameter detection and estimation problems under the conditions of
the EW multipath transmission are given. The pointed out one-dimensional and multivariable CDPD belong to the
unstable class. The reduced modified Weibull RPs are considered as the most appropriated to the real signals
and noise.

Under conditions of the parametric prior uncertainty of the CDPD numerical characteristics for the maximum
likelihood estimates obtained from the corresponding RP samples are used to solve the problems of joint detec-
tion and estimation. The performance of detection and estimation of parameters of the random signals and noise
under the EW multipath transmission conditions are analyzed.
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B pabome npusedeHbi pe3ynibmamel aHanuda mpebosaHuli pabomodameneli K kayecmgy nod20mosKu crie-
yuanucmos u pekoMeHO08aHb! HarpasneHus1 Orisl UX CO8EPUWEHCMEB08aHUST U peanu3ayuu.

Knroyeenie cnoea: cneyuanucm, uHHogayuu, pabomodamerb, npednpusamue, uauka, onmuka, Mamema-
muka, paduomexHuka, ModesiuposaHue, poepamMmupos8aHue.

This article presents results of investigations for demands of employs to young specialists.
Keywords: specialist, innovation, employs enterprise, physics, optics, mathematics, radio engineering, model-
ing, programming mplex.

B cTarthe Ha OCHOBaHWM PE3yIHTATOB aHAIM3A MOATOTOBKH CIEIUAIUCTOB (0aKalaBpoB, CHCIAAH-
CTOB, MaruCTPOB) B COOTBETCTBHUH C JIEHCTBYIOIUMH [ 0CyIapCTBEHHBIMH 00pa30BaTEIbHBIMU CTaH-
naptamu (I'OC) u MOHUTOpUHTA TpeOOBaHHI paboTOAATENEH K YPOBHIO MOATOTOBKH 3THUX CIICIHATIH-
CTOB, BBIpA0OTaHBI TPeOOBAHUS K MX MPOGECCHOHATEHON KBaM(HUKaAIuu. ITH TpeOOBaHUS BBIPA00-
TaHBI K 4YeThlpéM crnemuanbHOCTIM: 2130062, 21040068, 21020062, 16090565. Tpeboanus
K 3HAHUSM KJIACCH(HMIIMPOBAHBI HA OCHOBAHUH aHajK3a 1Mo 12 HanpaBICHUSM HAyKH: (U3UKa, ONTHKA,
MaTeMaTHKa, PaJHMOTeXHHUKa, MHKPOIJICKTPOHHMKA, MOJCIUPOBAHUE CHUCTEM, MPHUKIAIHBIC MAKEThI
IporpamMmM, ToCyJIapCTBEHHBIE CTaHAApPTHI, MPOTpaMMHMPOBAHNE, YIpPaBIEHHE B CHCTEMaX, 0a30Bble
3HaHUs. B craThe mpeasioskeHbl MEPOIPHUSTUS JUIS 3aKPEIUICHHs CICHUAINCTOB Ha MPEANPHUITHSIX,
CBSI3aHHBIX C 00CCIICYCHNUEM BO3/YIIIHO-KOCMUYIECKOH 0OOPOHBI.
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PREPARATION SPECIALISTS FOR DEVELOPING RADIO
ENGINEERING INTERPRISES AIR AND SPACE DEFENSE

A.R. Bestugin, S.G. Pytko, A.Yu. Shatrakov, Yu.G. Shatrakov

In this article on the basis of results of analysis preparation specialists (bachelors, specialists, masters) in ac-

cordance with national standards and through monitoring of employers to level preparation there specialists, de-
veloped requirements to their professional qualification. Such requirements developed to four specialties:
2130062, 21040068, 2120062, and 16090565. Requirements to expertise's classified on the basis analysis
to 12 branches science's: physics, optics, mathematics, radio engineering, microelectronics technology, systems
modeling, application software packages, national standards, programming, management systems, basic under-
standing. In this article proposed activities for fastening specialists in enterprises air and space defense.
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Y[IK 004.021

UCI10/1b3OBAHWE UCKYCCTBEHHOIO MHTENNIEKTA
B TPEHAXXEPHbIX CUCTEMAX ObYYEHWA PYKOBOACTBY
[TONIETAMU HA ABUALINOHHBIX OJIMFOHAX
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B cmambe npednazaemcsa aneopumm pabombl agmomMamu3supo8aHHO20 UCKYCCMBEeHHO20 UHMmMesiekma 8
mpeHaxepHbIX cucmemax 0nsi 0bydyeHus pykogodcmey nonemamu Ha asuauyUoHHbIX ronu2oHax. OnucaHHbIU
UCKYCCMBEHHBIU UHMENNIEKM caMocmosimesibHO MpuHUMaem ¢hpal3eonoaudyeckue U cumyayloHHbIe PeweHusl,
mem cambiM 3ameHsis pabomy nunoma-onepamopa. ObyyeHue UCKYCCMBEeHHO020 UHMesIekma ocywecmers-
emcs 3a c4ém 6a3bl 0aHHbIX HecmaHOapMHbIX hpa3eosio2udeckux U cumyayuoHHO-102UYEeCKUX WabroHos,
nornonHsemol 8 npouyecce hyHKUUOHUPOBaHUS MpeHaXepHol cucmembl.

Knrouyeeble crioea: UCKYyCCMBEHHbLIU UHMeNekm, MpuHSmMUe peweHus, cumyayuoHHO-102uYyecKue
wabrnoHbI, ghpaseorniocudeckue WwabrioHbI.

The paper proposes an algorithm of artificial intelligence (Al) in ATC training systems for air traffic control
education on air firing ground. Described Al takes his own phraseological and air traffic situational solutions, as a
pseudo pilot. Al education is implementing by means of phraseology and situationally-logical patterns data base,
which complement during operation.

Keywords: artificial intelligence, decision making, situationally-logical templates, phraseological templates.

OTtpaboTka 00EBBIX YIpaXHEHUH TpeOyeT OT MUIOTOB BEICOKOW MOPalbHO—BOJIEBOH U NICHXOJIOTH-
YECKOW YCTOWYMBOCTH. B pe3ynbTaTe 3TOT0O MOBHIIIEHHOE 3HAYeHHE MproOpeTaroT cnocodnoctu ['PIT
OTICPaTHBHO aHATU3UpPOBaTh BO M OCYIIECTBIATH TpaMOTHOE PyKOBOACTBO JIA. [l mpuoOpeTeHms
M0/TOOHBIX HAaBBHIKOB HEOOXOIUM TpeHa)ep, KOTOPhI crocoOeH He ToJIbKo MMUTHpoBaTh BO, HO Tak
Ke ¥ aHAJTM3UPOBATh CIIOCOOBI Pa3pelIeHNs] BO3AYLIHBIX KOH(QINKTOB, BHIOMpast HAMIy4IlIe BapyuaH-
THL. JlaHHYIO0 3a/1a9y MOKHO pemunTh Ha 6aze DBM, peanmsyromei anroputM oopadotkn BO Ha ocHO-
BE CHUTYyaIlMOHHO-JIOTHUYECKHX ImabmoHoB. Kaxkmeri mabmoH Xxapakrtepusyer ompeneineHnyio BO u
OTMCHIBACT PEIICHUS BO3HUKIIUX KOHQIUKTHBIX cuTyanuid. BO, s KOTOpBIX He OOHapyKeHO COOT-
BETCTBHS MMEIOIIUMCS MIa0IoHaM, aHAJM3UPYIOTCS OmeparopoM. B mampHeimem, coriiacHO pe3yiib-
TaTaM aHaJK3a, oIepaTop MOMOIHAET Ma0IoOHHYI0 0a3y.
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USE OF ARTIFICIAL INTELLIGENCE IN TRAINING SYSTEMS
OF FLIGHTING MANAGEMENT ON AIR FIRING GROUND

A.U. Ivanov, O.V. Pankova, A.P. Plyasovskih

Testing of combat exercises improvement requires increased moral, volitional and psychological stability of pi-
lots. In the issue flight management team skills in quick analyse of air situation (AS) and implement good plains
management get increase importance. To acquire the necessary skills required machine that can not only simu-
late AS but also to analyse methods of resolving the conflict situations, for choosing the best way. This problem
has can be solved on computer basis system, implementing the algorithm of situationally-logical patterns. Each
pattern has the definitions to describe and solve specific AS and conflict situations. AS is not found matching the
available templates are analyzed by the operator. In the future operator adds the pattern base, according to ana-
lyse result.
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[PUMEHEHWE NMOMEXOYCTOU YABOI0 KOOUPOBAHUA
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B cmambe paccmompeH 80rpoc nomexoycmouliqueo2o KoduposaHusi UHGhopmayuu kodamu ¢ mMasol niIomHo-
CMbK MPo8epoK Ha YemHocmb U BYX kodom Ha npumepe cueHana L1C, ucrnonb3yemozo 6 enobanbHol Haguaa-
yuoHHou criymHukosol cucmeme GPS-800C.

Knroyeenie cnoea: nomexoycmotyusoe koduposaHue, HU3KOMNIomHocmHblil ko0, BYX kod.

The article describes error correction by low-density parity-check codes and BCH codes in GPS-800C system.
L1C was decoded.
Keywords: coding, LDPC, BCH, L1C.

B cratee paccMoTpeH BOmpocC 3amUThl HHPOPMALKUK OT TOMEX MOCPEACTBaM IMPUMEHEHHs MOII-
HBIX ITOMEXOYCTOWYMBBIX TEXHUK KOPPEKIUH OMIMOOK HA MPUEMHOW CTOPOHE B MEPCIIEKTHBHOW TIIO-
OanpHOM HAaBUTALMOHHOM cryTHHKOBOM cucteme GPS-800C.

PaccmarpuBaeMoe cooOLIeHNe CO CITyTHUKOBOTO CerMEHTa HaBUTAIMOHHOM CHCTEMBI ACINUTCS Ha 3
YaCTH U KOJUPYETCS PA3NMYHBIMU KOPPEKTUPYIOIIUMHU KOJAaMHU 10 OTAenbHOCTH. [lepBas yacTph 3ako-
nupoBaHa konoMm BUX. BTopast u TpeThsl 4acTH cOOOIIEHHsI 3aKOJUPOBAHBI KOJAMU C MaJoi IIOTHO-
CTBIO TIPOBEPOK Ha YETHOCTH PA3IMYHOM UTHHBI.

Ha nMUTanMOHHON MOJENH TOJNECYEHBl XapaKTEPUCTHUKH MOMEXO0YCTOHYNBOCTH MPUMEHIEMBIX KO-
70B. OCyIIeCTBICHO NEKOANPOBAHUE TPEX COCTABHBIX YacTeW CHUTHaja W MPOAHAIM3HPOBAHBI MOJY-
YeHHBIE Pe3yNbTaThl JAeKoAaupoBaHus. Kpome Toro, mpoBeaeHa pacum@poBka IeKOIUPOBAHHOW HH-
(opmanmu, NOATBEP KAAOIIAs TPABMIIBHOCTD IEKOIUPOBAHUSL.
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FORWARD ERROR CORRECTION IN GPS SYSTEM

I.A. Kirianov

This paper is about forward error correction in GPS-800C system.

Satellite message is divided into 3 parts. The first part is coded by BCH code. The second part is coded by low-
density parity-check code with 1200 bits. The third part is coded by low-density parity-check code with 548 bits.

In article investigates the characteristics of these codes. Moreover, navigation signal was decoded. Decoding
results are analyzed. Decoded information validates error correcting decoding.
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B cmambe npednoxeH crnocob pacyéma nonpasok K anpuopHbIM «MSI2KUM» peweHusiM demodynsmopa, rnos-
8orIsArOWUL  COKpamumb  8bIHUCITUMETbHYIO C/I0XHOCMb OEeKoOUpOo8aHUsl MpuU HEe3Ha4umesibHOM yeenuvyeHuu
mpebyemoli namsmu 0515 XpaHeHUs1 8HYMPEHHUX nepeMeHHbIXx dekodepa.

Knroueenle crioga: nomexoycmoliqugoe KoouposaHue, paduocesiab, ModenuposaHue.

This paper proposes a method for calculating messages from check nodes. Method reduces the computation-
al complexity by increasing memory requirements.
Keywords: LDPC, coding, communication, modeling.

Lenpto manHOM pabOTHI OBUT aHAIN3 XapaKTEPHBIX OCOOCHHOCTEU CYIIECTBYIOIMIUX aJTOPUTMOB Jie-
KOJIMPOBaHMS HU3KOILIOTHOCTHBIX KOMOB. Ha ocHOBe 3TMX 0coOeHHOCTel oIpe/eNieHbl COCTaBHBIC Ya-
CTH aJITOPUTMOB JCKOJAUPOBaHUA, KOTOPBIC BO3MOKHO OIITUMU3UPOBATE C TOUKH 3PCHUA BBIYHCIICHHI.

OnTuMu3anysi 3aKII0YaeTcs B YIPOIIEHHOM (OPMUPOBAHHUU IOTPABOK K ANPUOPHBIM «MSTKHM
pEILICHUsIM JIeMOIYJISATOpa U OCHOBaHa Ha ()OPMUPOBAHUHU JIBYX THUIIOB COOOLICHHI KO BCEM CHMBOJIb-
HBIM y311aM rpada B paMKax OJHOW ITPOBEPKH Ha YE€THOCTb. TaKoil MoaXo7] MO3BOJISET CyIEeCTBEHHO CO-
KpaTUTh BBIYMCIUTEIBHYIO CJIOKHOCTD ITPOLEAYPBI AEKOAUpoBaHus. [aTol 3a 3T0 yinydlllEeHUE CITyKaT
BO3pACTAIOIIME TPeOOBaHUS K TAMATH Jiekojiepa. I(H(HEKTUBHOCTh AITOPUTMA MTPH 3TOM HE CTPaIacT.

B pabote mpoBoauTCcs CpaBHEHWE BBIYHCIUTENBHOW CIOXKHOCTH CTaHIAPTHOTO W MOIUGHUIIPO-
BaHHOTO aJNTOPUTMOB JCKOAMPOBAHUS MHUHUMYMa CyMMbI «Min-sumy». MoauduipoBaHHbIi anro-
PUTM TIO KOJTMYECTBY AJIEMEHTAPHBIX OTIEPAIIHiA, BHITIOMHIEMBIX TIPY IEKOJAUPOBAHUH, MIPOIIIE KITaCCH-
YECKOT0 aJiropuT™Ma B ~2.5 pasa.
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THE METHODS FOR IMPROVE
THE COMPUTATIONAL EFFICIENCY OF LDPC DECODING

I.A. Kirianov

The purpose of this article was to analyze the characteristics of existing LDPC decoding algorithms. On the basis
of these characteristics are defined components of decoding algorithms. These components can be optimized.
Optimization consists in simplified calculation of massages from check nodes. Check nodes form only two
types of messages. This achieves a lower computational complexity. The disadvantage is the increasing memory
requirements. Correction ability does not change.
Computational complexity of the standard and the modified algorithm «Min-sum» are compared. The modi-
fied algorithm is easier to 2,5 times.
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B CUCTEMAX 3JIEKTPOHHbIX 10/IUr OHOB B BBC P®

© ABTop, 2014

C.A. LypkoB, HayasibHUK Hay4YHO-MEXHUYEeCKO20 CeKmopa,
OAOQ «BHUNPA», 2. CaHkm-llemepbypa
E-mail: tsurkovsergey@mail.ru

B cmambe paccmampugaemcsi MemoOuka pearnusauyuu 6opmogo2o UHGhOPMaUUOHHOZ0 KOMITIEKca, OpaaHu3yroue2o
83aumodeticmeue mex0y bopmoebiv 06opydosaHueM camMoniéma U MOoOesUPYOUUM KOMITTIEKCOM.

Knroyeenble crioga: 60pmoegoli UHGhopMaULIOHHBIU KOMITIIEKC, 3/IEKMPOHHBIU MOSIU2OH, crieyuarnbHbIl Lughposoli 8bi-
qucnumeris, MOOEUPYOULUL KOMITITIEKC.

In the work the technique of realization of onboard information complex organizing interaction between onboard equipment
of the plane and a modeling complex is considered.
Keywords: onboard information complex, the electronic range, special digital computer, modeling complex.

B Hacrosiiee BpeMsl Bemylue CTpaHbl MHUpa A OTpaOOTKM BBIYYKH JIETHBIX JKHIMAXel BOEHHO-
BO3/AYIIHBIX CHJI IPUMEHSAIOT BUPTyaJbHbIE TAKTUYECKHE MOJUTOHBL Peanmzarus mogoOHOW CHCTEMBI
TpeOyeT B3aMMOJEHCTBUS MOETHPYIONIET0 KOMIUIEKCa U PEAbHBIX 0OBEKTOB. MoIenupyIomuil KoM-
IUICKC CO3JIA€T BUPTYAJIbHbIE OOBEKThl — MATEMAaTHUECKUE MOJIETIM CaMOJIETOB, PAKETHBIX KOMILIEKCOB,
PaIHONIOKALMOHHBIX CTaHIMK. PeanbHBIMU 00BEKTaMHU SIBISIOTCS CAMOJIETHI, PAcIoNararoline B COCTaBe
CBOETO IITATHOTO O0OpPYIOBAaHMS JOHOJHHUTEIBLHBIMU 3JIEKTPOHHBIMH YCTPOHCTBaMH, HMO3BOJIIIOLIMMU
NIEPEHOCUTD CBOH (H3HYecKuii 00pa3 B cpelly BUPTyalbHOTO MOJeInpoBanHus. boproBoit nHpopmaru-
OHHBIN KOMIUIEKC, YCTaHABIMBAEMBII Ha caMoJieTe, 00ecTIeYnBaeT OTOOpakeHHe BUPTYAIbHBIX IIeTiel B
OOpPTOBOM paTMOIOKAIMIOHHOM KOMIUIEKCEe, UMUTAIMIO OOJyueHHs CpPEeACTBAMH IPOTHBOBO3IYIIHOM
00OPOHBI IPEAINOIAaraéMoro IPOTHBHUKA, UMUTALMIO HAJM4YMA M ICKa PAaKEeTHBIX CHCTEM, cOOp MH-
(hopMaMOHHBIX TAPAMETPOB TOJIETA U1 MOJCITUPOBAHNS M KOHTPOJIS 0€30MIaCHOCTH MOJIETA.
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DESIGN METHODS OF AIRCRAFT
ON-BOARD INFORMATION SYSTEMS IN APPLICATION
TO VIRTUAL TRAINING OF THE RUSSIAN AIR FORCE

S.A. Tsurkov

Now the leading countries of the world use virtual tactical training grounds for training of air forces flight crews.
Realization of the similar system requires of interaction between the modeling complex and the real objects. The
modeling complex creates virtual objects — mathematical models of planes, missile systems, radar stations. Real
objects are the planes having as a part of the regular equipment additional electronic devices allowing transfer
physical image to virtual modeling medium. The onboard information complex located on the plane displays the
virtual targets in the airborne radar complex, simulates a radiation of the alleged opponent air defense aids, simu-
lates existence and start-up of missile systems, collection of flight information parameters for the flight safety
modeling and monitoring.



HAYYHbIE PELEH3UN N OT3bIBbI

Penakius BBomuT HOBYIO pyOpHKy «HayuHble perieH3ust U oT3bIBbI». B 310l pyOprKe unTaTenu
MIO3HAKOMSATCSI ¢ HAUOOJIEE MHTEPECHBIMU HAyYHBIMH U3/IAHHSIMH, OITyOIMKOBaHHBIMU 33 MOCTIEIHEE
BpeMsi. ABTOpaMU U3JaHUI SIBJISIOTCS YUEHBIE U CTICLMATUCTBI OpraHU3alyii, TECHO COTPYIHUYAIO-
IIMX C HALLIKM YKYPHAJIOM.

MnewnBueB B.U. CBY-NpUEMHUKM PagUoONOKaLMOHHbIX cucteM. MoHo-
rpadms. — M.: PaguotexHuka, 2012. — 184 c.: un.

CBY-NMPUEMHUKHA PeueH3eHTbI: A-p TexH. Hayk, npodeccop E.M. CyxapeB, kaHA,. TeXH. Hayk,
PAVOJIOKALIMOHHBIX npodeccop M.B. MuTsiues.

CUCTEM B kHure U3noxeHsl XapaKTEpUCTUKU U CBOMCTBA yCTPOICTB, CBA3aH-
HBIX ¢ pa3paborkoit CBY-puEMHUKOB COBPEMECHHBIX PaIHOIOKAITHOH-
HBIX CHCTEM. ABTOPOM 3aTPOHYTHI BOMPOCHI, HEOOXOAMMBIE ISl TTOTHOTO

B. W. Mnewnsues
MMOHUMaHUs OTPACIEBbIMU Pa3pabOTUYUKaMU, JIJIS Y€T0 U YTO OHU CO3Ar0T
CBOCH NeATEIHHOCTRIO Ha MpeanpusITHH. MoJomoi pa3paboTIuK, yMero-
HlI/Iﬁ pa6OTaTI) C KOMIILIOTEPOM, KaK IIOJIb30BATC/Ib U3BMCPUTCIIBHOTO HUIIN
cuéTHOrO TPUOOpa, JTOJDKEH MO3HATH MPOIECCHl B yCTPOUCTBAX, TpeOye-
e MbI€ TEXHUUYECKHE XapaKTEPUCTUKH U HAXOIUTh CHAyaja MajuIMaTUBHbBIC

perieHusI, a B UTOre 00O0OIICHHS, CIeNaTh MPaBUILHBIA BHIOOP CXEMBI H
nepeyHs HeOOXOIUMBIX XapaKTEPUCTUK pPa3padaThIBAEMOrO YCTPOHCTBa
JUTS 3aKJIAJIKA OKOHYATEIhHBIX KOHCTPYKTHBHBIX PEIICHHM.

3t0r0 TpeOYIOT BO3PACTAIOIINE CIIOKHOCTH PATHOJIOKAIOHHBIX CPEJICTB IO TIOBBIIIEHHUIO UX SHEPIreTH-
YeCcKOTo MOTEHIUANA, TOYHOCTH, OBICTPOICHCTBYSI, MHPOPMALIMOHHON COAEPKATEIFHOCTH CHTHAJIOB, HAJIEK-
HOCTH pa0OThI B PEasIbHOM 3JICKTPOMArHUTHOM 00CTaHOBKe. Bxosiue B pauookarimonHbie cucreMbl CBU-
NPHEMHBIE YCTPOWCTBA BBITIONHSFOTCS M3 OOJBIIIONO YHCIa Pa3HOOOPa3HBIX PaOIEKTPOHHBIX SJIEMEHTOB,
TI03TOMY TEOpHsI pafoNprUeMa BKITIOYACT pa3/Ieibl: NEKTPOAMHAMUKA; PaIHOIEKTPOHNKA; aBTOPETyIMpOBa-
HUE; JIMHENHBIE U HENIMHENHBIE LIENH U Ap.

Hekotopsie Marepralbl JaHHOTO HaIpaBJIeHUs YUTAINCh aBTOPOM Ha Kadenpe «Pamponokarus, pauo-
ympasiearie 1 uapopMarukay MOTU mo kypey «CBU-ipuém».

Periennie aBropa o BBITycke MOHOTpadUN ONpPENeTIOCh JKeJTaHUEM TOMOYb MOJIOJIBIM CIECIAATICTAM
BBICOKOTEXHOJIOTMYHBIX TIPEATIPHUSATHN OBICTpee BONTH B pabOUMii PUTM Pa3padOTUHKOB.

Kuura Oyer mose3Ha paaqpionkeHepam, paboTaroIFM B TaHHOH MPEIMETHOR 0071aCTH, a TAkKe CTY/ICH-
TaM U aCIIMPaHTaM TPO(UIIBHBIX BBICIIMX YUSOHBIX 3aBEICHMUI.

CenysHoe M.H. Ananoro-uudpoBbie npeobpasoBaTtenn ¢ camo-
KOHTpONneM n ux moaenuposaHue B cpeae LabVIEW. MoHorpadus. —
M.: PagnoTtexHuka, 2013. — 264 c.: un.

PeueH3eHT: kaHA. TeXH. HayK, npodeccop B.C. CnepaHckui.

B m3mepurensHO-MHpOpPMAMOHHAX CHCTEMax, B CpeICTBaX aBTOMaTHde-
CKOT'O KOHTPOJISI paIMO3JICKTPOHHON amnmaparyphl IMMPOKOe MPUMEHEHHE HaXO0-
JIT aHanoro-1mgposeie ipeodpazosarenu (ALIIT). Hecmotpst Ha cpaBHUTEITBEHO
0OITBITIOE KOJIMYECTBO Pa3sHOOOPa3HBIX CepritHO BhITyckaeMbIx AL, mx xapak-
TEPUCTUKM TOYHOCTH M HAAEXKHOCTH HeuAealbHbl. [lo3TOMYy MpUMEHSIOT
pa3NMYHBIC aMIapaTHO-MPOrPaMMHBIE METObl ABTOMATHUYECKON KOPPEKIU
norperHocreit AL

OmHaKo OTCYTCTBHE CAMOKOHTPOJIS IO M TTOCIIE TIPOBENEHHST aBTOKOPPEK-
1y niorpernHoctel ALIT cylecTBeHHO CHMXKAET TOCTOBEPHOCTH Tpeodpasye-
Mol nH(opMaii. B CBS3M ¢ 3THM BechbMa IEpPCHEKTUBHBIME SIBILIIOTCS HE
TOJILKO METO/IbI M CpeicTBa Koppekinu norpetHocteit ALTT, Ho 1 METO/TbI U CPeJICTBA MX CAMOKOHTPOJISL.

[Iupokoe pacmpoctpanenue HaxomsaT AIlIl Ha oCHOBE aKTHBHON OTKA30yCTOMYMBOCTH, KOTIa TIPH
TIOMOIIH CPEJICTB CAMOKOHTPOJIS OCYIIICCTBIISIETCSI aBTOMATHUECKOE OOHAPYKEHHUE HEUCTIPABHOCTEH, TIPOUCXO-
X B AL ¢ ocTeay oM ux YCTpaHeHHEM 3a CIET PEKOH(MUTYpaIi YCTPOHCTBA HITH 33 CUET 3aMEHBI




PA3[EJI: HAYYHbIE PELJEH3HNW U OT3bIBb/

otkazasimx ALl Ha pesepeHble. C OTHON CTOPOHBL, CPEICTBA CAMOKOHTPOJIS TI03BOJISTFOT COKPATHTD TIEPHOLT
CKPBITOTO OTKa3a, YMEHBIIAIOT KOJIMYECTBO TAKMX OTKA30B M IOBBIMIAIOT 3(P(EKTUBHOCTE CTPYKTYPHOTO
pesepBupoBanmsi. C Ipyroil CTOpOHBI, peairzanisi (QyHKIMHA CaMOKOHTPOJS M CaMOAMArHOCTUKU TpeOyeT
OTpe/IeIIeHHBIX 3aTPaT PECYpPCOB, YTO TPUBOAUT K POCTY CyMMAapHOW MHTEHCHBHOCTH OTKA30B M BPEMEHH BbI-
TIOJTHEHWS FIBMEPEHHH, T.€. K CHI)KEHHIO Oe30TKa3HOCTH.

B cBs13u ¢ 3THM BecbMa akTyalTbHOM SIBISIETCS pa3paboTKa (PyHKIMOHAIBHBIX CXEM BEICOKOTOYHBIX, OTKa-
30ycroitunBbIx ALI[T, MMeroImIX BEICOKHE 3HaUYeHHS! JOCTOBEPHOCTH CAMOKOHTPOJISI, CAMOIATHOCTHKH, 00J1a-
JIAIOIINX CIIOCOOHOCTHIO TIPOM3BOAMTE ABTOKOPPEKIIMIO TIOTPEITHOCTEN M3MEPEHHST M IMEIOIINX BCTPOSHHBIE
CpeZICTBa CaMOKATMOPOBKH.

B Hacrosiiee BpeMsi oIyOIMKOBaHO MHOTO pa0OT, OCBAIIEHHBIX pa3paboTKe pa3uuHbix TUTOB AL,
WCCIIEZIOBAaHUIO Pa3INYHBIX MX XapPaKTEPHCTHUK, a TAKKe MHOTOYMCIICHHOTO CIIPABOYHOTO MaTepralia 1Mo MHK-
pocxemam ALIIT. OmHako Manmo paboT, B KOTOPBIX OBl 3aTParuBajIMCh BOIIPOCHI ONTHUMH3AIMHN CPEICTB CaMO-
koHTposst AL mo kpuTepHio JOCTOBEPHOCTB-CTOMMOCTD, UTO CO3/1aéT 3HAUHMTEINIBHBIC TPYIHOCTH LIS pa3pa-
oorankoB ALIT mpu BEIOOpE METOMOB U CPEICTB CAMOKOHTPONA. OUEeBHITHO, YTO METOMBI M CPEICTBA CaMO-
koHTposst ALIIT OymyT mocrarodro 3(h(heKTUBHBIME, €CITH OHM CMOTYT 00ectieunTs mpoBepKy ALIIT ¢ BEIcOKO#M
JIOCTOBEPHOCTBIO M ¢ MaJILIMHU 3aTpaTamMu Ha €€ pOBeJICHHE.

B cBs3u ¢ 3TMIM B JJaHHOM KHUTE PacCMaTPHBAIOTCS (DYHKIMOHAJIBHBIC CXEMBbI Pa3JIMYHBIX BapHAHTOB
camokoHTpormpytonmxcst ALIIl u 0OOCHOBBIBAETCS, YTO WCIIONB30BAHUE KPHUTEPHUS «IOCTOBEPHOCTH-
CTOMMOCTR TTO3BOJISIET BRIOPATH PAIIOHATBLHBINA BapHaHT cpeacTB caMokoHTposst ALITL

Kuura Oyner nonesHa Juist CIeUaIMCTOB, 3aHUMAIOIIMXCS MOJICIIMPOBAHIEM U TIPOCKTUPOBAHUEM aHa-
TOTO-1M(POBBIX U MUPPO-aHATIOTOBBIX YCTPONCTB, a TAKXKE CHEUAITM3UPYIONMCS B 00J1aCTH pa3pabOTKU aB-
TOMATH3UPOBAHHBIX CPENICTB KOHTPOJIS U YCTPOUCTB C aHATOTO-I(POBOM 00pabOTKOM MH(DOPMAITIH H3MEPH-
TeJbHO-MH(pOPMAIMOHHBIX CHCTEM.

TR ABTOMaTU3NPOBaHHbIE CUCTEMbI ynpaBrieHUsi BO3AyLUHbIM ABWXEHWeM:
*@i Yue6. nocobue / A.P.BectyrnH, M.A.BenbkoBu4, A.B.Bonogsirui [ ap.];

: TP ::ﬂa:..gg:;‘.pfgé(lﬁ;r:.Il:ll:ﬁTpaKOBa. — 2-e u3a., ucnp. n gon. — ClN6.: NMonurtex-

HRELNIEEIET - PeueHsenTbl: A TexH. Hayk, npodeccop B.M. AnaowumH, A-p TeXH. Hayk,
Bﬂﬂﬂ“llHMM m npocpeccop C.K. KonraHoB, a-p ¢ms.-mat. Hayk, npoceccop A.U. Koznos..

B cooteerctBun ¢ denepanbHbIMU LEIEBEIMU IPOrPaMMaMHU B Pa3HBIX pe-
TMOHAX CTPaHbl CO3JAKOTCS U BBOAATCS B SKCIUIyaTALMIO aBTOMATU3UPOBAHHBIC
CUCTEMBI C LIEHTpaMH yIpaBieHus aBuaieil. Tonbko B MOCKOBCKOM pPETrMOHE
cosmaercst LleHTp, B 30HE OTBETCTBEHHOCTHM KOTOPOTO OyIeT HaXOIUTHCS
HECKOJIFKO COTEH BO3MIYIIHBIX CYZOB, KOTOPHIMHA HEOOXOAMMO YTIPABISTH IS
BO3MOYKHOCTH MX B3JIETa, NOCAIAKH HA YETBIPEX MEXIYHAPOIHBIX a3pPOIOpPTaX U
OCYIIECTBICHUSI WX MMOJETa 1Mo Tpaccam. OIHOBPEMEHHO C 3THM Kak B HaIlei
CTpaHe, TaK U 32 pyOeKOM BO3pACTaeT MapK MAaJoH aBUAIH, yIIpaBieHHe KOTO-
POIf TaroKe OCYIIECTBIIIETCS Yepe3 aBTOMAaTH3UPOBaHHYIO cucTeMy. B HacTosee
Bpems Tonbko B CLLIA mapk Manoit aBuanmu foctur ke 200 ThICSY eIUHMUIL.

B y4eOHOM mocoOnu Ha BBICOKOM MPOQECCHOHATEHOM M HAyYHOM YPOBHE PAacCMATPHBAIOTCS TaKWe
BOIPOCHI, KaK TJIAaHUPOBAHHE HCIIONB30BaHKS BO3IYIITHOTO IIPOCTPAHCTBA; €TI0 AUCIETYEPCKOe OOCITY KIBaHHE;
paboTa mepcoHana NMpY BO3HMKHOBEHHH aBapHHHBIX CHTYAIWi; METOMPI, TMOBBIIIAONME P(EKTHBHOCTD
CHCTEM aBTOMATHUYECKOTO YIPABJICHUSI JBXKCHUEM; aJlTOPUTMBI U TIPOTPaMMBI, CHIDKAIOIIHE KOH(DIMKTHEIC
CHTYaIUH;, METObI OOYYeHHsI IICIIETYEPOB Ha TpeHaXEpax, (NyHKIMOHNPOBAHHUE M BO3MOXKHOCTH aBTOMATH-
3UPOBAHHBIX PAO0OYHX MECT TPEHAKEPOB.

Taroke B OCOOMH M3OKEHBI B HEOOXOAWMOM ISl CTY/ICHTOB, aclIMPaHTOB M CIIEMATIMCTOB O0BEME
TIPUHIIUITBL PA0OTHI BCEX PaIMOTEXHIYECKUX CHCTEM, MX XapaKTepPUCTHKHU U MOPSIOK UCTIONB30BaHUS B aBTO-
MAaTH3UPOBAHHBIX CHCTEMax ympaBiieHHs aBuamueil. [locoOme Oyzmer mone3Ho acnmpaHTaM, YbH HAay4dHBIC
HCCIIEIOBAHMS 3aTParuBaloOT PEICHUE 3a1ad U pa3paboTKy HayYHO OOOCHOBAHHBIX MPEJIOKCHUH 1O TIOBBI-
IeHNEO 3(PEKTUBHOCTH pabOThI MIEPCIEKTUBHBIX U CYIIECTBYIOIINX PaJMOTEXHIYECKUX CUCTEM U KOMILIEK-
COB IIMPOKOTO Ha3HAYeHHs, B TOM YHCIIE TI0 CTIENHATBFHOCTM «ABTOMATH3UPOBAHHBIE CHCTEMBI 00paOOTKH
uH(GOpMAIMU U yIpaBJicHus», «HaBuraims 1 yrpapieHHe BO3MYIIHBIM JBHKCHHEM», «Paano3IeKTpOHHbIC
CHCTEMBD», «CUCTEMHBII aHAN3, yIIpaBJIeHHe 1 00padoTKa MH(POPMAIIUID).




HOPABIIA IO O®OPMJIEHUIO CTATEM,
HNPEJCTABJAEMBbIX B 7KYPHAJI
«BECTHUK BO3YIIIHO-KOCMUYECKOW OGOPOHbI»

1. IIpencraBnsieMble PyKOIMCH JIOJDKHBI COOTBETCTBOBAaTh TEMAaTHKE KypHala, ObITh OPUTHHAIBHBIMU, HE
OIyOJIMKOBaHHBIMU PaHee B IPYTUX TIEUATHBIX MUITH SJICKTPOHHBIX M3/IaHHSIX.

2. Cratbs TOJDKHA OBITh MPEICTABIICHA B PSAAKIHIO B CIICAYIOIIEM KOMITICKTE:

COMPOBOAUTENBHOE MHCHMO, MOANMCaHHOE PYKOBOJCTBOM OpraHU3alliH;
aKT DKCIIEPTU3bI O BO3MOXKHOCTH OITYyOJIMKOBAHHSI B OTKPBITOM TICYaTH;
3asBJICHHE O TIepe/iade IpaBa Ha My OJIHKAIIIO;
B CTaThe HEOOXOIMMO yKa3aTh:
— COOTBETCTBYIOIINIA MHICKC YHUBEPCATTEHOM JecaTHIHON Kitaccudukarmy Jiureparypsl (Y J1K);
— (haMIJTMK ¥ MTHULIMAITBI QBTOPOB (HA PYCCKOM M aHTJIMHACKOM SI3bIKE);
— YYEHYIO CTeleHb, yYCHOE 3BaHHE, JOIKHOCTh, MecTo paboTsl (ITOJTHOCTBIO!), e-mail;
— Ha3BaHKE CTAThU (HA PYCCKOM U aHIJIMICKOM SI3BIKE);
— agHOTaIIO (5-10 CTPOK) (HA PYCCKOM M QHTTIMHCKOM SI3BIKE);
— Kimo4eBbie ci10Ba (8-10 cJI0B) (Ha pyccKOM M aHTIIMHCKOM SI3BIKE);
— pedepar (kpaTkoe cofep)kaHie CTaTbi Ha PyCCKOM M aHTJIMHACKOM SI3bIKE);
— cmicok utepatypbl (opopmirsiercs corntacio 'OCT P 7.05-2008). Mcnonb30BaHHAas aBTOPOM JTH-
TepaTypa MPUBOJUTCS MOCJe CTaThH B MOpsAKe yroMuHaHHsA. CCBUIKM Ha MCHOJIb3yeMble HCTOUHHKU B TEKCTE
YKa3bIBAIOTCSI B KBajpaTHBIX ckoOkax (Hampumep, [1]). Cepuiku Ha Internet-pecypchl mpHBOISTCS B 00LIEM
CIICKE JINTEPATypHI TI0 aBTOPY MM 3arIaBUIO ITyOIIHKAIMH ¢ 00s3aTENIFHBIM YKa3aHUeM aJipeca caiiTta, Tie 3Ta
MyONHKaIKs pa3MelieHa.
» nmannbie 00 aBropax: damims, ums, ordectBo ([IOJTHOCTBIO!), Tenedon (cimy>:KeOHBIH MM T0OMAII-
HUH), a7Ipec ¢ MHICKCOM — JaHHasi uHgopManus oy, IMKoBaHA He Oy/IeT.

3. PexoMeHI0BaHHBI 00bEM aBTOPCKOM CTAaThH JI0 22 CTpaHWI] KOMIIBIOTEPHOTO TEKCTa (ABTOPCKHIA JICT) B
nporpamme Word (caiir MoxkeT ObITh 3ammcan Ha orrudeckoM CD, DVD): pasmep mpudra — 12, rapautypa —
Times New Roman, MexcTpouHbIid mHTEpBa — 1,5, MoNIst — 2 ¢M co BCEX CTOPOH, ab3arHblid oretym — 0,75 cM. Yera-
HOBJICHHBIH pazmep Oymaru — A4 210%290.

4. dopMyITBI BITIONHSIOTCS TOIBKO B (OpMyJIbHBIX pemakropax Math Type wm Equation Editor. ®opmyist
CIIeyeT HyMepoBaTh (o Beel pabote apabckumu 1mmdpamr). Homep (opMyItel 3aKmi04atoT B KPYIJIbIe CKOOKH Y
MPaBOro Kpasi CTPaHHUIIbL, a camy (popMyITy BBICTABIISIOT TI0 LIEHTPY (Hanpumep, (1)).

B ¢popmynax natuHCckre OyKBBI M TPEUECKHE CTPOUHBIC CIIEIyeT HAOUpaTh KYpCUBOM, a TPEUECKHE IPOITUCHbIS
psiMo. BEeKTOpEI 1 MATPHITBI ClieAyeT HAOMPATh TMPSMBIMH YKUPHBIM IPUQTOM; «&» B 3HAYCHIN KCIIOHCHTHI — TIPsi-
MBIM CBETJIBIM HIpU(TOM. B MHIEKCaX COKpaIlleHUs OT PYCCKUX M aHIIMHCKHX CIIOB ClieAyeT HaOMpaTh MpsSMbIM
MIPUAPTOM.

5. TaOmviel HAOUPAIOT TEM JKe MIPU(TOM, YTO U OCHOBHOH TEKCT, HO MEHBIIIETO pa3Mepa Keryrl (Kerb 9, mo-
IyCKaeTcs CHIbKEHHUe JI0 8 MmyHKTa). Ha kaxmyto TabmuIty B TeKCTe JiestaeTcst cehlika. CI0BO «TabNHIay B TEKCTE Ie-
YaTaeTcsl COKPAICHHO («Ta0l1.»), a HaJl TAOIUIICH — MTOTHOCTHIO.

6. Nnmoctparyu (hoTtorpadviv, pucyHKH, CXeMbI, Tpa(UKH, THarpaMMbI, KapThl) HEOOXOUMO TPENCTABIISTH
TOJILKO B BHJIE YepHO-0embIxX (haitioB. MImrocTpalmy BKIIOUYEHBI B (haiil TeKCTa, HO IOMUMO 3TOT0 OHHM 00513aTeNIbHO
JIOJDKHBI OBITH TIPEZCTaBJICHBI OTAENBHBIM (paiinom B (opmare TIFF wm JPG ¢ pasperernem 300 DPL. B Tekcte
CCBUIKU Ha FIDTIOCTPALIIN HyMEPYIOTCS H COTIPOBOKIATOTCST TIOATIHCSIMIL

7. B tekcre, TabnMuax v MOAPUCYHOUHBIX MOMUCAX HE JOIMYCKAeTCsl COKpaIeHHs CIoB (KpoMe OOLenpHHS-
11X, [OCT 7.12-77).

8. OTCcKaHUPOBaHHBIE BEPCHH TAOIHIT M (POPMYIT HE JIOITYCKAFOTCSL.

9. Pykornwicy, B KOTOPBIX HE COOMIOJICHBI JaHHBIE TPEOOBaHMsI, BO3BPAIAKTCHA aBTOPaM 0e3 paccCMOTPEHHS .

10. ABTOpBI CTaTel HECYT OTBETCTBEHHOCTH 3 IIOJIHOTY U JIOCTOBEPHOCTD LIUTUPYEMOM B HUX JINTEPATYPBL.

11. 3a IOCTOBEPHOCTh CBEICHUH, M3IOKEHHBIX B ITyOIMKAIMASX, PEIAKIASI W U3aTellb OTBETCTBCHHOCTh HE
HECYT.

12. 3a nmyOnuKaIfio MaTepyuaioB, COACPKAIMX 3aKPBIThIC CBECHMSI, aBTOPBI HECYT TICPCOHATLHYIO OTBET-
CTBEHHOCTH HAa OCHOBaHHH JICHCTBYIOIINX 3aKOHOIATENIHHBIX aKTOB.

13. Marepwuai BBICBIIATh B a/IPEC PEIAKIHM:

YV VY

125190, MockBa, JIeHuHrpaackuii mpocnekT, 1oM 80, kop. 16,
Teun.: 8-499-940-02-22 106. 70-19, e-mail: aspirantura@gskb.ru.



