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[MonHb 1t cnucok onybuKogaHHBIX HOMEPO8 XypHana Bbi Moxeme ysudems Ha calime
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XypHan «BecTHMK BO3AYyLIHO-KOCMUYECKOU 0OOPOHbLI» BKIOYEH B ChopMUpoBaHHbIN Mu-
HUCTEPCTBOM 0bOpasoBaHMs UM Hayku Poccuickon ®degepaumy nepeyveHb  peLeH3n-
PYEMbIX Hay4YHbIX U34aHWIA, B KOTOPbIX AOMKHbI ObITb ONYGIMKOBaHbI OCHOBHLIE HayYHbIe pe-
3ynbTaThl AMCCEpTaLMA Ha COMCKaHWE YYEHOW CTENEHWU KaHauaaTa Hayk, Ha COMCKaHUe y4é-
HOW CTeneHn poktopa Hayk (nucbMo MwuHoGpHaykm Poccum ot 01.12.2015 roga
Ne 13-6518. URL: http://www.vak.ed.gov.ru/87.html).



YBaxaeMmble
ynTaTenu u aBTopbl XypHana!l

8 centsOps 2017 roma yupenurens xKypHana «BecTHHK
BO3/IYIIHO-KOCMHUYECKOH 000poHbl» [lyOnnunoe aknuoHepHOE
obmecTBo «HayuyHO-IpOM3BOACTBEHHOE OOBEANHEHNE «ATIMa3)
UMeHH akajgemuka A.A. PacruieTuHa» oTMeuaeT c6oé cemuoe-
camunemue.

[Ipennpusitue obpasoBaHo mnoctaHosleHneM CoBera
Munuctpo CCCP kak Cnenuansaoe 0ropo Ne 1 MunucTepcTBa

BoopyxkeHuss CCCP u 3a cemMb JAecATWIETHH CMEHHIIO

S

Heckonbko HazBanmii. C 1950 roma — Kb-1, BmocnemcTBuu

MKbB «Ctpena», HKb «Ammaz», HIIO «Ammasz», OAO «UUKb «Ammaz», OAO «HIIO «Ammaszy,
OAO «I'onoBHOe cucTeMHOE KOHCTpyKTOpckoe 0ropo Konnepra [1BO «Anmaz-AHTeiR» UMEHH akaIeMu-
ka A.A. Pacrmetnra». C 2015 roma ITAO «Hay4Ho-Tipon3Bo/ICTBEHHOE OOBEIMHEHNE «AJMAa3» UMEHH
akagemuka A.A. Pacrimetunay.

Baxkneiinieid Bexoil B HICTOPUM MPEAIPUSITHS CTAJIO CO3aHUE MEPBOM OTEUECTBEHHOM 3€HUTHOM
pakeTHo#1 cucteMsl «bepkyT» (o mHAEKCcOM C-25), KoTOpas ObLIa MpHUHSATA HA BOOpYkeHHe B 1955 romy.
B xonue 40-X rogoB mpouuioro Beka y MOTEHIMAIBHOIO MPOTHBHHUKA HA BOOPY>KEHUH OBUIM MEKKOHTH-
HEHTAJIBHbIE CTpaTern4yeckre OOMOApANPOBIINKY, HOCUTENIN aTOMHOTO OPYKHs, CIIOCOOHBIC POHUKATH
Ha Tepputoputo Coerckoro Coro3a u jnocTuratb MockBbl. B cBsI3M ¢ yrpo3oif aTOMHOTO HamaJeHUs
PYKOBOJICTBO CTpaHBI MOCTABUJIO 33jady CO37aTh B KpaTdaillliie CPOKH TPOTHBOBO3IYIIHYIO OOOPOHY
MOCKBBI, HETIPEOIOIUMYIO IS MACCUPOBAHHBIX HAJIETOB CTPATErHUeCKON aBHAIMH C JIFOOOTO HampaeJe-
HUS. Y4€HBIE M KOHCTPYKTOPHI HAIIIETO TPEANPHATHS BBITTOIHWIN 33a4y, KOTOPYIO JI0 HUX B CTpaHe emé
HHUKTO HE pelal.

B srot nepron 3apoaunack 1 Hauajia MHTEHCUBHO Pa3BUBATHCS HAYYHAs! IITKOJIA CO3/IaHMS CHCTEM
YIPaABJIIEMOIO PAKETHOIO OpPYXKUS, OCHOBOIIOJIO)KHUKOM KOTOPOH SIBJISJICS. BBIJAFOIIMICS Y4EHBIN
U KOHCTpyKTOp akazemuk, I'epoii Commamuctuueckoro Tpyna, Jlaypear Jlemmuckoit u CranmHCKOM
npemuii Pactimetre Anexcannp AHapeeBrd.

JHanpHeliiee pa3BUTHE CPEACTB BO3AYIIHOTO HAMAAEHUS HOTPEOOBAIO CO3JaHUsSI HOBEHIIMX
cpenctB O0pbObI ¢ HUMH. B msITHIECATHIC-IIECTUIECATHIE TOABl YYEHBIMH U CHEHUATNCTAMH HAILETO
NpeanpHATHs ObUTH CO3/1aHbI CaMble COBEPIIEHHBIE Ha TOT IIEPHO/I BPEMEHN 36HUTHBIE PAKETHBIE CHCTEMBI
cpenneii nasHOCTH C-75, Manoit naneHOCTH C-125 1 60sbioit nasHOCTH C-200.

B mectunecsaTeie-ceMuiecatsie rofpl XX Beka MPOUCXOANUT PE3KUHA NOABEM TEXHUYECKOIO YPOB-
Hs CPEJICTB BO3AYIIHOIO HamaJeHusA. V3MeHUIach Takke M TaKTHKAa WX NpUMEHEHus. B crnoxwusiieics

CUTyallh CYIICCTBYIOICEC 3CHUTHOC YIIPABIKICMOC PAKECTHOC OpYXHC HC MOIJIO B TIOJTHOH MEpe
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obecrieunBath 3h(heKTHBHYI0 000POHY 00BEKTOB. BO3HMKIIa HEOOXOAUMOCTh B CO3J]aHUHM HOBOW 3CHUT-
HOM pakeTHoil cuctemsl [1BO.

Taxol cucteMoli cTania 3eHUTHasl pakeTHas cucrema HoBoro nokosenus C-30011. Ilpu e€ co3na-
HHM UCTIONIB30BATIMCH HOBEHILINE JOCTIKEHHS B 00JIACTH PaJHOJIOKALNH, PAKETHOW TEXHUKH, DJIEKTPOHH-
ku ¥ cszu. C-30011 Obuta cozmana kak MOOWIIbHAsI, MHOTOKaHaJIbHAsl 3eHUTHAS paKeTHasi CHCTeMa Cpea-
Hell TaJIbHOCTH JEUCTBUSL, CIIOCOOHAsI TIOpaXkaTh Pa3HOOOpa3HBIE COBPEMEHHBIE U TEPCTICKTUBHBIE CPEa-
CTBa BO3MYILLIHOIO HAllaJCeHUs HA BCEX BbICOTaX. MOAEpHU3MPOBAaHHBIE CHCTEMbI 3TOI'0 MOJEIBHOIO psizia
JIO CHX TIOp HECYT OXpaHy BO3AYIIHEIX pyoexen Poccum.

B xonme XX — nagane XXI Beka B pa3BUTUH CPECTB BO3MYITHO-KOCMHUYECKOTO HAIaJIeHUsT 000-
3HAYMIICS PAA TEHICHIMI: OCBOCHHE JMAla30Ha MAJIBIX U MIPENEIbHO MAJIBIX BBICOT MOJIETA, PE3KOE CHU-
JKCHHE 3aMETHOCTH B OCHOBHBIX (DM3MYECKUX TMOJIAX 3a CUET KOMIUICKCHOT'O MCIOJIB30BAHUS TEXHOIOIHI
HE3aMETHOCTH, NPHUMEHEHHE OCCHMIOTHBIX alllapaToB, NPUMEHEHHE BBICOKOTOYHOIO OPYXKHSA U T.II.
HeobxoaumocTs 3(h(heKTHBHOTO peIeHusT B 3TUX YCIOBHSAX 3a7ad BO3IYIIHO-KOCMHYECKOW OOOpPOHBI
CTaja [eHTPAFHBIM 3JIEMEHTOM pa3pab0TKH yHUBEPCATbHON YHU(DHUITMPOBAHHOW MOOWIBHOW 3€HHTHOM
pakeTHoit crcteMbl HOBoro mokosieHnst C-400 «Tpuymdy.

B aBrycre 2007 roma mepssiit monk cucteMsl C-400 «Tpuymd» Betanm Ha 60eBOE IEKYPCTBO B
IoamockoBbe. K ceroaHsIHeMy HIO yXKe HECKOJIBKO MOJIKOB, OCHAIIEHHBIX cucTteMoit C-400 «Tpuymd»,
HecyT 60eBoe JIeKYPCTBO.

B TO ke Bpems cpencTBa HamajeHus HENPEPhIBHO pa3BuBatoTcs. COOTBETCTBEHHO, a0COIIOT-
HO HEOOXOIUMBIM SIBIISIETCS COBEPIICHCTBOBAHWE CPEJICTB 3aIUTHI, CO3JAaHUE SUICTOHUPOBAHHON
00OpOHBI OT aTak, Kak M3 BO3JYIIHOTO, TaK W W3 KOCMHYECKOro mpoctpaHcTBa. C y4€TOM 3TOro
B ITAO «HIIO «Anma3» Benércsi paspaboTka MEepPCHEKTUBHBIX 00pasmoB Boopyxkenus [IBO-TTPO
u BKO.

U ceromus cocrosiHue pazpadotok, BemonHseMbIx [TAO «HITO «Anmasy, co3maHHBIN HAydHO-
TEXHUYECKUI1 33/1€J1, Hay4HbIE HIKOJIbl, MHOTOJIETHUH OMBIT, HAKOIUICHHBIH NOKOJIEHUSIMU pa3pabOTIHKOB,
00pa3yroT NpouHbIi QyHAaMEHT Ui OyayIero NpearpusIThsl, COOTBETCTBYIOIINHA €ro CTaTycy reHepaib-
HOT'0 pa3paboTyHKa.

CemuzecsaTuieTre — He TOJBKO BPEMS HOJBEICHHUS UTOTOB, 3TO CTUMYJ CTPEMJICHHS K HOBBIM

JOCTHIKCHHAM U CBepH_IeHI/ISIM! 7

C ysaoicenuenm,

TEHEPATILHBIN TUPEKTOP

[TyOauaHOTO aKIIMOHEPHOTO 00IIECTBA
«Hay4yHO-IpOon3BOICTBEHHOE O0BbETUHEHUE «ATIMa3»
HMeHHU akageMuka A.A. PacmimeTuHa»

JIOKTOP TEXHUUYECKUX HaYK, mpodeccop

I'.Il. bennepckuii

BECTHUK BO3YLUHO-KOCMUYECKOM OBOPOHbI N2 3 (15), 2017 r.



MPOBJIEMHbIE BOMNPOCbI NMOCTPOEHUA
CUCTEM U CPELCTB BKO

YK 621.396.67.012.12

YBE/MYEHME MIOMEXOYCTOAYMBOCTH CUCTEM
BOEHHOV CBA3Y )
C [TOMOLLbIO LiU®POBbIX AHTEHHBIX PELUETOK

© ABTOpbI, 2017

J1.U. ABepuHa dokmop hu3uKo-mMamemMamu4yecKkux Hayk, OoueHm,
koHcynbmarHm, AO «KoHuepH «Co3se3duer, 2. BopoHex
E-mail: averina@phys.vsu.ru
M.A. KoponbkoB
HayvanbHuk HTY, AO «KoHuepH «Co3ee3duer, 2. BopoHex
E-mail: king@sozvezdie.su

Paccmampuearomesi yughpoebie Memoodb! NpocmpaHCMeeHHoU ¢hunbmpauyuu rnoMex 8 cucmemax e0eHHoUl
C8513U C MOMOWbIO adanmueHbIX aHmMeHHbIX pewémok. B kadecmee aHmeHHOU cucmeMbl UCMOob3yemcs
80CbMU3/IEMEeHMHasi KoibUeeasl aHmeHHasi pewémka.

Knroueenle cnoea: yugposass aHmeHHasi pewémeka, cucmembl C853U, MPOocmpaHcmeeHHasi husibmpayusi,
8ecosoll 8eKmop, Memod cmoxacmu4ecko2o epadueHma.

The spatial noise filtering methods in military communications systems using an adaptive antenna arrays are
examined. The eight-level circular antenna array is used as an antenna system.

Keywords: digital antenna array, communications means, spatial filtering, weighting vector, stochastic
gradient method.

PaccmatpuBarotcs mudpoBbie METOJIBI MPOCTPAHCTBEHHOW (MIIBTPAIMKA ITOMEX B CUCTEMax BO-
€HHOMW CBSI3U C MOMOIIbIO aJJalITUBHBIX aHTEHHBIX PEIIETOK. B KauecTBe aHTEHHON CUCTEMBI UCIIOJIb-
3yeTcs BOCbMURJIEMEHTHAs KOJbIIEBask aHTEHHAs peIIETKA.

C moMoIIbi0 KOMITBIOTEPHOTO MOJIEIIMPOBAHUS MTPOBEACHA OIIEHKA PabOThl Pa3IMYHBIX METOJOB
pacuéra BeCOBBIX KOA(D(DHUIIMECHTOB aHTEHHbI — CTOXACTHYECKOr0 IPaUeHTa, PEKYPCHUBHOIO, OPTOIr0O-
Hanu3anuu ['pamma-llIMuara — mpu pa3MMIHBIX CUTHAIHHO-TIOMEXOBEIX CHUTYAITUSX U UX CPABHHUTEIb-
HBIN aHAIU3.

DKCIEePUMEHTAIbHO Ha peajibHOM aHTEHHOW CHCTEME IPOBepeHa padoTa METO/Ia CTOXACTHUECKO-
ro TpagueHTa, Kak Hanbojee MpOCTOro JUIS ammapaTHOW peaau3allid, B CIydae BO3ACHCTBUS OJTHOU
IIYMOBOHW TOMEXH, MOMaJarIIel Kak B OOKOBbIC, TaK U B OCHOBHOM JICTIECTOK JHarpaMMbl HaIlpaB-
JICHHOCTH.
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MILITARY COMMUNICATIONS SYSTEMS INTERFERENCE
IMMUNITY INCREASE USING DIGITAL ANTENNA ARRAYS

L.l. Averina, M.A. Korolkov

The spatial noise filtering methods in military communications systems using an adaptive antenna arrays are
examined. The eight-level circular antenna array is used as an antenna system.

The computer modeling provided an estimation of different calculation methods of antenna weight
coefficients — the stochastic gradient, recursive to Gram-Schmidt orthogonalization — at different signal-to-noise
scenarios and its comparative analysis was performed as well.

Experimentally, the operation of stochastic gradient method on real antenna was checked as the simplest
method for hardware implementation in case of one noise interference influence coming to the side and main
lobes of directional pattern.

Moctynuna 6 uroHs 2017 roaa.

BECTHUK BO3YLUHO-KOCMUYECKOM OBOPOHbI N2 3 (15), 2017 r.



NPUMEHEHWE CHIN U CPEOCTB BKO

YK 621.396.967

PA3PABOTKA A/IFTOPUTMA INOBBbILLEHUA KOHTPACTHOCTHU
HAJIbHOCTHOI O NNOPTPETA LENTU
LJ151 PELLIEHUSA 3AOAY PACTIO3HABAHUA
BO3[YLLIHbIX OB BEKTOB

© ABTOpbI, 2017

C.C. Kosopes
adbtoHKkm kaghedpbl PTC, 5IBBY INBO, e. Spocnasnb
E-mail: sergeich25@bk.ru
A.B. NMuckyHoB kaHOudam mexHu4eckux Hayk, douyeHm,
3aMm. HavarnbHuKa kaghedpnbl PTC, 5IBBY lBO, e. Spocnasnb
10.B. KpacHuKoB kaHOUdam mexHU4eCcKuUx Hayk,
npernodasamers kaghedpsi PTC, SABBY lNBO, . Sipocnaens
MN.B. NycTo3époB
a0dnroHKmM Kagedpbl PTC, 5IBBY NBO, e. Spocnasnb

B Hacmosiwee epemsi aghchekmusHocmb yenepacrpedernieHusi Moxem Obimb nosbilueHa 3a c4ém Ucrosb308a-
HUS1 pexxuma paduosIoKauUOHHO20 pacrosHagaHusi. C MpuMeHeHUeM C8EePXKOPOMKOUMITYIIbCHbIX cugHasos, obnada-
rowux 0ocmamoyYHOU WUPUHOU criekmpa, Mosisusiacb 803MOXHOCMb [10/Ty4YeHUST 8bICOKOUHGDOPMamueHbIX Oarib-
HOCMHbIX mopmpemos. B cmamee npusedeHsl pedyibmamel uccnedosaHus nodmeepxdarowue, Ymo ydem ¢ha3oeoli
cocmaernisirowell NPUHSIMo20 cuaHaa o38oaum yiy4uwums KOHmMpacmHocmes paduorokayuoHHoU yenu, mem ca-
MbIM [108bICUE OKa3amesiu kadecmea pacriodHasaHusi uersed.

Knrodeeble cnoea: paduosiokayUOHHOE pacro3HasaHue, KO2EPEHMHOe HaKoMIeHUe, Ce8epXKOPOMKO-
UMIMYIbCHBIU cu2Hal, cugHasbHbIU Mpu3HaK uesu.

Nowadays the target distribution effectiveness can be increased through the use of the radar determination
mode. With use of ultrashort-pulsed signals, having enough bandwidth, the possibility of getting a highly informative
range images have emerged. The article states the research results proving that metering of received signal phase
component would improve the radar target contrast, hence enhancing target discrimination quality parameters.

Keywords: radar determination, coherent integration, ultrashort-pulsed signal, signal target feature (signature).

Hcnons3oBaHue B HacTosiee BpeMs A peoaoseHus cuctemsl [IBO coBMecTHO ¢ camoneTamu
TaKTUYECKOI aBHallvu OECHMIOTHBIX JIETaTEIbHBIX armapaToB pPasiMdYHOro0 HasHAa4YCHUA 3aTPYAHACT
BBIOOD IPHOPUTETHBIX IeNiel sl mopakeHus cpeactBamu [1BO, 0cOOEHHO B yCIOBHSIX MaJloro Bpe-
MEHH NpeObIBaHUS MX B 30HAX MMOPaKEHHsI 3€HUTHBIX pakeTHBIX KomIuiekcoB (3PK) u orpannuenHo-
ctu Ooe3anaca. DPPEeKTUBHOCTh LeNepaCPEETICHHUs] B TOM ClIydyae MOXET OBbITh NOBBIILIEHA 32 CUET
UCIOJIB30BaHMsl PEXKMMa PAJIUOJIOKAIIMOHHOTO PACIIO3HABaHUsA. B TakuX yCIIOBUAX ONpeAelIeHUe Kilac-
ca BO3YIIHOTO 00BEKTa SIBISETCS HEAOCTATOYHBIM, TaK KaK LEJX OJHOIO Kjlacca MOTYT pelaTh pas-
HBIA KpyYT 3a/a4.
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B HacTosiiee BpeMsi, ¢ IpUMEHEHHEM CBEPXKOPOTKOMMITYJIBCHBIX CUTHAJIOB, OOJAarOIIUX J0-
CTaTOYHOHN IIMPHHOHN CIEKTpa, MOSBUIACH BO3MOXXHOCTH IONYYEHHUS AATFHOCTHBIX MOPTPETOB, HC-
MTOJIF30BAaHUE KOTOPBIX ITO3BOJISIET PEIIaTh 3a7adll HE TOJNBKO KIACCH(MUKAIWH, HO W THIHU(DUKAIIH
esei.

IIpu 06paboTKe CBEpXKOPOTKOMUMITYIIBCHBIX CHTHAIIOB, IS TOJXYYESHHS TaJbHOCTHOTO TIOPTPETa,
B HACTOSIIIEE BPEeMsI UCIONB3YETCS TOJMBKO aMIUINTY/Ia MIPUHATOTO CUTHANA, a (a30Bble (IIIOKTYAIIUN
MPUHUMAEMOTO PaIMOJIOKAIIMOHHOTO CUTHANA, B KOTOPBIX 3aJI0KCHA MH(POPMAIIUS O IICNH, IPH STOM
HE YYHUTHIBAIOTCS. Pe3ynbTaThl MPOBENESHHOTO WCCIICIOBAHUS MOJITBEPIWIHA, YTO y4eT (ha30BO#l co-
CTaBIIAIONIEH MPUHATOTO CHTHAJIA TIO3BOJHUT YIyYIINTh KOHTPACTHOCTH PAJHONIOKAIIMOHHOW LENH U
TEM CaMbIM TIOBBICHTH ITOKA3aTENIA KauecTBa pacro3HaBaHus 1enei. [lomyyenne paanonokainoHHOTO
MOPTpeTa IEeNH ¢ YIETOM (a30BOH COCTABISIONICH BO3MOKHO Ha OCHOBE BBIXOJIHOW MH(pOpMAIuu ¢a-
30BOTO TIOCJIEIETEKTOPHOTO OOHAPYKHUTEISL.
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ALGORITHM DESIGN OF TARGET RANGE IMAGE CONTRAST
ENHANCEMENT FOR AERIAL OBJECTS DISCRIMINATION

S.S. Kozorez, A.V. Piskunov, Yu.V. Krasnikov, P.V. Pustozerov

The use of UAVs of different types nowadays and tactical aircraft in order to penetrate air defenses
complicates the selection of priority targets for destruction by Air Defense systems, especially in conditions
of its short time combat operation in air defense missile systems engagement area and missiles limit. In this case
the target distribution effectiveness can be increased through the use of the radar determination mode. In these
conditions the aerial object classification is not sufficient, because targets of the same class can perform different
missions.

Today, with use of ultrashort-pulsed signals, having enough bandwidth, the possibility of getting a range
images have emerged, and its implication permits to carry out the targets classification and typification as well.

During the ultrashort-pulsed signals processing, in order to obtain the range image, the received signal
amplitude only is used, and phase fluctuations of receiving radio signal, in which the target information is
embedded, are neglected. The article states the research results proving that metering of received signal phase
term would improve the radar target contrast, hence enhancing target discrimination quality parameters. To obtain
a radar target image with respect to phase component is possible on the base of output information of phased
postdetection detector.

MocTtynuna 29 noHsa 2017 roaa.
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B pabome npednoxeHb! npuHyuUrnbl MOCMPOEHUsT KocMmuyeckol bucmamuyeckol Heusnydarouwel PJIC
KOHMPOIisi KOCMU4YecKoeo rpocmpaHcmea. [nsi obHapyxeHusi u conposoxdeHuss KA npednazaemcsi ucrnosnb30-
samb cueHasbl HaseMHbIx PJIC, umo noseonsiem co3damb ro51e3Hyr0 Hagpy3Ky ¢ manol maccol, 2abapumamu u
3HepeorompebrieHUeM, maK Kak OHa CO0epXum MOMbKO rpuemHyro annapamypy. lpusedeHa cmpykmypHasi
cxema Heusnydarowel PJIC, ebinonHeH pac4yém 3sHepeemuyeckux rnapamempos. [lpednoxeHbl eapuaHmbl
npakmu4Yeckoul peanusayuu.

Knrouyesnie cnoea: bucmamuyeckass PJIC, manbill KocmMudeckul arnnapam, cucmema KOHMPOJIsi KOCMU-
yeckoeo npocmpaHcmea (CKKTI), aHepezemuyeckuli nomeHyuar.

The article proposes the design concept of bistatic nonradiating space surveillance and tracking radar on the
base of small space vehicles (SV). For space objects detection and tracking it’'s proposed to use ground radars
signals that permits to configure a payload with light mass, small dimensions and low power consumption, as it
composed only of receiving equipment. The functional block diagram of nonradiating radar was performed; the
calculation of energy parameters was carried out. The practical realization variants were suggested.

Keywords: bistatic radar, small Space Vehicle (satellite), Space Tracking and Surveillance System (STSS),
energy potential.

B crarbe npeasioxkeH BapuaHT CO3AaHUSI KOCMHUYECKOTO CETMEHTa CUCTEMBbl KOHTPOJISI KOCMUYe-
ckoro npoctpanctsa (CKKII) na 6a3e manbix kocMuueckux ammapaTtoB (KA). IIpennaraercst ucrosnn-
30BaTh MPHUHIIMIIBI TIOCTPOEHUS HEU3Mydarouux paauoiokannoHueix cucteM (HPJIC), mo3Bomnstoniue
00HapyXHMBaTh W OI[EHUBATH TPACKTOPHH KOCMUYECKHX aNapaToB 10 OTPAKEHHBIM CHUTHAJIaM Ha3eM-
HBIX paanoiokaiuoHHbix craHuuit KKII.

[Ipemnoxena cTpykrypHas cxema Heusnydaromieii PJIC, coneprxainast OJI0K MOAaBICHUS PSIMBIX
CUTHAJIOB Ha3eMHOTO nepeaarynka. OnucaH NpyuHIKI 00padOTKU CUTHAIOB. BEIMONIHEH pacueT sHep-
TeTHYECKUX TTapaMeTpoB Mpu padoTe mo curHairam uHOocTpaHHbIX ctaHiuii KKII. [IpoananmsupoBanbt
JIOCTOMHCTBA W HENOCTaTKU pa3nuuHbiXx aHTeHHBIX cucteM HPJIC. [IpeamoyTutensHBIM BapHaHTOM
SBIISICTCSl MCIIOJIb30BaHNE MAaJIOra0apUTHBIX CIa0OHANpPaBICHHBIX CUCTEM C NPHUMEHEHHEM alrOpHT-
MOB CHHTE3HPOBAHHS alePTYPHI, 9TO TO3BOJISIET 00ECIIEYNTh TPEOYEMYIO SHEPTETHKY H ITOJYYHUTh OT-
HOCHUTEILHO BBICOKYIO Pa3pelIalonylo ClioCOOHOCTb.

Tak kak ma mpemnaraemoM KA xocmudeckoro cermenta CKKII oTcyTCTBYIOT mepearomniue dJie-
MEHTBI, CYIIECTBEHHO CHM)KAIOTCSl TPeOOBAaHUS K Macce M SHEPronoTpeOICHHUIO, YTO TO3BOJISIET pas3-
MECTHUTh TIOJIE3HYI0 HArpy3Ky Ha MajblX W CBEPXMAJBIX Iar(opmax Ui MOIU(GUIUPOBAThH CYIIe-
ctByromue KA pagnoTeXxHn4ecKkoro KOHTPOJIS.
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SMALL SPACE VEHICLE BISTATIC SPACE TRACKING
AND SURVEILLANCE RADAR SYSTEM

A.V. Ksendzuk

The article suggests a variant of the Space Tracking and Surveillance System (STSS) space segment
configuration on the base of small satellite vehicles (SV). It's suggested to use structural principle of noneradiating
radar systems (NRRS) permitting to detect and estimate space vehicles trajectories according to reflected signals
from ground STS radar stations.

The functional block diagram of nonradiating radar was performed including primary signals killer of ground
transmitter. The signals processing principle was described. The calculation of energetic parameters during
operation on foreign STSS signals was conducted. The different NRRS antennas systems advantages and
disadvantages were analyzed. The preferable variant is use of small dimensions low-directed systems using
an aperture synthesizing algorithms that provides required energy and have a relative high resolution capability.

Since there are no receiving elements onboard the proposed SV STSS space segment, the requirements
to mass and energy consumption reduce that permits to deploy a payload on small and miniature platforms
or perform modification of existed STSS space vehicles.

MocTtynuna 6 uroHsa 2017 ropa.
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C yyémom aHanu3a UHOCMPaHHbIX UCMOYHUKO8 PaccCMOmpeEH crocob 2pyrnnoeo2o uesepacrnpedesieHus,
obecneyqusarowuli He MobKO HasHadyeHue uesnell nepexeamyukam C y4EMmMoOM 803MOXHO20 8bibbieaHuUs yyacm-
HUKO8, HO U Oarouwjuli 803MOXHOCML Mocmpoums fpednoniazaeMble mpaekmopuu rnepexeama ¢ y4émom pearib-
HbIX ogpaHuy4yeHul.

Knroyesnle cnoega: uenepacripedeneHue, HagedeHue, yrpasieHue gemameribHbIMU annapamamu.

This paper presents a method for solving group target distribution problem in dogfighting providing not only
targets assignment to interceptors with respect to possible knockout of participants, but also giving a possibility to
generate an estimated interception trajectory under real limitations.

Keywords: target distribution, guidance, aircraft flight control.

B cratbe mpemnaraercs cnoco0 pacrpenesieHusl eeil MeXay MepexXBaTYMKaMH B BO3IYLIHOM
NPOTUBOOOPCTBE. B €ro 0CHOBE JISKUT MOCTPOCHHUE VISl KAXKION Maphl MePeXBaTYUK-1IEIb PE/I0IIa-
raeMoil TpaeKTOpHHU MepexBara, COCTOSIICH U3 Y4acTKa ¢ TIOCTOSIHHBIM YCKOPEHHEM U ydacTKa C I0-
CTOSIHHOW CKOpOCTBIO. 3aTeM MOAOMPAIOTCS MapaMeTphl 3TOH TPAeKTOPHH, KOTOPbIC YAOBICTBOPSIIOT
OrPaHUYCHHSM Ha BO3MOXKHOCTH MEPEXBATYMKOB M MUHUMH3UPYIOT ONpeIeIEHHbIH (HYHKIIMOHAT Ka-
yectBa. [locie sToro pemraercs 3ajada O Ha3HAUYCHHUSX, B PE3yJIbTAaTe YEro MOJYy4YaeTCsi Ha3HAUYCHHUE
neneil mepexBaTyuKaM ¢ MHUHAMAIbHBIM CyMMapHBbIM (DYHKIIMOHAJIOM KadecTBa. MeToa He TpeOyeT
CYILIECTBEHHBIX BBIYUCIUTEIBHBIX 3aTPaT U LEJIePACTIPEACICHUE MOXKET OBbITh JIETKO MEPECUUTAHO MTPU
BBIOBIBAHUH YYaCTHUKOB WJIM U3MEHEHHH CKOpPOCTH Iiejiedl. [IpoBenéHHOe MOJIeIMpoBaHe MOATBEp-
JIUIT0 PabOTOCTIOCOOHOCTh AJITOPHTMA.
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GROUP TARGET DISTRIBUTION IN DOGFIGHTING WITH
RESPECT TO KNOCKOUT OF PARTICIPANTS

V.I. Merkulov, A.S. Plyashechnik

The article suggests target distribution method between interceptors during dogfighting. For each interceptor-
target pair it generates an estimated interception trajectory comprising a constant acceleration section and a section
with constant velocity. Then the parameters of interceptor's trajectory are formed up satisfying limitation on interceptor's
capabilities while minimizing the certain quality function. After this the assignment problem is solved with target
assignment for interceptors that minimizes total quality function. The method doesn’t require extensive computational
efforts and the target distribution can be easily recalculated upon knockout of participants or targets’ velocity change.
The carried out modeling confirmed the algorithm's efficiency.

Moctynuna 6 mapTta 2017 ropa.
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lpueedeHb! pe3yrnbmamel ucciedosaHusi 8apuaHMo8 CmMpyKmypHoOU MOOepHU3auuu CucmeMbl yrpasieHuUs
rnodz2omoeKoli U rnycka pakem (Mpomusopakem) ¢ Ucrosib308aHUEM Memodo8 CUCMEMHO20 aHau3a.

Knroyesnle cnoea: cucmema ynpasneHusi mo02omoekoul U ryCKoM pakem (npomusopakem), paHxuposaHue,
Kpumepuu ebibopa.

The variant of the structural modernization of control systems for preparation and launch of missiles
(interceptors) using the system analysis methods is considered in this study.
Keywords: control system for preparation and launch of missiles (interceptors), ranking, selection criteria.

OnHuM 13 cnoco0o0B MOBBIIEHHUS 3PPEKTUBHOCTH CPEACTB BO3AYLIHO-KOCMHUYECKOH OOOPOHBI
(BKO) sBnsieTcst cTpyKTypHas U MporpaMMHO-annapaTHas MOJIEPHU3ALNSA CUCTEM YIIPaBIEHUS MOJ-
TOTOBKOM U IIyCKOM pakeT (IMPOTUBOPAKET).

TexHnueckol 3amadeil MOAEPHU3ALNH SIBIISIETCA CO3[aHUE CHCTEMBI, KOTOPAsk MO3BOJISAET PACIIH-
pUTh QYHKIIMOHATIBHBIE BO3MOKHOCTH, MTOBBICUTH 0€30MaCHOCTh, HAJIEKHOCTh U OTKa30yCTOWYHBOCTh
cpencts BKO.

[locraBneHHas 3afaya pemaeTcsi ¢ UCIOJIb30BAaHUEM METOJI0B MHOTOKPUTEPHUAILHOTO PaHKUPO-
BaHMsI, KOTOPBIE MO3BOJISAIOT C JOCTATOYHON JIOJIel JOCTOBEPHOCTH pa3padoraTh 3pPeKTUBHBIN BapH-
aHT CTPYKTYpbl CHCTEMBI M OOECHEeUNTh 3HAUUTENIIPHOE COKpPAILEHHE BPEMEHH €€ IpOorpaMMHO-
anmapatHoi peanu3anuu. OcCOOEHHOCTBIO METOMOB SIBIISIETCS] UCIOJIb30BaHHE KO3()PHULIMEHTOB Bax-
HOCTH KPUTEPHEB 33JaHHBIX HHTEPBaJIaMH 3HAUCHHH.

B pesynbrate mpUMEHEHUS METOJIOB OCYIIECTBIICH BHIOOP 3(h(EKTHBHOTO BapHAHTA CHUCTEMBI,
OTHMCaHNE CTPYKTYPHI KOTOPOH MPUBOTUTCH.
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AEROSPACE DEFENSE MEANS CONTROL SYSTEM

D.P. Teterin, A.N. Popov, S.V. Aliluev, A.G. Yashin

One of the ways to improve efficiency of the aerospace defense (ASD) means is the structural and hardware
and software modernization of control systems for preparation and launch of missiles (interceptors).

The technical problem of modernization is the creation of a system, which allows extending the functional
capabilities, improving security, reliability and resilience of ASD means.

The assigned task is solved using the multi-criteria ranking methods, which allow with a sufficient degree
of reliability to develop the effective variant of the system structure and to ensure significant time reduction
of its hardware and software realization. The methods peculiarity is the use of coefficients of criteria importance
specified by values range.

As a result of the methods application an effective system variant was selected, the structure description
of which is given.

Moctynuna 15 mnioHsa 2017 roaa.
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30H[OBbIV METOf KOHTPO/ISI
SJEKTPO®U3NYECKUX MTAPAMETPOB ,
1PV U3rOTOBJ/IEHMM MUKPOIMOTOCKOBLIX CBY-YCTPONUCTB
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PaspabomaH u ocywecmenéH 30HO08bIlU Memod KOHMPOJIS 371eKmMpPoU3UHECKUX napamempo8 MUKpPO-
ronockosbix napamempos CBY-ycmpolicme Ha ecex cmadusix ux u3dzomosneHus. [onyyeHb! obujue u yacmHele
¢opmyrnbl pacdéma ydenbHO20 COMPOMUBIIeHUsI C pacroio)eHUeM 30H008 8 Bam4yukax 8 eude NMpsiMoy20/1bHU-
Ka, OUeHeHbI 4y8cmaumeibHOCMb U Mo2peuwHoCMb.

Knrouesnle crnoea: 30HO08ble MemoObl KOHMPOJIs, YembIpEX30HO08bLILU Memod, UuHmezpasibHble MUKPO-
cxeMbl, yOernbHoe conpomusrieHue, yoernbHoe Mo8epxHOCMHOE conpomusneHue, 0amyuku KOHMPOIs.

The probe control method was developed of physical parameters of microtrip microwave devices at all stage
of its production. The general and particular calculation formula of specific resistance with probes arrangement in
sensors in the form of rectangle, sensitivity and error were estimated.

Keywords: probe control methods, four-point probe method, integrated microcircuits, specific resistance,
sheet resistance, control sensors.

OpnHOM W3 aKTyalbHBIX 33734 MPH M3TOTOBIEHUH TOHKOIUIEHOYHBIX WHTETPAIBHBIX MHUKPOCXEM
ABJsieTCSl pa3pabOTKa METOMOB KOHTPOJIS AIIEKTPO-(PU3NUYECKUX MAapaMEeTPOB MPOBOJHUKOBBIX, MOJTY-
MIPOBOJJHUKOBBIX U PE3UCTHBHBIX MJICHOK HA BCeX CTaAUAX MX (GopmupoBanus. M3BecTHO, 4TO OAHUM
U3 TJaBHBIX 3JIEKTPO(U3NIECKUX MAapaMEeTPOB, IO BEIMYHUHE KOTOPOTO MOXKET MPOHU3BOAMTHCS ONTH-
MU3aLHS U3TOTOBJICHUS TOHKOIJIEHOUHBIX 3JIEMEHTOB MHTETPAIbHBIX MUKPOCXEM, SIBISIETCS yJebHOE
COIIPOTHBIICHHE TNIEHOUYHBIX MAaTEPHAJIOB.

Pa3paboran u ocyIiecTBI€H 30HIOBBI METOA KOHTPOJIA YNEIHHOTO COIMPOTHBICHUS TOHKHUX
IUIEHOK MTPH U3TOTOBIEHUH MHTETpAbHBIX MUKpocxeM CBY ¢ mpsAMOyroapHbBIM pacronoKeHHEM 30H-
JIOB B IaTYMKaX Ha BCEX CTAAUSIX X M3TOTOBIICHHS.

YcTaHOBNEHBI aHATMTHYECKHWE 3aBUCUMOCTH HM3MEPEHUS YIENbHOTO COMPOTHBIEHUS TOHKHX
TUIEHOK TIPH PA3IMIHOM PACIOI0KEHUH 30HOB B JJATUHKAX.

Pa3paboTtanbl JaT4uKy JUI1 KOHTPOJIS 3JEKTPO(OU3NIECKUX MMapaMeTPOB MPOBOISAMINX IJIEHOK B
MIPOLIECCE MX OCAXJIECHUSA B BaKyyMe, a HMEHHO, YAEJIBHOIO CONPOTHBIICHUS IUIEHOK, YAEIBHOrO I0-
BEPXHOCTHOTO COIPOTHUBIIEHUS TUIEHOK, CKOPOCTH OCAKICHHS IIIEHOK, TOJIIMHGI INEHOK. /[aHa oreH-
Ka YyBCTBUTEJIIBHOCTH U TOYHOCTH JATUUKOB C Pa3IMUHBIM PACIIONOKEHUEM 30H/IOB.
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SRS

PROBE CONTROL METHOD OF PHYSICAL PARAMETERS
DURING PRODUCTION OF MICROSTRIP MICROWAVE DEVICES

A.A. Areshkin

One of vital tasks during production of thin-film integrated microcircuits is control methods development
of physical parameters of conductor, semiconductor and resistive films and all stages of its forming. It's known
that one the main physical parameters, at value of which the production optimization of thin-film integrated
microcircuits elements can be carried out, is the specific resistance of film materials.

The probe control method of thin films specific resistance during production of integrated microcircuits
of microwave with rectangle probes arrangement in sensors at all stages of production was developed.

An analytical dependence of thin-films specific resistance measuring at different probes arrangement
in sensors was determined.

The sensors for control of conducting films physical parameters were developed during its evaporation
in vacuum, precisely, films specific resistance, films thickness. The sensors sensitivity and accuracy with different
probes arrangement were estimated.

MocTtynuna 8 uroHsa 2017 ropa.
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B cmambe onucaHa npospamvma aHanu3a OUHaMUYECKUX Xapakmepucmuk mpakma aHarno20-yugpoeozo
rpeobpasosaHusi. [aHHas npoepamma ro38ossem OUeHUMb Xapakmepucmuku KaHanoe AL & cbyHKUUOHarbHbIX
fivelikax, exo0sAwux 8 cocmae 6rioka npeobpa3osaHusi CueHasos8, U rO/IHOCMbIO 3aMeHsIem aHasloeuyHyro el
3apybexHyo npospamMmy.

Knrodesnbie crioea: npospamma, OUHaMUHECKUe XapakmepucmukKu, omc4ém, ycpedHeHuUe, Maccug 3HaqyeHul.

The analysis program for dynamic characteristics of an analog-to-digital conversion (ADC) path is described
in this paper. This program allows evaluating the performance of ADC'’s.
Keywords: program, dynamic characteristics, count, averaging, array of values.

Jnsi aHanu3a JWHAMAYECKUX XapaKTePHCTHK KaHAJIOB aHaloro-1udpoBoro mpeoOpasoBaHUs
(ALII) B pyHKIMOHANBHBIX SYEiKax, BXOIIIMX B COCTaB OJI0Ka MpeoOpa3oBaHUs CUTHAJIOB, 10 I10-
CIIE/THETO BPEMEHH NPHMEHSUIaCh MporpaMMa aHaln3a JHHAMHYECKUX XapakTepHcTHK Tpakrta ALIII
PScope (CIIIA). HMcnonb30BaHue TaHHOW IMPOrpaMMbl CBSI3aHO C PSJIOM MPoOJieM. ABTOpaMHU CTaThU
OblTa Co3/1aHa NMporpaMMma aHaju3a JUHAMUYECKHX Xapakrepuctuk DataAcq. [Iporpamma npenHasna-
YeHa /It paboThI B COCTAaBEe CTEHOBOM ammapaTypsl, pa3paboTaHa B paMKax MMporpaMMbl HMIIOPTO3a-
MEIIEHHST U UCTIOJIb3YeTCsl BMECTO 3apyOeKHON mporpamMbl PSCOpe, uMmerolei orpaHn4eHHbIe BO3-
MOXHOCTH. B mporpamMme peanmsyercs 3amuch Maccusa u3 6,5 x 10* BEIGOPOK aHamoro-muppoBoro
npeoOpas3oBarelisi ¢ BbIX0O/a TPaKTa 00padOTKH CHI'HAJIA HA MPOMEXYTOYHOH 4acTOTE M BHIYHCIICHHE
HEOOXOIUMBIX XapaKTepUCTUK TPAKTA: OTHOLICHHS CUTHA/IIYM, JUHAMHYECKOTO JAHANa3oHa, YPOBHS
WHTEPMOIYJISIMOHHBIX COCTaBIstomuX U T.1. B DataAcq BitoueH MOIyIb JUIsi U3MEPEHHS PeaTbHbIX
XapaKTePUCTUK YCTPOUCTBA OOpaOOTKH CHUTHAJIOB B KBa3WHEIIPEPBHIBHOM pekume padoTsl. C momo-
IIBIO 5TOTO MOJYJISI TIPOBEICHBI N3MEPEHUS XapaKTePUCTHK TpakTa 0OpabOTKH MPU KBa3HHETIPEPHIB-
HOM aHAJIOTOBOM BXOJHOM CHTHaJIE (IO CHX TOp JJIsl 3TUX Iielel yJIaBalloch HCIOJIB30BaTh TOJNBKO
rapMoHu4ecKuil curdai). IlomydeHHble pe3ynbTaThl MOATBEPKIAIOT BO3MOKHOCTh U3MEPEHHUS C TO-
MOIIBIO Pa3padOTaHHOTO KOMIUIEKCa XapaKTEepUCTHK B Ananazone 6omuee 90 nb.
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DYNAMIC RESPONSE ANALYSIS PROGRAM
OF ANALOG-TO-DIGITAL CONVERTION PATH

Yu.S. Atopshev, A.V. Voronkov, N.A. Ighatov, A.M. Losev

To analyze the dynamic characteristics of analog-to-digital (ADC) channels in functional cells included in the signal
conversion unit, the program for analyzing the dynamic characteristics of the PScope (USA) ADC path have been used
until recently. The use of this program is associated with a number of problems. The authors of the article created
a DataAcq program for analyzing the dynamic characteristics. The program is designed to work as a part of bench
equipment, developed as part of the import substitution program and is used instead of the PScope foreign program,
which has limited capabilities. The program records an array of 6.5x10" samples of the analog-to-digital converter from
the output of the signal processing path at the intermediate frequency and calculates the required path characteristics:
signal-to-noise ratio, dynamic range, intermodulation distortion level, etc. DataAcq includes a module for measuring
the real characteristics of a signal processing device in quasi-continuous operation mode. The characteristics
of the processing path for a quasi-continuous analog input signal have been measured using this module (so far only
a harmonic signal could be used for these purposes). The obtained results prove the measuring possibility through
the developed complex of characteristics in the range of more than 90 dB.

Moctynuna 11 nionsa 2017 roaa.
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lNpedcmasrneHbl umepayuoHHbIe Memodbl cuHmesa Hyrnel 8 duazpamme HanpasneHHocmu ([H) akmueHou
¢gasuposaHHoli aHmeHHoU pewémku (ADPAP), OcHoBaHHbie Ha yrnpaeneHuu amnaumyoamu 6036yxoeHul
anemeHmos A®AP rnipu ycrosuu MUHUMU3AUUU U3MEHeHul amnnumyOHo-gha3ogoeo pacrpedeneHuss (ADP)
npu noMowu arnnapama fuHeliHol aneebpbl. [NpugsedeHb! aHaIuUMUYecKue 8bipaxeHusi, no38onsouue peanuso-
8ampb aneopumm 8 coomeemcmeuu ¢ paccmMompeHHbiMu memodamu. [pedcmasneHbl npuMepbl cuHmesa Hyns
8 [JH sbicokornomeHyuanbHol APAP Ha ocHoge Mamemamu4eckol Mooesu.

Knroyeenie cnosa: cuHme3s Hyned, duazpamvma HarnpasieHHoCmu, aMmriumyOHoe yrnpaesrneHue.

Iterative methods for the null synthesis in the radiation pattern (RP) of an active phased array
antenna (APAA) based on control of the amplitude excitation of the APAA elements that minimize changes in the
amplitude-phase distribution (APD) by means of solution of a system linear algebraic equations are proposed.
The analytical expressions allowing one to implement the algorithm in accordance with the proposed methods are
presented. The null synthesis examples in a high-gain APAA based on a mathematical model are performed.

Keywords: null synthesis, radiation pattern, amplitude control.

CrnoxHasi 1 HachIIlIEHHAs] TIOMEX0Basi 00CTAaHOBKA, CBOWCTBEHHAs COBPEMEHHOMY MUpY, CYIIIe-
CTBEHHO YCJIOKHSET (PyHKIMOHMpOBaHHE paanorexHuueckoi cucreMsl (PTC) u mMoxeT mpuBecTd K
HapyLIeHNI0 e€ HOpMalnbHON paboTocrocoOHOCTH. D deKkTuBHBIMU criocobamu OOpHOBI ¢ OKPYKaI0-
HIMMHU TIOMEXOBBIMH CUTHAIAMU SIBIISIIOTCS] METOJIbI (DOPMHUPOBaHUS HyJeH (METOJIbl CHHTE3a HYJIel) B
nuarpamme HarpasieHHocTH ([{H) aktuBHOM dasupoBanHOl aHTeHHOH pemérku (ADAP), Bxomsmeit
B coctaB PTC. Takue MeTopl, B 3aBUCHMOCTH OT THIIA YIPABJICHUS aMIUIUTYJHO-()a30BbIM pacnpeze-
neaneM (ADP) B packpbiBe ADAP, MOryT OBIThH MOJIENIEHBI HA TPH KATETOPHU: aMIUIUTYIHEIE, (a3o-
BbIC ¥ aMIUTUTYAHO-(ha30BbIe. B JaHHOI cTaThe MpeiaraloTcs HTepallMOHHbIE METO/IbI CHHTE3a HYJIeH
B JIH ADAP, ocHOoBaHHBIE Ha yIIPaBICHUN aMILIUTYIaMH BO30Y>KICHHUI 3JIEMEHTOB IIPH YCIOBUU MH-
HUMH3anun n3MeHeHnid ADP npu nmomouu anmapara iuHeHOM anreOpbl. B ocHOBe mpearaeMbix
METOJIOB JIEXKHUT TOUCK PEIICHUSI CHCTEMBl JTMHEWHBIX YpaBHEHUH C NMPUMEHEHHEM ICEBJI000PATHOM
MAaTpHIIbI, COCTABJICHHON C MCIOJIb30BaHUEM ONpPEAETIEHHBIX BOJHOBRIX Koadduumentos. Haiinennoe
B pe3yJbTaTe PELIeHUsl 3HAaUCHUE aMIUTUTYIbl B OOLIEM cllydae MOXKET OKa3aTbCsl OTPULATEIHLHBIM.
Tornma B KadecTBE MCKOMOTO 3HAYEHUS aMIUTUTY/bI MpejiiaraeTcs MCIONb30BaTh JTUO0 Onvkaiiiiee
3HAYEHUE W3 JHMana3oHa pa3peli€HHbIX 3HAYEHUH, MO0 BBHIIOIHUTH MOBOPOT (Da3bl BO3OYMKIECHUS
anteMeHnTa Ha 180 rpagycos.

[IpoBenénHoe MareMaTH4eCKOE MOAETUPOBAHUE MPEIIOKEHHBIX METOJI0B, YUYUTHIBAIOIIEE OTpa-
HUYEHHOCTh JIMala3oHa pPETYIUPOBaHUS aMIUIUTYIHBIM pAacHpeNesieHneM, a TakKe TUCKPETHOE
yIpaBlieHHE aMIUIMTYAaMHu U (a3aMu 3JIEMEHTOB, IT0Ka3ajl0 BeChbMa He3HAUUTENbHOE TaJleHHE YPOBHS
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koad¢urmenta HampasieHHoro aevicteus (KH/I) no cpasuenuro ¢ KHJI ucxomuoii JIH 3a cuér toro,
YTO B HEM 3aJI0’KEHO YCIIOBHE MUHUMHU3AIINN H3MEHEHUSI TOKOB BO30yX1eHui aneMeHToB ADAP.
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METHODS FOR THE NULL SYNTHESIS IN THE RADIATION
PATTERN OF AN ACTIVE PHASED ARRAY ANTENNA MINIMIZING
CHANGES IN EXCITATION CURRENTS

V.A. Balagurovskiy, A.S. Kondratiev, A.O. Manichev, A.N. Tyuvaev

Complex and intense interference environment typical of the modern world significantly complicates
operation of the radio system (RS) and may lead to system malfunction. Effective countermeasures against
interfering signals are methods for formation of deep gaps (null synthesis methods) in the APAA RP. Such
methods, depending on their type of control over the APD in the APAA aperture, can be divided into three
categories: amplitude-only methods, phase-only methods, and amplitude-and-phase methods. In this paper,
we propose iterative null synthesis methods based on the control of the element amplitudes under the condition
of minimum changes in the APAA that involve solution of a system of linear algebraic equations. The proposed
methods are based on the search for solutions of linear equations using a pseudoinverse matrix composed
with the use of certain wave coefficients. Generally, the obtained values of the excitation amplitudes can be
negative. Then, the desired values of the amplitudes are proposed to set to the nearest allowed (e.g., zero)
values of the amplitudes or to apply rotation of the element excitation phase by 180 degrees in order to obtain the
positive amplitude. The performed mathematical simulation of the proposed methods considering the limitations of
the adjustment range of values of the amplitude distribution as well as discrete values of the element amplitudes
and phases has shown a very slight lowering of the directive gain (DG) as compared with the DG of the initial RP
due to the fact that these methods involve the condition of minimum changes in the APAA excitations.

Moctynuna 20 unioHsa 2017 roaa.
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Paspaboma+ makem HEKOHmMakmHo20 Oamyuka uyesu 071 3eHUMHO20 cHapsida Ha OarlbHOMEePHOM MpUHYUNe
obHapy>xeHus1. PaspabomaHsbi u uccriedoeaHb! cxembl Or1s uslydyamenel Ha rosiyrnpo8oOHUKO8bIX la3epHbix duodax,
cxeMbl rpuéma U yCUneHus cuaHana, ompaxéHHo20 om umumamopa uenu. [lposedeHb! ucrbimaHusi Makema
HeKoHmMakmHo2o 0amyuka 0ns onpederieHus1 MOYHOCMHBIX Xapakmepucmuk 0amyuka.

Knrouesbie cnoea: HeKoHMakmHbIU Oamyuk yenu, Modyrb Uu3rydamerns, fa3epHbili 0uod, modyrnb ¢homo-
MpUémHuUKa, 0arbHOMEPHBIU MPUHYUM OOHaPYXeHUS.

For the first time the mock-up model of the laser noncontact target sensor for AA projectile based on range-finding
detection principle was developed. Schemes for radiators on semiconductor laser diodes, receive and multiplication
schemes of signal reflected from the target simulator were developed and examined. The tests of mock-up model of
noncontact sensor were conducted in order to determine accuracy characteristics of the sensor.

Keywords: noncontact target sensor, radiator module, laser diode, photodetector module, range-finding de-
tection principle.

BrniepBeie pazpabotan MakeT j1a3epHOro HeKoHTakTHOTrO natuvka neiu (HZALL) Ha mansHOMEepHOM
MIPUHIIUTIE 0OHAPYXKEHUS. DTO yNaioCh, BO-TIEPBBIX, 32 CYET Pa3paOOTKH OPUTHHAIBHON CXEMBI KOM-
MYTallii TOKAa HAaKayKy JIA3epHOTO JTNOJIA, IIO3BOJIMBIIEH IOCTHYb UMITYJIbCHON MOIITHOCTH U3ITyYSHUS
250 BT npu ;I TETFHOCTH ONTHYECKOT0 UMITyJIbca 12 HC B 9acToTe ciaeaoBanus UMImyiascoB 30 k.
Bo-BTophIx, 3a cu€t paszpadorku PIIY Ha doToamone B OECKOPITYCHOM HCIIOJIHEHUH C MPSIMOYTOJb-
HOI 4yBCTBUTENIbHOH ILIOIMIAIKON, CMOHTUPOBAHHOM HemnocpeacTBeHHo Ha miate DIIY psnom ¢ ome-
paIMoOHHBIM YCHUIIUTENIEM. B pe3yibpTaTe ymamoch MUHUMH3UPOBATH Mapa3uTHBIC EMKOCTH U WHIYK-
THBHOCTH MOHTa)Ka, CHU3UTh BO3JICHCTBHE ICKTPOMArHUTHBIX TIOMEX.

HccnenoBanbl IIyMOBBIE XapaKTEPUCTUKU (POTONMPUEMHOTO KaHAJa, €ro pab0TOCIIOCOOHOCTh MPH
HaxoxaeHuu CoiHIa oI pasTuIHBIMA yTiIaMu. VccneaoBana TOUHOCTh M HAAEKHOCTh ONIPEICIICHIS
JMACTAHIIAN JI0 1IN, HAXOAIIEHCS HaJl TOACTHIIAIONIECH TIOBEpXHOCTRIO. [10 cpaBHEHUIO C M3BECTHBI-
MU 00pa3laMi HEKOHTAKTHBIX JIATYMKOB HAMHU BIIEPBBIC MPUMEHEH NaIbHOMEPHBIM MPUHIUI OOHA-
pyKeHHs, 00eCIIeUNBAOIININ CENEKITUIO 1IeNTH, HaXO SIS Ha/l TIOJICTHIIAIONICH TOBEPXHOCTHIO.
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CHARACTERISTICS DEVELOPMENT AND ANALYSIS OF LASER
NONCONTACT TARGET SENSOR BASED ON RANGE-FINDING
DETECTION PRINCIPLE

N.F. Glushchenko, D.A. Govoruhin, M.M. llichev, A.B. Korneev, M.A. Meshcheryakov,
A.V. Semenov, V.N. Slobodchikov

For the first time the mock-up model of the laser noncontact target sensor (NTS) based on range-finding
detection principle was developed. It was achieved, firstly, through the design of individual diagram of laser diode
pump current circuit permitting to gain 250 W peak radiating power at 12 ns of optical pulse length and at 30 kHz
of pulse-repetition rate. Secondly, through design of photodetector on photodiode in die form with rectangular
sensitive plane assembled directly on photodetector plate near the operational amplifier. As a result we managed
to minimize parasitic capacitance and assembling inductance, and reduce the influence of electromagnetic
interference.

The photodetector channel noise characteristics, its working efficiency at different angles of sun activity
were examined. The accuracy and reliance of range finding to the target located above underlying surface were
analyzed. Comparing to the known noncontact sensors samples it was for the first time used the range-finding
detection principle providing the target discrimination, located above underlying surface.

MocTtynuna 6 uroHsa 2017 ropa.
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A.Q. Opuzse
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Ucrnonb3oeaHue umredaHCHOCO2/1aco8aHHbIX Mamepuasos 8 aHmMeHHbIX CucmeMax si8/19emcsi NePCrneKmMueHbIM
HaripaerneHueM 8 pasgumuu cospemeHHbIx PIIC u noseonsom yHuguuuposams HOMeHKIamypy usiydyamesneul. O0HO
U3 B03MOXXHbIX UCIOIb308aHUll uMedaHCHOCO2/1aco8aHHbIX Mamepuarnos — rnepeHoc paboyux Yyacmom yxe u320-
moerieHHbIX u3rydamerel 8 6onee OnNUHHOBOIHOBbIE Ouarna3oHbl. MICronb308aHUe HECKOIbKUX uMriedaHcHocoana-
CO8aHHbIX CPEOD, HarpuMep, C &, = W, = 2, & = U = 4, & = U, = 8, & = u, = 10 nosgonsgem ygenu4yume duana3oH
OnuH 8011H 0r1s1 uMetoujeaocs usydamerns 8 2, 4, 8 u 10 pas, coomeemcmeeHHo.

Knrouyesnbie crnoea: umnedaHcHOCO2/1aco8aHHbIe Mamepuaribl; UdMeHeHue pabodyezo Ouarna3oHa Yacmom us3-
nyqamenel; ANSYS Electromagnetic Suite.

The use of impedance-agreed materials in antenna systems is a promising direction in development of modern
radars and permits to unify the radiators assortment. One of the possible employing of impedance-agreed materials
is a translation of operating frequencies of ready radiators into more longer-wave bands. Employment of several
of impedance-agreed medium, e.g. ¢. &, =u,. =2, & = =4, & =u, =8, & =u, =10 permits to increase
a wavelength band for the provided radiator into 2, 4, 8 and 10 times correspondingly.

Keywords: impedance-agreed materials, operating band change of radiators, ANSYS Electromagnetic Suite.

Hcnonp3oBanne MMITEJaHCHOCOTJIACOBAHHBIX MAaTepHAJIOB B aHTEHHBIX CHCTEMaXx SIBJISETCS Iep-
CHEKTHBHBIM HalpaBiIeHHEeM B pa3BUTHU coBpeMeHHbIX PJIC M mo3BonsOT yHUGHUIMPOBATh HOMEH-
KIaTypy usnydatened. OTHO U3 BO3MOYKHBIX MCIOJIb30BAHUN MMIEAAHCHOCOITIACOBAHHBIX MaTepua-
JIOB - MEPEHOC pabouMx 4acTOT y>K€ M3TOTOBJIEHHBIX M3ydyaTesiell B 6ojiee JUIMHHOBOIHOBBIE JHara-
30HBI. Vcronp30BaHME HECKOJIBKMX HMIIEJAHCHOCOTJIACOBAHHBIX Cpell, Halpumep, C & = U, = 2,
& =W =4, & = W, =8, & = WU, = 10 n03BOJSAET YBEIUUUTH OUANA30H JJIMH BOJH JAJIs UMEIOLE-
rocs m3nmydatens B 2, 4, 8 u 10 pas, coorBercTBeHHO. [IpuBeneHs paboThl 3apyOeKHBIX aBTOPOB U
MpeI0KeHa METOAMKA IO MCIOJIb30BAaHUIO MMIIETAaHCHOCOTIIACOBAHHBIX MaTepHasoB JJIs yBelIude-
HUsL paOoueil JUIMHBI BOJHBI CYLIECTBYIOIIMX H3ilydyaresiei. lIpuBeneHsl pe3yibTaThl YHCIEHHOTO
3IIEKTPOANHAMHYECKOTO MOJEIIMPOBAHNUS BOJIHOBOAHOTO IIENEBOro M3NIydaTessi, padodas IJIMHA BOJI-
HBI KOTOporo yBenndeHa B 10 pa3. OCHOBHBIMU OTpaHHMYEHUSMH I Ta0apUTOB aHTEHH C HUCIOJIB30-
BaHHWEM HMMIIEJAHCHOCOTJIACOBAHHBIX MAaTEPHAJIOB SBISIOTCSA PaauyC Iapa W3 TaKOrO Marepuaia |
BO3MOXXKHOCTb CO3JaHHUS TAKMX MaTepHalioB B TpeOyeMOM 4acTOTHOM Auarna3zone. OCHOBHbBIE mpoOiie-
MBI ¢ radapuTaMy aKTyaJbHBI JUISI aHTEHH B JUIMHHOBOJIHOBOM Juana3oHe (s yactot MeHee 1 ['Tm),
JUTSL KOTOPOTO TT0I00HBIE MaTepHajbl CO3/IaHbI.
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rpODN

USE OF IMPEDANCE-AGREED MATERIALS TO INCREASE
RADIATORS OPERATING WAVE LENGTH

A.S. Godin, V.V. Perfiliev, A.D. Drize, K.I. Konov

The use of impedance-agreed materials in antenna systems is a promising direction in development of modern
radars and permits to unify the radiators assortment. One of the possible employing of impedance-agreed materials
is a translation of operating frequencies of existed radiators into more longer-wave bands. Employment of several of
impedance-agreed medium, eg. ¢ & =y, =2, &=l =4, =4, =8, & =pu, =10 permits to increase
a wavelength band for the provided radiator into 2, 4, 8 and 10 times correspondingly. Foreign papers were performed
and methodology of impedance-agreed materials employment to increase an operating wavelength of existed radiators.
The results of computational electrodynamic modeling of waveguide slot radiator the operating wavelength of which
is increased into 10 times. The main constraints for antennas dimensions with employment of impedance-agreed
materials are a ball radius from such material and possibility to create such materials in required bandwidth.

Main dimensions problem is vital for long-wave band antennas (for frequencies less than 1 GHz) for which such
materials are created.

Moctynuna 29 uioHs 2017 ropa.
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lpedcmaeneHa memoduka, nosgonsrowas npoeodums fpuemeMble Mo MOYHOCMU pacyémbl OuazpamMmbl
0bpamHo20 paccesiHusi Memariu4eckux cmepxHel OnuHou 6onee 5 ONUH 80/IH U OMHOWEHUST OrUHbI BOJTHbI
K Quamempy cmepxHsi 6oriee 10. Memoduka npumeHuma Onsi oyeHuUsaHuUs1 duaspaMMbl HarpasIeHHoCmu obpamHo-
20 paccesiHusi cueHarna eepmukaribHOU WmbIpesol aHmeHHbI Mempogoeo Ouaria3oHa paduoeoriH, M0380rsem
pewampb dpyaue 8axHble Ons rnpakmuku 3adadu. CpasHeHue 0aHHbIX pacHéma U 3KcriepuMmeHma ceudemesibcmeayem
0 xopouwieli cxodumocmu 0r1s pakmuyeckux GaHHbIX Ha Yacmome 9.0 [Ty,

Knrouyesnble crioea: paduoanekmpoHHoOe cpedcmeo, paduoreneHzamop, CMepXHeaas aHmeHHa, 30HOUpyrowull
cueHar, Ouagpamma HarpasneHHocmu.

The methodology that permits to carry out the acceptable with respect to accuracy estimations of metal rods
back-scattering diagram with length of more than five wavelengths and wavelength to rod diameter relation of more
than 10 is performed. The methodology is applicable for estimation of backscattering directional pattern of vhf band
vertical rod antenna signal and permits to perform other practice-important tasks. The comparison of estimation
and experiment testify the satisfactory convergence at 9 GHz frequency.

Keywords: radio-electronic equipment, radio direction finder, rod antenna, sounding signal, directional
pattern.

B anTennsix cuctemax YKB nuanazona paguoBOiIH NPUMEHSIOTCS METANTMUECKUE CTEPKHU pas-
JUYHOW JJIMHBI ¥ IMaMETpa, KOTOphie 00JaJaroT He TOJIBKO CIOCOOHOCTBIO M3Iy4aTh W MPUHUMATH
palMoCUTHAIIBL, HO TaKke 00paTHO pacceuBarh 3oHAMpYIomye curiansl CBY nuamazoHa pajanoBOIIH.
XapakTepHO 0COOEHHOCTBIO JHarpaMMbl HAaIlPaBJICHHOCTH IPOBOJIOYHBIX PE30HATOPOB OBLIO HAJIH-
YHe MUKOB, CIEIYIOMNX C MHTePBAIaMU, KPAaTHBIMA HEUETHOMY YHCIY IMOJYBOJIH OOJy4arolmUX CHUT-
HAJIOB, YTO MOJITBEPKIAIOCH OOJBIINM YHCIOM IKCIIEPUMEHTOB. HO 3TO MMENo MecTo TOJIBKO TOT/a,
KOTJja OTHOIIEHHE AWaMeTpa MPOBOJA K €ro JJMHE ObLIIO MHOT'O MEHbIIE €ANHULBL. B apyrux ciyda-
AX, KOIJJa 3TO OTHOILIEHHE ObIJIO MHBIM, CYLIECTBYIOLINE METOANKH HE 1aBAJIM TOUHOW OLIEHKHU pacces-
Hus. KpoMe Toro, B yKa3aHHBIX BbIIIE paboTax M MOCIEMYIONUX MyOIMKAUSIX APYTHX aBTOPOB HE
JaBaJUCh pacyeThl TUarpaMMbl HalpaBI€HHOCTH OOPAaTHOTO paccesHHs MPH yIiax 30HAMPOBAHMS,
OTIMYHBIX OT MPSIMOTO. ABTOPHI pa3padboTaar METOAMKY, IIO3BOJISIONIYIO IPOBOANUTE PUEMIIEMBIE 110
TOYHOCTH pacueThl JUarpaMMbl OOpaTHOrO paccesHHs METAJUIMYEeCKUX CTep)KHeW IMHOW Ooiee
5 nmvH BoIH (5 A) ¥ OTHOIIICHUE JUTHHBI BOJHBI K TUAMETPY CTep kHs Ooubire 10.

Ilenbto mpoBeneHMs SKCIIEPUMEHTA ABISETCS OILIEHKA PACXOJUMOCTH PE3yJIbTaTOB pacyueTa U H3-
MEpEeHUH AuarpaMM HANpaBICHHOCTEW Pa3iHYHBIX CTEP)KHEH B TUIMYHOM PaJHOJIOKAIIMOHHOM JTHa-
nasone paanoBoH (X).

CpaBHEHHME JaHHBIX pacuéra M IKCIEPHMEHTAa CBUAETENBCTBYI0 O XOPOIIEH CXOIUMOCTH Ui
MPAKTUYECKUX JTAaHHBIX.
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RADAR SIGNATURE ESTIMATION
OF VERTICAL VHF BAND ROD ANTENNAS

S.V. Golubchikov, V.A. Vasiliev

In VHF band antenna systems the metal rods of different length and diameter are used, which capable not only
radiate and receive radio signals but backscatter sounding signals of millimeter wave band.

The special feature of wire resonators directional pattern was a presence peaks following with intervals multiple to
half-waves odd number of radiated signals that proved by lots of experiments. But this encountered only when wire di-
ameter to its length relation was far less than unity.

In others cases, when this was different relation, the existed methodologies didn’t give an accurate estimation of
scattering. Besides, in other papers and other authors works there were no calculations of backscattering directional
pattern at sounding angles different to a direct one.

The authors have developed a methodology permitting to carry out acceptable with respect to accuracy backscat-
tering diagram calculation of metal rods with length of more than five wavelengths (5A) and wavelength to rod diameter
relation of more than 10.

An experiment goal is to estimate calculation results divergence and directional pattern measurements of different
rods in typical radar frequency band (X).

The comparison of estimation and experiment testify the satisfactory convergence.

MocTtynuna 22 mapTa 2017 roaa.
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AHanusupytomcsi HacmomHbie xapakmepucmuku (YX) ¢gbasuposaHHol aHmeHHol pewémku (DAP) npu pabome
8 CeKmope 3r1eKmMpPOHHO20 ckaHuposaHusi (COC). Onpedensemcsi aHanumuveckasi 3agucumocms YX om duaepammbi
HarpaerneHHoCmu aHmMeHHb! U yerna omkroHeHusi nydya. [na CLUJTYM cuzsHanos ob60cHoebigaemcsi 803MOXHOCb
KOppeKUyUU UCKaxkeHUU criekmpa cuaHana u coomeemcmeeHHO UCKTIHEHUE yXyOLWeHUsT XapakmepucmuK YKOPOYeH-
Ho20 umryrnbca. NpusedeHbl hopmyribl Onsi KOppeKyuu 8ecosoll (hyHKUUU rpu ckaHuposaHuu 8 COC u 803MOXHoe
CHU)XEHUE OMHOWEHUs «cueHan/wymy. s modynbHo20 eapuaHma PAP ¢ KomneHcayueli 3a0epxeKk 8 MoOynsix
onpedensomcs Gonycmumble pasmepb! MoOyred.

Knroyeenle crioea: chazuposaHHas aHmeHHas pewémka, YacmomHasi Xxapakmepucmuka, paspewaroujasi crio-
cobHocmb, cxXamblIl cuegHarn, duazpaMmma HarpasieHHOCMU, yposeHb BOKOBbIX NIeNecmKo8 Cxamoeo cuaHara, Kop-
PEeKyUsT UCKaxkeHUU.

Frequency-domain characteristics (FDC) of phased antenna array (PAA) are analyzed in electronic scanning sec-
tor (ESS) operation. The analytical dependence of frequency-domain characteristics from antenna directional pattern
and beam deflection angle are determined. The possibility of signal spectrum distortion correction and excluding of
chopped pulse characteristics degradation are sustained for ultrawideband linear frequency modulation. The article in-
cludes equations for weight function correction while scanning within ESA and possible signal-to-noise ratio decreasing.
The modules permissible dimensions are determined for modular phased antenna array variant with delay compensa-
tion in modules.

Keywords: phased antenna array, frequency characteristic, resolution ability, compressed signal, directional pat-
tern, compressed signal side-lobe level, distortions correction.

B crarbe paccmaTtpuBaroTcsi mpoOeMbl UCTIONB30BAaHUS CBEPXIITMPOKOIIOIOCHBIX curHasioB B PJIC ¢
DAP: yxynienue pasperiaromei ciocoOHOCTH NP OTKJIOHEHHWH JIyda OT HOPMaJIU K IUIOCKOCTH aHTEH-
HBI, UCK)KEHHE TUIA "CKOC" 3a CYeT 3aBUCUMOCTH KO3 (HILIHEHTa HAIPABICHHOTO JICHCTBUSI aHTEHHBI OT
YaCTOThI U3JIy4aEMOI'0 CUTHAA.

st perenust 3TUX MpoOsieM MPOBOIUTCS aHAJIM3 YacTOTHBIX XapakTepuctuk AP mpu pabote B
CEKTOpE IEKTPOHHOTO CKaHWPOBAHMS, ONMPEEISIETCSl aHAMMTUYECKAsl 3aBUCUMOCTb YaCTOTHOM XapakTe-
PUCTUKHU OT JWarpaMMbl HAIPABJIEHHOCTH aHTEHHBI U YIUIa OTKJIOHEHUS Jiyda. I CBEpXIIMPOKOIONIOC-
HbIX JTUM cHrHanoB 060CHOBBIBAETCSI BO3MOKHOCTD KOPPEKIINH UCKKEHUH CIIEKTpa CHTHANIA U COOTBET-
CTBEHHO HMCKJIIOUEHHE YXYIIICHUS] XapaKTEPUCTHK YKOPOUYEHHOTrO MMITynbca. [IpuBeneHs! GopMymbl st
KOPPEKLMK BECOBOW (DYHKIMH IPU padOTe B CEKTOPE IEKTPOHHOT'O CKAaHUPOBAHUS M BOSMOKHOE CHIKE-
HHE OTHOUIeHHs1 curHa/myM. J{ist MonynbHoro Bapranta MAP ¢ komreHcanmeld 3a/iepskek B MOYIISIX
OTIPEAETIAIOTCS IOIYCTUMBIE pa3Mepbl MOYJIEH.

B pesynbraTax npencTaBieHsl apaMeTphl CKaToro CUrHala B 3aBUCUMOCTH OT 3HAUCHHH Ha Kpasx
HOpMHUpOBaHHON AYUX: aMIuMTyza, JUIMTEIBHOCTh HA YpOBHE -3 Ab, ypoBeHb OOKOBBIX JIEIECTKOB TPH
napabommgeckoit anmpokcuMar AUX. [Tokazano, uto ¢opma gactoTHO# xapaktepuctuku PAP mocra-
TOYHO TO4HO cooTBeTcTBYeT hopme JIH antenusl. [lpu yBenudenun yria oTtkinoHeHus jtyda UX OAP
cyxaercs. Koppekuust UX ®AP npu 00paboTKe CUrHajia Mmo3BoJIseT YCTPAHUTh HCKAKEHHS CKATOTrO CUT-
HaJla LIEHOW SHEPreTHUYeCcKUX MoTepb. MomynpHoe noctpoerne GAP ¢ BBeeHHeM yIIpaBisIeMbIX 3a/1ep-
JKEK JUIsl KPYTHOrabapUTHBIX aHTEHH — YHUBEPCAIBHOE CPEICTBO /Il OOPHOBI C BOSHUKAIOIIMMH UCKaKe-
HUAMHU.
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ULTRAWIDEBAND SIGNALS USE IN PHASED ARRAY RADARS

V.V. lvanov, A.V. lvanov, V.. Bogdanov

The article considers the problems of ultrawideband signals use in PAA radar: resolution loss at beam
deflection from the normal to antenna plane, distortion of “back-fall” type due to antenna directional factor
dependence from radiated signal frequency.

To solve these problems the PAA frequency-domain characteristics (FDC) analysis is provided during
operation in electronic scanning sector, the analytical dependency of frequency characteristic from antenna
directional pattern and beam deflection angle is determined. For the ultrawideband chirp (sweep-frequency modu-
lation) signals the possibility of correction of the signal spectrum distortion and correspondingly exclusion
of chopped pulse performance degradation was settle down. The article includes equations for weight function
correction at operation in electronic scanning sector and possible signal-to-noise ratio decreasing. The modules
permissible dimensions are determined for modular phased antenna array variant with delay compensation
in modules.

The compressed signal parameters are performed in results depending on values at edges of normalized
amplitude-frequency characteristics (AFC): amplitude, duration at — 3 dB level; side-lobes level at parabolic
approximation of AFC. It's shown that PAA FDC form is quite exactly corresponds to antenna directional pattern
(DP). At increase of beam deflection angle the PAA FDC is compressing. The PAA FDC correction during signal
processing permits to eliminate distortions of compressed signal via energy loss. The PAA modular structure with
input of controlled delays for large antennas — is the multipurpose tool to suppress distortions.

Moctynuna 20 nioHsa 2017 roaa.
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B cmambe paccmampusaemcs achchbekmueHas uHmepakmueHasi yugposasi mexHonoausi co3faHusi cue-
HalbHbIX 8peMeHHbIXx Ouazpamm yrnpasneHus ®AP. TexHonozusi ucronb3yemcsi 8 pa3pabomke cmeHO08020
brioka ynpasneHusi 0ns ucnbimardul QAP u moxem Halmu wupoKoe rpumMeHeHue rnpu pa3pabomke yugposol
annapamypbl pa3iu4yHO20 HasHaYeHUsl.

Knroyesble cnosa: ¢haszuposaHHasi aHmMeHHasi pewémka, cuzsHalibHasi e8pemeHHasi Ouazpamma, 650K
ynpasneHus QAP.

The article examines an effective interactive digital technology to create signal flow diagrams of PAA control.
The technology is used in development of benchmark control block for PAA tests and can be widely used during
digital equipment development of different purpose.

Keywords: phased antenna array, signal flow diagram, PAA control block.

B craree paccmaTpuBaercsi 3¢ GeKTHUBHAS UHTEPaKTHBHAS LU(QPOBasi TEXHOJIOIUS CO3IaHUS CUT-
HaJILHBIX BpeMeHHbIX nuarpamM (BJl) ympasnenuss ®@AP. Texnonorus ucmonb3yeTcss B pa3padoTKe
CTEHJOBOro 0JIOKa ympaBieHus Ui ucnbiTaHuii @AP u MoxeT HaillTH MWIMPOKOE NMPUMEHEHHE NPU
pas3paboTke HuPOBOH anmnapaTypsl pa3IMuHOrO Ha3HAYCHUSI.

Co3nanue BpeMEHHBIX AHarpaMm B BHJIE (ailyioB OCYIIECTBISAETCS ¢ IPUMEHEHHEM, pa3padoTaH-
HOM mnpukianaHoi nporpammbl «Pegaktop B/l», co3naHHON B cpene BU3YalbHOIO MPOEKTUPOBAHUA
LabVIEW.

Penaxrop B/l npenHa3sHayeH JJis BU3yalbHOI'O CO3JaHUs, PEJAKTUPOBAHUA U IIPOCMOTpPA paHEe
co3nanubix ¢aitnos BJl. B/l npencrasieHs! B Bie TpaguKoOB Ha 3KpaHe 32-KaHAJTbHOTO BUPTYAIbHO-
ro ocuniorpaga 1 MoJHOCTHIO COBNAAAIOT ¢ pucyHkoM B/l Ha Gymare, KOTOpbIE OCTaBIISIOTCS pas-
pabOTYMKOM, U SIBJISIOTCS] HCXOIHBIMHU JaHHBIMU JUISI OTIEpaTopa.

Pa3zpaboraHHasi MHTEPaKTUBHASI TEXHOJIOTUS TIO3BOJISIET OBICTPO, BH3YalIbHO CO3/1aBaTh BPEMEH-
HBbIE Juarpammbl ynpasieHus Onmoxkom PAP, xoppektuposars 31u BJl, mpou3BoguTh MX OTHAIKy U
nepeHocuTs ¢aitnsl Bl ¢ nepcoHanbHOro KOMIBIOTEpa B OJIOK yIpaBJieHHsI aHTEHHON PEIIETKOM.

Texnonornyeckuit nHCTpyMeHTapuil («Pegaxtop BJI») moctatoyHo mpocT B 3KCIUTyaTalludl He
TOJIBKO AJISl pa3paboTUYMKOB U(POBOIl anmaparypsl, HO U JUIs TIepcoHalla TEXHUYECKOro OI0po 3aBO-
Jla-U3roTOBUTENS], HE UMEIOIETr0 HABBIKOB IIPOrPaMMHUPOBAHUS.

Pa3paOoTanHass TEXHOJIOTHS, IPH HAJMUMH alNapaTHOW MOIAEPIKKH, MOXKET 3(PQEKTUBHO NpH-
MEHSTBCS ISl CO3JIaHMs TECTOBBIX (PaiijIoB, C TOMOIIBI0 KOTOPBIX OTIaXUBaeTcs 1udpoBas anmapa-
Typa (sueiku, OJIOKH).
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NEW INTERACTIVE TECHNOLOGY FOR CREATING
AND CORRECTION OF PHASED ANTENNA ARRAY
CONTROL FLOW DIAGRAMS

A.S. Kuznetsov

The article examines an effective interactive digital technology to create signal flow diagrams (FD) of PAA
control. The technology is used in development of benchmark control block for PAA tests and can be widely used
during digital equipment development of different purpose.

The flow diagrams creation in forms files is carried out using the designed «Redactor VD» (FD Editor)
applied program developed in the LabVIEW visual application design environment.

The «Redactor VD» is intended for visual creation, editing and viewing of previously created FD files.
The FD are represented in form of curves on 32-chanel virtual oscillography screen and completely coincided with
FD picture on the paper which are supplied by design engineers and are bench-mark data for an operator.

The developed interactive technology permits quickly visually create control flow diagrams of PAA block,
correct these FDs, make its adjustments and move FD files from PC into antenna array control block.

The technology tool kit («Redactor VD») is quite simple to use not only for digital equipment design
engineers but for an engineering office personnel of factory of origin without programming experience.

The developed technology, taking into account the hardware support, can be effectively used for text files
creation implemented in adjustment of digital equipment (cells, blocks).

MNoctynuna 15 aBrycTta 2017 ropa.
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[ns docmoesepHol oueHku xapakmepucmuk PJIC HeobxoOumo rposecmu HamypHbIe 3KCIIEpUMEHMbI C
3MarsioHHbIM ompaxameJseM. M3roxXeHb! MPUHYUMNbI MPUMEHEHUS] 3mMasloHHO20 ompaxamess u3 cem4yamol
cghepbi, 8Hympu Komopol pacronoxeH becriumomHbil nemamerbHbil annapam. Takoe usdenue, 8 omuyue
0m U38eCMHbIX, 10380/1UM CYWEeCMB8EHHO CHU3UMb MamepuaribHble U 8PeMEHHbIe 3ampamabi pu rnposedeHuu
ucnbimaHull 3a c4ém yMeHbWeHUs1 Jucna NEMHbIX 9KCNepuUMeHmo8 C rpueieqyeHuUeM aguayuu, a makxe rnoebl-
cum docmogepHocmb oueHusaHusi xapakmepucmuk PJIC. [posedeHue aKcrnepuMeHmo8 803MOXHO 8 2yCMOoHa-
cenéHHbIX palioHax.

Knrodeenle croea: amarnoHHbIl paduonokayUoHHbIU ompaxamerb, becnunomHsil nemamesibHbil anna-
pam, oueHka xapakmepucmuk PJIC, 30Ha obHapy)eHus, MOYHOCMb U3MepeHUs KOOpOuHam, paspelwarowast
crocobHocmeb.

For reliable radar characteristics estimate it's necessary to conduct a full-scale experiment with reference re-
flector. The application principles of reference reflector made of netted sphere with an UAV placed inside were
performed. Such an item, contrary to the known ones, will give an opportunity to substantively decrease material
and time expenditures during tests due to decreasing the number of flight experiments involving the aviation, and
also increase fidelity of radar characteristics estimation. The experiments can be performed in densely populated
areas.

Keywords: reference radar reflector, unmanned aerial vehicle, radar characteristics estimation, detection
zone, coordinates measuring accuracy, resolution.

s oObexTuBHOM onieHkH xapakTepucTuk PJIC Ha sTanax pa3paOOTKH M HCHBITAHUI HEOOXOH-
MO TPOBECTH HECKOJBKO HAaTYPHBIX SKCHEPUMEHTOB C MPHUMEHEHHEM A3TaJOHHOTO oTpaxarensd. [lox
3TaJIOHHBIM oTpaxkatesieM (D0) 0OBIYHO MOHMMAIOT IIENIb ¢ M3BECTHON U CTaOWIBHOMN 3(PPeKTUBHON
nosepxHocTbio paccesiuus (O1IP). Kpome toro, npu passépreiBannu PJIC Ha HOBOH MO3MLIMHU TaKxke
MPOU3BOIATCS OOJIETHI TSl OLICHKU 30HBI OOHAPY)KEHHS C YIETOM peajbHbIX YIJIOB 3aKphITHs. B ycio-
BUSIX (DMHAHCOBBIX W BPEMEHHBIX OIPAaHMYCHUH aKTyaJlbHOW CTaHOBHTCS pa3paldOTKa CpPEICTB, KOTO-
pBI€ TTO3BOJIAT COKPATUTH KOJIMYECTBO MOJIETOB aBHALIMK MIPU OIIEHKE OCHOBHBIX XapakTepucTuk PJIC,
a TaKXe IPOBOAMTH IIPOBEPKU B I'YCTOHACENEHHBIX pailoHax. Kpome Toro, cymecTByeT psia Xapakre-
puctuk PJIC (Hampumep, paspeniaromias ClioCOOHOCTB), MPOBEPKa KOTOPBIX MO Pe3yJibTaraM JIETHBIX
9KCIIEPUMEHTOB TpeOyeT 3HAYMTENbHBIX 3aTPaT U HE TaPaHTUPYET JOCTOBEPHOCTH MX OIIEHKH.

Ceituac Hanbozee yacto B kauecTBe DO Ha ucnbitTanusx PJIC oOHapykeHUs a3pOAMHAMHYECKIX

neneil mpuMeHseTcsl oTpaxaromias cdepa, MoABEIIeHHass K BO3AYLIHOMY IIapy, KOTOPHIH HAIOJIHEH
BOZIOpOIOM wUH TeireM. Ho B cBOOOTHOM TOJIETE TPAaeKTOPHS TaKOro 00BEKTa Ci1ado MmpeacKazyema.
ITpu 5TOM YHKCIIO TOBTOPOB 3KCIIEPUMEHTA OTPaHUYEHO. 3alyCcK B pallOHaX C pa3BUTOW MH(pacTpyK-
TypOH 3aTpyAHEH U3-3a TpeOOBaHM O€30aCHOCTH.
B cratse ommcaHbl TPUHIUIBI TOCTPOEHUST KOMITJIEKCA CPEACTB OIeHKH xapakTtepuctuk PJIC Ha oc-
HoBe nmpuMmeHeHna DO B BUje ceT4aToi chepsl, BHyTpH KOTOpoii pactionoxeH bJIA tuna «MymbTHKO-
ntep». [Ipy 10cTaTOuHOM 3KpaHUPOBAaHUM HOCUTENS U COXPAaHEHHUHU «IIPO3PAYHOCTI AJIS BO3TYIIHBIX
MTOTOKOB TaKO# 00BEKT MOJDKEH 00manaTh cTabmibHON DIIP 1 MMETh BO3MOXKXHOCTD TIEPEMEIATHCS 110
3aJJaHHON TPAEKTOPHUU C BO3MOXKHOCTBIO YIIPABIIEHUS HOCHUTENIEM W MHOTOKPATHOTO TIOBTOpA JKCIIe-
puMeHTOB. [IpuBeéH KpaTKuil aHaIM3 pe3ysIbTaTOB HATYPHBIX dKCIIEPUMEHTOB.
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DESIGN CONCEPT OF RADAR CHARACTERISTICS
ESTIMATION COMPLEX USING REFERENCE REFLECTORS
BASED ON UAV

V.U. Kuzmenkov, A.O. Mogilnikov

For reliable radar characteristics estimate at development and test stage it's necessary to conduct several
full-scale experiments using the reference reflector. The reference reflector (RR) is often a target with known and
stable radar cross section (RCS). Besides, during radar deployment at new position the overflights are carried out
in order to analyze detection zone with respect to the real angles of elevation to the slope. In conditions of finan-
cial and time constraints the vital is to develop items capable to decrease air sorties at estimation of the radar
main characteristics, and to perform checks in densely populated areas. Moreover, there are radar characteristics
(e.g. resolution), the test of which according to flight experiments results requires the substantial expenditures and
doesn’t ensure its estimation validity.

Nowadays, the reflecting sphere, suspended to balloon which filled with hydrogen or helium, is more fre-
guently used as RR during aerodynamic targets detection radar tests. But in free-air conditions of such the trajec-
tory of the object is hardly predictable. Herewith, the repeat quantity is limited. The launch in extended infrastruc-
ture areas is complicated due to safety precautions.

The article describes design concept of radar characteristics estimation complex based on RR employment
in form of netted sphere with a UAV of «multicopter» type located inside. At adequate carrier screening and main-
taining of «transparency» for air flow this object should have the stable RCS and capable to move at defined tra-
jectory with possibility to control a career flight and multiple repeat of experiments. The brief results analysis of
full-scale experiment was performed.

Moctynuna 27 uioHsa 2017 ropa.
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Paccmampusaemcsi pewleHue 80Mpoco8 yMeHbLWeHUs 8nusHUs npomueo-3LC anekmpodsusamensi, CHU-
JKeHuUs1 mennosbidesieHUsi 0bMomok anekmpodsuzamersi u noddepxkaHusi cmabusibHOU CKOpOCMU 8paujeHuUst cu-
cmewmbl yrpaseHusi azuMymaribHbIM rpueodoM MHO20QhyHKUUOHanbHo20 paduosiokamopa (M®P).

Knroyesble cnoea: 8biICOKOMOMEHMHbIU CUHXPOHHbLIU 3nekmpodsuzamerib, mernsosbidesieHue, yrnpasre-
Hue, npomugo-3/C.

The article considers electric motor back-EMF effect decreasing, electric motor winding heat radiation
decreasing and maintaining the stabilized rotation rate of multifunctional radar (MFR) azimuth drive control
system.

Keywords: high-torque synchronous motor, heat radiation, control, back-EMF.

B cratee paccMaTpuBaroTCs BOIPOCH! YHPABJICHHUS a3UMYTaJbHBIM NMPUBOAOM MHOTO()YHKIIHO-
HAJIBHOTO PajfojoKaTopa. B kadecTBe MCMOTHUTENHHOTO YCTPOWCTBA a3UMYTAIbHOTO MPUBOJAA B3ST
BEHTWJIBHBIM 3JIEKTPOJBUTATENb B OTIMYME OT MPENbIIyIIMX Pa3padOTOK MPUBOJIOB, TNI€ HCIIOJIB30-
BaJICS [JBUraTellb MOCTOSHHOIO TOKA C CHJIOBBIM PEIYKTOPOM, yJaJIOCh CHU3UTH MaccorabapHTHBIE
MapaMeTpsl MPUBOJA U YBEJIWYHUTH €ro HaAeXKHOCTh. IIpencraBieHbl METOABI CHMIKEHHUS MPOTHBO-
O/IC, koTopas BiMseT Ha TUHAMHUYECKHE XapaKTEpPHCTUKU MpHBOJa. PemieHa 3aqada CHM)KEHHS T10-
BBIILIEHHOT'O TETUIOBBIIENIEHHS OOMOTKAaMHU 3JIEKTPOJBHUTraTessl, KOTOPOE HEraTUBHO CKa3bIBACTCS Ha
pecypce 3JeKTpoABUraTessi, 6e3 CyIIeCTBEHHBIX I0pab0TOK KOHCTPYKLMH 3JIeKTpoaBurarens. Pac-
CMOTpEHa ONTHUMHU3AIHUS aTOPUTMOB YIIpaBIlieHHs: paboThl MPUBOAA B PEXKUME KPyroBoro 003opa, Ko-
TOpasi TMO3BOJISIET IMOBBICHTh CTAOMIILHOCTH IMOAJEP)KUBAEMON CKOPOCTH BpAIlleHHs MPU HAIUYHUU
BHEIIHUX BO3MYILICHHN.
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CONTROL FEATURES OF MULTIFUNCTIONAL RADAR
AZIMUTH DRIVE

K.V. Kulagin, I.D. Nekrasov, K.S. Novikov, A.V. Ribin

The article considers control features of multifunction radar azimuth drive. The thyratron motor were used
as azimuth drive actuator in contrast to previous versions of drives using load-geared DC motor, therefore
mass-dimensions parameters of the drive has decreased and reliability has grown up. The methods of decreasing
back-EMF affected on the drive dynamics are presented. Decreasing the high drive winding heat radiation
reduced the motor service life also has achieved without major motor design modifications. Besides the all-round
mode drive control algorithm optimization is considered to increase the holding rotation rate stability in external
noise conditions.

Moctynuna 15 uioHs 2017 roaa.
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B pabome npedcmasneHbl NpuHYUnbl 0emepMuHUpPo8aHHO20 MoOenuposaHusi mekywel obrnacmu 803-
MOXH020 ronoxeHusi JTIA ¢ HecmabunbHbimu JIBX u ¢hopmMyrbl aHaumMuU4YecKoao pacdema coomeemcmeayuux,
rpo2Ho3uUpyeMbix ¢ 3a0aHHOU 8epOoSIMHOCMbIO apamempos 8u3uposaHusi HasemHou PJIC npu paduo3axeame
JIA u conposoxdeHuu J1A 8 uernsix KOHMPOIsl WMamHo20 pexuma HageOeHus1 Ha uenb. [NpusedeHbl pe3ynbma-
mbi pacdema napamempoe mekyuwel obnacmu eu3uposgaHusi PJIC 0ns xapakmepHbiX pakypco8 803MOXHO20
nonoxeHusi JIA Ha y4acmkax e2o pa32oHa u HasedeHusi. [poepammHas peanu3ayus 0aHHOU MemoOUKU M0380-
nisem npu nodzomoske K nycky JIA e peanbHoM mMacuimabe 8peMeHU KOPPeKmHo, ¢ mpebyemoli moYHOCMbH
onpedensambs mekywyto obnacms eusuposaHusi PJIC 8 sude ebimsiHymozo 60onb mpaekmopuu ronéma JIA
annuncouda.

Knroyeeble cnosa: obriacmb 803MOXHO20 ronioxeHust JIA, HecmaburnbHbie JIBX, no08uXxHbIl 3uncoud,
rnapamempbl 8U3UPOBaHUS, y20/1 Mecma, y2on asumyma.

The article states deterministic simulation principle of instant area of possible aerial vehicle (AV) position
with unstable flight ballistic characteristics (UBC) and analytical estimation formulas corresponding, predictable
with specified probability of ground radar sighting parameters during AV radio lock-on and AV tracking in order to
control regular targeting mode. The simulated results of radar sighting instant area parameters for specific aspect
angles of possible AV position at its boost and homing phases are performed. The software implementation of this
methodology permits during AV launch preparation in real time to determine with required accuracy the radar
sighting instant area in form of ellipsoid, stretched along the AV flight trajectory.

Keywords: area of possible aerial vehicle (AV) position, unstable ballistic characteristics (UBC), moving el-
lipsoid, sighting parameters, elevation angle, azimuth angle.

B pabote mpezacraBieHbl NPUHIUMBI ETEPMUHUPOBAHHOTO MOJICIMPOBAHMS TEKyIIed 00IacTh
BO3MOXHOTO nosioxkeHus: JIA ¢ necrabunbabiMu JIBX 1 hopMyIbl aHAINTHYECKOTO pacyeTa COOTBET-
CTBYIOINX, MPOTHO3UPYEMBIX C 3aJaHHON BEPOSTHOCTBIO MTApaMeTPOB BU3MPOBaHMA Ha3zeMHOH PJIC
npu paaunosaxsate JIA u compoBoxaeHuu JIA B 1essIX KOHTPOJISA HITATHOTO peXUMa HaBeIEHHUS Ha
LEeJb.

[IpuBeneHsl pe3ysbTaThl pacyeTa mapaMeTpoB TeKymed oOnactu BusupoBanusa PJIC s xapak-
TEPHBIX PaKypCOB BO3MOXKHOTO MONOKeHNs JIA Ha ydacTKax ero pa3roHa M HaBEJCHWS.

[Iporpammuas peanuzanus JaHHOW METOJIUKH MTO3BOJISET MPH MOATOTOBKE K IMycKy JIA B peaib-
HOM MaclITade BpeMEHU KOPPEKTHO, ¢ TpeOyeMOil TOYHOCTBIO ONPENeIsiTh TEKYLIYI0 00JIacTh BU3H-
poBanus PJIC B Buze BBITIHYTOTO BAOIbL TPAEKTOPHUH moieta JIA smmurnconsa.

IIpemmnaraemast MmeToarKa MporHo3a napamerpos Busuposanusg PJIC Bo3moxHOro monoxenns JIA
¢ HectabuibHbIMU JIBX obecnieunBaeT BO3MOXKHOCTH Oonee 3QPEKTHUBHOIO MCIIOJIB30BaHMS SHEPre-
tuky PJIC o cpaBHEHUIO C TPaIUIIMOHHBIM METOJIOM «IOJBIKHOU C(ephl», a TAKKE MOBBIILAET OIle-
PAaTUBHOCTE Y YHUBEPCAJIBHOCTE paCY€TOB IIPHU OT'PaHUYCHHBIX BBIYHUCINUTEIBHBIX pECypCax.
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PREDICTION METHODOLOGY OF RADAR SIGHTING
PARAMETERS OF AERIAL VEHICLE POSSIBLE POSITION
WITH UNSTABLE BALLISTIC CHARACTERISTICS

V.V. Lartscev, S.M. Dunaev, D.V. Ruzin

The article states deterministic simulation principle of instant area of possible aerial vehicle (AV) position
with unstable flight ballistic characteristics (UBC) and analytical estimation formulas corresponding, predictable
with specified probability of ground radar sighting parameters during AV radio lock-on and AV tracking in order to
control regular targeting mode.

The simulated results of radar sighting instant area parameters for specific aspect angles of possible AV
position at its boost and homing phases are performed.

The software implementation of this methodology permits during AV launch preparation in real time
to determine with required accuracy the radar sighting instant area in form of ellipsoid, stretched along the AV
flight trajectory.

The suggested prediction methodology of the radar sighting parameters of possible AV position with
unstable UBC provides the possibility of more effective use of the radar energy performance as compared with
a traditional method of «moving sphere», and increases calculations responsiveness and versatility with limited
computing resources.

Moctynuna 20 uioHsa 2017 ropa.
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lMonyyYeHbl aHanumu4yecKkue ebipa)keHus, Mo380JIAUUE oueHU8amb makue u3fydJaroujue ceolcmea, Kak
nadeHue KoaghgpuyueHma HarpaesieHHo20 delicmausi U yposeHb Hynel cpedHel duaspamMmbl HanpasieHHocmu
(4H) ¢pasuposaHHOl aHmeHHOU pewémku (PAP) npu Haau4uu 351IEMeHMO8 C MOIHOCMbIO OMKa3aswumu aso-
gpawamensamu. TOYHOCMb MOyYeHHbIX aHanumu4yecKkux eblpaxeHuli nodmeepxoeHa rnymém npsmMoeo mame-
Mamuyeckoeo MmodenuposaHusi. lMpedcmasneHbl mMemoduka ornpedesieHUsi cmamucmu4yeckux rokazamesneu
pasHocmHbix [JH u coomeemcmeytowiee npoepammHoe obecrieqyeHue 0n1s ornepamugHol oyeHKu PAP.

Knrodeeble cnoea: enusHue omka3oe ¢hazospawamernel, duazpamma Harpas/ieHHoOCmu, u3fy4yaroujue
Xxapakmepucmuku PAP.

The analytic expressions were obtained, permitting to analyze the radiating properties such as directivity fac-
tor drop and zero level of phased antenna array (PAA) average pattern at presence of elements with completely
failed phase-shifters. The accuracy of obtained analytic expressions is confirmed by direct mathematical model-
ing. The methodology to determine the statistical values of difference pattern and corresponding software for op-
erational PAA analysis were performed.

Keywords: phase-shifters influence, directional pattern, PAA radiating characteristics.

Ha ocHOBe CTaTHCTHYECKOM TEOPHHM AHTEHH MOJIYYEHBl aHAIUTHYECKHE BBIPAXKEHMs, KOTOpHIE
TIO3BOJIAIOT OIIEHUTDH TaKUe M3IYYaolie XapaKTepUCTHKN (a3upoBaHHOW aHTeHHOH perieTku (DAP),
kak nagenne KHJI, rnyOuny Hynel cpeanei mo MouHoctd @AP v kpyTH3HY, pa3HOCTHOU JuUarpam-
Mbl HanpaBneHHocTH ([{H) mpu Beixome u3 crpost hazoBpamareneit AP. [{ns cokparienns uncia
Bbruncinenuit [IH, TpeOyembIx aiis ompeseneHus: mojoKeHus: Hyss pazHocTHol JIH u e€ xpyTtusHsl,
KOTOpasi OKa3bIBAeT CYIIECTBEHHOE BJIMSIHHME Ha MEJIEHTallMOHHYIO YyBCTBUTEIBHOCTh PalMOTEXHUYE-
CKOH cucTeMbl, ucnoin3ymomeit ®AP, ObUT HCITONBE30BaH METO/ 30JI0TOTO CEYCHHUs, KOTOPHIN Xapakx-
TEPU3YETCS] XOPOLIEH CKOPOCTHIO CXOAUMOCTH U BBICOKOI HAaAEKHOCTHIO PAOOTHI.

IIpaBUIBHOCTD AAHHBIX BBIPAXKEHUN MOATBEPXkAE€HA MyTEM MPAMOr0 MaTeMaTHYECKOr0 MOAEH-
poBaHus. [Ipu MopenupoBaHuu Hcnonb3oBaIuCh gaHHble 0 DAP, coctosmen u3 yerbipéx 384-
9IIEMEHTHBIX MOJYJIEH ¢ HESKBHIMCTAHTHBIM PACHOJIOKEHUEM H3JTydaTeseld 1 OTHOCHUTENLHBIMU (a-
30BBIMH M aMIUTUTYAHBIMH UCKQ)KEHUAMH, KOTOPBIE UMEIOT pacIipe/ielieHre 0n3Kkoe K HOpMalbHOMY,
a Takke cpemaa mporpammuposanus Microsoft Visual Studio 2012. Paspaborannoe mporpaMMHOE
oOecrieyeHne Mo3BOJISIET IPOBECTH ONEPATUBHYIO OLEHKY BIMSHMS OTKa30B (pasoBpaiareseil Ha UH-
TerpaibHble XapakTepucTuku @AP B oTii4me OT METOI0B, KOTOPHIE OBLITN M3BECTHHI panee. CpaBHe-
HUE pe3ynpTaToB pacuéra mo dopmynam s onenkn naaenns KHJI u rimyOunbl Hyne#, B 3aBUCHMO-
CTH OT YHCJIa HEUCIPABHBIX JIEMEHTOB, C Pe3yJibTaTaMH pacdyéra MpsIMOro MaTeMaTHYECKOro MOje-
JUPOBaHUs, KOTOpoe BBIMOMHANOCH Juisi 1000 pasnuuHBIX CiydallHBIX HCKaXEHWH aMIUTUTYIHO-
¢azoBoro pacrpenenenus (ADP), nmpencrariieHo B Bujae rpapukoB (3aBUCUMOCTEH ), KOTOPBIE U TO/I-
TBEP>KJIAI0T BBICOKYIO TOYHOCTD MOJYYEHHBIX aHAJIUTHYECKUX BBIPaKEHUI.
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METHODOLOGY AND SOFTWARE FOR EXPRESS-ANALYSIS
OF PHASE-SHIFTERS FAILURES INFLUENCE ON RADIATING
CHARACTERISTICS OF PHASED ANTENNA ARRAY

A.O. Manichev, A.E. Kuznetsova

Based on the statistical antenna theory the analytic expressions were obtained which permit to analyze the
phased antenna array (PAA) radiating properties such as directivity factor drop (DF), null depth of averaged pow-
er PAA and direction pattern (DP) difference-signal slope during PAA phase-shifters failure. To reduce a number
of calculations of DP requiring for null position-finding of differential DP and its slope which substantially influence
on direction-finding response of radio-technical system using the PAA, the golden section technique was used
which is characterized with good convergence rate and high performance reliability.

The correctness of these expressions is confirmed via direct mathematical modeling. The modeling included
the data on the PAA consisted of 384 elements with space tapering radiators and ration phase and amplitude dis-
tortions which have distributions close to the normal one, and the Microsoft Visual Studio 2012 programming sup-
port environment. The developed software permits to operationally analyze the phase-shifters failures influence
on the PAA integral characteristics contrary to the methods that were previously known. The comparison of eval-
uation results by formula for DF drop and nulls depth estimation, depending on amount of failure elements, with
evaluation results of direct mathematical modeling which performed for 1000 fortuitous distortions of the ampli-
tude-phase distribution (APD), is represented in the form of diagrams (dependency) which in its turn confirm a
high accuracy of obtained analytic expressions.

Moctynuna 22 uioHsa 2017 roaa.
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Paboma nocesuweHa YucieHHoOMy MOOesiupo8aHU0 meyvyeHusi 2a3a 8 KiuHoeudHom kaHane CO-nasepa, 8
KOMOpOM 8epxHsIsi cmeHKa umeem riepgopayuu u konebnemcs. [ns modenuposaHusi meyeHuUs 2a3a UCrosb30-
sanacb cucmema ypasHeHull Haebe-Cmokca. [ns peweHuss daHHOU cucmemMbl ypasHeHUl UCrob308asicsi Me-
mod odyHosa. pusedeHbl pe3yrnbmambl Mamemamu4ecKko2o MoOenupo8aHuUsi HeycmaHo8UBLWIUXCST C8epXx38y-
Ko8bIX meyeHull ea3a 8 kaHane CO-naszepa ¢ y4émom KonebaHusi 00HOU U3 CMeHOK KaHana.

Knroyeeble cnoea: 2asoduHamuydeckuli kaHas, 30Ha paspsida, noepaHuyHbIl crioll, nomok ea3a, aHoOHasl
pewémka.

The article is concerned with computer simulating of gas flow within CO laser V-typed channel with perforat-
ed and oscillating ceiling. Gas flow modeling is conducted with Navier-Stokes equations set. The Godunov meth-
od was used to solve the equations set. Transient supersonic gas flow within CO laser channel simulation results
are presented in view of the oscillating ceiling.

Keywords: gas-dynamic channel, discharge zone, boundary layer, gas flow, anode grid.

B xone cepun SKCTIEpUMEHTOB Ha MakeTe CBEPX3BYKOBOTO razopaspsyiHoro CO-nazepa ¢ nperoHu-
3alMe AJIEKTPOHHBIM ITyYKOM SKCTIEPHMEHTAIBHO TOMy4YeHHAst MOIIHOCTh M3TyUCHUsI OKaszallach MEHbIIIe
pacyeTHOM. DKCIEePUMEHTHI MTOKA3aJIH, YTO B MONEPEYHOM CEUCHUH BBIXOAHOTO M3IyUYEHHS MyYOK UMEET
DS/ y4aCTKOB TTOBBIIICHHOW M MOHKEHHOW MHTEHCMBHOCTH. PopMa ITydKa CHIIBHO OTIIMYaiach OT KOJb-
na. [IpuunHy TaKoi HEOTHOPOJAHOCTH WHTEHCHBHOCTH U3ITY4YEHUS MOYKHO OOBSICHUTH 00pa30BaHHEM 00-
nacteil paspexenus B paboueii cmecu razoB CO-nasepa, NO3TOMY ObUIM NPOBEAEHBI M3MEPEHUs! (Pr3uye-
CKHX TTapaMeTpoB pabouell cMeCH B Ta30IMHAMHYECKOM TpakKTe Jiasepa. B cepun SKCrieprMeHTOB IyTeM
W3MEPEHHS] CTATHYECKOTO W IMHAMUYECKOTO JIABJICHHH OBUIO YCTAHOBJIEHO, YTO BOJIM3M aHOIHOM PEIETKH
CWJIBHO HapacTaeT MorpaHuYHbIN cioi. [losBriiach runoTes3a, 4To MpuiMHa TIOHWKEHHUSI CKOPOCTH BOJIH3H
AQHOJTHOM IJIACTUHBI BBI3BaHA KOJIEOAHUSIMH IUIACTHHBI.

UncneHHBIH anropuT™ M IPOTPaMMHBIN KOJI, pean30BaHHbIN Ha s3bike C++ B cucteme Qt Creator,
OTTECTUPOBAH Ha PEIICHHUH 3a/[a4, UMEIOIINX aHAMTHYECKUe perteHus. ['a3oanHamideckas 4acthb (ypas-
HeHus Diiiepa) TecTHpoBajlach HA PELIEHUH 3a7a4i O pachaje MPOr3BOJIbHOrO paspbiBa (Tect Cofa) u 3a-
Jlaun 00TEeKaHUs TJIOCKO# TuiacThHEI (Tect brasuyca).

B nanHO# paboTe YHCIIEHHO WCCIIENOBAaHO BIMAHUE, KOTOPOE OKa3bIBAaeT KojieOaHHe BEpPXHEH CTEHKU Ha
MIOTOK ra3a B kaHaje. [lokazaHo, uTo KoneGaHne CTEHKU YBEJIMYMBACT TONIIMHY MTOTPAHUYHOTO CJIOSI B Te-
YeHHH. JONONMHUTENBHO, B YUCIEHHOM 3KCIIEpUMEHTE HAaOMI0AaeTCs yCTOMYMBAs T0JI0ca Pa3pshKEHHs, KO-
TOpasi BUJIHA HAa TEHEBBIX CHUMKAX, C/ICJIAHHBIX B 30HE paspsjia Jasepa. Takum oOpa3om, pacueTHbIM ITy-
TeM TIO/ITBEPIKIICHA TUITOTE3a O MPUYMHE TIOHMKEHHUST CKOPOCTH B KaHalie BONM3M KoJeomromieics nepdo-
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pUpOBaHHOI TacTrHe. Hapactanue morpaHMYHOTO CIIOSI B CIy4Yae JIIPYaTOl TUIACTUHBI OKa3aJIoCh OO0JTh-
11e, YeM YTOJIIIEHNE, BOSHUKAIOIIEe B pe3ylIbTaTe KoJeOaHus CIUTONTHOM IUTACTHUHEI, KOTOpoe ObIIO pac-
cunTaHoO B pabore. YCTaHOBIEHO, YTO PUYMHA TIOHIKEHHUS] CKOPOCTH B BEpXHEW YacTH ra3ofnHaMH4e-
CKOTO TpaKTa CBEPX3BYKOBOTo razopaspsiqHoro CO-masepa KpoeTcs UMEHHO B KOJIeOaHWHM aHOIHOM pe-
TIETKH.
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SUPERSONIC FLOW IN RECTANGULAR CHANNEL
WITH OSCILLATING PERFORATED PLANE SIMULATION
RESULTS

V.S. Nazarov, V.l. Ageev, LY. Ivanov, V.A. Feofilaktov

During the set of experiments performed with supersonic gas-discharge CO laser model in conditions
of preionization by electron beam were found out the experimental value of output power was less than expected
one. The experiments showed that the beam in output radiation cross-section characterizes the areas
of increased and decreased intensity. Considerable the beam shape was far from the ring. The phenomenon of
intensity heterogeneity can be explain by rarefaction zones appearing in CO laser gas mixture, therefore the
measurements of gas mixture physical parameters were made in the gas-dynamic laser channel.

The set of experiments via static and dynamic pressure measurements showed that at close range to anode
grid the boundary layer strongly grew. Authors made the hypothesis that velocity decreasing nearby the anode
grid was induced by the plane oscillation.

The numerical algorithm and program code created in C++ Qt Creator system were tested by solving the
tasks with theoretical solutions. The gas-dynamic part (Euler equations) was tested by solving the breakdown of
an arbitrary discontinuity task (Sod test) and flow past a flat plate task (Blasius test).

The article contains simulating results of the effect ceiling oscillating on gas flow in the channel. Also it was
shown that the ceiling oscillating increases the boundary layer thickness in the flow. Besides the simulation
experiment showed the presence of stable discharging bands in laser discharging zone shadowgraphes.

As a result, hypothesis of velocity decreasing in channel nearby perforated oscillation plane was verified by
means of a calculation. The boundary layer growth in the case of perforated plane was bigger than the calculated
in the study thickening grown as a result of solid plane oscillating. The study states that anode grid oscillating
causes velocity decreasing in the top of gas-dynamic channel of supersonic gas-discharge CO laser.

MocTtynuna 20 nroHa 2017 ropa.
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B cmambe nposodumcsi cpasHuUmesnbHoe uccredosaHue memodos umepamugHol JiuHeapu3ayuu U MokKo-
opOuHamHo20 cuHme3a Hynel Ouazgpammbl HarnpaeneHHocmu ([4H) akmueHoU ¢hasuposaHHOU aHMeHHoU pe-
wémku (A®AP) e 3adaHHbIX yernosbix HarnpasneHusix. Paccmampusaromesi ¢ha308bil, amriaumyOHbIlU U aMiu-
myOHo-ha3oebill 8apuaHmMbl yripasrneHusi amniaumyOHo-¢ha3oebiM pacrnpedeneHuem (A®P). [Npusodsmcsi pe-
3ynbmamel peweHusi 3adaqyu cuHmMe3a OOUHOYHO20 Hyrisl, 08yX pa3HEeCEHHbIX Hynel U WUPOKO20 rposana Kak
0151 cryyasi HerpepbI8HO20 yrpasneHus AOP, mak u ¢ oegpaHuYeHUeM U3MeHeHUs1 amriumyo0 u Hamuduem ouc-
KpemHocmu yrnpasneHuss AOP.

Knrodeenle croea: Memod nuHeapu3ayuu,; noKoopoOuHamHbIl Memod; cuHme3 Hynel QuaspaMMbl Harnpas-
nieHHocmu; amraumyoHoe, ghazogoe U amrumyOHO-ghal3oeoe yripasrieHue.

The article presents the comparative analysis of iterative linearization and coordinate-wise methods for syn-
thesizing null in the radiation pattern of an active phased antenna array (APAA) in prescribed spatial directions.
The amplitude, phase and amplitude-phase variants of control over the amplitude-phase distribution (APD) are
examined. Numerical examples for the synthesis of a single null, two spaced nulls, and a wide gap are presented
for the cases of continuous unconstrained control of the APD, continuous control of the array amplitudes within a
limited range, and discrete control of the array amplitudes and phases within a limited range.

Keywords: linearization method; coordinate-wise method; pattern null synthesis; amplitude, phase and am-
plitude-phase control.

TpaAUIIMOHHBIM CIIOCOOOM TMOBBIIICHUS YPOBHS MOMEX03aIIUIIEHHOCTH PAIMOTEXHUUECKON CH-
crembl (PTC) sBisiercst popMupoBanue npoBajioB (HyJei) B quarpamme HampasieHHocTH ([IH) ak-
TUBHOH (azupoBanHON anTeHHOH peméTku (ADAP), Bxoasmeit B cocraB PTC, B HanpaBieHu# mome-
XOBBIX CUTHAJIOB. B cTaThe MpOBOAMTCS CpaBHUTENBHBINA aHAIN3 d()(EKTUBHOCTH (HOPMHUPOBAHUS HY-
Jieil Ha OCHOBE METOJIOB UTEPATHUBHOM JIMHEApH3aluy M OKOOPIMHATHOIO CHHTE3a ISl TPEX BapHaH-
TOB yNpaBJIEHUs] aMIUIMTYAHO-(ha3oBeIM pacnpeaeneHueM (ADP): ¢a3oBoro, aMmiuTyIHOrO U am-
wIMTyaHo-(azoBoro. B kauectBe kputepueB dPGEKTUBHOCTH PacCMATPUBAIOTCS: TITyOHMHA CHHTE3U-
pyemMoro HyJisl, nageHne Kod3((uUIHeHTa HANpaBIEHHOTO JCHCTBHS B HAlpaBJICHUM CKaHWPOBAHMS,
nazeHne ko3 urenTa nojae3Horo AeicTBus 1 najeHue ko3dduirenTta ycuaeHus.

Ha mepBom stare uccieloBaHU METOIOB aHAIM3UPYIOTCS UX BO3MOXKHOCTH II0 TTOJIABJICHHUIO
OJIMHOYHOM ITOMEXH B Pa3IMYHBIX MPOCTPAHCTBEHHBIX HAINpaBJiIcHUAX. Hamnpasienne moMexu u3MeHs-
€Tcs C TIOCTOSHHBIM IaroM B IIMPOKOM JWana3oHe yrioB. Ha BTOpoMm sTame MOOenupyroTcs CUTya-
UM, TpeOyIolnue OJHOBPEMEHHOT'O IMOJABICHUS JIByX pa3HECEHHBIX momex. HampasieHue mepBoit
noMexu (PUKCUpPyeTcsi B MaKCHMyMe TIepBOro OOKOBOTO JICTIECTKA, a HANpaBJICHHE BTOPOW MEHSIETCS B
IMPOKKX Tpeaeiax. Ha TpeTbeM 3Tame conocTaBisioTCa NOTEHUUAIBHBIE BO3MOXHOCTH METOJ0B TI0
CHHTE3y IIUPOKOro mposaa. [ odecriedueHus 3a1aHHOM muprHbl GopMupyembix nposajioB [IH Bo-
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KPYT Ka)XJIOTO HalpaBleHUS! Ha TIOMEXY BBIOMPAETCS MO YeThIpe AOMOJTHUTENBHBIX HAIIPABICHUS, OT-
CTOSIIIMX OT OCHOBHOTO Ha yrioBoe paccrosiaue 0,5 rpamgyca.

s OLleHKM NPUMEHHMOCTH YKa3aHHBIX METOAOB CHHTEe3a B pealbHbIX ADAP, B KOTOpBIX BO3-
MOYKHOCTH M3MEHEHHS aMIUIMTYAHO-()a30BOr0 BO30YKICHHS dJIeMEHTa OrPaHUYEHBbl CXEMOTEXHUYE-
CKHMH DPEIICHUSMH HCIIOJB3YEMBIX YCTPOMCTB, B CTaThE PAacCMAaTPUBAIOTCS BAapPHAHTHI YIPABICHHUS
AO®P c yuéroM orpaHWYEeHNN HA AMANAa30H PETYIUPOBAHUS aMILTUTYIONH BO30YKIEHUS JIEMEHTOB, a
TaKke ¢ y4éToM AuckpeTHocTH ynpaieHus ADP B 3a1aHHOM OrpaHUYEeHHOM JHMAana3oHe U3MEHEHUS
aMITuTy 1 Bo30ykaeHuii snemeHToB ADAP.
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COMPARATIVE ANALYSIS OF THE EFFICIENCY
OF THE RADIATION PATTERN NULLING METHODS
FOR PHASED ANTENNA ARRAYS

A.N. Tyuvaev, A.S. Kondratiev, A.O. Manichev

The tradition approach to increase the noise-resistance level of radio-technical system (RTS) is nulling
in directional pattern (DP) of active phased antenna array (APAA) in direction of noise signals. The comparative
analysis of nulling methods on the basis of iterative linearization and coordinate-wise synthesis methods is carried
out in the article for three variants of control of the amplitude-phase distribution (APD): amplitude, phase and
amplitude-phase control. The depth of the synthesized null, the lowering of the directivity factor in the direction
of scanning, the lowering of the coefficient of efficiency and the gain coefficient were examined as effectiveness
criteria.

At the first phase of the analysis of these methods, their possibilities in suppressing of single noise in
different spatial directions are analyzed. The jammer direction changes with a constant pitch in a wide angular
range.

The second phase included situations in which it is required to perform simultaneous suppression of two
spaced jammers. The direction of the first jammer is fixed in the maximum of the first side lobe, and the direction
of the second jammer varies in wide limits.

The third phase, the methods potentialities are compared in the synthesis of a wide gap. To provide
a defined width of formed DP gaps around each direction, four additional directions are selected and shifted from
the main direction by 0.5 degrees in two orthogonal directions.

To analyze the applicability of the synthesis methods in real APAA, in which variation of an element
amplitude-phase excitation is limited by particular designs of used devices, the article examines the APD control
variants with restricted range of the amplitude adjustment and with discrete change in the element amplitude
and phase.

Moctynuna 29 uioHsa 2017 roga.
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B cmambse paccmompeH 00UH U3 crocobo8 HUBEUPO8aHUSI HENUHEUHbIX UCKaxeHUU rpu npoxXoxOeHUU cueHa-
J1a yepe3 aHa0208bili mpakm U fpeobpaszosaHUU €20 8 aHal02080-UUgposoM npeobpasosamersie, MPUHYUM KOMO-
p020 OcHoBaH Ha HefuHelHOU aKeanu3auyuu npuéMHo20 mpakma Ha amare yughposoli obpabomku cuesHanoe
¢ nomouwbto adanmueHo2o hunbmpa Ha ocHose psidoe Bonbmeppa. NpusedeHHble pe3ysibmambsl MOOenuposaHust
rosegosnsirom coename 861800 06 aghghekmusHocmu rpedrnoxeHHoO20 criocoba 8 3adayvax siuHeapusayuu HesluHelUHbIX
cucmem.

Knrodeenie crnioea: HenuHelHas akeanusayus, ¢unbmp Bonbmeppa, nuHeapu3ayusi aHa/n0208020 mpakma,
adarnmueHbIU anzopumm.

The article examines one of the methods for nonlinear distortions levelling during signal passing through analog
path and its conversion in analog-digital converter the operating principal of which is based on receive path nonlinear
equalization at stage of digital signals processing with an adaptive filter based on Volterra series. The given modeling
results permit to conclude the effectiveness of proposed method in nonlinear systems linearization tasks.

Keywords: non-linear equalization, Volterra filter, analog path linearization, adaptive algorithm.

3ameHa B (pa3MpOBAaHHBIX AHTEHHBIX PEUIETKAaX aHAIOTOBBIX CXEM JHArpaMMooOpa3oBaHHs Ha
uQpoBbie M03B0MIIA 3PPEKTUBHO UCIOIB30BATh aJaTUBHBIE alTOPUTMbI TM(POBOH GUIbTpaLuu B
3aJa4ax ONTUMAJILHON MPOCTPAHCTBEHHOW 00padOTKH, a TAKXKE CYIIECTBEHHO PACIIUPUTH AWHAMUYE-
ckuii auamnazoH (/1) mpuemnuka PJIC 3a cuer mcmonb3oBaHHs OONBIIOTO KOJIMYECTBA aHAJIOIO-
mudposbIx npeodpaszosateneit (ALIT). OnHako, OIHUM U3 OCHOBHBIX (PaKTOPOB, BIUSIOIINX HE TOJIb-
KO Ha 3QQEKTUBHOCTH MMOMEXOMOJaBIeHHs, HO 1 Ha J|JI mpuemMHHKa, a TakxKe MapaMeTpsl UTOrOBOM
JuarpamMMbl HarpaBieHHOCTH aHTeHHBI (JJHA) sBnseTcss HAeHTUYHOCTh MPUEMHBIX PaJHOIOKAIIMOH-
HBIX KaHAIOB IU(POBOI aHTEHHOW PENIeTKH U UX TMHEHHOCTb, T.€. OTCYTCTBHE HETMHEWHBIX HCKaXKe-
HUHA [IpU NMPOXOKACHUHM CUTHAIA Yepe3 aHaJIOTOBBIM TpakT W mpeoOpazoBanuu ero B ALIIL, mHTe-
rpajgbHasi HETMHEWHOCTh KOTOPBIX M SIBJISIETCS aIlllapaTHBIM OTPAaHUYCHHUEM.

Henuneiinas skBanu3anmsi OCHOBE psiioB BonbTepa, paccmaTpruBaeMas B CTaThe, ¢ aAalTUBHBIM
ITOPUTMOM B BHJE HOPMAJIM30BAaHHOTO aJrOpUTMa MO KPUTEPHUIO HAMMEHBIIETO CPEHETO KBapara,
ABJsieTcsl HanboJiee MOAXOISIINM CIIOCOO0M peLICHUs 3a/1a41 JIMHeapu3alui NPUEMHOT0 TPaKTa, TaK
Kak psaj BombTepa, B oTIHUMe OT Ipyrux 0a3uCHBIX QYHKIUA, COMECPKUT UMITYJIbCHBIC OTKIMKH Pa3-
JIMYHOM pa3MEepHOCTH, MAaKCUMAJIBHO TOYHO OTpaXkasi HCCIIEyEMYIO CHCTEMY.

Pe3ynbTaThl KONMITBIOTEPHOTO MOJEIUPOBAHMS B ITaKkeTe NMPHUKIaIHbIX nporpamm Matlab mox-
TBepIHIH 3 PEKTUBHOCTH aJIAITUBHOTO (HIBTPA HA OCHOBE PsiioB BonbTeppa B 3a1aue TuHeapu3a-
[IUU HETTMHEWHBIX CUCTEM.
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HARDWARE CONSTRAINTS INFLUENCE MINIMIZATION
METHODS OF RECEIVE PATH IN ADAPTIVE SPATIAL
FILTERING TASKS

P.E. Shimkin, A.A. Kalshchikov, E.P. Smirnov

The change of beam-forming analog circuits in phased antenna arrays into digital one permitted effectively
use an adaptive algorithms of digital filtering in optimal spatial processing tasks, and sufficiently expand
the dynamic range (DR) of radar receiver due to use of bulk of analog-digital converters (ADC) as well. However,
one of the main factors affecting not only the noise reduction effectiveness but the receiver DR, and parameters
of resulting antenna directional pattern (ADP), is a receiving radar channels identity of digital antenna array and
its linearity, i.e. absence of nonlinear distortions during signal passing through analog path and its conversion
to ADC, the integral nonlinearity of which is a hardware constrain.

The examined nonlinear equalization based on the Volterra series with an adaptive algorithm in form
of normalized algorithm in least average square is the preferable way to solve the receiving path linearization
problem since the Volterra series opposing to another basis functions include impulse responses of different size
that mostly accurately reflecting the examined system.

The computational modeling results in Matlab application program package confirmed the effectiveness
of adaptive filter based on the Volterra series in nonlinear systems linearization task.

MNoctynuna 10 aBrycTta 2017 ropa.
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Onuceieaemcs pa3pabomaHHbil epaguveckuli uHmepgbelc rynbma asmMoOHOMHO20 yrpasrieHus rycKkoeoul
ycmaHo8KoU Ha OCHO8e UHMe2pupo8aHHO20 rysbma UHOUKayuu u yrnpasneHust BM301.

Knroyesble cnioea: rnyckosasi ycmaHo8Ka, epachudeckul uHmepgpelic, mecmHoe yrnpasneHue, UINY,
MoburbHbIe cucmemMbl 800PYXEHHbIX cusnl (MCBC).

The developed graphic interface of the launcher autonomous control panel based on VM301 integrated dis-
play and control panel was described.

Keywords: launcher, graphic interface, local control, integrated display and control panel (IDCP), Armed
Forces Mobile systems (AFMS).

B crartbe omuceiBaeTcs pazpabotaHHbll rpaduueckuil UHTEp(dEic mynbTa aBTOHOMHOTO YIIpaBJie-
HUS IYCKOBOM YCTaHOBKOM Ha OCHOBE MHTEIPUPOBAHHOTO ITyJIbTa MHAUKAUH U yripaBienus BM301.

B coctaBe mMycKOBBIX yCTAaHOBOK 3€HHMTHBIX PAKETHBIX KOMIIJIEKCOB MCIOJB3YIOTCS pa3iIMYHbIC
CpeJICTBa U3 COCTaBa ammnapaTypbl NOJATOTOBKY MyCKa U3/AETHs, TaKue KaK OJIOK KOMMYTAIlMd MOIIHO-
CTH, JIEKTPOTUAPOIIPUBO/, Ta30TYpOMHHBIN arperar, aHTeHHO-Ma4TOBOE yCTPOICTBO, UMUTATOP OOP-
ta. Kaxksioe u3 cpecTB uMeeT COOCTBEHHBII MyJbT YNPaBIeHNS U UHIUKAIIUN ¢ COOCTBEHHBIMU HH-
tepdelicamn u kaHanamu oOMeHa. Mcronb30BaHME MHOTOYUCICHHBIX IYJIBTOB YCIOXKHSIET paboTy ¢
MYCKOBBIMH YCTaHOBKaMH, YBEJIHMUMBAET KOJIMUYECTBO MPOBOJHBIX CBA3EH, YMEHbIIAET OOIIYIO HaAEXK-
HOCTbh CHCTEMBI U IIPY Pa3MEIICHUH MyJbTOB B KaOMHE 1IacCh pacxoayeT 0OJbLIoN 00beM MOJIe3HOI0
MIPOCTPAHCTBA KAOMHBI.

Pazpabotka rpaduueckoro narepdeiica aBTOHOMHOTO YNPaBIEHUsI HA OCHOBE MHTETPUPOBAHHOTO
MyJbTa MHAMKAMK U YIpaBJeHUs] U TPUMEHEHUE TocieioBaTeabHoro kanana RS422 nospomnsier nzoe-
’KaTh MOJIOOHBIX TIPOOJIEM U YIPOCTHTH paboTy ¢ IYCKOBBIMH YCTAaHOBKAMH, & TAK)KE TIO3BOJISIET IPOBO-
JIUTH TEXHIYECKOE 00CTy)KMBaHUE U TUArHOCTHKY HEUCIPAaBHOCTEH MPOCTO, TIOHSITHO U YAOOHO.

WHTErpupoBaHHBINA MyJbT WHAWKALUKA M YNPAaBICHUS MPEACTABISAET COOOH KOHCTPYKTHUBHO 3a-
KOHUEHHOE HM3JIeNne, IpeIHa3sHauYeHHOoe I IPUMEHEHHUs B KauecTBe OopToBoit DBM B kaOuHe Boau-
Tess, odecneunBaroliee BBl HHQOpMAIMK B TPapUUECKOM M 3ByKOBOM BUJIaX; UCIIOJIHEHHE TTOJIb-
30BaTEJbCKUX MpOrpamMm; o0paboTKy MH(pOopMalnny, BBEAEHHONW ONepaTOpoM CO BCTPOSHHOW KilaBha-
TYpBI; TIepeady U NpuémM AaHHbIX o RS422.

[MynbT 1 peanuzaius ero nHTEpdeiica T0Ka3alu CBOK 3PrOHOMHUYHOCTh M YCIIEITHO TPUMEHSFOT-
Csl B COCTaBE ITYCKOBBIX YCTAHOBOK.
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GRAPHIC INTERFACE
OF LAUNCHER AUTONOMOUS CONTROL

V.V. Vodchits, O.S. Batrakova, A.V. Rybin

The article states the developed graphic interface of the launcher autonomous control panel based
on VM301 integrated display and control panel. As part of missile launchers of the air defense missile systems
the different systems comprising item launch preparation equipment are used, such as power switching unit,
electric-hydraulic drive, gas-turbine unit, antenna-mast post, board simulator. Each unit has its own display and
control panel with interfaces and exchange channels. The use of multiple types of control panels complicates the
operation with missile launchers, increases the amount of wire communications, reduces the system cumulative
reliability and consumes net volume of cabin space when control panels are mounted in vehicle cabin.

The graphic interface development of autonomous control based on integrated display and control panel and
use of RS422 series channel permits to avoid such problems and simplify operation with missile launchers, and
also permits to carry out Maintenance and Fault Diagnostics in simple, clear and convenient way. The integrated
display and control panel is structurally an end item intended for operation as an onboard computer in driver's
cabin providing the information read out in graphic and sound forms; user programs execution; data processing
which was input by the operator from built-in keyboard; data transmission and receiving through the RS422.

The panel and its interface realization have proved its ergonomics and are successfully as part of missile
launchers.

MocTtynuna 25 anpens 2017 ropa.
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3ABEPLUEHNE CEPUN CTPE/IbEOBbIX UCILITAHUNA 3YP
KOPABE/IbHOI0 BA3UPOBAHUA SM-6
10 NEPEXBATY bP
HA KOHEYHOM YYACTKE TPAEKTOPUU NX INOJETA
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B cmambe paccmampuearomcs pedynbmamsbi cepuu ucribimaHul [P SM-6 kopabenbHo2o ba3uposaHusi,
pasgepHymbix Ha 6opmy ackaOpeHHo20 MuHoHocuya BMC CLUA John Paul Jones (DDG 53), ocHawéHHO20
cucmemolt PO AEGIS koHgueypayuu Baseline 9.C1. lNpedcmasneHbl o3moxHocmu u TTX cucmemsl, peanu-
3yemol 8 paMKax rpoepammbl nepexeama bP Ha KoHeYHoM yyacmke mpaekmopuu SBT.

Knroyeenie cnosa: cucmema PO, MHo20ghyHKUUOHanbHas cucmema yrnpasneHus opyxuem AEGIS, pa-
Kema-riepexeamuyuk, cmpesbb08ble UCMbIMaHusi, nepexeam Ha KOHEeYHOM y4acmKe mpaekmopuu.

The article states the firing tests results of Aegis BMD SM-6 interceptor, deployed on the US NAVY John
Paul Jones (DDG 53) destroyer equipped with Aegis Baseline 9.1 (BMD 5.0CU) BMD system. The system
capabilities and features under the SBT (Sea-based Terminal) program are performed.

Keywords: missile defense system, AEGIS BMD Weapon System (AWS), interceptor, firing tests, Sea-
based Terminal interception.

ArentctBo TTPO CIIIA u xommnanus Raytheon 30 aBrycrta 2017 roga cooOmmmian 00 yCrenHoM
MPOBEJCHUH CTPEIL00BOro ucrnbiTanus cuctemsl [IPO AEGIS FTM-27 E2. B paMkax JaHHOTO HCIIbI-
TaHus ObLTa 3aITylieHa pakeTa-MHIIeHb, IMATUpYIomIast TpaekTopuio nosiera bPCJl. B kauecTBe pake-
ThI-TIepexBaTyrka Obuta 3aneiictBoBana 3YP SM-6 Dual |, pazpaborannas xommanuerr Raytheon. C
6opra ackaapentoro muHonocia BMC CIIA John Paul Jones (DDG 53), ocHarlieHHOTO CHCTEMO#t
ITPO AEGIS koudurypanuu Baseline 9.C1, 6bu1 ocymectinén 3amyck asyx 3YP SM-6 Dual |, ocy-
IIECTBUBILUX YCHEIIHBIN MEPeXBaT PaKeThI-MUIICHH.

B kauecTBe cpencTBa MHPOPMAIMOHHON NOJIEepKKHU Obla 3aneiictBoBana mratHas PJIC cucre-
mel ITPO AEGIS AN/SPY-1, ocymiectsisiBiast oOHapyKEHME W COMPOBOKICHNE MUIeHH. [Ipemo-
jaraercsi, 9To ObUIN 3aJIeWCTBOBAHbBI JOTOIHUTEIbHBIC JIATYUKH, B YACTHOCTH, Pa3paboTaHHBIE KOM-
nanueidt Raytheon muorocnekrpansibie cuctemsl MTS (Multispectral Targeting System), ocHamien-
Hele MK 1 1a3epHbIMU 1aTYMKaMU U pa3MelaeMble B TypenbHOH yctanoBke BJIA MQ-9 Reaper.
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PA3EN: AHAJINTUMECKUE UCCJTIEQOBAHUSA 3APYBEXXHOIO OIMbITA

Hacrosmue wcnbITaHus CTald TPETHUMH H 3aKITIOYUATEIEHBIMA CTPEILOOBBIMH HCIBITAHUSMU,
MO3BOJISIFOIIIMMH MPUHSTH penieHne o roroBaoctd 3YP SM-6 Dual | k Bemosnsenuto Gpyukmuii [TPO
Ha KOHEYHOM y4JacTke Tpaekropuu monera bP. IlepBoit 1 BTOpoe ycmemnHpie uCTIbITaHusI ObLTH TTPOBE-
nensl B aBrycte 2015 roxa u B gexadpe 2016 roxa ¢ nepexsarom bPMJ] u BPCJ] cooTBeTcTBEHHO.

3enutHas yrnpasisiemas pakera SM-6 Dual |, Beimonasitornas dyukimu [TPO, sBisiercss Moandu-
karueit 3YP SM-6 Block IA, mpennasHaueHHOM I IepexBaTa adpOIUHAMUIECKUX, HABOHBIX U HeE-
KOTOpBIX HazeMHBIX 1ieneit. 3YP SM-6 Dual | kopabensHoro 6a3upoBanus pa3padaThIBAcTCs B paMKax
nporpammel BMC CHIA no nepexBaty BP Ha koneuHom yuactke Tpacktopun SBT (Sea-based Ter-
minal).

Tak, B paMKax JaHHOH MPOTpaMMBl pean3yeTcs KOHIICIIINS ITOCIEAHEro dIIeIoHa 000POHBI KO-
pabnst ot BP mpoTuBHHKA, MO3BOJISIONIETO B CiIydae MpoMaxa KHHETHYECKUX paKeT-MepeXxBaTUYMKOB
SM-3, BeImONHSIOMKX TiepexBaT bP Ha cpelHeM ydacTke TPaeKTOPUH MX TMOJIEeTa, OCYIIECTBUTD Mepe-
xBaT BP Ha KOHEYHOM y4acTKe TPaeKTOpHH 3a cyeT ucnoib3oBanus 3YP SM-6 Dual |, ocHarenHoi
ockosouHo-(pyracHoi bY.
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COMPLETING A SERIES OF FIRING TESTS OF AEGIS BMD SM-6
INTERCEPTOR AGAINST BALLISTIC MISSILE TARGETS
AT TERMINAL PHASE OF FLIGHT

A.E. Svistunov, N.A. Maleeva

The Missile Defense Agency jointly with the Raytheon Company have informed on August, 30 2017 about
successful completing of FTM-27 E2 firing tests of Aegis BMD system. The intermediate-range ballistic target-
missile (IRBM) was launched and destroyed by the Raytheon SM-6 interceptor. Two SM-6 Dual | modification
interceptors were launched from the board of US Navy John Paul Jones (DDG 53) destroyer, equipped with Aegis
BMD Baseline 9.C1 version system.

The standard Aegis BMD system AN/SPY-1 radar was involved for informational support, providing target
detection and tracking. It's assumed that additional sensors were used, particularly, the Raytheon company
Multispectral Targeting Systems (MTS) with IR and laser sensors, installed in MQ-9 Reaper UAV turret mount.

The present tests are the third final firing tests in series permitting to come to a decision on SM-6 Dual |
interceptor readiness for carrying out of terminal ballistic missile defense functions. The first and the second
successful tests were conducted in August 2015 and December 2016 against short-range ballistic missile (SRBM)
and IRBM targets correspondingly.

The surface-to-air missile (SAM) SM-6 Dual |, performing the missile defense functions, is SM-6 Block IA
modification intended for aerodynamic, naval surface and some ground targets destruction. The sea-based SM-6
Dual | interceptor is developed under the US Navy Sea-based Terminal (SBT) program for ballistic missile
interception at terminal phase of flight.

Thus, the conception of final ship defense layer against enemy BM in the frame of the program is
implemented permitting in case of SM-3 kinetic interceptors miss (which provide intermediate-range BM
interception) to destroy BM at terminal phase of flight using SM-6 Dual | interceptor with HE/fragmentation
warhead.

Moctynuna 11 ceHTA6psa 2017 ropa.
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b \N /l/ i Pa3BuTne BOOpyKE€HHUSI U BOCHHOM TEXHUKU B MOCJIEIHUE TOJIbI
| 00YCIIOBMIIO TIpeBpaIlieHHe BOHCKOBBIX (POPMUPOBAHHN PA3ITUYHBIX
YpOBHEW B aBTOMAaTH3HPOBAHHBIC DPa3BeAbIBATEIHHO-TIOPAKAIOIINE
CHUCTEMBL. DTH CHUCTEMBI CIIOCOOHBI OOECIIEYHTH CBOECBPEMEHHOE
3aBOCBAHUE M yJepKaHue MH(OPMAIMOHHOTO W OTHEBOTO IMPEBOC-
XOJICTBA HajJ TPOTHBHUKOM, a TPH OJAaronpHATHBIX YCIOBHAX —
obecreunTh €ro pa3rpoM B HavajJbHOM WM HOCienyommx ¢azax
BOCHHOTO KOH(JIHMKTA II000T0 Macmrada.

D PEeKTUBHOCTH pa3BeIbIBATEIbHO-TIOPAKAIONINX CUCTEM BO MHOTOM ONPEJENsIeTCs] KayeCTBOM
yIpaBieHHs] BOUCKaMHU (CHIIaMH) M OPYXKHEM, BKIIIOYasi, ECTECTBEHHO, MOOHIBHBIE CpeicTBa (O0eBbIe,
TPAHCIIOPTHBIC M BCEX BUJIOB OOECIICUEHUs), M B 9TOM KJIacTepe — Ha3eMHbIE MOOWIIbHBIC CPEICTBA
BOCHHOT'O Ha3HAYCHHSI.

B kHUre M3II0XKEHBI Pe3yabTaThl COBEPILICHCTBOBAHUS METOMOJIOTHH CHHTE3a HAaBHTAIIMOHHBIX
KOMILJICKCOB B HaIIPpaBJICHHUU O6CCH€‘ICHI/IH NOJIy4€HUA ONTUMAJIBHBIX TOYHOCTHBIX XapaKTCPUCTUK
IIpu OTCYTCTBUH JUHAMUYCCKUX MOI[GHEﬁ HOI‘peIHHOCTeﬁ ABTOHOMHOI'O 1 HEABTOHOMHOI'O HaBHUI'allU-
OHHBIX KaHAJIOB, a TAKXKE Pe3yJIbTaThl 00OCHOBAHMS WHHOBAIIMOHHBIX METOANYECKUX W TEXHHYECKUX
peleHnii TOCTpOeHUsI U (QYHKIIMOHUPOBAHUS M Pe3yJIbTaThl TEXHHYECKOTO CHHTE3a PaJuOWHEpIIH-
AJIBHBIX HABHUT'allTUOHHBIX KOMIIJICKCOB HA3€MHBIX MOOHIBLHBIX CpeACTB BOCHHOI'O Ha3Ha‘IeHI/Iﬂ/

Knura npennazHaueHa Juis HayYHBIX PaOOTHUKOB, HHKEHEPOB, 3aHUMAIOIINXCS pa3paboTKOH 1
IKCIUTyaTalye HaBUTallMOHHBIX KOMIUIEKCOB Ha3eMHBIX MOOMJIBHBIX CPEACTB BOSHHOTO Ha3HAYCHHUS,
HpeHO}IaBaTeHeﬁ, ACIIMPAHTOB U CTYACHTOB HpO(i)I/IJ]LHLIX CHGHI/IaJ'IBHOCTeI‘/’I TEXHUYCCKUX BY30B.

Enwun 10.M. CnpaBouHoe pykoBoacTBO no pabote ¢ npo-

GO cruposanes %| rpammoit SPECCTRA V15.0 (SPECCTRA EXPERT SYSTEMS). -
M.: COJIOH-Ipecc, 2017. - 720 c.
[ B KkHHWre M3NOXKEHBI CBEJICHHS O CTPYKTYpPE M BO3MOXKHOCTSX
CNPABOYHOE PYKOBOACTBO CAIIP nevatHbIX TUIaT SpPecctra. 3ta cucrema MMPOKO HCIIOIb3yeTCsI
Mo PABOTE C NPOrPAMMOM
B KauyecTBE MOJCHCTEMBI IJIsl aBTOMATUYECKMX WM HHTEPAKTHBHBIX
. SPECCTRA V15.0

MPOLEAYP pPa3MElIeHUs] KOMIIOHEHTOB M TPAaCCUPOBKH B APYTUX
CAIIP, u B wactuoctH, B Altium Designer, P-CAD 200x u mp.

B kHure nanel o01IMe cBeAeHU 0 cucteMe Specctra, uarepdeii-
ce aToit cuctemsl npu e€ 3amycke u3 P-CAD, npuBeneHO onucaHue
CHUHTaKCUCAa M CEMaHTHKH KOMAaHJl Ul pEIleHHs 3a/1a4 aBTOMAaTH-
YEeCKOT0 pa3MeneHns] U TPACCUPOBKH TMIEYATHBIX ILIAT.

Kaura npemHazHaveHa Ui WHKEHEPHO-TEXHUYECKUX PaOOTHU-
KOB M CTY/ICHTOB TEXHUYECKHX YHHUBEPCUTETOB, PabOTAOIMUX B 00-
JIACTH aBTOMATHU3AIMH TIPOCKTUPOBAHMUS SJICKTPOHHOM aImapaTyphbl.
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