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~ [I0BELIA! 70 JIET

Bce panblue B WCTOPUIO yXOOSAT TsKenble rogpl
BEJIMKOW OTEYECTBEHHOW BOWHbI. BoitHbl, oTMeYeH-
HOW CBEpXYEsIOBEYECKMM HanpshkeHMEM BCEro Hapoaa,
BOWHbI, HaBekn COXpaHMBLUEW B HalWX cepauax nomasur
nobeautenen, BoiHbI, NPUHECLLEN OrpOMHbIE XEpTBb,
NaMATb O KOTOPbIX XMUBET 1 BYAET XUTb BEYHO.

CerogHs Mbl roBopuM cnacubo BeTepaHam, BOWHaM
(bpoHTa U TPYXKEHWKaM Tbina. Mbl 6rarogapim ux 3a CTONKOCTb
M MyXecTBO, 3a naTpuotuam K npegaHHocts POLAWHE,
3a TrepousM U HeyenoBeyeckue ycunus, npuBeaLlmne
k BENMKOW NOBE[E.

Hoporue BetepaHbl!

B 3HameHaTenbHyio roposLyvHy 70-netus MOBE[bI B BENIMKOW OTEYECTBEHHOW BOVHE
OpraHM3aLMs-yupeuTens, peaakUMoHHas KONMners 1 aBTopbl kypHana «BecTHuK BO3MyLIHO-
KOCMMYECKOI 0BOPOHbI» BhIpaXaloT Bam camble ropsumMe 1 UCKPEHHIe MO3APaBNIEHN C NOXeNaHnem

[06poro 300poBbs, AONTONETHS, Gnaronony4ns u MMpHoro Heba!

C yBaxeHuem,

['eHepanbHbIA AMPEKTop
OAO «I'CKB «Anmas-AHTen» B.B. Heckopogos




K 80-JIETUIO A.A. IEMAHCKOIo

24 mas 2015 roga ucnonHsietca 80 neT co oHs poxaeHua AnekcaHgpa
AnekceeBuya JlemaHckoro.

Mpodpeccop A.A. JleMaHCKMA KPYMHbIN Y4EHBIN B 06NacT pagmorioka-
umn. Vim cosgaHa oTedecTBEHHas HaydHas LUKOa TeOpUM U TEXHWMKN MHO-
rodhyHKUMOHanbHbIX aganTuBHbIX PJIC 3eHWUTHBIX pakeTHbIX CUCTEM U KOM-
nrnekcos Ha 6ase (asnpoBaHHbIX aHTEHHbIX PELUETOK, BbICOKOMNPOU3BOAU-
TenNbHbIX BbIMUCIIUTENBHBIX CPEeACTB, nepecTpanBaemMbix CBY-npnbopos.

Moyt BoceMb NneT Kak He ctano A.A. JleMaHckoro, HoO ero HeopauHap-
Hble uaen NPOLOITKAOT peanv3oBbIBaTLCS B HOBbIX paspaboTkax creuuarb-
HOWM TEXHUKU.

AnekcaHgp Anekceesud JlemaHckuin poauncs B 1935 rogy B Mockse.
Ero 6onbLume cnocobHOCTU NPOSIBUNMCE AOCTaToqHO paHo. B 1953 rogy oH
3aKaH4MBAET LLKOMY C 30/10TON Mefarnbto (HbIHE 3Ta LUKOMa HOCUT ero nms).
Bricliee obpasoBaHuMe OH Monydmn B MOCKOBCKOM (PUBUKO-TEXHUHECKOM
WHCTUTYTE, KOTOPbI okoHuMn B 1959 roay, nony4yme aunnom ¢ otninymem. Ewe yuyacs B MOTIU, B 1956 roay oH
npuwén pabotatb B OAO «'CKB «Anmas-AHten» (B To Bpemsi — CrieupnanbHoe 6iopo Ne 1), B KOTOpOM
NpoLLEn BCe aTarbl Cry>XeBHOM NECTHULbI: TEXHWK, NHXEHEP, CTapLLMIA MHXEHEP, HavarnbHUK rpynnbl, oTaena,
Hay4HO-UCCMeaoBaTENbLCKOrO OTAENEHUS], 3aMECTUTENb MaBHOMO KOHCTPYKTOPA, MMaBHbIA KOHCTPYKTOP, nep-
Bbli 3aMeCTUTENb reHeparnsHOro KOHCTpyKkTopa. B Mae 1998 roga oH CTaHOBUTCA reHeparibHbIM KOHCTPYKTO-
pOM npeanpusaTUs.

Ha cdopmurpoBaHmne nndHocTn AnekcaHgpa AnekceeBnda JleMaHCcKoro Kak crieupanucta 6ornbluoe Bnmsi-
HVe OKasar BbiOaloLLMIACS KOHCTPYKTOP, naypear JIeHMHCKON npemmu, JOKTOp TEXHUYECKMX HayK, npodieccop
JleB HukonaeBud 3axapbeB, koToporo A.A. JlemaHcKuiA cHmMTan CBOMM yYUTENEM W Mog PYKOBOLACTBOM KOTOPO-
ro oH pabotan BrnoTb Ao 1975 roga.

Mponas Takyto NpeKpacHyto LWKOIy, 0brnagas NMMYHbIMU He3aypsiaHBIMK CMIOCOOHOCTAMM U MO, BIUSIHUEM
TaKMX 3HaAKOBbIX Uryp kak akagemukn AnekcaHop AHgpeesud PacrinetwH u Bopuc BacunbeBud ByHKuH,
C KoTopbiMn Arnekcanap AnekceeBnd JleMaHCKu NMnogoTBOPHO paboTar, OH chopMUpoBarncs Kak KpymnHbIN
YYEHDBIN.

B 1964 rogy OH 3alWMTWN KaHOWOATCKYK AUCCEpPTauMio Mo pesynbTaTaM MCCnenoBaHuin B obnactu
Avicbpakumn Ha crnabo paccemBarolLyX (Tak HasblBaeMbIX «4YEPHbLIX») Terax, KakoBbIMU SIBMSOTCA crabosa-
METHble BO3ayLUHble Lenn. 3T uccrneaoBaHust Obinn CBOEro poda NpeasuaeHVeM MnosiBrieHns B Gyayuiem
uenen-«HeBunammok». Obnagasa rnybokumM NoHMMaHUeM 3ToN NPoBnemsbl, yxe Ha NOCTY reHepanbHOro
KOHCTPYKTOpa OH peLumnn 3agavy aggeKkTMBHOro nepexasarta aTux Lienen.

B 1974 rogy oH CTaHOBUTCSI JOKTOPOM TEXHUYECKUX HayK. B AOKTOpCKOW auccepTaumm Hallnm oTpaxeHns
€ro HOBblE HETPUBMAIbHBIE UCCIIEN0BaHNS B 0ONacTy aNeKTPOANHaMUKMA NEPUOANHECKUX CTPYKTYP U MPUHLIK-
MOB NMOCTPOEHMS (DA3MPOBaHHBIX aHTEHHBIX PELLETOK C BICOKMMIM XapaKTEPUCTVKAMM.

Mpn HenocpencTBeHHOM y4dactum ALA. JleMaHCKOro Ha BCex aTamnax €ro Hay4HO-MPOW3BOACTBEHHOM
OEesATenbHOCTM MoMyYeHbl  (byHOaMeHTanbHbIe Hay4YHO-TEXHUYECKME pe3yrbTaTthbl, U3MNOXEeHHble B Gonee
yem 150 HayyHO-TexHMYeckux paboTax, B TOM umcne B 5-Tn MoHorpadmsix (ogHa nepesegeHa B CLUA) u
40 aBTOPCKMX CBUOETENBCTBAX HA M300PETEHMSA N NATEHTAX.

3a Bpemsi paboTbl Ha npeanpuaTin A.A. JlemaHcKuM NomyyveH psi OCHOBOMOMNaraloLwmX HayyHbIX M npak-
TUYECKMX PE3YrbTaToOB, OCHOBHLIMU 13 KOTOPbIX SABMSIKOTCS:

— paspaboTka MPUHLMMOB afanTUBHOTO YMPaBEHUS MPOCTPAHCTBEHHBIMU U YaCTOTHO-BPEMEHHBLIMU
XapaKTepuCTUKamMy MHOTOMYHKLMOHAmbHbLIX MoMexo3almLLEHHbIX PJ1C 3eHUTHBIX pakeTHbIX CUCTEM C NpumMe-
HEeHMeM HOBEMLLEN 3rieMeHTHOM 6a3bl;

— pa3paboTka TeopuM U co3daHne obpasLoB (Pa3mMpOBaHHbIX aHTEHHbIX pelleTok (PAP), obecnevrsato-
wmnx agantaumio PJIC Kk crioxHbIM NOMEXOBbLIM YCIOBWSIM, YMPaBeHne nonsipusaumen 30HAMPYOLLMX curHa-
nos PJC;

— 0DOCHOBaHME MOCTPOEHUST TBEPAOTENBbHBIX NMPUEMHO-NEpeaatoLLmMx akTnBHbIX PAP caHTUMETPOBOIO
AvianasoHa BOMH;

— pa3paboTka HOBbIX METOAOB M CPEACTB aBTOMaTU3NPOBaHHOMO KoHTpors PAP, a Takke NpoeKTMpoBa-
HVe PaaMO3NEKTPOHHON annapaTtypbl Ha MaTpuyHbIX BAC n CBUC.

Cpeaun goctwkeHun A A. JlemaHckoro no paspaboTke 1 NPUMEHEHUIO COBPEMEHHON 3rIEMEHTHOM 6a3bl,
VMEIOLLIMX MEePBOCTENEHHOE 3HaYeHne Ons Co3daHns 3eHUTHbIX pakeTHbIx cuctem (3PC), cnegyet otMeTUTb
pa3paboTKy aHTeHHbIX anemeHToB AP ans Bcero psga mogudpmkaumin cucteMsl cemenctaa C-30001, a Takke
ans cuctembl C-400 «Tpuymdd».
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Mo ero pykoBOACTBOM U MPU HEMOCPEACTBEHHOM Y4acTum Obinu pa3paboTaHbl aHTEHHbIE SITEMEHTLI, a
TaiKke HeobxoayMas Ans HUX aneMeHTHas 6a3a n HoBble MaTepuansl: CBY-heppuTbl, HU3ko4acToTHbIE dhep-
pUTbI O eppuToBbIX dhaszoBpallatenei, cutani ans usnydatenen aHTeHHbIX ANIeEMEHTOB, OOHOKpUCTalb-
Hble MMKPOCXEMbI ANsl yrpaBneHns oeppuToBbIMM ¢hasoBpaLlatensMu, oobeauHsiome B cebe MaromMoLL-
Hbl€ NTOMMYECKME 3NEMEHTbI C MOLLHBIMW KITIOYEBLIMN CXEMaMM.

3a paspaboTky TeopuK, IKCMEPUMEHTArbHbIE UCCMEAOBaHMS U OCBOEHME MPOMBILLIIEHHOMO NMPOM3BOa-
ctBa AP AA. JlemaHckuin yooctoeH [ocymapctBeHHon npemmmn CCCP (1978). Bbicokne TexHudeckune
N aKcnnyaTaumoHHble xapakrepuctukn AP cuctem cemerictea C-30001 B 3HaumTensHOM Mepe obecrneunnu
NPUOPUTETHBIN YPOBEHb 3TUX CUCTEM, YTO MPU3HAHO B HALLIEN CTPaHE 1 3a pyDeXoM.

Pesynbtatel pabot A.A. JlemaHckoro B 06nactv co3gaHns 3eHUTHBIX PakeTHbIX CUCTeM, OobnagaroLmx
BbICOKOW MOMEXO3aLUMLLEHHOCTBI, 0TMeYeHbl Akagemuen Hayk CCCP npemueint «3onoTtas megans UMeHU
akapemuka A A. PacninetuHa» (1987).

3a nuyHble 3acnyrv B pa3paboTke NPYOPUTETHBIX HaNpPaBMEHW HAyKU M TEXHWKW, CrOCOOCTBYHOLLME
Hay4HOMY W1 TEXHOJIOMMHYECKOMY MPOPbLIBY, a Taikke obecriedeHre NMaepcTBa Hallen CTpaHbl B HAyYHOM MUpe
AA. JlemaHckuiA Gbin yaoCTOEeH NOYETHOIO 3BaHMS «3acnyXeHHbIN aedTenb Hayku Poccuickon degepauym»
(1997).

C koHua 80-x rogoB A.A. JleMaHCKuiA OCyLLIECTBNSIET PYKOBOACTBO pa3paboTKon He MMEIOLLEN aHaroroB B
MUpPe 3EHUTHOW paKeTHOM cUcTeMbI HOBOrO nokoneHnsa C-400 «Tpuymdoy». B npouecce paspaboTku B cuctemy
OblNn BHEOPEHbI HOBEMLUME HAayYHblEe N TEXHUYECKME PELLEHWUS B BbIMMCIIUTENBHON TEXHMKE, ANEKTPOHUKE,
pagvorokaumn. Cuctema C-400 «Tpuymdo» Bbina npuHsTa Ha BoopyxeHue 28 anpens 2007 roga.

Mpw cospaHmm aton 3PC npu HENOCPEACTBEHHOM ydacTum 1 nog pykosodctsom A.A. JlemaHckoro 6binm
OCyLLeCTBIeHbl paboTbl MO CO3AaHMIO:

— Onsi HAa3eMHOTo M OOPTOBOTO NepeatoLLMX YCTPOUCTB X-Avana3oHa — LernoYek 3MeKTpoBaKyyMHbIX
NpYOOPOB C LUMPOTOM MIHOBEHHOW MOJSIOCON YacTOT, reHEPaTOPOB HAa MOBEPXHOCTHLIX aKyCTUYECKMX BOSHAX,
LMdpOBOIo CMHTE3aTOpa YacToT;

— Ans yctponctea 0b6paboTkm curHanos — umdpposbix BUC n CBUC namsatv 1 npoueccopoB 0bpaboTkm
CUrHaros;

— ans 6optoeot 3BM — BUC npoLeccopa 1 conpoueccopa;

— Onst aHTeHHoro ycTpoiicTBa — BAC ana agantvBHOIO yrnpaeneHust Nossipusaument 30HOMPYHOLLMX CUr-
Haros.

B nocnegHuve rogpl xu3Hn A.A. JlemaHckmin pykosogmn paspabotkon nepcnektusHbix PIIC ¢ curHanamm
HaHOCEKYHOHOW OfIMTENBbHOCTU U BbiCOKOMoTeHUMarbHbIX PJIC 3eHUTHBIX pakeTHbIX CUCTEM CreayHLLEro
MOKOMEHMS Ha OCHOBE aflanTMBHBIX aKTMBHBIX (ha3MpPOBaHHBLIX aHTEHHbIX PELLETOK.

Hapsgy ¢ HenocpeaCcTBEHHON NMpakTUieckon AedatenbHOCTL ALA. JleMaHCKM MHOro BpeMeHu yaensn
Hay4YHO-METOAMYECKON M Neparormyeckon pabote. B TeueHne psina neT oH Obin 3amecTuTeneM npeacenatens
MexBeJOMCTBEHHOTO KOOPAMHALIMOHHOTO COBETA, PeAAKTOPOM COOpHUKa Hay4HO-METOOWNYECKMX CTaTeN n3na-
TenbcTBa «Paamno n cBsidby, ABMANCA YEHOM M NpeacedaTerneM psiga AMccepTaumoHHbIX COBETOB, Npeacena-
Tenem HTC npegnpusTus.

MHoro BpemeHnn n cun A.A. JlemaHckuiA oTgaBan nogrotoBke MorioAbix cneupanuctoB. bonee 30 neT oH
yntan nekumm B MoCKOBCKOM (PU3MKO-TEXHUYECKOM MHCTUTYTE, ¢ 1999 no 2007 rog asnsnca 3aBeaytowmm
kadbegpon «Pagmornokaumsi, pagruoynpasrieHme 1 nHdopMaTvka» PakynbreTa paganoTeEXHUKA U KMOEPHETUKN.

A.A. JlemaHckuin MpoXKI SPKYH, HACbILLEHHYHO, HO, K COXareHuio, He O4YeHb MPOLOIMKUTENBHYHO XKM3Hb.
Cepaue He BbigepKarno CBEPXYENOBEYECKNX 3MOLMOHArbHBIX U pr3nYeckmx Harpy3ok. OH CKOPOMOCTUXKHO
CKOHYarics 27 ceHTabpsa 2007 roga Ha NonuroHe B Xo4e UcnbiTaHuin HoBbIx 06pasoB 3PC.

3a 6onbLuoin BKag B MOBbILEHWE OBOPOHOCMOCOBHOCTU CTpaHbl AA. JleMaHCKuin MoCMePTHO Bbin
HarpaxxaéH opaeHoM «3a 3acnyrv nepen otedectsom» [V-oii cteneHu.

Bes xusHb AnekcaHapa AnekceeBuya JlemaHckoro — obpasel, criykeHus gonry. TanaHT BblgatoLlerocst
YYEHOIO U OpraHM3aTopa Hayku, apyavumio, rmyboYyanilyo KOMNETEHTHOCTL — BCE 9TO OH CrofiHa NOCBATUN
OTum3He.

B.B.Heckopopos,
eeHeparibHbIl Oupekmop,
OAOQO «CKB «Anmas-AHmel»
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PaccmompeHa 3adayva ¢ha3oeozo hopmuposaHusi Hynel 8 Quazpamme HarnpasrneHHocmu ([H) ¢pasuposaH-
HoU aHmeHHoU pewémku (PAP) e 3adaHHbIx HanpassieHusix. [TpoaHanu3upo8aHo 8/UsIHUE OCHOBHbIX (hakmo-
po8, oepaHu4uBarUUX 803MOXHOCMU ¢ha308020 cuHme3a Hynel [H. lMpednoxeHbl 8apuaHmbl peanusayuu
aghghekmusHoeo anzopumma opmuposaHusi Hynel [H e 3asucumocmu om napamemposg peasnbHol PAP.

Knrouesnbie cnosa: ¢has308bil CUHMeE3, Hyrb, duazpaMma HarpaseHHOCMU, aHmeHHas pewémka.

The problem of the phase-only formation of deep nulls of the radiation pattern of a phased array antenna in
prescribed directions is considered. The influence of the main factors limiting the capabilities of the phase-only
synthesis of pattern nulls is analyzed. Variants of implementation of an efficient algorithm for formation of the
pattern nulls depending on the parameters of a real array are proposed.

Keywords: phase-only synthesis, null, radiation pattern, array antenna.

B crarse paccmarpuBaeTcst mpo0iieMa HOBBIIEHHS TOMEXO3AIMIIEHHOCTH MTyTEM (a3oBoro (hopMupo-
BaHUS MOHWKEHHBIX YPOBHEH rarpamMmbl HarpasiieHHocTd ([{H) B 3aaHHbIX HarpapieHUsIX (ha3supoBaHHON
anTeHHoH pemérku (DAP), yacto HazpIBaemast B Jutepatype 3aaueii hazoBoro cunresa Hysei JJH.

[pu hopmuposanvu Hyneli JIH 3anaHHO# TITyOWHBI ¥ ITUPUHBI HEOOXOIMMO YUUTHIBATh TaKUE (DAKTOPBI,
KaK BJIMSIHME JAUCKPETHOCTU (hasoBparuareseld, HalMuue CIy4aiHbIX NCKaKEHUH aMIUIUTYAHO-(a3oBoro pac-
npenencaus (ADP), crenens Bo3MyIieHns ucxomaoi JIH, ckopocThk pacu€ra CHHTE3MPOBaHHOTO pacTpesierie-
Hus. Hanmmume HecKoJIbKMX OZJHOBPEMEHHO ACHUCTBYIOIIMX (haKTOPOB, B OOIIEM ClTydae NPOTHBOPEUAILX IPYT
JpYyTy, CTaBHUT 3aj1ady MHOIOKPUTEPUAIBLHOTO BbIOOpa HamOomnee Moaxomsmero mMeronqa cunresa. OmHako B
OOIIMPHOI! JTTepaType, MOCBSILEHHON BOmpocaM (a3oBOro CUHTE3a HyINeH, STH (akTophl BO BCEH MOJHOTE,
KaK MpaBIJIo, HE paccMaTprBatoTcsl. [103ToMy OOMBILOH MPaKTUYECKW MHTEPEC MPEeCTABIISET CUCTEMaTH3H-
POBaHHOE OITFICAHWE BIMSHUS BCEH COBOKYITHOCTH 3THX (PAKTOPOB M PEKOMEHIALIMH 10 BEIOOPY MeToa0B (op-
MHPOBAHUs HyJIEW JUIS KOHKPETHOM IPAKTUUYECKOM CUTYaLUM.

Heo0xommMo 0TMETUTS, UTO XOTS TpeOOBaHHUS K PELICHHIO 331a4l CHHTE3a MOYKHO CUMTATH B OOJIBIIIMH-
CTBE CIIy4acB HEU3MEHHBIMY, ITyTH UX PEAIM3aLMH B CYILIECTBEHHOU CTENEHU Pa3/IMYatOTCs B 3aBUCHUMOCTH OT
3alaHHOrO YpoBHs Hylnel /IH. YcnoBHyto rpanmiy ynoOHo mpoBectr o (hoHOBOMY ypoBHIO JIH, Bo3HHKaIO-
[IEMY B CBSI3M C HAJIMYMEM CIy4YaiHBIX UCKaKEHUH aMIUTUTYI U (a3 BO3OYKICHUI 31€MEHTOB, HEM30€KHO
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TIPUCYTCTBYIONMX B JF0OOH peanpHoit AP, Ecmi 3amannbiii yposens Hyner /JIH nexxur Bemme (GoHOBOTO
YPOBHS, TO MOKHO BOCIIOJTB30BATHCS pe3yJIbTaTaMi CPAaBHHUTEIBFHOTO aHAIN3a METOJIOB B «IETEPMHUHHPOBAH-
HOID» TTOCTAaHOBKE 3a1a4 (Kor/ia cumraeTcs, uto ympanieane ADP ocymecTpisieTcst 6e3 OImmOoK MITH UCKaKe-
HU). B cuTyarmm, Korja 3aqaHabid YpOBeHb (DOPMUPYEMBIX HYJICH JISKUT HIDKE (DOHOBOTO YPOBHS, MOYKHO
TIPAMEHSITH HEJ]ABHO NPeIyIoyKeHHbIE d((EeKTHBHBIE METOIBI C UCTIONIH30BaHMEM M3MEpeHHBIX 3HaueHnit [IH B
HarpaBlIeHISIX (GopMupyeMbIx Hysel. [Ipr 5ToM psm TpeboBaHmi, IPEABIBIIEMBIX K UCITOIBE3YEMOMY aJIro-
pUTMy, MeHsieTcsl. B cTaThe paccMaTpHBAaIOTCSI OCHOBHBIE KPHUTEPHH, MPETbSIBISIEMbIE K METOaM (pa30BOTO
CHHTE3a B KKIOM 3 3THX ciy4aeB. Ha ocHOBe MoziempoBaHys POBOANTCS aHAIMTHIECKOE CPaBHEHHE pa3-
JIMIHBIX TTOAXOJI0B, W BEIPA0ATHIBAIOTCS PEKOMEHIAITIH 110 OpraHU3aii Hanoosee 3(h(heKTHBHOTO Iy TH (op-
MHUpOBaHUsI HyJiel 3anaHHoro ypoBHs B JIH peanbabix GAP.
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PHASE-ONLY SYNTHESIS OF NULLS IN THE RADIATION
PATTERN OF A REAL PHASED ARRAY ANTENNA

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

The article considers the problem of enhancement of interference protection capability by means of the
phase-only formation of reduced pattern levels in prescribed directions in the radiation pattern of a phased array
antenna (PAA), which is frequently called in the literature the problem of the phase-only synthesis of nulls (in fact,
deep gaps) in the PAA radiation pattern.

In formation of the pattern nulls of given depth and width, it is necessary to consider the following factors: the
influence of phase quantization errors of discrete phase shifters, the presence of irregular distortions of amplitude-
phase distribution (APD), the degree of distortions of the quiescent pattern, and the speed of calculation of the
synthesized distribution. The presence of simultaneously acting factors, which generally contradict one another,
poses a problem of the multi-criteria choice of the most appropriate synthesis method. However, in voluminous
literature dedicated to the phase-only null synthesis problems, the effect of the combined action of these factors is
usually not fully analyzed. Therefore, of great practical importance is description of the influence of all these fac-
tors and formulation of guidelines for application of phase-only nulling methods for particular practical situations.

It should be noted that, though requirements on solution of the synthesis problem are the same in most
practical cases, the ways of implementation of the results of this solution may differ substantially, depending on
the required level of pattern nulls. It is advisable to consider the pattern background level arising due to the
presence of irregular distortions of amplitudes and phases of excitation elements, which inevitably present in any
real PAA. If the required level of pattern nulls is above the background level, we can use the results of the
comparative analysis of phase-only synthesis methods in the «deterministic» formulation of the synthesis problem
(when it is assumed that the control of the APD is carried out without errors and distortions). In the situation where
the required level of formed nulls is below the background level, we can implement recently proposed effective
methods using measured values of the radiation pattern in directions of formed nulls. In this case, some
requirements imposed on the algorithm are changed. The article considers the main criteria of application of the
phase-only synthesis methods for each case. An analytical comparison of different methods on the basis of
simulation is performed; recommendations on selection of the most efficient nulling method for a given level
of pattern nulls of a real PAA are formulated.
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lposedeHbl uccnedogaHusi cuHmesa duaspaMMbl HarpaseHHoOCmMU mpaneyueeudHol uHelHOU aHmeH-
Hol pewémku MemodoM HauMeHbLUX Keadpamos fpu U3MEHEHUU 8bICOMbI mpaneyuu u Konuyecmea ussny4ya-
mernel, obpasyowux eé 60koebie cmopoHsbI. [TposedeHo cpasHeHuUe ¢ Oyeo80l aHmMeHHoOU pewémkoli cornocma-
sumMbIx pasmepos. [lposedéH aHanu3z mpebosaHull Kk duaspaMme HarpasrneHHoCmu U 8bI60p KOMIPOMUCCHO20
peweHusi Ha 0CHO8e MPUMEHEHUST 3/IEMEHMO8 MeopuU HEYEMKUX MHOXecms.

Knroyeeblie cnoea: aHmeHHas pewémka, mpaneyusi, cpedHekgadpamuyeckoe OmKIoOHeHue, duazpamma
HarnpasneHHocmu, amraumyOHo-ga3osoe pacrpedeneHue, OyHKUUS MpuHadnexHocmu.

The directional pattern synthesis analysis of the tapered (trapezoid) linear antenna array using the least-
squares method at changing of trapeze height and radiating elements amount forming its side faces were carried
out. The comparison with arc antenna array of comparable sizes was conducted. The requirement analysis to di-
rectional pattern and trade-off decision selection on the base of fuzzy-set theory elements application was fulfilled.

Keywords: antenna array, trapeze, mean-square deviation, directional pattern, amplitude-phase
distribution, membership function.

Ipy npoeKTUPOBaHNN COBPEMEHHBIX aHTEHHBIX CHCTEM K HUM MPEABSBISIIOTCA BCE Oonee CTporue Tpe-
0OBaHMS, XapaKTEPU3YIOLIUE CBOWCTBA HAIPABICHHOCTH, IIHMPOKOMOJIOCHOCTH, MHOTO(YHKIMOHAIBHOCTH 1
T.1. B yacTHOCTH, B 33/1a4ax CHHTE3a aHTEHHBIX PEIIETOK (PUTYpUPYIOT TpeOOBaHMUS K KOIP(HIMEHTY Halpas-
JICHHOTO JICHCTBHSI, YPOBHIO OOKOBBIX JIETIECTKOB JJarpaMMbl HAlPaBIICHHOCTH, CPEAHEKBAAPATHIECKOMY OT-
KIOHEHHIO CHHTE3UPYEMOW JuarpamMMbl HAIpPaBICHHOCTH OT >KenaeMoi. JlaHHble W Apyrue TpeOoBaHMS,
HpeIbsBIIEMbIE K IUArPAMME HAIPABJICHHOCTH aHTEHHOM PELIETKH, 3a49aCTYO SBIISFOTCS IPOTUBOPEYUBBIMHU,
YTO 3HAYUTENBHO YCIIOXKHAET PElleHNe 3aJa4i CUHTE3a M HaKJIaAbIBaeT ONpenieNieHHble orpaHdeHus. Kpome
TOTO, aKTyaJIbHBIM BOIIPOCOM OCTaeTcs TpeOOBaHUE K ONPEIETICHUIO KOOPIMHAT M3Tydaresieii aHTeHHOM pe-
LIETKH I10 33JAHHOU TUarpaMmMe U UX HE3KBUIUCTAHTHOE Pa3MELICHHE.

JU1s1 oIy 4eH s KOMITIPOMMCCHOTO PEILIEHHUs BBALy MHOMKECTBA CTPOTMX TpeOOBaHMIA U yX0/ia OT OrpaHuye-
HUI MOKET OBITh TIPEIVIOXKEH amIapaT TEOPUH HEUETKNX MHOXKeCTB. CyTh TIpUMEHEHHS! JAHHOTO amrapata B pe-
IICHUH 33714 CHHTE3a CBOIUTCS K TOMY, YTOOBI PacCMOTPETh TpeOOBaHMS K JuarpaMMe B BHZIE MHOXECTB Ha
MPOCTPAHCTBE BO3MOXKHBIX PELLIEHUH 3aJa4l CHHTE3a U IyTEM HEYETKHX JIOTUUECKUX ONEPALi ONPEACIUTD pe-
IICHHE 3a71a4y, SIBJIFOIIeecs] KOMIPOMUCCOM MpenbsBIsieMbIX TpeboBaHuit. C y4€roM TOro, YTo HESKBHIW-
CTaHTHOE PAacIIoJioXKEHHE U3ITyyaresnieil TI03BOJseT CHU3UTh YPOBEHb OOKOBBIX JICTIECTKOB JMarpaMMbl Harpas-
JICHHOCTH ¥ M30eKaTh MHTep(EPEHIIMOHHBIX MAKCHMYMOB, TpeOOBAHME K PACTIONIOMKEHHIO U3TydaTesieH sBIseTcs
AKTyaJIbHBIM IIPU IIOCTPOCHUY UHTEJUIEKTYAJIbHBIX AHTEHHBIX CUCTEM M COBPEMEHHBIX AHTEHHBIX PEILETOK.

B crarbe paccMOTpEHO pELleHrE 3a1a4M allPOKCUMALOHHOTO CHHTE3a IUArPAMMBI HAIPABICHHOCTH
AHTEHHOU PEIIETK HEPaBHOMEPHO PACIIONIOKEHHBIX U3TydaTesieil Ha OCHOBE MPUMEHEHHUs (BYHKIMIA TPUHAI-
JIEKHOCTU HEUETKUX MHOMKECTB PACIONIOKEHUS M3ITydaTeliell Ha MHOXKECTBE 3HaueHUN koopauHar. IIposene-
HBI MCCIIEIOBAHUS BIMSHUS Pa3IMUHBIX KOH(UIYypaluii aHTEHHOM PEIETKH Ha XapaKTEPUCTUKU HalpaBJieH-
HOCTU Y DHEPTETUKY aHTCHHOH PELIETKY, BEIPAKEHHBIE HEUETKUMU MHOKECTBAMHU.
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NONUNIFORM ANTENNA ARRAY DIRECTIONAL PATTERN
ANALYSIS USING FUZZY-SET THEORY

D.S. Mahov, A.N. Novikov

The designing works of the modern antenna systems stipulate more severe requirements which specify the directivity,
broadbandness, multifunctionality properties etc. In particular, there are requirements to directivity gain, directional pattern side
lobes level, mean-square deviation of synthesized directional pattern from desired one in antenna arrays synthesis tasks.
These and other requirements to antenna array directional pattern are often contradictory that considerably complicate the
synthesis problem solving and impose certain restrictions. Besides, the vital question is still the requirement for antenna array
transmitters positioning at defined pattern and its space tapering.

To get the trade-off solution considering the variety strict requirements and restrictions avoiding the fuzzy-set theory can
be proposed. The main point of its implementation in synthesis problem solution is to analyze requirements to the pattern in
terms of multiplicity of possible solutions of the synthesis task and to determine by means of fuzzy logical operations the prob-
lem solving which is the compromise to imposed requirements. Allow for the fact that transmitters space tapering permits to
decrease the directional pattern side lobes level and avoid the diffraction maximum the requirement to transmitters positioning
is relevant during construction of smart antenna systems and up-to-date antenna arrays.

The article examines the problem solution of antenna array directional pattern approximating synthesis of
nonuniformly positioned transmitters based on membership functions implementation (of transmitters positioning
fuzzy set) on coordinate range space. The different antenna array configurations influence on directivity charac-
teristic and antenna array energy expressed as fuzzy set were researched.
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lMpusedeHbl pesynsmamei pa3pabomku meépdomesnbHo2o npuémonepedarowezo CBY-modyns, paboma-
oweao 8 UMIMYbCHOM pexXume U rnpedHa3Ha4yeHHo20 Orisi ¢hopMuposaHusi u rnepedaqyu Ha 8x00bl aHMEHHO-
¢udepHozo ycmpolicmea CBY-cueHana ¢ cuHycoudarbHO-MOOynupo8aHHoU Yacmomou usrydeHusi (4 nepeda-
owux KaHana c ebixoOHolU mowHocmbto 0o 0,75 Bm kaxObil), a makxe npuéma om aHmeHHO-ghudepHozo
ycmpotcmea CBY-cueHana, npeobpa3ogaHusi criekKmpa MpuHAMOo20 CugHana Ha MpOMEXYMmOYHY Yacmomy,
ycurneHusi e2o u riepedadu 8 Molyrb yugposoli obpabomku. B modyne npumeHeHa cospeMeHHasi aeMeHmHasi
6as3a Ha ocHoge 2ubpUOHO—MOHOUMHbIX arieMeHmos, pa3pabomaHHbix 8 AO «HIII «Mcmok» um. LLlokuHay.

Knroueenle croea: dorneposckuli usmepumesnb CKOPOCMU, yara cHoca U 8biICOmbl, npuémornepedarowjul
moQyrnb, CBY, ebicokas HaléxxHocmb.

The design results of solid-state transmit-receive microwave module operating in pulse mode were per-
formed. The module is designed for generation and transmission to antenna-feeder device of microwave signal
with sinusoidal-modulated radiation frequency (4 transmitting channels with output power of 0,75 W each) and
receiving of microwave signal from antenna-feeder device, spectrum conversion of received signal to intermediate
frequency, its amplification and transmitting to the digital processing module. The modern hardware components
on the base of hybrid-monolithic cells were used in the module, designed by the JSC «R&PC «Istok» named after
A.l. Shokiny.

Keywords: doppler navigator, transmit-receive module, microwave, high reliability.

[IpuBeneHs! pe3ynpTaThl pa3pabOTKU TBEpAOTENbHOrO mpuémornepenatomero CBY-monyns, pa-
0O0TaroLIero B UMITYJILCHOM PEXHME M MpeIHa3sHaAYeHHOTO I JOPMUPOBAHMS H TEepeJadd Ha BXOJBI
aHTeHHO-puaepHOro ycTpoiictBa CBU-curnana ¢ cuHycoOMAaabHO MOIYJIMPOBAHHON YacTOTOM H3Iy-
YEeHHs MOBBILIEHHOTO YPOBHS MOIIHOCTH (4 Mepenarouiux KaHajla ¢ BBIXOAHOHN MourHocThio Ao 0,75
Bt kaxaplii), a Taxke npuéma oT aHTeHHO-puaepHoro ycrpoiictBa CBU-curnana, nmpeobpa3zoBaHust
CIEKTpa MPHUHATOrO CUTHAJA Ha MIPOMEKYTOUHYIO YaCcTOTY, YCHUIICHHsI €r0 U Tiepelayd B MOIYJb uud-
pOBOIi 00Pa0OOTKH.
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Koncrpykrusao mpuémonepenatomuii CBU-momyns (MIIII-021) cocrouT H3: mepemaromero
TpaKTa, MPUEMHOTO TPaKTa, KOHTPOIBHOTO KaHalla, CXeMbl (DOPMHUPOBAHUS YIIPABIISIONIUX HATPsKe-
HUM U1 p-i-n epexsrouaTenei U KIrodei, cxeMbl HOpMHPOBAHUSA KOHTPOIBHBIX CHTHAJIOB.

C uenbio MOBBIIICHUS HAIEKHOCTH M YIYUIICHUS SIEKTPUIECKUX MTapaMeTPOB OCHOBHBIX TaKTH-
KO-TEXHHYECKUX XapaKTepUCTHK B MOIyJie IpUMEHEeHa COBPEMEHHas dJIeMEeHTHas 0a3a Ha OCHOBE T'H-
OpHUIHO-MOHOJIMTHEIX J1eMEHTOB, pa3padoTanHbix Bo OI'YII «HIIIT «McToky.

[To cpaBHeHHIO ¢ paHee pa3pabOTaHHBIMH MepemalonuMu u TpuéMoriepenarommumu  CBY-
MOIYJISIMHA aHAJIOTUYHOTO NpHMeHeHuss Moxyinb CBY nMeeT MOBBINIEHHYIO BBIXOJHYIO MOIIHOCTH,
BBICOKYIO HaIEXHOCTH M MaJble TabapuThl.

Momyns ipeHa3HAuEH /IS TOTUIEPOBCKOTO U3MEPHUTENS COCTABISAIONINX CKOPOCTH, yIiia CHOCA U
BBICOTBI COBPEMEHHBIX CaMOJIETOB.
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TRANSMIT-RECEIVE MODULE OF DOPPLER NAVIGATOR
FOR PRESENT AIRCRAFT

V.U. Myakinkov, V.F. Gubarev, Yu.B. Rudyy, D.A. Kovtunov, A.S. Kalinin, S.I. Futiyanov, A.N. Rabodzey

The design results of solid-state transmit-receive microwave module operating in pulse mode were
performed. The module is designed for generation and transmission to antenna-feeder device of microwave
signal with sinusoidal-modulated radiation frequency (4 transmitting channels with output power of 0,75 W each)
and receiving of microwave signal from antenna-feeder device, spectrum conversion of received signal to inter-
mediate frequency, its amplification and transmitting to the digital processing module.

The microwave transmit-receive module (MPP-021) consists of: transmission path, receive path, pilot
channel, voltage-control generation circuits, p-i-n switches and keys, control signals generation circuits.

In order to increase reliability and electrical parameters improvement of the main tactical-technical charac-
teristics the modern hardware components on the base of hybrid-monolithic cells designed by JSC«R&PC «Istok»
named after A.l. Shokin» were applied in the module.

In comparison with earlier developed analogue transmitting and transmit-receive microwave modules the
present microwave module has increased power output, high reliability and small size.

The module is designed for Doppler navigator of velocity, drift angle and altitude components of the modern
aircraft.
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Ha ocHoee paspabomaHHo20 Memoda onpedesieHuUs K8a3uonmuMaIbHO20 YacmomHO-3a8UCUMO20 8€KMOo-
pa eecosbix K0aghghuyueHmos 8 kaHanax obpabomku adanmueHol aHmMeHHoU pewémku npedcmasneHa aHa-
numuyeckasi 3agucuMocmb cpedHekeadpamu4yecko20 OMKIIOHEHUS 80CCMAaHOB/IEHHOZ0 CrieKmpa WUPOKOMo-
ITOCHO20 cuzHana om ucxodHoeo (nepedaHHo20). [JaHHasi 3agucuMOcCmb 10380719em pacc4umams Heobxodumoe
qucro KaHanoe obpabomku adanmueHolU aHmMeHHOU pewémku u 8 dasibHelleM UX pacriofioXeHue 8 Jyacmom-
Hom criekmpe 01151 obecriedeHuUs1 mpebyeMoeo kayecmea rpuéma cueHarsna 8 ycrio8usix MoMex.

Knroyesble crioea: WUpPOKOMOIOCHbIU cueHarn, adanmueHasi aHmeHHasi pelémka, 8eKmop 8eco8biX KO-
guuueHmos, cpedHekgadpamuyecKkoe OMKIIOHEHUE, CIEKMP CueHarna, aHanumuyeckoe rnpedcmasseHue.

On the base of worked out determination method of quasioptimal frequency-dependent weight vector in
processing channels of the adaptive antenna array the analytical dependence of mean-square deviation of
reconstructed wideband signal spectrum from the reference (transmitted) one. Such dependence permits to
calculate the desired number of adaptive antenna array processing channels and further to calculate its position
in frequency spectrum to provide the desired quality of signal receiving in interference environment.

Keywords: wideband signal, adaptive antenna array, weight vector, mean-square deviation, signal
spectrum, analytical representation.

II1poKONOJIOCHBIE CUTHANIBI JABHO U YCIIEINHO NPUMEHSIOTCS B CHUCTEMax NOJBMXKHOM CBSA3U U
0ECIPOBOHOIO JOCTYMa, B PUKCUPOBAHHON M CIYTHUKOBOW CBSI3W, HABUTAIlUU U JAPYTUX O0JIACTSIX
pannorexHuKU. K JOCTOMHCTBAM 3THX CUTHAJIOB OTHOCATCS Oe301MO0YHas nepeaada nHGopManuu B
YCIOBUSX MHOTOJYYEBOTO PAclpOCTPAHEHUs PaJMOBOJIH U BO3MOXKHOCTH IOJydeHHS aHCaMOJis M-
POKOIOJIOCHBIX CHUTHAJIOB, 3aHUMAMOIIMX OOMIYyI0 TOJOCY 4acToT. Ecim B3aMMHO-KOppEISIMOHHBIC
(YHKIMHU TaKUX CHUTHAJIOB UMEIOT HE3HAUMTEIbHBIH YpPOBEHb, TO OHH MOTYT OHOBPEMEHHO Iepeaa-
BaTbCsi B OJHOH M TOHW e Tosioce 0e3 3HAYMTENbHBIX B3aUMHBIX moMeX. OJHAaKO Ha CEeroHSIIHUH
JeHb mpobieMa npuéma u 00pabOTKU IMPOKOIIOIOCHBIX CUTHAIOB B YCIOBHUSX PaJHONOMEX HE HC-
CJI€I0BAaHA Ha JOJDKHOM YPOBHE.

B crarpe Ha oCHOBe yke pa3paboTaHHOI'O METOJa ONpeJesIeHHsI KBa3HONTUMAIIBHOTO YacTOTHO-
3aBHCHMOT0 KOMITJIEKCHOTO BEKTOPa BECOBBIX KO3(D(PHUIIMEHTOB, HEOOXOJUMOTO I MPOCTPAHCTBEH-
HOW 00pabOTKHU IIHMPOKOMOJIOCHBIX CHUTHANOB B KaHalax aJallTUBHOW aHTEHHOM pEeIIEéTKH, MpeacTaB-
JIEHA AHAJIMTUYECKAsl 3aBUCUMOCTb CPEIHEKBAAPATUYECKOTO OTKJIOHEHUS! BOCCTAHOBJIEHHOIO CIIEKTpa
IIIMPOKOIIOJIOCHOTO CUTHAJIa OT MCXOIHOTOo (mepeaaHHoro). JlanHas 3aBHCHMOCTh TO3BOJISIET paccyu-
TaTh HEOOXOIMMOE YUCIIO KaHAJIOB 00pabOTKM aAaNTHBHOM aHTEHHON PEeIIETKH 1 UX PACIOI0KEHHE B
YacTOTHOM CIIEKTpe sl obecrieueHns: TpeObyeMoro KadecTBa MpuéMa CUTHaNIA B YCIOBHSAX TTOMEX.

IIpoBenensl uccienoBaHUs MOJIYYEHHOM 3aBUCMMOCTH Ha OCHOBE IJIOCKOM aJanTUBHOW aHTEH-
HOH pemi€Tku U cekrpa JIYM curnaina, npecTaBI€HHOrO B BUAC HHTErpasioB OpeHers.
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NeKOMMYHUKaLMOHHBIX cucTemax (pasgen 6 «MeToabl NpocTpaHCTBEHHOW 06paboTKM LLIMPOKOMNOMOCHBIX CUIHAroB B yCro-

BusAx nomex»). MoHorpadwms // laxtel: FTOY BIMO «kOxHO-Poc. roc. yH-T 3koHoMukmn u cepeucar». — 2010. — C.121-138.
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ADAPTIVE ANTENNA ARRAY PARAMETERIZATION
ON THE BASE OF ANALYTICAL REPRESENTATION
OF MEAN-SQUARE DEVIATION
OF WIDEBAND SIGNALS SPECTRUM

A.N. Novikov, D.S. Mahov

Wideband signals have been successfully used for a long time in mobile communication systems and WiFi,
in stationary and satellite links, navigation and other radio engineering spheres. Advantages of such signals
include errorless data transmission in multipath radio-wave propagation environment and possibility to get the
assembly of wideband signals occupying the general bandwidth. If cross-correlating functions of such signals
have a minor level then they can be simultaneously transmitted in the same band without considerable mutual
(cross) interference. However, the problem of wideband signals receiving and processing in radio interference
environment hasn’t been explored up-to-date at the appropriate level.

On the base of existed determination method of quasioptimal frequency-dependent complex weight vector
which is necessary for wideband signals spatial processing in adaptive antenna array channels, the analytical
dependence of mean-square deviation of reconstructed wideband signal spectrum from the reference (transmit-
ted) one. Such dependence permits to calculate the desired number of adaptive antenna array processing
channels and further to calculate its position in frequency spectrum to provide the desired quality of signal
receiving in interference environment.

The received dependence results were examined on the base of mattress adaptive antenna array and
chirp-signal spectrum proposed in the shape of Fresnel integrals.
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B cmambe paccmampusaromcesi 80rpochbl onmumu3ayuu  Ouara3oHHbIX aremeHmos CBY-rnpuémHukos MOHO-
umrnyrbcHbix PJIIC, ynyqwarougux xapakmepucmuku OMC u rnomexoycmotyusocmu npuémHbix ycmpoticme u PJIC
8 yerioM. PaccmompeHa pa3sepHymasi cxema 00HO020 U3 rerieH2allioHHbIX KaHanoe CBY-rpuémHuka, a makke delicmausi
8 Hayasie paspabomku, HeobxodumMsle Orisi ONMUMU3aUUU Y3108 U Opy2UX KOMITOHEHM cxeMbl. K makum y3nam OmHeCeHb!
8X00HbIE B0/THOBOOHbIE MPaKMbl, 3aujumHbie ycmpoticmea (3Y), manowymswue ycunumenu (MLLY), Modynu npeobpaso-
8aHUS U ycurieHus nepeoli U 8mMopoli MPOMEXYMOYHbIX Yacmom, OfUHHBIE UHUU repedadu 8bICOKOYaCMOMHbIX CUSHAIIO08,
8KITOYas 8palLaroLUECsT COYIIEHEHUST (IMOKOCBEMHUKU). B pe3yribmame yiy4weHus y3r108 rokadaHsl 00CmuzHymble Cym-
MapHbIe Xapakmepucmuku riodaeneHusi napasumHbix cugHanoe CBY-rpuémHukom.

Knroyesble crioea: MHO20qhyHKUUOHHas1 paduorokayuoHHasi cmanuusi (MPJIC), anekmpocmamuyecKul KOMIIeKCcuU-
posaHHbIl yeurumers (ACKY), UUKIOMPOHHO3aUWUWEHHBIL KOMITIIeKcUposaHHbil ycunumers (LISKY), mpaH3ucmopHbIt
yeuriumens (TPY), anekmpocmamudeckull ycunumers (OCY), yukriompoHHoe 3awum-oe ycmpoticmeo (L3Y), npeobpa-
308amerib Yacmomi ([1pd), ghasoeoe nodasrieHue 3epkarbHoU Yacmomsi (O134).

The article considers optimization issues of variable-frequency microwave receivers elements of monopulse radars that
improve electromagnetic compatibility (EMC) and jamming immunity of receiving devices and the radar as a whole. The
straight-fine diagram of one of the receiver’s direction-finding channels was examined and actions taken at the beginning of the
development which are necessary for nodes and other circuit components optimization were considered as well. Such nodes
are input waveguide lines; safety devices; low-noise amplifiers (LNA); conversion and amplifying modules of first and second
intermediate frequencies; long-transmission lines of high-frequency signals, including rotary joints (current collector). As a
result of nodes improvement the achieved combined characteristics of spurious signals suppression by the microwave
receiver were demonstrated.

Keywords: multifunction radar station, electrostatic interconnected amplifier (EIA), integrated cyclotron-protected ampli-
fier, transistor amplifier, electrostatic ampilifier, cyclotron safety device, frequency converter, image phase rejection.

B crarpe paccMaTpuBarOTCS BOZMOXKHOCTH YJIyHIIEHUS! XapaKTEPUCTUK MOMEXO3aLIUIIEHHOCTH
CBUY-npuémankoB nuana3zoHabix PJIC 3a cuér BeIOOpa Mydmmux BapHaHTOB M ONITUMU3AIUHU MTapaMeT-
POB BXOJSIINX B HETO y3JIOB, 3JIEMEHTOB, MOIYJIEH.

Taxast onTUMHU3aKsI TPOBOAUTCS 110 BCEMY KOMIUIEKCY ITOMEXOBBIX CUTYallMil OT IUIOXUX 3a3€M-
JIeHUH, B OTAENBHBIX CXEMOTEXHHUYECKHUX Y3J1aX, B X DKPAHHUPOBKE, OT MECTHO-BO3HUKAIOLINX 3JIEK-
TPOMAarHUTHBIX IIOMEX M CTATHYECKHX 3apsiioB, a TaKKe OT MHIYCTPUAIBHBIX MOMEX M OT BO3ZCH-
ctBuii cocenaux PJIC, paboraromux B rpynmupoBke. Ha mpumepe pa3BepHyTO# CXeMBI OJTHOTO U3 Tie-
JIeHralMOHHbIX KaHaoB CBY-npuémuuka MoHoummyiabcHOU PJIC nokazaHo, Kakue 3JIEMEHTHI IPU UX
ONTUMM3ALUH JAI0T JOMOJIHUTEIbHBIE 3HAUCHNS TOAABICHUS 3€pKAIbHBIX, HOOOYHBIX U IPYTUX BO3-
HHUKAIOIUX [apa3sUTHBIX CUTHAJIOB.

K Takum y31aM U 3JIeMEHTaM OTHOCSTCSI BXOJHbBIE BOJIHOBOAHBIE TPAKTHI, 3aIUTHBIC yCTPOICTBA,
MaJIOLITYMSIIINE YCHIINTEIIH, MOIYJIM IPeoOpa3oBaHusl U yCUIICHUS IIEPBOH U BTOPOIl MPOMEKYTOUHBIX
4acToT, IJIMHHBIC JIMHUM NepeAad BHICOKOYACTOTHBIX CHI'HAJIOB, BKJIIOYAsl BPAILAIOIINECS TOKOCHEM-
HBIE COCTMHEHUS, COTJIACOBATENN PEAKTUBHOCTEH TPAKTOB U MMIICHIACOB IIOTPEOUTENS.

[Tony4enHsie B pe3ynpTare OTpabOTKU Y3JI0B CyMMapHbIE XapaKTepUCTUKU nuamna3zoHHoro CBY-
MpUEMHHUKA TIPEBOCXOAAT TpeOOBaHUs coBpeMeHHbIX AeicTByrommx ['OCTor mo OMC.
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VARIABLE-FREQUENCY MICROWAVE RECEIVERS ELEMENTS
OPTIMIZATION FOR RADAR IMMUNITY IMPROVEMENT

V.l. Pleshivcev, T.l. Gradova

The article considers optimization ways of the radar microwave receivers jamming immunity by means of
best variants selection and parameters optimization of its nodes, elements and modules.

The optimization was implemented for all interfering cases: bad earth, interference in general-circuit nodes
and its shielding, clutter electromagnetic noise, neighboring radars interference operating in grouping. The
straight-line circuit example of one of the receiver’s direction-finding channels of monopulse radar showed which
elements at its optimization give connotations of image, spurious and other parasite signals rejection.

Such nodes are input waveguide lines; safety devices; low-noise amplifiers (LNA); conversion and amplifying
modules of first and second intermediate frequencies; long-transmission lines of high-frequency signals, including
rotary joints, paths reactance aligners and consumer’s impedances.

As a result of nodes optimization the received combined characteristics of variable-frequency microwave
receiver are superior then in modern State Standard (GOST) requirements on EMC that in force.

BECTHMK BO3[1YLLHO-KOCMUYECKO OBOPOHbI N2 2 (6), 2015 .



CEKUMA: AHTEHHAS TEXHUKA N CBY-3JIEKTPOHUKA

YK 621.396

PACLLUUPEHHUE OBJIACT JOCTOBEPHOI'O BOCCTAHOBIJIEHUA
HAWATPAMM HATIPABJIEHHOCTU UCCIIEQYEMBIX AHTEHH
HA CTEHOAX BIIMXXHEIO IOJIS1 3A CHET
MCI10/Ib30BAHUS HOBBIX AJITOPUTMOB OBPABOTKHU
IKCIIEPUMEHTAJIbHbIX JAHHBIX

© ABTOpbI, 2015

M.IO. NoHomapeB
HayvarnbHUK cekmopa pa3dpabomku anzopummos u ripoepamm, OAO «BHUNPA», 2. CaHkm-lNlemepbype
E-mail: maxxpon@rambler.ru
B.B. Ly6HuKkOoB
uHxeHep 2 kamezaopuu, OAO «BHUUPA», 2. CaHkm-llemepbype
E-mail: tester8@yandex.ru

OnucaH memod lepwbepea-llanynuca e npuMeHeHUU K pacuwupeHuto obracmu docmoeepHO20 8occma-
HoerneHusi QuazpaMmm HaripasneHHocmu. [lpedcmasneHbl pe3ysibmambl UCMOMb308aHUs 3mo2o memoda
C ucrionb308aHuUeM paspabomaHHO20 asmopamu Kpumepusi ebibopa KOHCmaHm ycedyeHusi obnacmu. lNoka3aHa
MpuMeHUMOcmb OaHHO20 Kpumepusi o pe3dynbmamam YUCeHHO20 3KCepuMeHma.

Knroyeenle crioea: 6rilxkHee r1ofe, 80CCMaHOB/IEHUe OuaspaMMbl HarpaereHHOCMU, pacliupeHue obriacmu
AocmoeepHO20 80cCcMaHoseHus, areopumm epwbepaa-lanyrnuca.

The article considers the Gershberg-Papulis method in reference to enlarging the directional patterns
reliable recovery domain. The application results of this method were proposed using the worked out by authors
selection criteria of truncated domain constants. The applicability of the criteria was demonstrated based on
numerical experiment results.

Keywords: near field, directional pattern recovery, reliable recovery domain enlargement, the Gershberg-
Papulis method.

PaccmarpuBaeTcst MeTonKa MpUMEHEHHS HTepanoHHOTO anropuTtMa ['epmbepra-Ilamymnrca mis
pacmupenus: 00IacTH TOCTOBEPHOTO BOCCTAHOBIICHHUS JAWArpaMM HAIPaBICHHOCTH HICCIEIYyEeMBIX aH-
TEHH M0 pe3yJbTaTaM M3MEpPEeHHs aMIUINTYIHO-(Pa30BOTO paclpeaeneHns uX OIMKHEro Mo Ha pas-
JIMYHBIX TIOBEPXHOCTSAX CKAaHUPOBAHUSI.

[IpuBoauUTCSA OMIICaHNE TPOTPAMMHOTO OOECTIEUEHHSI, PEATM3YIOMIETO 3Ty METOJIUKY, U Pe3yJIbTa-
THI aHAIM3a TPAMEHUMOCTH JAHHOW METOJMKH JJISl Pa3INIHBIX THIIOB aHTECHH.

[IpuBeneHsr pe3ynbTaThl MPAKTUYECKOTO NMPHUMEHEHUS pa3pabOTaHHOW METOAWKH I BOCCTa-
HOBJICHUS TMarpaMMbl HAIPaBICHHOCTH 3€PKAIbHON aHTEHHBI METEOIOKATOPa.
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ENLARGING OF DIRECTIONAL PATTERNS RELIABLE
RECOVERY DOMAIN OF TESTED ANTENNAS ON NEARFIELD
STANDS BY IMPLEMENTATION OF NEW PROCESSING
ALGORITHMS OF EXPERIMENTAL DATA

M.U. Ponomarev, V.V. Shubnikov

The article considers the application technique of Gershberg-Papulis iteration algorithm for enlarging of
tested antenna directional patterns reliable recovery domain according to results of amplitude-phase distribution
of its near field on different scanning surface areas.

The software description is given that implements this technique, and analysis applicability results of this
technique for different antenna types.

The article observes the practical application results of developed method for meteorological radar mirror

antenna directional pattern recovery.
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lpodemoHcmpuposaHa hyHKUUOHaIbHas cxema, C MOMOWbI0 KOMOpPOU peanu308aHO NoCmMpOeHUe CO8PEMEH-
HbIX ManowyMsauwux cuHmedamopog yacmom CBY-Ouana3oHa u rokasaH OOUH U3 Criocobo8 CHUXXEHUS! YPOBHSI
criekmparnsHoU MiIomHOCMU MOWHOCMU ha3o8020 WyMa 6 Yyacmomo3adarowjux cxeMax CUHmMe3amopos Yyacmom
Mymém npuUMeHeHUs1 8bICOKOOOOPOMHbLIX agImo2eHepamopos 8 nemiie ¢ha3oeol agmornodCmpoUKU Yacmomal.

Knroyesbie cnoea: cuHmesamop yvacmom, ebicokodobpomHbili asmoeeHepamop, TAB-eeHepamop, MHO20-
nemresoli cuHme3s, nemriss ®AlY, criekmpanbHasi nIomHOCMb MOWHOCMU ¢ha308020 WyMa.

The article demonstrates the functional circuit by means of which the modern low-noise microwave frequency
synthesizers construction was implemented and it’s represented one of the techniques of phase noise power spectral
density level lowering in frequency-determining circuits of frequency synthesizers by using of high-Q self-oscillators
in phase frequency autocorrecting loop.

Keywords: frequency synthesizer, high-Q self-oscillator, surface-active agent oscillator, multi-loop synthesis,
phase-lock-loop frequency control (PLL), phase noise power spectral density.

OT mapamMeTpoB CHHTE3aTOPOB YACTOT 3aBUCHT KadeCTBO (POPMHUPYEMBIX 30HIUPYIOMINX H TeTe-
POIUHHBIX CHTHAJIOB JIOOBIX TIEPEAAIONINX YCTPOHCTB, TIOATOMY K HUM TPEABSIBISIOT OUYEHB KECTKHE
TpeOOBaHMS.

Hcnons3oBanne ogHONIETIIEBOM cXeMbl (ha30Boii aBTONOACTPoiKH 4acToThl (PAIIY) mpu Gpopmu-
poBannn CBY-cUrHanoB B MIMPOKOM IHANa30HE YACTOT CYIIECTBEHHO YBEIHMYMBAET YPOBEHH CIICK-
TPaTFHON MJIOTHOCTH MOIIHOCTH (pa30BOTO IIyMa BBIXOJHBIX CUTHAJIOB M3-3a 0OIBINX K03 dummeH-
TOB JIeJICHUS B 1ien oopatHoit cBsi3u nemm OAITY 1 HU3K0#M MOOPOTHOCTH TEHEPATOPOB, YIIpaBIIse-
MBIX HalpsHKEHHEM.

Jns ynmydiieHus Ka4ecTBa BBIXOJHBIX CHTHAJIOB CHHTE3aTOPa YacTOT MpeIaraeTrcs HCIOIb30-
BaTh MHoTOTeTIIEByI0 cxemy DAITY Ha 6a3e reHepaTopoB HA MOBEPXHOCTHBIX aKyCTUYECKHX BOJHAX,
OXBAUCHHBIX COOCTBEHHBIMH TETISIMA YacTOTHO-(Da30BOW aBTOMOICTPOWKH OT OIHOTO OIOPHOTO
KBapIeBOTO T€HEPATOpa, MUHUATIOPHBIX MOJIOCHO-TIPOIYCKAOIINX KepaMHIECKUX (PUIBTPOB M OBICT-
POMEHCTBYIONINX TIEPEKITIOYaTeNeH, yIPaBIIeMbIX CUTHAIOM JIOTHYECKOTO YPOBHSL.

Takas cxema CHHTE3aTOpa MO3BOJSET IMOJYYUTh BRICOKOE KaueCTBO BBIXOJHBIX CHUTHAJIOB B IIH-
POKOM marazoHe pabodnx 4acToT.
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DESIGN FEATURES OF LOW-NOISE
MICROWAVE FREQUENCY SYNTHESIZERS

A.A. Rabinov, A.Y. Tsytsarev

The quality of formed sounding and conversion signals of any transmitting devices depends on frequency
synthesizers parameters therefore the strict requirements are imposed.

The using of PLL one-loop circuits at microwave signals forming in wide frequency band substantially in-
creases the phase noise power spectral density level of output signals due large division ratio in feedback circuit
of PLL loop and low oscillators Q-factor controlled by the voltage.

To improve the frequency synthesizer output signals quality it's proposed to use multi-loop PLL circuit on the
base of oscillators on acoustic-surface waves enveloped by own PLL loops from one reference crystal-controlled
oscillator, pigmy band-pass ceramic filters and high-speed switches controlled by logic level signal.

The synthesizer circuit permits to obtain the high quality of output signals in wideband of operating
frequency.
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B cmambe npusodsmcsi npumepbi 351€KMpPOMagHUMHO20 MOOe/1upo8aHUsI Moroio2uu MUKPOMOIOCKO8bIX
CBY-gpunbmpos, a makxe napamempbl KOHKpemHouU peanu3ayuu mononoauli CBY-gunbmpos 0nsi cy66roka
¢opmuposamernsi cusHanog 2emepolduHa u nepedamyuka (®CITI). Ona uszomoeneHuss npomomurnog CBY-
unbmpo8 ucnonb308anack COBPEMEHHasi MEXHOM02Us MPeyU3UOHHO20 (Pe3epHo20 MmeKcmypuposaHusi
¢ornbeuposaHHo20 CBY-0uanekmpuka.

Knroueenie cnoea: chopmuposamerns cueHanog eemepoduHa U nepedamuyuka, 00CONPorycKarwue
¢unbmpbl, Moronoausi, 3eKmpomMazHUMmHoe ModenuposaHue, hpeseposaHue, Memarsau3ayusi.

The article considers examples of microstrip microwave filters topological layouts simulation and concise
implementation parameters of microwave filters topological layouts for subunit signals conditioner of heterodyne
oscillator and transmitter. The up-to-date technology of film-clad microwave dielectric precision milling texturing
was used for microwave filters prototypes manufacturing.

Keywords: signals conditioner of heterodyne oscillator and transmitter, band-pass filters, topological
layouts, electromagnetic simulation, milling, metalizing.

B cratbe npUBOIATCS NMPUMEPHL SIEKTPOMATHUTHOTO MOJAEIUPOBAHUS TOMOJIOIMY MHUKPOIIOJIOC-
koBbIX CBU-(unbTpoB, a Takke nmapaMeTpsl KOHKpETHOH peanuzauuu Tonosnoruii CBU-punbsTpoB s
cy0610ka popmupoBaTens curHaioB rerepoauHa u nepegaruuxa (OCITI). s u3rotoBieHus mpoTo-
tunoB CBY-puisTpoB MCHOIB30BaNIaCh COBPEMEHHAS! TEXHOJIOTUS MPEUU3UOHHOTO (HPEe3epHOro TeK-
cTypupoBanus ¢poasruposanHoro CBY-ausnexrpuka.

CBY-puneTpsl sBASIOTCS HEOThemJieMoil dacTpio nmoboit CBY-cucremsl. Ux addextuBHas u
TOYHasg pa3palbOTKa SIBISIETCS JOCTATOYHO CIOKHOM 3ajavyedl Jake MpHU HaIWYMKM COBPEMEHHBIX
CPENCTB 3JIEKTPOMATHUTHOIO MOJEIUPOBAHUS.

dopmupoBarens curHaioB rerepoauna u nepeaarunka (PCITI) cocrout U3 AByX mocienoBa-
TEJIFHO BKIIIOYEHHBIX YMHOXKHTENCH Ha JBa. YMHOKHUTENM BBINOJHEHBl HAa JHOAAX MO OalaHCHOMN
cxeme. s popmupoBanus TpeOyeMol aMIUIUTYJHO-YACTOTHOM XapaKTEPUCTHKH MEXIy YMHOXKHUTE-
JSIMH BKJIFOUEHBI ITOJIOCONPOITY CKAIOIIHE (DHIIBTPHI.

ITocne yMHOXEHHUS BBIXOJHOI'O CUTHAJIA HA YETHIPE U IOJYyYEHHUsI CUTHAja BBIXOJHOTO YaCTOTHO-
ro JMana3oHa, Uil CHW)KEHUs yPOBHS MOOOYHBIX MPOAYKTOB IpeoOpa3oBaHus U (GOpMUpPOBaHUS Tpe-
oyemoit AUX cy0010Ka Ha BBIXOJE YCTAaHOBJIEH (QUIBTP HIDKHHX YacTOT, UMEIOIIUI MUHUMAJIbHbIC
NoTepy B pabovyeM Juana3zoHe YacTOT M 3aTyXaHHe Ha BTOPOi rapMOHMKE BBIXOJHOTO CHT'Hajla HE Me-
Hee 30 nb. Bee monmoconponyckatonye QUabTPsl MIUISYHOTO TUIA, QUIBTP HWKHUX YacTOT — pac-
npeznencHHbd LC-puibTp.

Koncrpyxtuno @CI'II BrimoaHeH B BUE TUIIOBOM AYEHKH HA CTEKIOTEKCTONUTOBOM mate. Ha
TUIaTe YCTaHOBJICHBI Pa3bEMBI ISl MOoAKIoYeHus: cyoonoka: HY-passém CHII34-30/27x9,4P-22-B n
nBa CBUY-pazséma CPI'50-7510B («BXOO» u «BBIXOd»).
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FILTERING STRUCTURES DESIGN FOR HETERODYNE
OSCILLATOR AND TRANSMITTER SIGNAL CONDITIONER

I.N. Rostokin, E.V. Matvienko, A.A. Lipin

The article provides examples of electromagnetic simulation of microstrip microwave filters topological
layouts and concise implementation parameters of microwave filters topological layouts for subunit signals condi-
tioner of heterodyne oscillator and transmitter as well. The up-to-date technology of film-clad microwave dielectric
precision milling texturing was used for microwave filters prototypes manufacturing.

The microwave filters are integral part of any microwave system. Its effective and precise design is quite a
challenge even with availability of modern electromagnetic simulation means.

The heterodyne oscillator and transmitter signals conditioner consists of two in series connected multiplica-
tion circuits (x2). Multiplication circuits are performed on hybrid-type circuit diodes. The band-pass filters are
switched on for forming of desired amplitude-frequency characteristic between multipliers.

After quadrupling of output signal and receiving of output frequency band signal in order to decrease
by-products of transformation and forming of desired amplitude-frequency response of subunit at the output, the
low-pass filter was installed that has minimal losses in operating band and attenuation at second harmonic of
output signal not less than 30 dB. All band-pass filters of pin-type, low-pass filter — distributed LC-filter.

The design layout of heterodyne oscillator and transmitter signal conditioner represents the standard-type
cell on glass-textolite panel. The joints are installed on the panel for subunit connection: SNP34-30/27x9
low-frequency (LF) joint, 4P-22-B and two SRG50-751 FV very-high frequency (VHF) joints («INPUT» and
«OUTPUT»).
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Paccmampusaemcsi aHmeHHbIU anemeHm rnpoxodHol ®AP X-0uana3oHa, eknrodarouwul ¢heppumossil gha-
3o0epawjamerns ¢hapadee8cko20 murna u 8HewHuUe usfydyamernu 8 8ude OmMKPbIMbIX KOHUO8 KPyarbiX 80/IHO8O-
008, 3arnonHeHHbIX OuanekmpukoM. [lnomHas KOMoHoeka ¢hasospawyamernsi Hapsidy C yMeHbWeHUeM e2o oua-
Mempa rno3sosissem obecrieyums Masioe 3Ha4eHue waea pewémku, Ymo npueodum K CyueCmB8eHHOMY CHUXE-
HUK riomepb fpu cKkaHuposaHuu riydom GAP.

Knrodeenle crnioea: aHmeHHbIU 351ieMeHm, gha3uposaHHasi aHmeHHasi pewémeka, ¢hazospawjameris.

The article considers feedthrough element of X-band phased antenna array (PAA) including ferrite phase
shifter of Faraday-type and external radiating elements in form of circular waveguide open ends filled with dielec-
tric material. Tight integration of phase shifter along with its small diameter provide small value of array spacing
that leads to substantially loss enhancement at PAA beam scanning.

Keywords: antenna element, phased antenna array, phase shifter.

PaccmarpuBaeTcst anTeHHBINH 31eMeHT mpoxogHoi PAP X-nuamazoHa, BKIIOUYAIONINA (QeppHuTo-
BBl (pasoBpamarens (papaseeBCKOro THIA W BHENIHHWE M3TydYaTeld B BHAE OTKPHITHIX KOHIIOB KPYT-
JIBIX BOJHOBOJOB, 3aIIOJHEHHBIX AM3JeKTpukoM. [lepemaua CBU-s3neprum oT m3mydareneit k deppu-
TOBOMY CTEPKHIO OCYILECTBIIAECTCS Yepe3 CHCTEMY COMIACYIOIIUX KPYTJBIX BOJIHOBOJOB C 3aMBIKAO-
nieil Npy>KUHHOU BTYJKOH. [IpuBOAMTCS KOHCTPYKTHUBHOE MCIIOJIHEHHE DJIEMEHTA U €ro XapaKTepu-
CTHKH TI0 COTJIACOBAHMIO CO CBOOOHBIM IIPOCTPAHCTBOM, TIOJTyUESHHBIE KaK PaCYETHRIM ITyTEM, Tak U B
BostHOBOgHOM umuTartope ®AP. IlnoTHas koMnoHoBKa (a3zoBpamiaress Hapsay ¢ YMEHBIIICHHEM ero
JMaMeTpa IMO3BOJIIET 00eCTIeYNTh Maloe 3HaUYeHHe Iara periéTky, 9TO MPUBOJUT K CYIIECTBEHHOMY
CHIDKEHHIO TTOTeph NpH ckaHnpoBaHuu JydoM PAP. OnmceiBaeTcs cuctema yrpasiieHUs (azoBparia-
TeJeM, MO3BOJISIONIAs MUHUMH3HPOBATh CPEIHEKBAApAaTHUHYI0 ommOKy Habopa ¢assl. [lpuBomsarcs
XapaKTEepPUCTUKH OTBITHOHN mapTuH (ha3zoBpamaTeneii.
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FEEDTHROUGH PHASED ANTENNA ARRAY ELEMENT
WITH NON-PROTRUSIVE RADIATORS

A.N. Sekistov, A.A. Semenov, A.E. Tumanskaya, U.E. Chernyavskiy

The article considers feedthrough element of X-band phased antenna array (PAA) including ferrite phase
shifter of Faraday-type and external radiating elements in form of circular waveguide open ends filled with dielec-
tric material. The transmission of microwave power from radiating elements to ferrite rod is carried out through
matching circular waveguide system with spring-typecontact bushing. The article includes the element structural
design and its characteristics on alignment with free-space obtained by calculation and in PAA waveguide simula-
tor. Tight integration of phase shifter along with its small diameter permits to provide small value of array spacing
that leads to substantially loss enhancement at PAA beam scanning. The article describes the phase shifter con-
trol system permitting to minimize mean-root-square error of preset phase. The characteristics of phase shifters
pilot batch are provided.
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lpusedeHo onucaHue koHcmpykyuu PJIC ¢ konbuyegol ADAP u onucaHbl npuHyunsbi eé pabomsi. OUeHeHb!
mpebyembie xapakmepucmuku npuémornepedarowux Mmolyneld Ons peanudayuu  8blOpPaHHbIX MaKMUKo-
MeXHUYeCKUX Xapakmepucmuk.

Knroueenie cnosa: npusszHol aspocmamHbili komrnekc, PJIC ¢ konbuesol akmugeHoU ¢ha3uposaHHOU
aHmeHHoU pewémkoli (ADQAP), sHympuummnynbcHas nuHelHass YyacmomHas modynayus (JTYM) 3oHOupyrowezo
umnynsca ¢ nocrnedyrwum cxamuem Ha npuéme, 8obynsyus nepuoda credosaHusi UMMYbLCO8, KO2EPEeHMHasi
U HekozepeHmHasi obpabomka cuzHasnos.

The article describes the radar with circular active phased antenna array design and its operation principles. The
required response of transmit-receive modules for the selected tactical-technical characteristics realization was evaluated.

Keywords: tethered aerostat complex, radar with circular active phased antenna array (APAA), sound impulse chirp
modulation with followed reduction at receipt, pulse repetition period wobbling, coherent and incoherent signals processing.

Koncrpykxrusuno PJIC, Brimonnennas B Buae koyblieBod ADAP ¢ numuHAPUYECKUM aHTCHHBIM
MOJIOTHOM W3 OJJMHAKOBBIX BEPTUKAIBHBIX TUHEEK JUMOIBHBIX U3ITydaTelicii, 00eCrneunBacT KPyTroByIO
30HY pa3BeJKd 0e3 MPUMEHEHUs 3JICKTPOMEXaHWYECKOrO CKAHMPOBaHUS. B aKTUBHBIX MPUEMHO-
NepeaoInX MOAYJISAX MPUMEHSIETCS UMITYIbCHBIN JIYM-cUrnai ¢ OTHOCUTENBHO HEBBICOKOW CKBaX-
HOCcThIO. [Iyisi oOecriedeHus: ONTUMAaIbHOCTH 00pabOTKH CHUTHaNa ero (OPMHPOBAHHE U CHKATHE OCY-
HIECTBISETCS OBICTPOACUCTBYOIIUMU [TU(PPOBBIMHU MPOIIECCOPAMHU.
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AEROSTAT RADAR APPLICATION FOR LOW-ALTITUDE RADAR
FIELD EXTENSION IN AEROSPACE DEFENSE SYSTEM

A.T. Silkin, A.A. Trofimov

In structure, the radar, performed in circular active phased antenna array design with cylindrical antenna panel
of identical dipole transmitters vertical lines, provides all-round surveillance zone with no use of electromechanical
scanning. In active transmit-receive modules the pulse chirp-signal is used with relatively modest pulse duration. To get
the signal processing optimality the fast digital processors provide its generation and compression.
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PaccmompeHbl  0COBEHHOCMU — MPOEKMUPOBAHUST  8bICOKOBOITbIMHLIX  MPaHCGHOPMAaMOPHO-8bIMPSIMUMETbHBIX
ycmpoticme 351eKmponuUmaHUsi ¢ MOYKU 3PEHUST UX onmumMu3ayuu rno mMaccoaabapumHomy Kpumepuro. [TokasaHb! 03MOX-
HOCMU yriyHuweHUsT Macco2abapumHbiX Xapakmepucmuk mpaHcghopmamopos u dpoccesieli 3a cyém ebibopa Mamepuarna
U ghopMbI MacHUMOnpPosoda, KOHCIMPYKuUU 0bMomok, cucmems! usonsayuu. Obcyxdaromcsi npobrieMb! yMEHbUEHUs1 2aba-
PUMHBIX pasMepos ycmpolicme 3rieKmpornnumanusi 3a c4ém rnosbieHus1 pabodyeli Yacmombi.

Knroueenie crosa: mpaHcghopmamop, ebirpsiMumers, Opoccesib, MagHUMornpogod, obMomka, 371eKmpou3o-
TISYus.

The article considers the design features of high-power transformer-rectifier devices of electrical power supply in terms of
its optimization to mass and dimensions parameters.
Keywords: converter, rectifier, throttle, magnet core, winding, electrical insulatio.

B COBPEMCHHBIX YCTpOﬁCTBaX QJICKTPOIIUTAHUA JJId NEePEAATYUKOB MOXKHO BBIACIUTL [Ba
HarpasiieHus. [lepBoe HampaBiieHHE TPAJAUIIMOHHOE, CBSI3aHO C MPeoOpa3oBaHUEM DIICKTPOIHEPTHUH B
TpaHchopMaTope 10 3alaHHOTO 3HA4YeHHs Ha dactoTe mutaromei cetn 50 ' mm 400 I', mocnemy-
IOITNM BBITIPSIMIIEHHEM, (GUIIbTpanuell U, Mpu HEOOXOIUMOCTH, CTAOUIIM3AINEN HIH PEeryInpOBaHIEM
HaIlpsKEHUA WA TOKaA. BTOpOG HarpaBJICHUE MPEACTABIICHO UMITYJIbCHBIMU MCTOYHHUKaMU J3JICKTPO-
MATAHUS, KOTJa HAIIPsDKCHHUE CETH BRITIPSIMIIICTCS, MHBEPTHPYETCS, a TpaHCHOPMHUPOBAHUE IO 3aIaH-
HOT'O 3HAYCHU IOCJIC MHBEPTOPA HNPOUCXOAUT HAa HaCTOTAX AECCATKH U COTHHU KHUJIOT'CPII.

B cratbe paccMaTpHwBaIOTCS YCTPONCTBA DIICKTPOMUTAHUS, OTHOCSIIHECS K 000MM yKa3aHHBIM
HalpaBJICHUAM.

B pamkax mepBoro HampaBieHHs 00CYKIAOTCS BapHaHTHI TPaHC(OPMATOPOB W BBIIPSIMHUTENEH
motHOCTHIO (10...60) kBT ¢ BRIXOmHBIM HanpsoKeHHEM 10 35 kB.

ITo BTOPOMY HaIlIpaBJICHHUIO pacCMaTpHUBarOTCAd BBICOKOBOJIBTHBIC W BBICOKOIIOTCHIMAJIBLHBIC
TpaHc(hOpMaTOpPsl €ANHUIHON MOITHOCTHIO 10 HECKONBKUX KBA ¢ wacToToi mpeoOpasoBanus m1o 100
k['11. O6Cy)IaroTCs 0COOCHHOCTH MPOCKTUPOBAHUS TPAaHC(HOPMATOPOB M JIpocceriel, mpeqHasHaueH-
HBIX JU1 paboThl Ha yacToTax g0 1000 kI
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CONSTRUCTIONAL DESIGN FEATURES OF TRANSMITTING
DEVICES HIGH-POWER TRANSFORMERS AND RECTIFIERS

A.A. Skripko, A.S. Volkov, A.S. Kuznetcov

The up-to-date electrical power supply units for transmitting devices have two directions. The first direction is
traditional one, which is connected with electrical power conversion in transformer up to predetermined value at
power-line frequency of 50 Hz or 400 Hz, and further rectifying, filtering and, if necessary, stabilization or regula-
tion of voltage or current. The second direction is performed by switched-mode power supplies (SMPS) when
circuit voltage rectifies, inverts, and transformation up to predetermined value after the converter is carried out at
frequencies of tens and hundreds of kilohertz.

The article considers electrical power supply units corresponding to the both mentioned directions.

In frames of the first direction there are transformers and rectifiers variants with (10...60 kW) power and
output voltage up to 35 kV.

The second direction stipulates high-voltage and high-energy transformers of unit capacity up to several kVA
with conversion frequency up to 100 KHz. The design features of transformers and impedance coils (choke),
designed for operation at frequencies up to 1000 KHz were examined.
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lNpoaHanusuposaHa 803MOXHOCMb UCHOMb308aHUSI OKOHHbIX hyHKUul XemmuHea u JlaHyowa e 3adayax
cuHmesa [JH, umerowux cneyuarnsHyo ¢hopmy.

Knroyesnie crioea: aHmeHHasi pewémka, duazpamma HanpasneHHOCMU, OKOHHasi gbyHKUUS, amraumyoHo-
¢haszoeoe pacripedeneHue.

The article analyzes the usage possibility of Hemming and Lanczos functions in synthesis problems of
directional patterns with special configuration.
Keywords: antenna array, directional pattern, window function, amplitude-phase distribution.

Hcnonp3oBaHue crucTeM C aHTEHHBIMH PEMIETKaMH, KOTOpBIE CHOCOOHBI OCYLIECTBISATH IO-
CTPOIKY XapaKTEepPUCTHUK B aBTOMAaTHYECKOM PEXHMME B COOTBETCTBHH C TOCTOSHHO MEHSIOUTIMHUCS
YCIIOBUSIMH TIpHEMA TIOJIE3HOTO CUTHAJA, IMTO3BOJISIET PEalM30BbIBAaTh HA MX OCHOBE MMEIOIIHECS pe-
3yJbTaThl TEOPUH OOHAPYXKEHHS, YTPABICHUS W OICHWBAaHWSA. BO3MOXHOCTH aJalTalydy TO3BOJSET
caenaTth paboTy CHUCTEMBI C aHTCHHBIMH PEIIETKaMH MaKCHUMaJbHO THOKOH M (YTO KpalHe Ba)kKHO)
MO3BOJISIET 3HAYUTEIHFHO MOBBICUTH 3 ()EKTUBHOCTH MPHUEMA, YeTr0 CIOKHO JOCTHYb, HCIIONb3YS APY-
THE ITOIXOIBI.

CoBpeMeHHBIN 3Tall pa3BUTHS TEXHUKH aHTEHHBIX CHCTEM Ha 0a3e aHTEHHBIX PEHIETOK XapakTe-
pusyeTcst pa3pabOTKON TOIXO0B K peall3auy Pa3HoOO0pa3HeIX (OpM aMIUIATYIHO-()Aa30BOTO pac-
npeneneHus. 31eck OONbIIOe 3HAYCHHE NMEET Pa3BUTHE METOJI0B CHHTE3a aHTEHH, NMEIOIIHNX CITeIHU-
anpHyI0 QopMmy nuarpammsl HarpasieHHocTH ([{H). OganM 3 Hanbosee mepcrneKTUBHBIX HaIpaBiie-
HUI B 3TON 0b6nacty siBisieTcst GOpMUPOBAaHUE HYJIEBOTO YPOBHS MpHEMa IO 33JJaHHBIM YTJIOBBIM CEK-
topam /IH, 910 sSBIsSETCS OCHOBOI MJIs CO37aHMS aHTCHHON PEMIETKH, KOTOpas Oblyia OBl aJalTHBHOM K
TeKyIIel TOMeX0BO 00CTaHOBKe.

Hns dopmuposanus AH crienmansHON (opMbl, KOTOpas o0ecniednBaia Obl aBTOMATHYECKOE TT0-
JIABJICHNE TTOMEeX, NMPUXOMANINX 10 YIJIOBBIM HaIpaBlieHUs M OOKOBBIX JseniecTkoB JIH, HEoOxommmo
CO3/1aTh OTIpPEAETICHHOE aMIUIUTYTHO-(ha30BOe pacmlpesesieHe TOKOB M0 M3TyJaTesiM aHTeHHOU pe-
métku [1]. Ha ganHOM 3Tame ocHOBHOM MpoOiIeMoil perenns 06003Ha4eHHOH 3a1a9u SBISIETCS BHIOOD
BECOBBIX (DYHKIIHIA, OTIPEISIISIONINX TaKOe PACTIPECIICHUE JTSI HIMEIOIICHCS TOMEXOBOW CUTYAITHH.

[Ipemnaraemslii BApHaHT pEIEHUs] — NCIOIB30BaHIE OKOHHBIX (DYHKITHH, KOTOPBIE IHUPOKO MPH-
MEHSIOTCS B 33/1adaX CHHTE3a CHUCTEM C YacTOTHOU (prmbTparueit [2]. OkoHHas QyHKIHS UCTIONB3YeT-
cs B KauecTBe BecoBoro kodddummenta k [IH anTenHoi pemérku. Llensto paboOTHI SIBISIETCS aHAN3
BO3MOKHOCTH peanm3anuu /|H anTeHHOW peméTku, MMEIomel crenuanbHyo GopMy MpH 3aJaHUH
00JacTH OJaBIEeHNUS PY TIOMOIIN OKOHHOW (DyHKITHH.
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WEIGHT FUNCTION SELECTION
FOR ADAPTIVE ANTENNA ARRAY DEVELOPMENT

A.A. Tarasov

The using of systems with antenna arrays, which are capable of characteristics adjusting in automatic mode in accord-
ance with constant conditions changing of friendly signal, permits to implement on its base the available results of detection,
control and estimation theory. The possibility of adaptation permits to set the system operation with antenna arrays at the most
flexible and (that is critical important) permits to substantially increase the effectiveness of signals receive that is difficult to
reach using other approaches.

The contemporary technological development stage of antenna systems on the base of antenna arrays is defined by
approaches working out for different forms of amplitude-phase distribution implementation. Herein the development of antenna
synthesis methods with special direction pattern configuration is of a great importance. One of the advanced directions in this
sphere is a zero receive level forming at assigned directional pattern angle sectors which is the base for development of
antenna array that could be adaptive in current jamming environment.

To form the directional pattern of specified configuration that would be able to provide automatic interference suppres-
sion coming at angular directions of direction pattern side lobes, it's necessary to create certain amplitude-phase current distri-
bution along radiating elements of antenna array [1]. At this stage the main problem to solve the outlined task is the weight
functions selection determining such distribution for the present jamming environment.

The proposed solution variant is the using of window functions which are widely applicate in synthesis tasks of systems
with frequency filtering [2]. The window function is used as weight coefficient to antenna array directional pattern. The purpose
of this paper is to analyze antenna array directional pattern feasibility with specified configuration at setting of interference
rejection field via window function.
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B cmambe paccmampusaemcsi 3adadya ornpedesieHuUsi onmumManbHO20 yrpasreHus iemamesibHbIM arnna-
pamom rpu HagedeHUU Ha MaHespUPYyrWY Uelb C y4émoM oegpaHuYyeHUl Ha yrnpasnswoujue gosdelicmeusi, a
makxe OMKIIOHEHUU Xxapakmepucmuk obbekma ynpaeneHuss om HOMUHarbHbIX. [1onyyeHbl COOMHOWEeHUs
ynpaensouwux eo3delicmeuli 0551 gapuaHma 08yxKaHasibHO20 yrpaeieHus.

Knrodeenle crioea: orimumaribHoe yripaerieHue, npuHUUN MakcumMymMa, HOMUHaITbHOE yripaerieHue, HageoeHuUe.

The article considers the determination problem of vehicle optimal control at guidance on maneuvering
target subject to random constraints on control actions and controlled object characteristics differences from the
nominal. Controls for two-channel control was obtained.

Keywords: optimal control, maximum principle, nominal control, guidance.

B crarbe nox ynpasieHneM JBIKEHUEM JieTaTenbHoro annapara (JIA) monnmaercst onpeaeneHme
TEKyIel TPaeKTOPHH U YIPABICHUE IBHKEHUEM LIEHTpa Macc. Pemaercs 3agada onpenesieHus ONTH-
MaJIbHOTO yrpasiieHus JIA npu HaBeAEHUN Ha MaHEBPUPYIOILYIO LENb, Uil 3TOTO OIPEICIeHbl MOAE-
¥ JUHAMHUKH OOBEKTa YIpaBieHUS M OOBEKTa-1IeH, BhIOpAaHbl KPUTEPUHM KadecTBa YIPaBJICHHUS U
OIIpeeICHbl OTPAaHNYEHUS Ha YIIPABJISIONINE HapaMeTphl U (a30Bble KOOPIUHATHI.

JlerarenpHbIi anmapar npeacTaBiIseT coOOH TPEXCTYNEHYATyI0 paKeTy, MMEIOIIYIO B KauecTBE I10-
JIC3HOW Harpys3KH CTYIICHb IlepexBata. J[BUraresbHble YCTAHOBKH Ka)KHOW CTYNEHH PAKEThI SIBIISIFOTCS
TBEPAOTOIUIMBHBIMH, U MOJYJIb BEKTOPa TATH HE SBJSIETCS YHPaBIseMON BEJIMYMHOHN, TAKKE B KaKIOM
KOHKPETHOM CIly4ae, pealn3youascs TIra OTan4aeTcs OT HOMUHAIBHBIX XapaKTepucTuk V.

[Ipennaraercs pewars 3a7ady yNnpaBiIeHHs NEPEXBATUMKOM IPH HABEACHUM Ha L€Jb, TPACKTOPHS
KOTOPOH TOYHO HE ONpeesieHa U YTOUHSETCS B IIPOLIecce MOJIETa PaKeThl C TIOMOILBIO HA3eMHBIX U3Me-
PUTEIBHBIX CPEICTB, UCIIONB3YS T.H. IPUHIMII MAKCUMyMa, IPUMEHSEMbI B TEOPUU ONTUMAJIBHBIX CH-
crem. Llenbio ympaBieHus nepexBaTyuKa SIBISIETCS MOJyYEHHE MUHMMAJIBHO BO3MOXKHOTO IpoMaxa B
TOYKE BCTpEUM C 00BEKTOM IepexBarta. [Ipu pemeHnn 3aiaun yUUTHIBAIOTCS €CTECTBEHHBIC OrpaHHYe-
HUS Ha yTIPaBISIOIINE BO3ACHCTBUS U paciiojaraeéMylo Maccy TOIUIMBA. B kauecTBe HEKOHTPOIUPYEMBIX
CIIly4allHBIX BO3MYIIEHHH paccMaTpUBAIOTCSl OTKJIOHEHHUSI HEKOTOPBIX XapakTepucTHK JIA (a3spoanHa-
MH4YecKuX Ko3¢unreHtos u Tsru 1Y) oT HOMUHAIBHBIX, alpHOpHast HHGOPMALKs O KOTOPBIX U3BECT-
Ha B BHJE NpeIesioB UX U3MEHEHUH. BnusHue pa3dpoca 3THX XapaKTepHCTHK Ha MPOLECC YIPaBICHUS
orpeAenseTcs IMyTEM MaTeMaTHUeCKOT0 MOEINPOBAHUS BO3MYILCHHOT'O IBIKEHUS PAKETHI.

Pa3paboTan KOMILIEKC MMHUTALMOHHOTO MOJAEIMPOBAHMA, C €0 MOMOIIBIO omnpezencHa 3hdek-
TUBHOCTbH HaBeleHHs JIA Ha MaHEBPHPYIOLIYIO LIETIb.

Pe3ynpTaThl MOAEIMPOBAHMS OKA3BIBAIOT BO3MOKHOCT ()YHKLIMOHUPOBAHUS ITOCTPOCHHBIX MO-
Jeneil 1 BO3MOKHOCTD BBIMOJIHCHHS TIOCTABIICHHOW 33a4H € ONPEAEICHHON TOUHOCTBIO.
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VEHICLE OPTIMAL CONTROL AND GUIDANCE
ON MANEUVERING TARGET SUBJECT TO RANDOM
DISTURBANCES

A.B. Afonkin

The article means that the vehicle control is finding of the current trajectory and center-of-mass motion con-
trol. The problem of vehicle optimal control defining at maneuvering target is solved for this purpose the
dynamic models of controlled object and target-object were defined, performance criterion of control was selected
and constraints on control parameters and phase coordinates were defined.

The vehicle represents a three-stage missile with a kill vehicle as a payload. The engines of each
missile stage are solid-propellant; magnitude of thrust vector is not a controlled variable. In each certain case the
real thrust differs from nominal engine characteristics.

It's suggested to solve the interceptor control problem at guidance on the target, the trajectory of which is not
determined and is ascertained during the missile flight by means of ground measuring facilities by using so-called
maximum principle which is used in optimal systems theory. The interceptor control problem is to get the mini-
mum possible miss in the kill point with an object of interception. The natural constraints on controlled actions and
disposable fuel weight were considered during the problem solving. Some characteristics disturbances (aerody-
namic coefficients and thrust of engines) from the nominal one of the vehicle as uncontrolled random constraints
are reviewed and a prior information of which is known in form of its variation limits. The influence of spread in its
performance on the control process is defined by math modeling of perturbed motion of rocked.

The simulation modeling complex was worked out that permits to define the guidance effectiveness of the
vehicle at maneuvering target.

The simulation results demonstrate the functioning possibility of developed models and assigned problem
accomplishment possibility with certain accuracy.
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B cmamebe npusodsimcsi 0CHO8bI MEMOOUKU OUEHKU aghghekmusHocmu rpeodorieHust npomugopakemHou
06opoHsbi (MPO) npomusHuka 6oesbimMu 6r10kamu 6annucmuyecKux pakem u OueHKU 3ghghekmusHocmu npomu-
godelicmeusi eli. CdenaH aHanu3 paspabomku u paseépmsbigaHusi [IPO CLLUA Ha3eMHO20, MOPCKO20 U KOCMU-
4yeckoeo (sunomemuyecku) 6asuposaHusi. [NpusedeHbl modenb romoka 6annucmuyeckux uenel u mModesnb
oueHku aghgpekmusHocmu [1PO.

Knrodesnie crniosa: npomusopakemHasi obopoHa, bannucmuyeckue pakemsi (BP), 6oesbie 6roku (Bb),
aghbgpbekmueHocmb, Modesb nomoka bannucmudeckux yenel, Modesnb oyeHKu aghgpbekmueHocmu PO, noxHbie
uenu, 8eposimHOCMb Pacrio3HagaHusl, 8EpPOSIMHOCMb MopaXxeHusi, aghchekmusHoCcmb Ha3eMHbIx pybexet NNPO.

The article considers principles of the effectiveness estimation procedure to penetrate the adversary missile
defense system by ballistic missiles warheads and countermeasures effectiveness estimation to the system. The
development and deployment analysis of the US ground missile defense (GMD), sea-based terminal defense and
space-based (hypothetically) missile defense was conducted. The flow model of ballistic targets and MD
effectiveness estimation model were presented.

Keywords: missile defense, ballistic missiles, warheads, effectiveness, flow model of ballistic targets, MD
effectiveness estimation model, decoys, identification probability, kill probability, ground missile defense layers
effectiveness.

Cucrema mpotuBopaketHort oboponsl (ITPO) CIIA mpeana3HadeHa i mepexBaTa KOHEYHOTO
yrcna 6ammuctnaeckux pakeT (bP) u mx 6oeBbix 6;oxoB (bb) Ha pa3nuyHBIX ydacTKax TPaeKTOPHH HX
MOJIETA K LIENH.

[TPO CIIIA pa3pabatbiBaeTcsi IPUMEHHTENHFHO K MiepexBary bP pa3nudHoii manbHOCTH: KOPOTKOA,
MIPOMEXKYTOUHOU, CpEHEN U MEKKOHTUHEHTAILHOW. [IpH 3TOM IIMPOKO MCIIONB3YIOTCS HAYUHBIE U TEX-
HUYECKHUE JOCTHKEHNSI MEPOBOTO YPOBHSI.

Omna BKJTIO4aeT B ce0s TPH TJIaBHBIX CETMEHTA!

— nH(OPMAIMOHHYIO CETh JAaTYMKOB KOCMHYECKOT0, BO3AYIITHOTO, HA3EMHOTO M MOPCKOTO 0a3mpo-
BaHMs Uil OOHapy)XeHUs (pakTa 3ammycka OaUTMCTHYECKUX PakeT, CISKEHHS 33 MX IOJIETOM, TPULIENTH-
BaHWSI M HABEACHUS OPYKHUS;

— paKeThI-IepeXBaTINKA Ha3eMHOTO W MOPCKOTO 0a3smpoBaHUs, MOpakarolie 0oeBble OJOKH Mmy-
TEM TIPSIMOTO TTOTIAJAHMS HITH OCKOJIKAMU;

— 60eBO€ PYKOBOJICTBO — KOMaHJIOBaHUE, YIIPaBJICHUE, CBS3b, pa3Benka, ooecrednBaromue dhdex-
TUBHOE MPHMEHEHNE IBYyX JAPYTUX CErMeHTOB [1].

B nactosmiee BpeMs cTouT 3a1ada oneHUTh 3¢ dexTrnBHOCTH nepcnektnBHoi [IPO CIHA ¢ yuérom
Mep MPOTUBOIECHCTBUSL.
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ESTIMATION TECHNIQUE PRINCIPLES
OF THE US ADVANCED MISSILE DEFENSE SYSTEM
EFFECTIVENESS

S.V. Golubchikov

The US missile defense system is designed for terminal intercept of ballistic missiles (BM) and its warheads
at different flight paths.

The US missile defense system is stipulated to intercept ballistic missiles of different ranges: short, interme-
diate, medium and long range interception. Herewith the world scientific and technical achievements are widely
employed.

The US missile defense system consists of three main segments:

— Information network of space, air, ground and sea-based sensors for early detection of ballistic missiles
launches, flight tracking, targeting and weapon guidance;

— Ground and sea-based interceptors capable to destroy warheads by the direct hit or debris (fragmentation);

— Combat command — command, control, communication, intelligence (C4l) providing the effective employ-
ment of two other segments [1].

At present there is a task to estimate the effectiveness of the US advanced missile defense system with
respect to countermeasures.
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B cmambe U3/IOXeH MpoUecc Co30aHUsi COBPEeMEHHO20 asmoMamu3uposaHHoO20 paboyeeo Mecma oriepamopa
C UCTIonb308aHUeM Memodoe CLUCMEMHO20 aHau3a.

Knroyeenle crioea: asmomamusuposaHHoe paboyee MECmO oriepamopa, 2UrepeeKmopHOe paHXuposaHue,
Kpumepuu ebibopa.

The article states the design process of the modem operator's automated work station using the systems analysis
method.
Keywords: operator’s automated work station, hyper-vector ranking, selection criterion.

B pamkax MoJepHHM3alM CTAllHOHAPHBIX IYHKTOB YIPABJICHHUsS CPEACTBAMH  BO3JIYIIHO-
KOCMUYECKOH 000pOHBI pa3paboTaH, U3rOTOBJICH U MPOXO/IUT UCIBITAHUS OIBITHBIA 00pa3el] aBTOMAaTH-
3UPOBAHHOTO pabouero Mecra omeparopa. Llenpio TaHHOW cTaThy siBIsieTCs MOBbILIeHHE 3¢ deKTHBHO-
CTH paboTHI onepaTopa IMMyTéM ONTUMH3AIHMHN CIIOCO00B 0TOOpaskeHHsI MHYOPMAIMK U €€ Co/IepKaHus, a
TaKke o0ecreyeHne COBPEMEHHOTO YpoBHS koM(opTa padodero mecta. [IpoBeiéH aHaIM3 OTECUECTBEH-
HBIX ¥ 3apyOeKHBIX pa3paboTOK B IJIaHE BHEIIHEro o0jmka paboyero mecra. CreHEpUpOBaHO MHOXKE-
CTBO BO3MOXKHBIX BapUAaHTOB KOHCTPYKTHBHOTO HcroyHeHus: APM omeparopa, 000CHOBaHBI KPUTEPHU
oroopa 3QPEeKTUBHBIX BAPUAHTOB KOHCTPYKIIMH, C UCIIOJIH30BAaHUEM METOJId TUIIEPBEKTOPHOTO PaHKH-
POBaHHMs OCYIIECTBIEH BEIOOP HaMIydIIero Bapuanta oonuka APM oneparopa yrpaBieHus: CpeICTBaMH
BO3/IyLIIHO-KOCMHYECKOH 00OPOHBI.

B wurtore pazpaboran APM omeparopa, B cOCTaB KOTOPOTO BXOJAWT ITyJIET OTEepaTopa C CHCTEMOM
nyOnupoBanust GYHKIMH U Kpecio omneparopa (kopabenbHoe kpecio onepatopa OPERATOR). ITome-
IIeHUEe, B KOTOPOM pacrionokeH APM, ocHallieHo cucTeMoi KOHANIMOHUPOBAHUS BO3TyXa.

B cocraB mynbTa BXOAAT:

— BBIYHMCIIUTENBHBIA KOMILIEKC — 2 T. (OCHOBHOH U Ty OJIUPYIOLINHA );

— 0a3oBasi CTaHIUsI CHCTEMBl €MHOTO BPEMEHH ¢ BBIHOCHOHM aHTeHHOM (Ha 0aze [JIOHACC) u
TabJ10 0TOOpakeHUs! HH(GOPMALIUHU OOIIETo MOJIH30BaHUS — 2 IIT.;

— XKHUJKOKPHCTAJUTMYECKU I BUICOMOHUTOP C CEHCOPHBIM DKPAHOM — 2 IIT.;

— K-TIAaHEeJNb T OTOOpayKeH!s] HHPOpMAIUH — 2 IIT.;

— MPUHTEp — 2 IIT.;

— ayMoCcHCcTeMa, IPUMEHsIeMas B Ka4yecTBE TPOMKOH CBsi3H, — | mT.;

—muHA-ATC — 1 1T

BbruncinTenbHbIe KOMIUIEKCHI M CHCTEMa €IMHOTO BPEMEHH PACIIONIOKEHBI B CTOWKAX, BXOSIIHX B
COCTaB ITyJIbTa, YTO 00CCIICUMBACT IPOCTOTY OOCITYKMBaHHSI 000y JOBAHNSI.
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AEROSPACE DEFENSE OPERATOR'S WORK STATION

A.S. Zhebrakov, V.A.Porshnev, V.V.Safronov, D.P.Teterin

Under upgrading the stationary control posts with aerospace defense means the prototype of operator’s
automated work station (OWS) was designed, manufactured and have been testing. The article aims to increase
the effectiveness of operator’s work by optimization of data display and its content, and providing the up-to-date
comfort level of working place. The indigenous and foreign development works were analyzed concerning the
exterior appearance of working place. The variety of possible design variants of OWS were generated; the
selection criterion of effective alternative design variants were proved; the selection of the best aerospace
defense control operator’s working place view variant was conducted using the hyper-vector ranking method.

As a result the OWS was designed which composes of the operator's control panel (stand) with redundant
functional control system and operator's seat (OPERATOR type ship arm-chair). The OWS compartment premise
is equipped with air-conditioning system.

The operator's control panel comprises:

— Computing system — 2 items (main and redundant);

— Universal time system base station with remote antenna (GLONASS type) and display of common use — 2 pcs.;

— Liquid-crystalline video display monitor with touchscreen — 2 pcs.;

— LCD panel for data presentation — 2 pcs.;

— Printer — 2 pcs;

— Audio system using as speaker phone — 1 pcs.;

— Mini-automatic telephone exchange — 1 pcs.

Computing units and universal time system are located in stands which are comprised the OWS that
provides easy servicing of the equipment.
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PaccmompeHbl 0cobeHHOCMU acmpopehpaKmoMempu4ecKko20 0becrieqeHuUs1 NepereKmueHbIX cpedcme npomueo-
acmepoudHoU 3auumel. M3roxeHa cymb Memodo8 8bICOKOMOYHOU KOMMEHcauUU eriusiHUs ammocghepHol peghpakuyuu
paduoBorH Ha Pe3yribmambl MpPaekKMOopPHLIX PadUOOKaUUOHHBIX UMeEpPeHUl Habrmodaembix acmepoudos. [aHsl peko-
MeHOaUUU 110 yeeruYeHUI0 MOYHOCMU padUOIOKaULUOHHO20 MPAEKIMOPHO20 COMPOBOXOEHUST 8XO0SILUUX 8 MIT0MHbIe Crou
ammocgbepb! acmepoudos.

Knroyeeble crioea: moyHoe 8peMsi, MoYHbIe KOOPOUHaMmbI, MPaeKmMopHbIe UIMEPEHUS, Mpomugoacmepo-
ulHas 3awuma.

The astrorefractometric support of anti-asteroid safeguard means particulars were examined. The core of high-accuracy
compensation methods of radio waves atmospheric refraction influence on trajectory radar measurements results of observed
asteroids was presented. The recommendations on accuracy enhancement of the radar trajectory tracking of atmospheric
entry asteroids were given.

Keywords: correct time, exact coordinates, trajectory measurements, anti-asteroid safeguard.

[IpoGyiema 3ammMTHI 3eMJISIH OT MaJaloUIMX HA 3eMJII0 acTEpPOMIIOB BECbMa aKTyajlbHA, MOCKOJIBbKY
TIOCJIC/ICTBHSL OT acCTEPOMIHOTO BTOPIKEHHS MOTYT COIPOBOKAAThbCs KaTacTpodamu rinoOaibHBIX Mac-
mtaboB. [To3ToMy B IIEpCIIEKTHBE CO3AaHHUE €MHON TTI00anbHON CHCTEMBI IPOTHBOACTEPOUIHOM 3aly-
ThI TIOBBIIIEHHOW TOYHOCTH C U3MEPHUTENIBHBIMU CPEICTBAMH Ha3eMHOTO M BO3IYIIHO-KOCMHUYECKOT0 Oa-
3upoBaHusl Hen30exkHO. HecomHeHHO, uTO B mpomecce €€ co3maHus OyneT 3aAeiCTBOBaH HAY4HO-
TEXHUYECKUH MMOTEHIHUAll, paHee HAKOIUICHHBIN NpH pa3paboTKe CPEeACTB CHCTEM KOHTPOJISI KOCMHYE-
CKOTO IPOCTPAHCTBA, MPOTHBOBO3AYIIHOM M MNPOTUBOKOCMHYECKOH OOOpPOHBI, MpPOrpaMMHO-
AITOPUTMUUYECKOTO OOeCIieueHNsI MX TPACKTOPHBIX M3MEPEHMH B YCIOBHUIX HEOTHOPOIHOM aTtMmocdep-
HOH cpenpl. Metonuka yuéra BAMsHUA aTMOc(hepHOH pedpakuy paJuoBOIH MPHU MPOBEACHUH KOOPIH-
HAaTHO-BPEMEHHBIX U3MEPEHUH MaAalomuX Ha 3eMIII0 acTeporIoB ONM3Ka 10 CBOEH HANpPaBJICHHOCTH K
METOJMKE acCTPOPePpaKTOMETPUUECKOrO O0ECHeYEeHUs] KOOPAMHATHO-BPEMEHHBIX M3MEPEHHMH Majaro-
mux MC3 u ux pparmMeHTos.

B T0 e BpeMs crenyeT yka3aTrh Ha BO3MOKHOCTb MUHUMH3ALUH PeQPAKLUOHHBIX COCTABIISIOINX
OLIMOOK TPAaeKTOPHBIX M3MEPEHHH, TPOBOJUMBIX OOPTOBBIMH CPEIICTBAMH KOCMHYECKOTO 0a3HMpOBaHUS
CO CHeUHMaJIbHO MOJOOpaHHBIX Il HUX opOuT. [locTuraercst 3To 3a CUET MCHONB30BaHUS IPOTHUBOIIO-
JI0)KHOW HaIpaBJIEHHOCTH MPUPOIHBIX PePPaKIMOHHBIX CBOWCTB BEpXHEH HOHOC(hEPHI U 3a/IeHCTBOBaH-
HOT'O NPY TPACKTOPHBIX M3MEPEHMSAX BEPXHETO CJIOS HIKHEH MOHOC(EPHI, TOMIIMHA KOTOPOTO PacCcyH-
TBIBACTCS C YYETOM 3HAYCHHH TEKYIIHUX MMapaMeTpOB MOHOC(EPHl H MPUMEHSIEMBIX MPU 3TOM paboymnx
vacToT. Paspaborannsie B OAO «HIIK «HUNJIAP» Texanueckue pemeHus mo BeIOOpY OpOUT IUIsl BBI-
BOJHMMBIX B OKOJIO3€MHOE IPOCTPAHCTBO PAAMOJIOKAIIMOHHBIX CPEACTB HAOMIOACHUs, 00eCTIeUnBAIOLINX
OoOHapy’KeHHE acTEpOUAOB Ha JATBHUX MOJCTYNaX K 3emiie ¢ aBTOMaTHIeCKOl KoMIeHcauuel pedpak-
IMOHHBIX COCTAaBJISIOIIUX OLIMOOK, BOSHUKAIOIINX MPU TPACKTOPHOM COMPOBOXIECHWUH, MOTYT OBITh
BOCTpeOOBaHBI B IIPOLIECCE CO3JaHMUS CUCTEMbI IPOTUBOACTEPOUIHON 3aIHUTHI.
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UPDATING PROSPECTS OF ASTROREFRACTOMETRY
METHODS AND ITS APPLICATION IN HIGH-ACCURACY
ANTI-ASTEROID SAFEGUARD MEANS

A.M. Karachevtcev, O.N. Koroshchupov

The Earth protection against asteroids threat is quite relevant as consequences after asteroids invasion can
be accompanied by the global disaster. Therefore, in prospect the development of integrated global asteroid de-
fense system of enhanced accuracy with ground-based, airspace-based sensors is inevitable. Certainly, the sci-
entific and technological potential will be engaged in this process which was accumulated during space tracking
systems and air and space defense systems development, design of program-algorithmic backup of its trajectory
measurements in atmospheric environment irregularities condition. The registration technique of radio waves at-
mospheric refraction influence at conducting of coordinate-time-domain measurements of Earth-threaten aster-
oids is close in its trend to the astrorefractometric support of coordinate-time-domain measurements of satellites
and its fragmentation falling.

At the same time it's necessary to underline the possibility trajectory measurements refractive errors minimi-
zation carried out by onboard space-based means from the tailored-made orbits. This can be achieved by oppo-
site directionality of upper ionosphere refractions and upper layer of the lower ionosphere involved at trajectory
measurements, where the layer thickness is calculated with respect of current ionosphere parameters and used
operational frequency. Engineering decisions developed by the JSC «Research and Production Complex
«NIIDAR» concerning the orbits selection for radar surveillance means placing into near-Earth orbit providing as-
teroids detection at distant approaches to the Earth with automatic compensation of refractive errors components
arising during trajectory tracking could be in demand at designing of asteroid defense system.
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OCHOBHbIE MOJTIOXEHMS1 METOOUKN PACYETA ]
KUHEMATUHECKUX [TAPAMETPOB OCKOJ/104HbIX I1OJEN
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B cmambe U3r10eHbl OCHOBHbIE MONIOXKeEHUs MEMOOUKU pacyéma KUHEeMamu4yecKux rnapamempos paduasibHoz2o U
aKkcuasnbHo20 noreli 6oegoli Yacmu pakemel. PeweHue 3adadqu Lupuxrie rnpoeedeHo mMemodoM KOHEYHbIX pasHocmel u
umepayuoHHbIM Memodom [aycca-3elidernsi, Ymo r0380/UMN0 Halmu OUEHKU HUXKHE20, CpedHez0 U 8epxHea0 yposHel
aghghekmusHocMU riopakeHus1 cpedcmea 8030y WIHO20 HaraleHUs.

Knrouesbie cnoea: 6oesasi yacmb aKkcuaribHO-paduaribHo20 Oelicmeusi, ropaxarowjue remeHmbl, rMpodyKms!
demoHauyuu.

The article states key points of kinematic parameters calculation technique of the missile warhead radial and
axial fields. The Dirichlet problem solution is done by the finite-difference method and Gausse-Seidel iteration
method that permitted to find estimation values of the low, average and upper kill effectiveness levels of airborne
threats.

Keywords: axial-radial effect warhead, submunitions, debris (explosion products).

B cooTrBeTcTBUM C MPOBEAEHHBIMU TEOPETUYECKUMH M 3KCIIEPUMEHTAIbHBIMU HCCIEI0BAHUSIMHI
pacuér KHHEeMaTHYECKUX MapaMeTpOB aKCHAIbHO-PaUaIbHOIO OCKOJIOUHBIX Nojiel 0oeBoit yactu (BY)
MIPOBOJUTCS B MOCTIEIOBATENILHOCTH:

1. [TyTé™M npuOIMKEHHOTO pEelICHUs] IBYMEPHOH 3a/laudl ONPEIENISIOTCS: 3aKOHBI paclpeelieHUs
CKOpocCTel 1 Macc nopaxkaromux 3ieMeHToB (I19) B yrie paznéra i paguaabHOTO MO 3aKOH U3Me-
HCHHUS JIABJICHUS HAa KOHTaKTe MpoaykToB aeronaiwu (I[111) - 6ok [13; uMnysbc naBieHus, 1eHCTBYO-
mui Ha 6ok [10.

2. OmpenensioTcst 0ceBble CKOPOCTH JIIET0HOB [1D akcuanbHOro Mo NP HOMOIIH PEeIIeHus 01
HOMEPHOM 3aJjauil 0 METaHHH UX MHOTOCJIONHOTO Habopa. Beraucisatores cpeHssi CKOpocTh U IapaMeT-
PpHI B1IenoHupoBanus noToka 113, Pemenne oqHomMepHO# 331241 IPOU3BOIUTCA IO U3BECTHOMY 3aKOHY
M3MEHEeHHs naBiaeHus Ha koHTakre I1/[-6mok I10.

3. Ilytém pernenus AByMEpHON 3a7adu O JBIDKEHUH Onoka 1D mos meficTBHeM 3alaHHOTO BHEIII-
HEro MMITyJIbCa OIpeaeNsieTcs 3aKOH paclpeesieHus paAualbHbIX CKOpOCTeH ams kaxaoro cios [19
Osoka. BangHue Hanu4us OrojIOBbS YUMTHIBAETCS MMITYJIBCOM, NPHKJIAAbIBAEMBIM K OOKOBOW MOBEPX-
HOCTH OJI0Ka.

4. Ilo n3BEeCTHBIM 3aKOHAM paclpe/ieNIeHHsI palialibHBIX U OCEBBIX CKOpocTel amenoHoB 19 Haxo-
JISITCA 3aKOHBI pacIipeieNIeHNns] MacC ¥ CKOPOCTEH AJIEMEHTOB B YIUIE pa3niéra /Ui akCHaJIbHOTO MOJI.

Hns peuieHust paccMarpuBaeMoOM 3aladd UCNOJb3yloTca metoanl upuxie, Jlamnaca, I'aycca-
3elijiensi, KOHEYHBIX Pa3HOCTEH, MOCIICAOBATEIBHBIX PUOIMIKCHUN 1 MATEMaTHYCCKON CTaTUCTHUKH,

Meroarka peanu3oBaHa B MAIIMHHOI NMporpamMMe U TI03BOJISIET Ha OCHOBE MCIIOJIb30BaHUS MaTeMa-
THYECKOTO MOJETUPOBAHUS HCCIEAYEMOro Tpoliecca NoayyaTs KHHEMaTHYeCKHe TapaMeTphl akcHalb-
HO-paJIMajbHOTO OCKOJIOYHBIX Tosieii BY, HeoOxoammble aist oneHKH 3(PQEKTHBHOCTH MOpasKeHUS
CpPEZCTB BO3yIIIHOTO HANaIeH!sI IPOTHBHUKA.
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KINEMATIC PARAMETERS CALCULATION TECHNIQUE
KEY POINTS OF WARHEAD FRAGMENTATION FIELDS
OF AXIAL-RADIAL EFFECT

K.M. Kuznetcov

In accordance with conducted theoretical and experimental studies the calculation of the warhead kinematic
parameters of axial-radial fragmentation fields is carried out in the following sequence:

1. By means of approximate solution of bidimensional problem is defined the following: submunitions velocity
and mass-distribution laws in dispersion angle for radial field; pressure variation law on detonation products
contact — submunitions block; pressure pulse effecting on submunitions block.

2. The axial velocities of submunitions echelons of the axial field are defined by solving of one-dimensional
problem on projection of its multilayer set. The average velocity and flow dispersion parameters of submunitions
are calculated. The one-dimensional problem solution is carried out by the known pressure variation law on
detonation products- submunitions block contact.

3. By means of bidimensional problem solution on submunitions block (group) movement under defined
external momentum effect the radial velocities-distribution law is defined for each submunitions layer of the block.
The head presence influence is considered by the pulse applied to the block side surface.

4. By means of known radial and axial velocities-distribution laws of submunitions echelons the elements
velocity and mass-distribution laws in dispersion angle for radial field are defined.

For the learned problem solution the Dirichlet, Laplace, Gausse-Seidel, finite-difference, sequential approxi-
mations and mathematical statistics methods were implemented.

The technique is realized by the computer program and permits on the base of mathematical modeling of the
learned process to get kinematic parameters of the warhead axial-radial fragmentation fields which are necessary
for estimation of airborne threats kill effectiveness.
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B cmambe paccmampueaemcsi ocmpoeHue yughposoeo MHoz008u2ameribHo20 criedsujezo npusoda Ha base
MaaucmparibHo-ModyrbHol VXI-cucmemsi u LLIVIM-peaynupogaHus moka sikopHoU uenu Kkaxdozo 0gueamerns. [pu amom
UCIO/b308aTUCh B8bICOKOMOYHbIE Oam4yuUKU OIOXKEHUsT Ha UCMOMHUMESTbHBIX OCSX U rpeobpa3osamernu yaroebiX repe-
MewieHUU, pacrionoXeHHbIe Ha 8arnax Ko/eKmopHbix 0sueamenel. LLiupokue sosmoxHocmu VXI-cucmemsi 8 codemaHuu
C 8bicokuM bbicmpodeticmeuem LLUIVIM-peaynsamopos moka, a makxe paspabomka mexHOI02U4ecKoe0 MpoepamMmHO20
obecrieqeHus1 npusernu K co30aHU0 8bICOKOMOYHO20 UUghpoeozo criedsuiezo npueoda, coHemaroule20 6bICOKYH Mouy-
HOCMb CIEXKEHUST, MITa8HOCMb OBLDKEHUS Ha MaribiX CKOPOCMSIX, HAOEXHOCMb yripasieHUs U oriepamueHOCMb KOHMPOJTSL.

Knroueenlie crnoea: yughposol cnedawuti mpusod, WupomHO-uMmybCHbIU peaynamop, VXI-cucmema, mok
dsuzamerisi, pozpamMMHoe obecriedeHue.

The article considers the designing of the digital multimotor follow-up driver on the base of mains-module
VXI-system and pulse-duration modulation (PDM) armature current regulation of each motor. Herewith the high-
accuracy position sensors on actuating axis were used as well as angular displacement transducers located on
commutator motors shafts. Manifold VXI-system possibilities coupled with fast response of PDM-current
controllers and technological software development have led to construction of high-accuracy digital follow-up
driver combining the follow-up high-accuracy, smoothness of motion at low speed, reliability of control and
operational efficiency of checking.

Keywords: digital follow-up driver, pulse-duration modulation regulator, VXI-system, motor current, soft-
ware.

B crarpe nmpezcTaBieHo mocTpoeHre EQGPOBOTO MHOTOIBUTATENFHOTO CIIEAAIIETO MPUBOAa Ha Oa-
3¢ MarucTpanbHO-MoayabHON VXI-cuctemsl u IIIMM-peryaupoBaHus TOKa SKOPHOM LENU KaXI0ro UcC-
nojaATENBHOTO nBuTatens i PJIC koHTpons kocMudeckoro mpoctpaHcTsa. lInpokne Bo3MOKHOCTH
VXI-cucremsl, co3znanne OpicTpoaericTByomux [IIMM-peryisaTopoB ToKa ¢ 4aCTOTOU MPOITyCKaHwmst 00-
nee 100 I'm, a Takke pa3zpaboTKa TEXHOIOTHIECKOTO IIPOTPaMMHOT0 00ECTICUEHUS, PUBEIIN K CO3IaHUIO
BBICOKOTOYHOTO IH(POBOTO CIEISIIETO MPUBO/A, COUYETAIOMIETO BBHICOKYIO TOYHOCTh CIICKEHHS, TIIaB-
HOCTh JIBIDKEHUS Ha MaJIbIX CKOPOCTSIX, HaJEKHOCTh YIPABIECHHS U OIEpaTHBHOCTH KOHTpos. [lo pe-
3yJbTaTaM HCIIBITAaHIA Ha 00BEKTEe MOHTaKa MaKCHUMaJbHasl HE TPEeBBIIIaeT 1,2 yri. MHHYT MpH OTpa-
00TKE TapMOHUYECKOTO BXOJTHOTO BO3ACUCTBUS C aMIUIMTYAON 72 yTi. Tpamyca u mepuoaom 37,7 c.
B cratbe oTMedeHo, uto npumeneHus HIMM-perynsaropoB TOKa akTyallbHO B CIEISIIMX ITPUBOJAX Ma-
JIOW U CpeJHEH MOLIHOCTH, B TOM YHCJIE C MOMEHTHBIMU JABUTaTEIISIMHU, a TAKXKE B CICIAIINX IPUBOAAX
W3JENIANA C aBTOHOMHBIM [TUTAHUEM.
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HIGH-ACCURACY DIGITAL FOLLOW-UP DRIVER DESIGNING
FOR SPACE SURVEILLANCE SYSTEM ON THE BASE
OF VXI-MODULES AND PDM-CURRENT CONTROLLERS.
APPLICATION PROSPECTS

E.N. Panov, V.A. Sorokin, V.K. Gorbunov

The article presents the designing of the digital multimotor follow-up driver on the base of mains-module VXI-system and
pulse-duration modulation (PDM) armature current regulation of each actuating motor for the space surveillance system.
Manifold possibilities of VXI-system and construction of PDM-current regulators with more than 100 Hz band pass and techno-
logical software development have led to construction of high-accuracy digital follow-up driver combining the follow-up
high-accuracy, smoothness of mation at low speed, reliability of control and operational efficiency of checking. Based on tests
results conducted on the assemble site the maximum follow-up error doesn't exceed 1.2 angular minutes at harmonical input
effects with amplitude of 72 angular minutes and 37.7 sec period. The application of PDM-current regulators is relevant for
follow-up drivers of low and medium power including those with torque motors and for follow-up driver’s items with autono-
mous power supply.
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Cmasumcsi 3a0a4ya OUEHKU OLWUBOK UHepUuarbHOU Hasueauuu ebICOKOCKOPOCITHO20 fepexeamyuka OarbHe2o
delicmeusi, 0bycriogneHHbIX oUUBKaMU nepeUYHbIX UsMepumeneli UHepuUanibHOU cuCmeMb! yripaerieHuUsl — akceriepomem-
pos u eupockorios. NpusedeHbi pe3yrbmamel OUEHOK oWUBOK UHepyuarbHOU Haguaauuu, MosyqeHHbIe rnpu Modenuposa-
Huu Ha SBM c¢ ucrionb3oeaHuem emepMUHUCITICKO20 U cmamucmuyecko20 rnodxodos.

Knroyeesnble criosa: 8bICOKOCKOPOCMHOU riepexsam4uk darbHe20 0elicmeusi, UHepuuaribHasi cucmema yrpasieHus,
UHepuyuaribHast HagueayUoHHasi cucmema.

The assigned task is to estimate the inertial navigation errors of the long-range interceptor aircraft stipulated by the
inertial control system primary indicators errors — accelerometers and gyroscopes. The inertial navigation errors assessment
results, received during computer modeling using the deterministic and statistical approaches were presented.

Keywords: high-speed long-range interceptor aircraft, inertial control system, inertial navigation system.

B xomannHo-unepumansHoi cucteme ynpasieHus (MCY) BBICOKOCKOPOCTHOTO NepexBaTiMKa
nansHero aevicteust (BITJA/I) mpu npepoiBanuu paanocBssu ¢ PJIC HaBeneHWs OCHOBHOW BKJIaJ B
omKOKy OmpeAesieHns COOCTBEHHBIX KOOPAMHAT BHOCHT WHEpLHajbHAs HaBUTALMOHHAs CHUCTEMa
(MHC). CraBurcs 3aa4a OleHKH onTMO0K nHepuuanbHoi Hapuraiuu BI1J1/1, o0ycnoBieHHBIX Omuno-
KaMu nepBUYHBIX M3Meputeneii UCY — akcenepomeTpoB u rupockonos. Jns OecrnardopmMeHHOIM
WHC BITJ/J npemioxena monens UCY, Brmouatoriast kak camy MHC, tak u 0110KkM KHHEMAaTHKHU Me-
ToJa HaBeAeHUs, popMupoBaHus KoMaHA HaBeneHus, AuHamuku BIIJIJ] m Moxenu ABMKEHMS LENH.
Ha ocHOBe Teopun MHEpUMANbHOW HaBUralMy NpUMeHHTENsHO K OeciutatdopmenHod MHC cocras-
JICHBI HEJIMHEHHbIE YpaBHEHHS OIIMOOK MHEPUHUAIbLHON HaBHraluu, O0YCIOBICHHBIX HHCTPYMEHTANIb-
HBIMHU IIOTPEUTHOCTSIMU NEepBUUHBIX M3Meputeneit UCY.

s OLeHKHM 3HAYEeHWH OIMOOK MHEpUUATbHOH HaBUTALMHM pa3paboTaHbl AETEPMUHHCTCKUN U
CTaTUCTUYECKUH TOAXOIbl K PEHICHUIO YpaBHEHMH OIMOOK MHEepUMalbHON HaBurauuu. Ilpu stom
BBUY HEIMHEHHOCTH AU(PepeHIMaANbHBIX YPaBHEHUH OMMOOK MHEPUUATbLHONH HaBUrallMu Kak JUIs
JETEPMUHHUCTCKOrO, TaK U JJs CTAaTUCTHYECKOrO IOAXOAOB MPEMIaracTcss MOJENMPOBATH IOJIET
BITI/I ¢ 0fHOBPEMEHHBIM PEIIEHUEM YUCIEHHBIM METOJOM YKA3aHHBIX YPABHEHUM.

Jist paznuusbix BpeMeH nonéra BIIJI/I, HaBoguMoro Ha Lieinb 0 METOAY OLICHKH MTHOBEHHOTO
nponéTa, IPUBOIATCS pe3yIbTaThl MojenupoBanus padotel MHC nmepexBarunka. CXoecTh pe3yibTa-
TOB MOJCIHMPOBAHHA KaK IPU CTaTUCTUYECKOM, TaK M AETCPMHUHUCTCKOM MOAXO0JaX K OLIEHKE OIINO0K
MHEPLHATbHOW HaBUTALIMH JAIOT OCHOBAHMSI CIAENATh BHIBOJ O MPaBHIBLHOCTH BHIOPaHHOTO HampaBlie-
HUSI TS OLICHKH OIIMOOK MHepUUanbHON HaBuranuu oecruiatgopmentoit MHC BITIA.
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ERRORS EFFECT ASSESSMENT PROCEDURE
OF NAVIGATIONAL SYSTEM PRIMARY INDICATORS
OF LONG-RANGE INTERCEPTOR AIRCRAFTFOR ESTIMATION
ACCURACY OF ITS COORDINATES

V.V. Pyatkov, P.V. Vasiliev, A.V. Meleshko

In the case of radio communication break with guidance radar in inertial control system (ICS) of the
high-speed long-range interceptor aircraft (HLRI), the main error of its own positioning finding is originated in
the inertial navigation system (INS).

The purpose is estimate errors of HLRI inertial navigation stipulated by the inertial control system primary
indicators errors — accelerometers and gyroscopes.

For the stepdown inertial navigation platform of the HLRI the ICS model including as the INS itself as
kinematics guidance method blocks, guidance command generation blocks, HLRI dynamics and target movement
models command generation blocks.

Basing on the inertial navigation theory with respect to stepdown inertial navigation platform the nonlinear
equations of inertial navigation errors stipulated by instrument errors of ICS primary indicators were set up.

For the error value estimation of the inertial navigation the deterministic and statistical approaches for inertial
navigation errors equitation solutions were developed. Herewith, considering the nonlinearity of differential
equations of inertial navigation errors as for deterministic as for statistical approaches, it's suggested to model the
HLRI flight with simultaneous numerical techniques solution of given equations.

For a different HLRI time periods flight which is directed to a target according to instantaneous fly-by method,
the HLRI inertial navigation system simulated results are performed. The modeling results similarity for both
deterministic and statistical approaches to errors estimation of the inertial navigation, give ground to make
a conclusion on correctness of the selected direction for inertial navigation errors estimation of the stepdown
inertial navigation platform of the HLRI.
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B cmambe nipednazaemcsi Memoduka NocmpoeHUsi kopmexka Napemo (yropsidoyeHHO20 MHOXecmea aghghekmue-
HbIX gapuaHmos cucmem rnod2omoeKu U rycka flemamesibHO20 arfapama), OCHO8aHHasi Ha Memode 2UrepeeKmopHO20
paHXXUpoBaHUSsI. PaccMompeH JucrieHHbIL mpumep.

Knioyeenle crioea: 2urepeekmopHoe paHxupogaHue, kopmex [lapemo, MHo2OKpumepuaribHasi 3adaqa, iema-
menbHbIU annapam, cucmema noG20moeKu U rycka.

The article suggests the generation technique of the Pareto tuple (ordered set of the aerial vehicle preparation and
launch system effective variants) based on the hyper-vector ranking method. The numerical example is considered.
Keywords: hyper-vector ranking, Pareto tuple, multicriterion problem, aerial vehicle, preparation and launch system.

CoBepieHCTBOBaHHUE JieTaTeNIbHBIX annapatoB (JIA) TpeGyeT co3gaHusi HOBBIX WIIM MOAEPHH3A-
un yxe cymectBytonx CIIIT JIA. ITomo6nbie mMepomnpusarus obecrneunBatoT pazsutue CIIIT JIA,
NPEAOTBPAILAIOT MOPAJIbHOE CTApPEHHE U, CIEI0BATENIBHO, YIYUIIAIOT €€ TEXHUKO-3KCIITyaTalluOHHbIE
XapaKTepUCTUKU. B naHHON cTaTbe MOJ JeTaTeIbHBIMU allliapaTaMy MOApa3yMeBalOTCs pakeTsl (Ipo-
TUBOPAKETHI).

CIIII JIA npenHasHa4yeHa, B YaCTHOCTH, [UIS PELICHUS CIEeIyIONMX 3aa4: IPEeACTapToOBast OAro-
TOBKa 1 mycK JIA; oOMeH nHopMalien ¢ MyHKTOM YIIPaBJIeHUS! PAKETHOI'O KOMIUIEKCA; YIIpaBICHUE
CpeACTBAaMH CTapTOBOM MO3MLNH; JOKYMEHTUPOBaHHME M OTOOpakeHHe MH(POPMAIMH; KOHTPOJIb TeX-
HHUYECKOTo cocTosiHUs JIA u jokanu3anust HeMcIpaBHOCTEH 10 cMEHHOro 0Ji0Ka; oOecrieueHne aBTo-
HOMHBIX U PETJIaMEHTHBIX padoT U T.J.

Bo3MokHO HECKOIIbKO BapHaHTOB MojepHu3amuu (HoBeix BapuantoB) CIIII JIA, kaxmabri u3 xo-
TOPBIX XapaKTepU3yeTCsl MHOKECTBOM KpuTepueB. HeoOxoaumo BeIOpaTh HaMTyyIInii 10 COBOKYITHO-
CTH KPUTEPHEB BapHAHT KOHCTPYKIWHU MozaepHusnpoBanHou (HoBoit) CIIII JIA. [Inst sToro cnemyert:
OCYILECTBUTH MIOCTAHOBKY 33Ja4M, MPEIUIOKUTH (BBIOpaTh) METOA €€ pelIeHus]; pa3paboTaTh BapHaH-
Tb1 MonepHu3auuu CIIIT JIA; onpenenuTs CUCTEMY KpUTEPHUEB, PACKPBIBAIOLIUX XapaKTepHbIE CBOM-
CTBa Ka)XKJIOI'0 BapHaHTa MOJEPHHU3ALMH; BHIOpaTh HAMIYUIIYIO II0 COBOKYIIHOCTH KPUTEPHEB MOJEP-
HU3MpoBaHHYIO (HoByto) CIIIT JIA.

PaccmatpuBaemas 3amadya OTHOCHTCS K MHOTOBEKTOPHBIM 3aJjayaM CHCTEMHOro aHanusa. B pe-
3yJbTaTe MPOBEICHHOIO aHAIM3a U3BECTHBIX METOIOB PELICHUS TAKOro Kiacca 3afad CAelaH BBIBOL,
YTO MPEIbABISIEMbIM TPEOOBAHUSIM OTBEYAET METOJ TMIIEPBEKTOPHOIO PAH)KUPOBAHUS, OCHOBY KOTO-
POT0 COCTaBIISIET METOJ «OKECTKOT0» PAHKUPOBAHMUSL.

Paccmotpeno 16 BoamoxkHbIX BapuanToB Moaepauzanuu CIIIT JIA, yuyuThIBaronmx cOBpEMEHHBIE
TEHICHIMHU B Pa3BUTHUU BXOISIIUX B CHCTEMY MOACHUCTEM. DKCIEPTHBIM MyTEM C(HOPMUPOBAHO MHO-
’KECTBO KpuUTepHueB oueHkH BapuaHToB MonaepHuzauuu CIIII JIA. B coctaB MHOXeECTBa BXOIST TPHU
MHOTOBEKTOPHBIX, CEMb BEKTOPHBIX U IBAALATH TPU CKAJSIPHBIX KOMIIOHEHTA.
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B pesynbraTe mpuMeHEHHsT METO/1a THIIEPBEKTOPHOTO PAHKUPOBaHU ObLT TocTpoeH Koprex [la-
peTo — ymopspodeHHOe MHOKECTBO d(hPekTuBHBIX BapranToB MoxepHu3anuu CIIIT JIA, a Takke BBI-
OpaH HaWiIy4ylIMd BapuaHT [UIA [PAKTHYECKOTO  HWCHOJb30BaHWs. IIpoBermena  ombITHO-
KOHCTpYKTOpcKas padota mo moaepuusamuu CIIIT JIA, ©TOroM KOTOPOH SIBJISIFOTCS YCIIEIITHBIC MCITBI-
TaHUS MOACPHU3MPOBAHHOW CHCTEMBI Ha 3aBOJIC-W3TOTOBHUTENE M HAa OOBEKTE HWCIOIB30BAHHA IO
Ha3HAYEHUIO.
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SELECTION OF THE BEST VARIANT FOR AERIAL VEHICLES
PREPARATION AND LAUNCH SYSTEM BASING
ON HYPER-VECTOR RANKING METHOD

V.V. Safronov, A.A. Severov, D.P. Teterin

The aerial vehicles (AV) retrofit requires the design of a new and updating of the existing AV preparation and
launch systems (PLS). Such arrangements provide the development of AV PLS, prevent the obsolescence and conse-
quently improve its operational performance. The article implies the aerial vehicles as missiles (interceptors).

In particular the AV PLS is designed for the following problems solution: prelaunch preparation and AV launching;
interaction with missile complex control post; launching site means control; information recording and display; AV ser-
viceability status check and fault localization up to plug-in unit; providing of autonomous operation and periodic technical
servicing etc.

The several AV PLS updating variants (new variants) are possible each of which is characterized by set of criteria.
It's necessary to select the optimal design variant out of criteria aggregate of the updated (new) AV PLS. For this pur-
pose it's recommended: to assign task, propose (to select) the method of its solution; to work out the AV PLS updating
variants; to select the best updated (new) AV PLS as for criteria aggregate.

The considered task is related to multiple-vector system analysis problem. The analysis results of known solution
technigues of such class of tasks concludes that the hyper-vector ranking method meets specified requirements, the
basis of which is formed by the method of «rigid» ranking.

The article examines 16 possible variants of the AV PLS updating, considering the current developing trends of
subsystems. A set of AV PLS updating variants estimation criterion was empirically formed. The criteria set include 3
multi-vector, 7 vector and 23 scalar components.

As a result of hyper-vector ranking method application the Pareto tuple was constructed — ordered set of effective
variants for AV PLS updating, and the best variant for the practical use was selected. The research and development
work on AV PLS updating was conducted the result of which are successful tests of upgraded system at manufacturing
factory and at the launching point.
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B cmamese paccmampusaemcsi ropsidok ompabomku Memodos cestekyuu 60eebix 6r10ko8 6anucmuYecKux pakem
Ha ghoHe NoXHbIX Uesell ¢ UCronb308aHUeM UHGhopMauuU 1o napamempam mpaexkmopull U cUeHarlbHbIM Xxapakmepucmu-
Kam bannucmudeckux uernel, paHee HaKoriIeHHoU o pe3yribmamam HamypHbIX pabom u (unu) nosry4aemoli ¢ Ucrosb30-
8aHuUeM [po2paMMHO-pearnu308aHHol Modernu, umumupyroweli rosem sreMeHmos CrioxHol bannucmuyeckod yernu
u pabomy PJIC npomugopakemHoli 060pOHb!.

Knroyesnble cnoea: cerekyusi, KoMrinekc cpedcms rpeodorieHus], npomusopaxkemHasi 060poHa, arnpuopHbie ceede-
Husi, Bannucmudeckasi pakema, CrioxHasi bannucmuyeckasi Uerb.

The article considers the optimization sequence of ballistic missiles warheads discrimination methods in background of
decoys using the ballistic missiles trajectories parameters and signal characteristics data previously stored during field tests
and (or) received with application of software-based model simulating elements flight of complex ballistic target and the radar
operation of the missile defense system.

Keywords: discrimination, countermeasures, missile defense, priori data, ballistic missile, complex ballistic target.

s Benenust 3pdexTuBHON 60pHOBI co ciokHBbIME Oammuctuaeckumu nensmu (CBLI) cucrema
npotuBopakeTHoi 000poHs! (ITPO) nomKkHa OCYIECTBIATh CENEeKINI0 00EBBIX 0JIOKOB Ha (oHE JIOXK-
HBIX IIeJIeH.

Cunraercsi, 4TO IETH MOXKHO KIACCUQHUIUPOBATH M0 UX TUHAMHUYECKUM XapaKTEPUCTHKAM, IO
OTPaXEHUIO U M3IYUYEHHUIO SHEPTUU U B3aUMOCBS3U MX C OKpyxaromieil cpeaoi (Anypees U.U. Opy-
K€ IPOTUBOPAKETHOH U MPOTHBOKOCMUYECKOH 000poHBL. — M.: Boenmsaart, 1971. — C. 143).

[Tpu 5TOM 0TpabOTKa METOIOB CEJEKIIMA BO MHOTOM CBSI3aHA C HAJIMYUEM anpHOpHOH MHpOpMa-
M. XapakTep pacroyiaraéMbIX allPUOPHBIX CBEJACHUN ONpeeNsieT He TOJIBKO Pe3yIbTaT PelIeHHs 3a-
Jla4y CeNIeKLIMH, HO U caMy CTPYKTYpY aJTOPUTMOB (pEIlarouiiuX MpaBuil), IPUMEHIEMBbIX IIpH e€ pe-
mennn (CelieKius W pacro3HaBaHWE HA OCHOBE JIOKAIIMOHHOW uH(opmarmu / non pen. ['opennka
AL — M.: Pagmo u cBs3p, 1990. — C. 159).

OtpaboTka METOAOB CENEKIMH CBs3aHa C MPOBEACHUEM OOJIBIIOTO YKCia HaTYPHBIX padoT, B KO-
TOPBIX JOJDKHBI UCIIOJIb30BATHCS LENH, MAKCHMAIbHO COOTBETCTBYIOIIHNE 110 CBOMM XapaKTepUCTHKAM
00eBBIM OJI0KaM U KOMIUIEKcaM cpeacTB npeogonenus [TPO, Haxoas muMces Ha BOOPYKEHHU y TIOTEH-
UaJILHOTO MTPOTHBHHUKA.

[IpoBenenue Takux padoOT SIBIASETCS AOCTATOYHO 3aTPATHBIM C (PMHAHCOBOM TOYKM 3pPEHUS M HE
BCETJa [1e1eco00pa3HbIM, KOTa HJIET peub 00 0TpadOTKE METOIOB CEIEKIMHU 10 OJHOTHITHBIM LIEJISIM.
B aTOM cityyae onTUManbHBIM SIBISICTCS MCIIOJIb30BaHNE HAKOIUIEHHOHM B X0J€ HATYPHBIX paboOT MH-
(dopmanmu no mapamerpaM TPAaeKTOPUH M CUTHAJIBHBIM XapakTepUCTUKaM OaTMCTHUECKUX UeNeH B
MIPOrpaMMHO-PEaTM30BAHHON MOJIETH aJrOPUTMOB CEJIEKIINH (J1ajiee — MOJIeNb CENIEKLIUH ).

B ciyuasix, korzma oTCyTCTBYeT HaKOIUICHHAss MH(GOpManus 1O pe3yibTaTaM HATypHBIX pador,
BXOJIHYI0 MH(QOPMAIMIO Al MOJEIH CEeNEKIMH MOXXHO TOJYYUTh C UCIIOJIB30BAaHHEM MPOTPaMMHO-
peann3oBaHHON Mojieny, uMuTHpyomeit nonér snementoB ChI u padoty PJIC I1PO (nanee — monens
BXOHOW uHpopManun). [IpuMeHenue Takoi MoJenH Lesecoo0pa3Ho U B ciydae, KOraa MPOU30ILI0
M3MEHEHHUE WIH YTOYHEHUE allpuOpHON HH(POpMAIINH.

Juist peanuzanuu 3tux nonoxkennit B HTL « HUUPIDy OAO «I'CKb «Anmasz-AHTei» pa3zpabdoTa-
Ha aBTOHOMHas Monens ceiekiuu CBLI, mo3Bossionias MpoBOIUTE OTPAOOTKY (KOPPEKTUPOBKY) aJi-
TOPUTMOB CeJIeKLIUH 110 pe3yIbTaTaM HaTypHBIX paboT (peXUM BOCIIPOU3BEIECHUS paHee HAKOIUIEHHOM
UHQOpMAIH), MOACTHUPOBAHUS I KOMOMHUPOBAHHBIM CIIOCOOOM, KOT/Ia 4YacTh BXOJHON MH(OpMa-
[[H TIOCTYTIACT B PEXKUME BOCIIPOU3BE/ICHUS, & YaCTh BBIIAET MOJICTb BXOJHOH HH(POPMALIUH.
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DISCRIMINATION METHODS OPTIMIZATION

V.V. Fashchev

For effectively counter the complex ballistic targets (CBT) it's necessary for the missile defense system to discriminate
the payload in decoys cloud. It's considered that target can be classified according to its dynamic characteristics, reflection and
energy radiation, and its interaction with the environment («Missile and space missile defense weapon» I.I. Anureev. M.:
Voenizdat, 1971. — p.143). Herewith the discrimination methods optimization is mostly connected with priori information pres-
ence. The nature of available priori data defines not only discrimination problem solution results but the algorithms structure
(decision procedure) applied during its solution («Discrimination and identification on the base of radar information» /
A.L.Gorelik. M.: Radio and communications, 1990. — p.159).

The discrimination methods optimization is connected with large number of full-scale works which use targets maximally
corresponding in its characteristics to adversary warheads and missile defense countermeasures. Handling of such a kind of
works is quite costly and not always worthwhile as for discrimination methods optimization of single-type targets. In this case
the optimal way is to use the data accumulated during field tests on ballistic missiles trajectories parameters and signal charac-
teristics in software-based model of discrimination algorithms (hereinafter referred to as discrimination model). In situation
when there is no accumulated information resulting field tests the source information for the discrimination model can be
obtained with use of software-based model simulating CBT elements flight and missile defense radar operation (hereinafter
referred to as source information model). The model application is useful when the priori data was changed or updated.

For these provisions realization the autonomous CBT discrimination model was designed by the JSC «Almaz-Antey»
NIIRP Research and Development Centre, permitting to carry out the optimization (correction) of discrimination algorithms
basing on field tests results (previously accumulated information playback mode), modeling or combined when a part of input
information comes in playback mode and other part of data is given by the source information model.
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B cmambe paccmampusaemcs mMemodosioaudeckull no0xod K OUEHKEe 6/UsIHUS mepornpusmult mexHu-
4ecko20 obecrneyeHusi Ha COomHouweHuUe 6oesbix MomeHuUanoe CIMOPOH 8 xo0e 6oesbix Aeticmeaull.

Knroyeeble cnoea:. 6oesbie Oelicmeusi, 6oesol nomeHyuar, B800PYyXKeHUe U 80eHHas MmexHUKa, 3KCry-
amayUuoHHO-mexHuU4YecKue xapakmepucmuKku.

The article considers the methodological approach to the influence assessment of technical support activities
on the ratio of combat potentials of the parties during combat operations.

Keywords: combat operations, combat potential, armament and military equipment, maintenance and tech-
nical specifications.

VYcnex BeleHUS BOGHHBIX ACHCTBUH BO MHOIOM ONpPEAECISETCS HE TOJIBKO CBOEBPEMEHHOCTBHIO
NPOBENICHNUS HEOOXOIUMBIX OIEpaluii, HO ¥ COOTHOIIEHHEM OOEBBIX MOTCHIHAIOB CTOPOH Ha MPOTS-
JKEHUH BCEH onepanyy B IHHAMUKE.

IIpu 3TOM NPOrHO3 M3MEHEHHsT O0EBBIX MOTEHIMAJIOB CTOPOH SBISETCS Ba)KHEHIIMM 3JEMEHTOM
HOJJICPKKH NIPUHATHS PELICHUS B X0J€ OOEBBIX JEHCTBUM.

BoeBoii noTeHunan npoTHBOOOPCTBYIOIINX CTOPOH MPEACTABIAET COOOH CBEPTKY YAaCTHBIX Kade-
CTBEHHBIX ITOKa3aTenel 00eBOil MOIIM BOOPYKEHUSI 1 BOGHHOH TEXHUKH.

JluHaMHKa M UCXOJl COOTHOILIEHHs OOEBBIX MOTEHLHAIOB CTOPOH ONPEAEISIETCs, C OAHONW CTOPO-
HBI, CTEIICHBIO pean3auuy 00EBbIX BO3MOXHOCTEH IPYNIIMPOBOK BONCK (CHII) MPOTHBOOOPCTBYIOIINX
CTOPOH B KOHKPETHBIX YCIOBHUSIX 0OCBON OOCTaHOBKM M XapakTepusyeT 3pQPEeKTHBHOCTh UX O0EBOTO
NPUMEHEHHs, ¢ APYTOH CTOPOHBI — 3aJ0KEHHBIMH B 00pa3lbl BOOPYKEHHS 3HAYCHUSIMH SKCIUTyaTa-
IOHHO-TEXHUYECKUX XapPAKTEPUCTHK.

[loBbImIeHNE 3HAYEHUH MOKa3aTeael HaAEKHOCTH, )KUBYYECTH, TOTOBHOCTH BOOPY>KEHHSI  BOCH-
HOW TEXHUKH OJHOH M3 CTOPOH MPOTUBOOOPCTBA PAaBHOCHIBHO MOBBILICHUIO YUCIIEHHOCTH 00pa3LoB B
COCTaBe IPYIIHPOBKH.
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Takum oOpa3om, MpU MOIETUPOBAHUH OOEBBIX ACHCTBUN HEOOXOAMM YYET OSKCILIyaTal[iOHHO-
TEXHUYECKUX XapaKTEPUCTHK BOOPYKEHUS M BOSHHOW TEXHHKH T'PYMIIHPOBOK BOMCK (CHII) CTOPOH.
OTtcyTcTBHE 3TOTO y4€Ta B HAYYHO-METOIAMYECKOM OOECIedeHHWH COBPEMEHHBIX MOJIEIHPYIOIINX
KOMIUIEKCOB B HACTOAIIEe BpeMs W OOBEKTHBHAs HEOOXOIAMMOCTH €r0 OCYIIECTBICHHUS SBISIOTCS
HAyYHBIM IPOTHBOPEUHEM.

Pa3pemenne 0003HaYEHHOTO POTHBOPEYUS TTO3BOJIHUT OIICHUTH BIHSHUE HANEXHOCTH, KUBYyUe-
CTH ¥ TOTOBHOCTH BOOPY>KE€HHS Ha COOTHOIIICHNE U AHHAMUKY W3MEHEHHsI OOEBBIX MOTEHINAIOB TPO-
TUBOOOPCTBYIOMIUX CTOPOH, YTO IMO3BOJIUT JIMIy, OpPraHM3YIOIeMy OOeBble NEHCTBHS, NPUHSITH
HamboJiee aIeKBaTHbIE EHCTBUTEIHHOCTH PEIICHUSI.
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INFLUENCE OF OPERATIONAL TECHNICAL
CHARACTERISTICS OF SAMPLES OF ARMS AND MILITARY
EQUIPMENT ON THE RATIO OF COMBAT POTENTIAL OF THE
PARTIES DURING COMBAT OPERATIONS

E.Y. Brezhnev, V.N. Samusenko

The success of military operations is defined to a large extent not only by timeliness of sustaining the
necessary operations, but also by the ratio of combat potentials of the parties throughout the whole operation
in progress.

Herein the forecast of changing in parties combat potentials is an essential element of decision making
support for conducting of combat operations.

The combat potential of the opposing sides is a complexity of particular quality indicators of weapons and
military equipment firepower.

The progress and the ratio of parties military potentials outcome is determined, on the one hand, by the
degree of combat capabilities management of opposing sides force grouping (forces) in the specific conditions of
battlefield environment and characterizes the effectiveness of its tactical employment, from the other hand — by
operational and technical characteristics values specified during development phase.

The values indicators increasing of reliability, survivability, weapons and military equipment readiness by
one of the opposing sides is equivalent to increasing of combat materiel amount of the grouping.

Therefore, at modeling of combat operations it's necessary to consider weapons and military equipment
operational and technical characteristics of force groupings (forces) of the parties. The absence of this considera-
tion in the scientific-methodological provision of modern simulation complexes at the present time and the
objective necessity of its implementation are scientific contradiction.

The resolution of contradictions permits to evaluate the reliability, survivability, weapons and military
equipment readiness influence on the ratio and progress of combat potentials changing of the opposing sides,
that would allow the commander to make an adequate decision to the current situation during combat operations.
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B cmambse paccmampusaemcsi Memoduka aHanusa aghghekmusHocmu ¢byHKUUOHUpPo8aHuUsi Oeepadupyio-
wux cucmem maccogoeo obenyxueaHus. lpednoxeHa cucmema Kpumepues U rokasamernel kayecmea makux
cucmem. NpusedeHbl hopMyribHbIE 3a8UCUMOCMU U MPUMEPBI MOfTyYaeMbiX OUEHOK.

Knrouesnle croea: Mamemamu4yeckue MoOeru, cucmeMsl Maccogoeo oberyxusaHusi (CMO), dezpadauyus CMO,
OUEHKU 8epOSIMHOCIMHbIX rokazameriel aghghekmusHocmu, 6oesoe rpomusobopcmeo.

The article considers performance analysis method of degraded queuing systems operational effectiveness.
The set of criteria and performance index of such systems were proposed. The formula functions and examples of
assessed values were performed.

Keywords: mathematical models, queueing systems, queueing systems degradation, probability effectiveness
index assessment, combat countering.

[Ipu paccmorpernn CMO 00OBIYHO MIPEATIONIATaoT, YTO 3asIBKU ITACCHBHBI 110 OTHOIIEHHUIO K MPO-
neccy obciyxuBanus. Ognako ectb CMO, B KOTOPBIX 3asBKH aKTHBHO PEarupyroT Ha HauyaBIIUICS
npouecc oOcmyxuBaHus. Takue 3asBKH WM CHOCOOCTBYIOT HPOLECCY OOCIYXMBAaHUSI WM NPEIsT-
CTBYIOT eMy. B mocienHeM ciiyyae 3TH 3asBKM Ha3bIBAIOT arpecCUBHBIMU. OHU MOTYT IOpa3uTh 00-
CIIy’KUBAIOIMI amnmnapar, HOJIHOCTBI0 YHHUUYTOXKUTh €r0 WJINM YacTHYHO paspywuTh. [Ipu 3Tom TOorma
CMO mnpomomxut paboTy, HO C Jerpajalueil, T.e. C HEKOTOPOH MmoTepel CBOMX (DYHKIIMOHAIBHBIX
Bo3MoxkHOcTel. [Ipumepom Takux perpaaupytomux CMO MOXET CIyXHTh IPOTUBOOOPCTBO MHOI'O-
KaHAJIbHBIX 36HUTHBIX PAKETHBIX KOMIUIEKCOB C aTaKyIOLIMMHU CPEICTBAMU BO3YITHOTO HANaICHHS.

Haxoxxnenne CMO B KaXOM U3 BO3MOXKHBIX COCTOSHHM ONPEAEISIeTCS U3 PELICHUS! CUCTEMBI
mddepeHInanbHbIX YpaBHEHNH 10 U3BecTHOM MeToauke Konmoroposa. J{ist 5Tol 1ienu B craThe Hc-
nojb3yeTcs MaTreMaTnyeckuii maker Mathcad.

[pemnoxeHsl cUCTEMBI KpUTEPHEB U NOKa3aTesel 3G deKTHBHOCTH (PyHKIHOHUPOBAHUS CUCTEMBI.

[IpuBeneHs! rpagyKy 3aBUCUMOCTH KOJIMUYECTBA AECIPaUPOBAHHBIX KAHAIOB OT BPEMEHH HANETa.
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QUEUEING SYSTEMS WITH DEGRADATION

A.K. Krasnikov, N.S. Shcherbakov

The issue of queueing systems assumes that requests are passive in relation to service operation process.
However there are queueing systems where requests extensively respond to initiated service operation. Such re-
quests could enable the service operation process or block it. The last case these requests are called the aggres-
sive requests which could defeat the maintained device, completely destroy or partially damage it. Herewith then
gqueueing systems continue operation but with degradation i.e. with some loss of its functional capabilities. The
example to such degraded queueing systems can be combat countering of multichannel air defense missile com-
plexes with aerial assault weapons.

The finding of queueing systems in each possible condition is determined through solution of differential eq-
uitation system according to the well-known Kolmogorov method. For this purpose the mathematical Mathcad
product was implemented in the article.

The set of criteria and performance index of such systems were proposed.

The dependence diagrams of degraded channels amount from the time of raid we demonstrated.
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PaccmompeHbl Hekomopble peKkoMeHOayuu opa2aHU3ayUOHHO-MEXHUYECK020 Xapakmepa, HarpasieHHbIe
Ha KapOuHanbHOE COKpalwjeHue u3depxeKk npou3soocmea Ha OCHOBe «bepexiiugo20» XUSHEHHO20 UUKIa,
Komopble Mo2ym bbimb 3¢h¢heKmueHO pearnu308aHbl 8 paMKax UHMezapupo8aHHOU CMpyKmypabi.

Knroyeeble cnoea:. XU3HEHHbIU YUK, 3amarbl XU3HEHHO20 uuknia, 6epexnugoe nmpou3eodcmeo,
mexHosozuyeckasi mo0eomoska npou3soocmsa.

The article examines some recommendations on organizational and technical issues focused on fundamen-
tal production costs saving on the base of «lean» life cycle which can effectively implemented under integrated
structure.

Keywords: life cycle, life cycle stages, lean production, process design.

CraThs MOCBSIIICHA aHAIHU3Y TPOOJIEM, BO3HUKAIOIIMX MPU PEIICHUM aKTyalbHOU 3aJa4dl Kapau-
HaJIbHOI'0 CHHMIXKCHHA H3ACPIKEK IMPOU3BOJACTBA IPU BHEAPCHUU ((6epe)KHI/IBOFO» JKHU3HCHHOI'O ITUKIJIa
(BXLI), MO3BOJIAIONIETO UCKIIOYHUTh WM MaKCHMAJbHO COKPATHUTh MOTEPH Ha BCEX ATamax MOJHOTO
sku3aernoro nmukina (IDKI) u3genvs, B TOM 9rciie TpOrHO3UPOBATh IIAHOBOE COKPAIEHUE U3IEPIKEK
Ha 3Tane pa3paboTKH CIICUAIBHOTO U3ICIHS.

Hcrnonp3oBanue TPy CO3MAHUN CTICTIHATBHON MPOIYKITUH TEXHOJIOTHN U MIPUHITUIIOB OCPEIKITHBO-
ro IPOU3BOJICTBA aBTOPAMU BIIEpPBEIC MpeioxkeHo paccmarpuBarh bXKI] kak exuHyto cucrtemy B 00-
nieit cucreme ynpasienus [DKIT.

AHanu3 MpakTUKU pa3pabOTKU U MPOU3BOJICTBA CIICIUAIBHON MPOAYKIMHA TPEANPUITHIME 000-
POHHO-IIPOMBIIIEHHOr0 KoMiuiekca Poccuiickoi denepanyiyi mo3BOJNMI BBISIBUTH Psii KIHOYEBBIX
npo0ieM, NPENATCTBYIOMMX WM 3aTPYIHAIONINX PEATU3alMI0 MPHUHIUIIOB OCPEKIMBOTO MPOU3BOI-
ctBa Ha ocHoBe BXKII.

3T npobiemMbl 00beAMHEHB! B TPU TPYIIBI: OpPraHU3allMOHHBIC, MPOSKTHO-OPTraHU3alUOHHBIE
Y TIPOM3BOJCTBEHHO-OpraHu3aonHse. [Ipu mogpooHOM aHanm3e mpobiaeM KaxIoil TPyl aBTopa-
MU HE TOJIBKO paCCMAaTpUBAIOTCA MPUYXMHBI BOBHUKHOBCHHA HpO6H€M, HO U Jar0TCA PEKOMCHAAIINU 110
WX MPEOAOJICHUI0. B 3TOM COCTOUT MpakTU4ecKkoe 3HaueHUe paboThlI.
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KEY REALIZATION ISSUES OF SPECIAL-PURPOSE ITEMS
«LEAN» LIFE CYCLE

S.N. Ostapenko, S.V. Lushin

The article considers problems analysis arising at actual task solution of fundamental production costs
saving at introduction of the «lean» life cycle (LLC) permitting to exclude or maximally reduce losses at all stages
of full life cycle (FLC) of the item (product) including forecasting of planned cost saving at development cycle of
the special-purpose item.

The using of technology and lean production principles during manufacturing of special-purpose items is
proposed by the authors to consider LLC as an integrated system in FLC control system.

The special-purpose items manufacturing and development practice analysis by the industry-defense
complex enterprises of the Russian Federation permitted to find out a number of key problems blocking or
complicating the implementation of the lean production principles on the base of LLC.

These problems are joined into three groups: organizational, project-organizational and production-
organizational groups. At detailed analysis of problems in each group the authors learn not only the problem
whence but give recommendations on its overcoming. This is the practical importance of the paper.
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B cmambe paccmampusaemcsi nposedeHue rnepebix cmpesibbo8bix UCMbIMaHul Ha3eMHO20 KOMIieKca
PO AEGIS ASHORE, e komopom npednosiazaemcsi ucronb3o8ams rnpomusopakems! SM-3 Block 1B, passep-
Hymble 8 2014 200y Ha kopabnsix cucmembi [TPO dnsi onepamugHoO20 UCoNMb308aHUs.

Knroyveebie cnoea: cmpenbbossie ucrbimaHus, Ha3emHbil kommneke NPO AEGIS ASHORE, npomusopa-
kema Standard Missile-3.

The article views the first firing test of the ground-based AEGIS ASHORE missile defense system where
SM-3 Block IB interceptors are to be enabled which were deployed on missile defense system ships in 2014 for
operational use.

Keywords: firing test, AEGIS ASHORE Ground-based Missile Defense system, SM-3 Interceptor.

Crrermanmuctsl ArenrctBa [IPO Munncrepersa o6oponst CLIA coBmectno ¢ BMC CIIIA mpose-
JIM TIEpBBIE CTPETHOOBBIE UCIBITAHUS C 33J€HCTBOBAHMEM KIIOYEBBIX KOMIIOHEHTOB Ha3€MHOI'O KOM-
miekca [TPO AEGIS ASHORE.

B nazemnoii cucreme AEGIS ASHORE wmoryT ucnionbs3oBathesi mpotuBopakeTsi SM-3 Block 1B
MOpCKOTO 0azupoBaHuUs 0€3 KaKuX-TH00 OMONHUTENBHBIX Moaudukanuii. B 2014 roqy nporuBopa-
keTsl SM-3 Monudukauuu [B Obiin BriepBeie pa3BepHYTH Ha KOpadisix cucreMsl [IPO mist onepatus-
HOT'O MCIOJb30BaHMs. B cocTaBe Ha3eMHBIX KOMIUIEKCOB IUIAHUPYETCS Pa3BEPTHIBATH OJAHOBPEMEHHO
He 6ompiie 24 [IP B onepaTUBHOM JI€KYpPCTBE.

HcnpiTanue ocyiecTBIAIOCH B paMKax MOATAHON aJalTUBHOW NPOrpaMMbl pa3BEPThIBAHUS CH-
crem [IPO B EBpome EPAA (European Phased Adaptive Approach), cormacHo miaHy KOTOpOif,
HazemHas cucrema [IPO AEGIS ASHORE nomxna ObIT aKTHBHpPOBaHA Ha TEPPUTOPHH PyMmbIHUM B
2015 roxy u Ionpmu B 2018 roxy. Mcnbrranus xommiaekca AEGIS ASHORE c BeimonHenueM nepe-
XBaTa peasbHOM 1eu OyayT npoBeaeHs! B 2015 roxy.
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PA3AEN: AHAJIMTUMECKUE NCCNEAOBAHUA 3APYBEXXHOIO OMbITA

AEGIS ASHORE
(Ground-based AEGIS ASHORE missile defense system first firing test)

V.V. Zhestkov, A.E. Svistunov, V.A. Kulbyakina

The US Missile Defense Agency (MDA) specialists jointly with the US Navy held the first firing test involving the key
components of the ground-based AEGIS ASHORE missile defense system.

Naval SM-3 Block IB interceptors could be used in ground-based AEGIS ASHORE missile defense system without any
subsequent modifications. SM-3 Block interceptors of IB modification were deployed in 2014 for the first time on the missile
defense ships for operational use. Not more than 24 interceptors of ground-based AEGIS ASHORE missile defense system
are planned to be deployed in operational mode.

The test was conducted under European Phased Adaptive Approach plan which envisages the activation of ground-
based AEGIS ASHORE missile defense system on the territory of Romania in 2015 and Poland in 2018 respectively. The
next trials of AEGIS ASHORE missile defense system with actual target interception are planned to be conducted in 2015.
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B cmambe paccmampusaemcsi nposedeHue cepuu ucrnbimaHul cucmemsbi MBO-NTPO AEGIS nocnedHel
mooucgpukauyuu 5.0 ¢ nyckom NP SM-6, npedHa3HayeHHOU 01151 MOPaXeHUs CII0XKHbIX as3poduHaMu4eckux yened, a
makxxe 6oesabix b110Kk08 bannucmuyecKux pakem Ha KOHeYHOM y4acmke mpaekmopuu nonéma c 3adelicmeosa-
HueM Hoeol cucmembl yripasneHusi oecHem cpedcme [1BO BMC CLUA NIFC-CA.

Knroveebie cnoea:. cmpensbosbie ucrnbimaHus, cucmema [1BO-MTPO AEGIS, npomusopakema SM-6,
cucmema ynpasrneHusi oezHem cpedcme [1BO BMC CLUA NIFC-CA.

The article views the serial firing tests of the AEGIS missile defense system of a new modification 5.0 with
launch of SM-6 interceptor, intended for destruction of complex aerodynamic targets and ballistic missiles re-entry
vehicles on terminal phase involving Naval Integrated Fire Control-Counter Air system (NIFC-CA).

Keywords: firing test, AEGIS missile defense system, SM-6 Interceptor, Naval Integrated Fire Control-
Counter Air system.

Boennocnyxammue BMC CIHA coBmectHo co crnenumanucrtamu kommnanuii Lockheed Martin u
Raytheon B mepnox ¢ 18 mo 20 umrons 2014 roga nmpoBenu cepuro ucnsiTanuii cucremsr [IBO-TTPO
AEGIS nocnenueit mogudukamuu 5.0 ¢ 3aaeiicreoBanrem [IP SM-6, npenHazHadeHHOM sl TOpaKe-
HUS CIIOKHBIX a’pOJWHAMHYECKHX IIeJieii, 00eBBIX OJOKOB OAUIMCTUYECKHX DPAaKeT Ha KOHEYHOM
y4acTKe TPaeKTOPUH MOJIETA.

B xone ydenwii Obla 3a7eiicTBOBaHa MHTETPHUPOBAHHAS CHCTEMa YIIPABIIEHUS OTHEM CPEJICTB
[IBO BMC NIFC-CA, 4to obecriednio 3aropu30HTHYIO Iepefady JaHHBIX IeJieyKa3aHusl OT yJaleH-
HBIX ceHCOopoB Ha KopabenbHyo PJIC cuctembr AEGIS AN/SPY-1D(V).

Cuenapuii nepexBara NpoTuBopakeToir SM-6 6oeBbix 610koB bBP Ha koHeuHOM ywacTke OyaeTr
0TpabaTeIBaThCA B XO/I€ YUEHUI, KOTOpBIE poiyT B KoHIle 2015 — magane 2016 rona.
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PA3AEN: AHAJIMTUYECKUE NCCNEAOBAHMA 3APYBEXXHOIO OMNbITA

SERIAL FIRING TESTS OF THE NEW MODIFICATION AEGIS
MISSILE DEFENSE SYSTEM, SM-6 INTERCEPTOR AND NAVAL
INTEGRATED FIRE CONTROL-COUNTER AIR SYSTEM

V.V. Zhestkov, A.E. Svistunov, V.A. Kulbyakina

The US Navy in cooperation with Lockheed Martin and Raytheon specialists conducted in June 18-20, 2014 a series of
firing tests of AEGIS missile defense system of a new modification 5.0 with launch of SM-6 interceptor, intended for destruction
of complex aerodynamic targets and ballistic missiles re-entry vehicles on terminal phase.

The trials involved Naval Integrated Fire Control-Counter Air system (NIFC-CA) that provided over-the-horizon target
designation data transmitting from distant sensors to the naval AEGIS missile defense system AN/SPY-1D(V) radar.

The SM-6 interception scenario of ballistic missiles re-entry vehicles on terminal phase will be carried out during tests
which are planned on late 2015 or beginning of 2016.
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B cmambe paccmampusaromcsi npoepammbl co3daHusi Hogoeo KopabernbHozo PJIK AMDR, ymo nossonum
uHmeepuposame HoebIl PJIK e kopryc acmuHya npoekma DDG-51 cepuu Flight 11l 6 2019 200y dnsi 8binosiHeHUs1
3aday MBO-I1PO. lNnaHupyemcsi o6beduHumpb Hosyw PJIC S-duana3oHa AMDR-S u cyuwecmsyrowyto PJIC
X-Ouana3oHa, Komopbie 6ydym conpsikeHbl ¢ KopabesibHOU MHO20(hyHKUUOHAaIbHOU cucmemol yrnpaesieHusi
opyxuem AEGIS.

Knroyesble crnoea:. npomusopakemHass 0b6opoHa, KopaberibHbili  paduoroKayUOHHbIU  KOMIIIIEKC,
MHO20hyHKUUOHaIbHasi cucmema yrpaeneHusi OpyXXuem.

The article views the new ship-based Air and Missile Defense Radar (AMDR) program intended for the new
radar integration to DDG-51 Flight Il destroyer by 2019 to accomplish air and missile defense tasks. It's planned
to combine work of new S-band radar (AMDR-S) and existing X-band radar (AN/SPQ-9B) which will be conjugat-
ed with multimission shipboard AEGIS weapon system.

Keywords: missile defense, ship-based radar complex, multimission weapon system.

B crathe paccmarpuBaercs mporpamMma co3gaHus HoBoro kopadensHoro PJIK AMDR, gto nos-
BOJIUT UHTerpupoBarh HOBEI PJIK B kopmyc acmunia npoexta DDG-51 cepuu Flight 111 B 2019 roxy
g BeinosHeHus 3amay [IBO-TTPO.

Ha nmepBoM 3tamne B cocTaBe HOBOTO pajHosIoKaliioHHOro Komruiekca AMDR mumanupyercst 00b-
equauth 1Be PJIC — nHoByro PJIC S-muanazona AMDR-S u cymectBytonyo PJIC X-nuanazona
AN/SPQ-9B npoussojcrea komnanuu Northrop Grumman, paboTy KOTOpbIX Oy/JeT KOOPAMHHPOBAThH
omox ynpasienus RCS, sBnstommiics Takke OCHOBHBIM CpeICTBOM corpsbkeHust nsyx PJIC ¢ mHo-
ro)yHKIMOHANBHOU cucTeMoil ynpasnenus opyxueM AEGIS.

I'maBueiii kommoneHT PJIK AMDR - PJIC AMDR-S - cocTOUT U3 OTJENBHBIX PaInuoIOKaIMOH-
HeIXx Monyneit RMA. Kaxnelii MoOmynb sBISETCS aBTOHOMHBIM PaJMOJIOKAIIMOHHBIM IPHEMO-
nepenaromuM 61okoM pazmepom 0,60x0,60%0,60 M.

JlaHHBIE MOJYJIK COOMPAIOTCSl B OOBEAMHEHHYIO aHTEHHYIO PEIIETKY ONPENEIEHHOTO THIIOpa3-
Mepa (ot 9 1o 69 moxyneir RMA). KonmndecTBo Moyieit MOXKHO Kak YMEHBIIATh, TaK U YBEININBATh
B 3aBUCHMOCTH OT XapaKTEPUCTUK MIaTGOPMBI 0a3UPOBAHUS U BHIMOJIHAEMBIX 3a1a4. Takum o0pazom,
Bepcun PJIK AMDR moryT kak npeBbimaTth MOImHOCTh cymiectBytomux PJIC AN/SPY-1D(V), Ttak u
OBITH MEHBIIIE MOIIIHOCTH.

Bcé comyrctBytomee ooopynoanne PJIK AMDR, Bxirouast cucreMy OXJIaxIeHUs, dJIEKTPOIH-
TaHHS U MIPOTPAMMHOT0 00ECTIEUCHUS], TAKIKE MACIITAOUPYETCS B 3aBHCUMOCTH OT TpeOyeMBIX pa3Me-
poB aHTeHHOW peméTku. [logoOHas ruOkocTe B MacmTabupoBaHuM Ho3BosieT pasMemmats PJIK Ha
KOpaOJIAX pa3iMyYHBIX MPOEKTOB M KIJIACCOB, ITOBBIMIAS KAueCTBO BBIITOJIHEHUS MOCTABICHHBIX Mepen
gumu 3axa4 [I1BO u [TPO.

B 3amaun mepcnexktuBHOro PJIK AMDR Oymer BXoawTh 0oOHapyKeHHE BO3AYIIHBIX IICNIeH B
BEPXHHX CJIOSIX aTMOC(Ephl, COMPOBOXKICHUE U CEIEKUUS PeallbHbIX H JIOKHBIX OOEBBIX OJIOKOB Oa-
JMCTUYECKUX PAKET Pa3IMUHBIX THUIIOB, a TAaKXKe MH(POPMALMOHHAS TOALEPKKAa 0OBEKTOBOM MPOTHBO-
BO3/AYIIHOH O0OPOHBI MPH OOHAPY>KEHUM HHU3KOJIETSAIINX adPOJUHAMHUYECKUX IeNei, ObICTPOXOAHBIX
0OEBBIX KaTEPOB.
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SHIP-BASED AIR AND MISSILE DEFENSE RADAR
PROGRAM DEVELOPMENT

V.V. Zhestkov, A.E. Svistunov, V.A. Kulbyakina

The article views the new ship-based Air and Missile Defense Radar (AMDR) program intended for the new
radar integration to DDG-51 Flight Ill destroyer by 2019 to accomplish air and missile defense tasks.

At first stage in composition of a new AMDR radar complex it's planned to combine two radars — new S-band
radar (AMDR-S) and existing X-band radar (AN/SPQ-9B) of Northrop Grumman company, which work will be
conjugated by Radar Control Suite (RCS), the main interface module of two radars with multimission shipboard
AEGIS weapon system as well.

The main component of AMDR radar complex — AMDR-S radar — consists of separate radar modular arrays
(RMA). Each module is an autonomous radar r-t block of 0,60x0,60%0,60 m size.

The modules are assembled in integrated antenna array of certain size type (9-69 RMAs). The amount of
modules can be varied depending on platform deployment and missions. Therefore, AMDR variants can be of
higher and lower power as against to AN/SPY-1D(V) radar.

All AMDR radar complex associated equipment, including cooling, power supply systems and software also
are to be scaled depending on required antenna array size. Such flexibility in dimensional scaling gives an
opportunity to deploy AMDR radar complex on ships of different projects and class that increase the level
of performed air and missile defense missions.

The main purpose of advanced AMDR radar complex is to detect aerial targets in upper atmosphere,
tracking and selection of real warheads and decoys of different ballistic missiles, and informational support
of point air defense system at detection of low-flying aerodynamic targets, fast attack crafts, etc.
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HAYYHbIE PELEH3UW N OT3bIBbI

CucteMHbIN aHanM3 B pyHAaMeHTaNbHbIX U NPUKINagHbIX uccneno-
BaHusix / B.B. Ky3HeuoB, C.B. Ba6ypos, A.A. Manb4yeBckuu, A.B. Ca-
: mownnoB, A.I0. LLatpakos; MNoa pea. B.B. KysHewoBa. — CI16.: Monu-
Cc ] TexHuKa, 2014. — 378 c.
PeueH3eHTbI: A-p TexH. Hayk, npodeccop B.M. AnpowwuH, a-p
TexH. Hayk, aoueHT A.B.KupnaHeB, A-p TexH. Hayk, npodeccop
E.A. CUHUUbIH.

Kuwura nocssiena npodyieMamM aHaiin3a, CUHTE3a U MOJICIUpPOBa-
HUS CIIOKHBIX CHUCTEM pPAa3IUYHON MpUpPOABl. ABTOpaMH PaccMOTPEH
KaTeropuaibHbI{ ammapatr CUCTEMHOI'O aHaJlU3a, €ro OCHOBHbBIE NMPUH-
IIUIIbI U METOBbI. BOJII)HIOC BHUMAHHUC B KHUTC YZIEHEHO MOIICJII/IpOBa-
HUIO CIOXHBIX cucteM. [IpencraBieHa knaccudukamus MoOAEICH,
HaIpaBJeHU MHOTOYpPOBHEBOI'O MOJEIUPOBAHUS, KaK Ha YPOBHE 3Je-
MCHTA, TaK U B paMKax CUCTCMHOTI'O MO)Z[GJII/IpOBaHI/IH. HpI/IMeHI/ITeJIBHO
K cTragusaM XKHU3HCEHHOI'O IIHUKJIa CJIO)KHOI\/'I HpO}:[yKIII/II/I HN3JI0KCHBI
BOIIPOCHI UCCIEAOBAHUM, MPOEKTUPOBAHUS, UCIIBITAHUN U 3KCIUTyaTa-
unu cucteM. CylnieCTBEHHOE BHUMAHHE YIEJICHO YNPABICHUIO HAYYHBIMU HUCCIEIOBAHUSAMU U MPOU3-
BOJICTBOM KOHKYPEHTOCTIOCOOHOW HAYKOEMKOH MPOAYKIHMH, B TOM YHCIIE B KPYITHBIX KOPIOPAIHSIX.

Martepuaiibl KHUTH CTPYMIIMPOBaHbI TaK, YTO OHU YJOBJIETBOPSIOT TPEOOBAHHSM YYEHBIX IMPH
BBITIOJTHEHUU (YHIAMEHTAIBHBIX U TIPUKIIAJIHBIX UCCIIEAOBaHUH.

OneKkTpoMarHUTHaA COBMECTUMOCTb pPaAUOINIEeKTPOHHbIX KOM-
nnekcoB: moHorpacusa / C.B. bBabypos, A.P. bectyruH, I'.I'. Bor-
naHoB, A.C. Koanés, A.®. Kpsuko, [1.B. MNMaHos, .A. Co3uHoB,
0.4. YmpuxuH, A.1O0. LaTtpakoB, B.T. flkoBneB; noa Hayu. pea.
npod. KO.I'. lWatpakoBa. — CM6.: N'YAN, 2015. — 231 c.: un.
PeueH3eHTbI: A-p TexH. Hayk, npodeccop B.M. AngowuH, Ao-p TexH.
Hayk, npocpeccop A.B. Nopuu.

3H€KT‘pOMaFHI/ITHa}1 COBMECTUMOCTb PAaAHUOIJICKTPOHHBIX KOMIUICK-
COB T03BOJISIET 00ECHICUNTh CTAOWIILHYIO pab0Ty BCEX PaMOTEXHHYECKUX
CUCTEM. DTOMY BONPOCY B TEXHHUKE YAEISETCS MOBBILIEHHOE BHUMAaHHUE.
Paszpabotansr 'OCTEI, KOTOpBIE pErfIaMEHTHPYIOT HOPMBI IO oOecrieue-
HUIO 3JIEKTPOMArHUTHOM COBMECTUMOCTH PAJHO3JICKTPOHHON ammapary-
PBI B KOMIUIEKCAX U METOJIbI €€ UCTIbITaHUM. B yHUBepcuTeTax Ha paauo-
TEeXHMYECKUX (DaKyJbTETaX YUTAIOTCS KYPChHI JIEKIWH 1O 0OECIIeYeHHIO
3JIEKTPOMAarHUTHOM COBMECTHMOCTH PaJIMO3JIEKTPOHHBIX KOMIUIEKCOB.
B cBsi3u ¢ 3TUM B HacCTOAIICH KHUTe 0CO00E BHUMAaHKE YACICHO: METO-
JaaM OLCHKH BHCKTPOMaFHPITHOﬁ COBMECTUMOCTHU PaJUOIJICKTPOHHBIX KOMINJIEKCOB; METOJaM II0JIy4deC-
HUs I/IH(i)OpMaIII/II/I 0 HENPECAHAMEPCHHBIX IMOMEXax B PaJUOIJICKTPOHHBIX KOMIUICKCAX; pPa3BUTHUIO
TEOPUU TNPOTHO3UPOBAHUS HEMPEAHAMEPEHHBIX MOMEX B PaJHO3IEKTPOHHBIX KOMIUIEKCAX; OLICHKE
SKCIEPUMEHTAIbHBIX XapaKTEPUCTHK, OMPEACIAIOMINX IEKTPOMAarHUTHYIO COBMECTUMOCTh ammapa-
Typhl B KOMILJIEKCE; METOJaM pacdeTa CJIOXKHBIX MepelarolInX YCTPONUCTB B 4aCTH CHU)KEHHUSI BHETO-
JIOCHBIX M3ITyYEHUi; OIICHKE DJIEKTPOMATHUTHOW COBMECTUMOCTH OOPTOBOH ammapaTyphl Ha JieTa-
TEJBHBIX anmnaparax.

Knura npennazHaveHa Jyid CrielMaIuCTOB, CBSI3aHHBIX C CO3JJaHUEM PaJMOTEXHUUYECKON anmaparypbl
CJIOKHBIX PATMO3JICKTPOHHBIX KOMIUICKCOB, a TAKKE IJId CTYACHTOB PaAUOTCXHUYCCKNX YHUBCPCUTCTOB.
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