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05 OHOM 0GXOE
K UOEHTUGUKALINN ASPOLUHAMUYECKUX XAPAKTEPUCTUK
CBEPX3BYKOBOIO JIETATE/TbHOIO AMMAPATA
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Paccmampusaemcsa nodxod Kk udeHmugukayuu aspoOUHaMUHYECKUX XapakmepucmuKk ammocghepHo20
€8epX38YK0OB020 slemamerslbHO20 arnapama Ha OCHO8e U3MepsieMbiXx KoopOuHam eekmopa COCMOSIHUSI C y4é-
mom rozpewHocmet usmepeHull u 8o3myweHul, delicmeyrouwux Ha 0bbekm yrnpaeneHus, a makxe Ha OCHoge
80CCMaHOBIEHHbIX HeU3MepPSeMbIX KOOPOUHam 8eKmopa COCMOSIHUS.

Knroyesble cnoea: nemamernbHbil annapam, udeHmugukayus, aspoOuHaMuyecKue XapakmepucmuKu,
¢unbmp KanmaHa-bbrocu.

The article considers the approach to aerodynamic characteristics identification of the supersonic airborne
vehicle based on measuring state vector coordinates with respect to inaccuracy of measurements
and disturbances affected on airborne vehicle, and based on recovered unmeasurable state vector coordinates
as well.

Keywords: airborne vehicle, identification, aerodynamic characteristics, Kalman-Bucy filter.

B craTtbe nmpuBOANTCS MOAXOA K MASHTU(UKALMH a9POJUHAMUYECKUX XapaKTePUCTHUK, IPU KOTO-
poM uaeHTH(HUIMpYyEeMbIe B TIpoliecce Moyéra Kod(pGUIMEHTH MOTYT OBITh MCIOJIB30BAHBI JUISL KOP-
PEKTHPOBKH HACTPOEK CUCTEMBI YIIIOBON CTAOMIIM3AIINK JIETATEILHOTO arapara.

[IpuBonuTCS MaTeMaTndeckas MOJENb BOSMYIIEHHOTO OOKOBOTO ABMKEHHUS JICTaTEJILHOTO arma-
para, a TakKe MOJIENb BO3MYIICHUH, HAa OCHOBE KOTOPBIX cTpouTcs puinbtp Kanmana-borocu st Boc-
CTaHOBJICHHS] HEM3MEPSAEMBIX M OLIEHUBAHUS MU3MEPSIEMbIX KOOPAMHAT BEKTOPAa COCTOSHUS JIeTaTeNlb-
HOT'O anmapara.

[IpuBoaNTCS YKMCIEHHBIH TPUMEP BOCCTAHOBIICHUSI YIJIa CKOJIBXKEHUS, OLICHUBAHMS YTJIOBBIX CKO-
pocTeii KpeHa 1 ppickaHus. Ha 0cHOBE BOCCTaHOBJIEHHBIX KOOPAMHAT BEKTOPA COCTOSHHUS JIETaTEIFHOTO
anmnapaTa IpOU3BOANTCS UICHTUPHKALMA KOIPPHULIUEHTa a3pOAMHAMHUYECKON TONIEPEYHOM CHIIBL.

JanHpii mOAX0N A UIESHTU(PUKALMH a3POJIUHAMUYECKUX XapaKTEPHCTHK JIETAaTEIbHOTO ara-
paTa mpearnoiaraeTcs WCMojab30BaTh HE TOJNBKO B MOCIEMOJETHOM aHAM3€, HO U B OOPTOBBIX alro-
pPUTMax YTJIOBOW CTaOMIM3AIMH JETATEIbHOTO armapara.
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AN APPROACH TO AERODYNAMIC CHARACTERISTICS
IDENTIFICATION OF SUPERSONIC AIRBORNE VEHICLE

M.V. Zenchenko

The article considers the approach to aerodynamic characteristics identification, herewith the identifiable aerody-
namic inflight coefficients could be used for adjustments correction of airborne vehicle angular stabilization system.

The mathematical model of airborne vehicle disturbed lateral motion and the disturbance model are provided. The
Kalman-Bucy filter is based on these models to recover unmeasurable state vector coordinates and estimate the state
vector measurable coordinates.

The computational example of gliding angle recovering, estimating of yaw and roll angular velocities is provided.
Based on recovered airborne vehicle state vector coordinates the coefficient identification of aerodynamic lateral force
is run.

The present approach for airborne vehicle aerodynamic characteristics identification is supposed to be used
not only in post-flight analyses but in onboard angular stabilization algorithms of the airborne vehicle.

Moctynuna 3 uioHs 2016 roaa.
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TEOPUA CUTYALUOHHOIO YTIPABIIEHUA
KAK OCHOBA CUHTE3A UHHOBALMOHHON CUCTEMbI
IONINIrOHHbIX UCTbITAHUA
3EHATHOI O PAKETHOIO OPYXWUA

© ABTOpbI, 2016

B.U. Nobemnko dokmop mexHu4eckux Hayk, npogeccop,
npedcedamernb Hay4YHO-Memodu4YecKo2o coeema
B.B. Jllo6aHoB
3aMm. HavarnbHUKa Hay4YHo-uccriedosameribCKo20 ucnbimameribHo2o yeHmpa, lNMNAO «HINO «Anma3s», e. Mockea
E-mail: info@raspletin.com
H.H. TapaceHko kaHOudOam mexHu4Yeckux Hayk, OoueHm,
HayvarnbHUK Hay4YHO-uccredosameribCKo20 UcbimamesibHo20 yeHmpa, 6/4 15644, e. 3HameHck

B cmambe paccmampusaemcsi 380/10UUSI UHXEHEepUU U MPOEKMUpOo8aHusi, 20e xapakmepusyrmcsi
0CcobeHHOCMU HayKu, UHXeHepuu, rnpoekmuposaHus. lNokasaHo, Yymo 8 xode UHEHOPMayUOHHOU MexHUYecKoul
peesosroyuu USMEeHSIemcsi He MoJsiIbKo 06beKm UHXeHepHoU dessmesibHOCmuU, HO U cama 0esimeslbHOCMb, KOMmo-
pasi cmaHosumcs crioxHol u mpebyem goerieyeHusi 8 pabomy cucmemMHbIX UuHxeHepos. CrioxXHOCmb npoyecca
MpoeKkmupoeaHus ebidguzaem HEO6X00UMOCMb €20 creyuanbHO20 UCcCiedo8aHUsl.

Knroueesble cnoea. cucmema rosu20HHbIX ucnbimaHul, obpabomka OaHHbIX 06BLEKMUBHO20 KOHMPOIIS,
pelivosasi Moderb.

The article regards the engineering and designing development where the particularities of science,
engineering and designing are characterized. It’s shown that during informational technological revolution not only
the engineering activity object is changed but an activity itself which becomes complicated and requires the
system engineer’s involvement. The designing process complexity advances the necessity of its special study.

Keywords: range field tests system, objective test data processing, frame-based model.

Cucrema MOJIUTOHHBIX MCIIBITAHUH 36HUTHOTO PAKETHOTO OPY’KHSI B HACTOSAIIIEE BPEMs MPEACTaBIAET
co00¥ CTIOKHYIO OpraHU3aIMOHHO-TEXHUIECKYIO CHCTEMY, He MOIAIONIyIocs ()OpMaTn30BaHHOMY OITHCA-
HHIO TPAAULMOHHBIMA MAaTEMAaTHIECKUMH YpaBHEHMSIMU. B To >ke Bpemsl, co3aHne MEKBHIOBOTO TIOJIUIO-
Ha TI03BOJIUJIO OOBEIMHUTH B OJTHOW OPraHW3allMOHHO-IIITATHOW CTPYKTYpE HCIIBITATENbHBIE TTOpa3/ieie-
HUSI KaK ISl KCTIBITAHUS CUCTEM OOOPOHBI, TaK M ISl UCTIBITAHUS CUCTEM HamaJieHus1. [Ipuaém, crcTemsl,
HETOCPEICTBEHHO NMPOTUBOACHCTBYIOLIHE APYT APYTY B peaIbHBIX OOEBBIX YCIOBHSIX, TO €CTh 00pa3yIoIIre
KJIaCCUUYECKYIO AyJIBbHYIO CUTYAIIUIO.

IIpenioxeHo CHHTE3UPOBaTh CHUCTEMY IOJIMTOHHBIX HCIBITAHUN MEXBHIOBOTO TOJHIOHA Kak
€IMHYIO0 CUCTEMY HOJMIOHHBIX UCTIBITAHUM OJHOBPEMEHHO CHCTEM OOOPOHBI 1 CUCTEM HaIlaJCHUSL.

B kauecTBe TEOpETHUECKOI OCHOBBI JJIsl CHHTE3a TAKOW CUCTEMBI ITOJIMTOHHBIX UCIIBITAHUH B35Ta TEO-
pHs CUTYallMOHHOTO YTIpaBieHus1, 1o akajgemuky J[.A. IlocrienoBy, mo3Bossiionas ONUCHIBATh CIIOXKHBIE
OPraHM3aIMOHHO-TEXHUYECKHUE CUCTEMBI C MCIIOIBb30BAHUEM JIOTUKO-TMHTBUCTHUECKUX MOJIENEH, NCTIONb-
3yIOLIMX, B TOM YHcIe, 1 PpeiMOBbIE MOCIIH.
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SITUATION MANAGEMENT THEORY AS BASIS FOR AIR
DEFENSE MISSILE WEAPON RANGE FIELD TESTS
INNOVATIVE SYSTEM SYNTHESIS

V.l. Lobeyko, V.V. Lobanov, N.N. Tarasenko

The range field tests system of air defense missile weapon nowadays is a complicated organizational
and technical system not yielded to formal description of traditional mathematic equitation. At the same time
the construction of inter-service range field has made possible to joint testing divisions in one organization and
establishment structure either for defense and assault systems field tests. Besides, the directly counteracting
systems in real combat conditions are forming the classical duel situation.

It's suggested to synthesize the range field tests system of inter-service range field as a single system
of field tests for defensive and assault systems simultaneously.

As a theoretical basis for the synthesis of such range field tests system the situation management theory
was taken, according to D.A.Pospelov academician, allowing describing the complicated organizational and
technical systems using the logical-linguistic models, but not limited to frame-based models.

Moctynuna 6 anpens 2016 roaa.
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B cmambe npednoxeHbl Memo0Obl KOMIeHcayuu Mmuepayuu CKOpoCMHbIX yenel u napasumHold YyacmommHou
MmoQyrnisiyuu, obycnosneHHoU HepasHOMEPHbLIM O8UXKEHUEM 8030YWHbLIX 06BLEKMOB, No8bILUaUUe 803MOXHOCMU
paspeweHusi yeneli 6opmosoli PJIC. [pusedeHbl pesyribmambl IKCrepuMeHmarnbHo20 uccredosaHust npedso-
JKEHHbIX Memodoe Ha MoOesisix cuzHanos. [MoOmeepxOeHa 6bicoKasi 3¢hgheKMUBHOCMb UX UCMOSb308aHUS
8 umnyrnbcHo-Oonneposckux PIIC npu pabome ¢ 8bICOKOMaHEBPEHHbLIMU 8030YWHbLIMU UESSIMU, 3aKTodarowasics
8 MOoBbIWEHUU paspeweHuss o 0anbHOCMU U CKOPOCMU, @ MakKXe 8 yeesrludeHUU OMHOWEHUST «cugHaslwymy»
npakmuyecku 0o nomeHyuasibHO 803MOXHbIX 3HaYeHuUd.

Knroyeesnble cnoea: yugpposass obpabomka cuaHasos, paspewarou,asi criocobHocms, paspeweHue 8030y W-
HbIX yernel, 0anbHOCMHO-8peMeHHOU nopmpem, 0arbHOCMHO-4acmomHbIU rnopmpem, Muepauyusi uyeneu o
danbHOCMU, napa3umHdasi YacmomHas MOOYIsAUUSsT, KOPPESTSAUUOHHO-QOUIbMPO8OU an2opumm.

The article suggests the migration differential methods of high-speed targets and incidental frequency
modulation stipulated by the nonuniform motion of aerial objects that increases targets resolution possibilities of
onboard radar. The suggested methods experimental results on signals models are proposed. The high efficiency
of its implementation was confirmed in pulse Doppler radars at operation with highly-maneuverable aerial targets
that is based on resolution improvement on range and velocity and increasing of signal-to-noise ratio up to nearly
maximum possible values.

Keywords: signal digital processing, resolution capability, aerial targets resolution, range-time signature,
range-frequency signature, range targets migration, incidental frequency modulation, correlation-filter algorithm.

B crarbe paccMaTpuBaroTCs HCKa)KEHHs JOIUIEPOBCKHX CHrHajoB B OopToBoil PJIC, o0ycnos-
JICHHbIE OBICTPHIM U HEPaBHOMEPHBIM JIBHXKCHUEM BO3YIIHBIX O0BEKTOB. BBOISTCS MOHATHS Naib-
HOCTHO-BPEMEHHOTO U JAJIbBHOCTHO-4aCTOTHOTO MOPTPETOB.

IIpy BBICOKMX CKOPOCTSX L€l BO3HMKAIOT UCKa)KEHHS CUTHAJIOB, 00yCJIOBJICHHBIE MHUIpaLen
LeJel 0 JAIBHOCTH, a IIPH YCKOPEHHOM JBH)KEHUM — UCKAXKEHUS, BBI3BAHHBIC ITOSIBJIEHUEM Tapa3HT-
Hoii UM norutepoBckux curHanoB. Ha3BaHHBIE SIBJIGHUS YMEHBIIAIOT OTHOIICHUE «CHTHAJ/IIYM)
(OC1II) m mpUBOAAT K CHW)KEHHIO pa3pelIaroiiell CriocoOHOCTH 10 JaIbHOCTH U CKOPOCTH.

[nsa ycrpanenus mnapasutHod UM CUTHajIoOB Ipeiaraercs HCIOIb30BAaTh KOPPEJSILIMOHHO-
(GUIBETPOBOIN METOJI.

IIpuBoasTCS pe3ynbTaThl MATEMaTHUECKOTO MOAETUPOBAHMS aIrOpUTMa KOMIIEHCAIUK Tapa3nuT-
Hoit UM. IlonydeHHble TaHHBIE MOATBEPIKIAIOT MPABHIIBHOCTh (DYHKIHMOHHPOBAHUS pa3paboTaHHOTO
ITOPUTMA M BBICOKYIO 3(P(EKTUBHOCTh €ro MCIOIB30BaHUS MPH OONBIINX PaJUATEHBIX COCTABIISIO-
IIMX CKOPOCTEH M HEPaBHOMEPHOM ABM)KEHUM LIEJIEH, UTO 3aKII0YAeTCAd B MOBBIIICHUHN pa3pelIeHus
10 TATBHOCTH M CKOPOCTH, a Takxke B yBeianueHun OCI npakTHYecKku 10 NOTEHIMAIBHO BO3MOXKHBIX
3HAYEHHUH.
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DIGITAL PROCESSING METHODS OF SIGNALS REFLECTED
FROM HIGHLY MANEUVERABLE AERIAL TARGETS

I.I. Markovich, E.E. Zavtur

The paper deals with the Doppler signals distortions in onboard radar, stipulated by fast and non-uniform

aerial objects movement. The notions of range-time and range-frequency signatures are introduced.

At high targets speeds the signal distortions occur, caused by targets migration in range, and at accelerated

motion — distortions, caused by incidental frequency modulation (FM) appearance of Doppler signals. The
mentioned phenomena reduce the signal-to-noise ratio (SNR) and lead to decreasing of range and velocity
resolution capability.

To eliminate the signals incidental FM the correlation-filter method is offered to use.
The mathematical modeling results of incidental FM cancellation algorithm are given. Obtained data confirm

the correct functioning of developed algorithm and high efficiency of its usage at high radial velocity components
and non-uniform targets motion that result in increase of range and velocity resolution, as well as substantially
increase the SNR up to nearly maximum possible values.

Moctynuna 19 anpens 2016 ropa.
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lposedéH Kpamkul aHaru3 enusiHUS ammocghepb Ha MPOUECC pacrpocmpaHeHust fia3epHo20 slyda. OcHogoronaza-
rowumu ghakmopamu cpedbl, 8030elicmeyrouUMU Ha J1a3ePHbIU 11yY, 8 paMkax pabomsi nonazaromcsi mypbyrieHmHOCMb
u Oumepnbi 800bI. [NpednoxeHb! Memodbl MOBeruUpPosaHUs MypbyieHMHbIX Myfbcayull CKopocmuU 8empa, paccyumadb!
pasHoBeCHbIE KOHUeHmpayuu OUMepPO8 U MOHOMEPOS 8 3asUCUMOCmU Om memrepamypbl U OasneHusi napos o0kl Ha
OCHO8E MPUHSIMOU KUHEMUKU KitacmepoobpasosaHusl.

Knroueeble cnoea. nasepHbili siyd, ammocgpepa, mypbyrneHmHOCMb, Myfbcayuu, rokasamesis NpesioMiieHuUs],
OumepsbI, MOOenuposaHuUe, paccesiHue.

A brief analysis of the atmosphere influence on the laser beam propagation was fulfilled. Within the frames of the work
the turbulence and water dimers were supposed as the environment main factors effecting on a laser beam. The turbulent
fluctuations simulation methods were proposed, equilibrium concentrations of dimers and monomers were calculated
depending on the temperature and water vapor pressure based on the accepted clustering kinetics.

Keywords: laser beam, atmosphere, turbulence, fluctuations, refraction index, dimers, simulation, scattering.

B craTbe BbINONHEH aHAIU3 BIMSAHUS TYpOYJIEHTHOH aTMOcdepsl Ha TOYHOCTh U 3((PEKTUBHOCTD
CTPEJILOBI JTa3ePHOTO KOMIUIEKCa aBUAIIMOHHOTO Oa3upoBaHus. PaccMoTpeHo BozzeiicTBre atMochep-
HOU TypOYJICHTHOCTH Ha BHEILIHEE U BHyTpeHHee 00TeKaHne caMoyIéTa-HoCUTeN . BhimoiHeHa oneHka
BJIMSAHUS TypOyJIEHTHOCTH aTMoc(epbl Ha MPOLECC PACHPOCTPAHEHHUS JIa3€PHOTO JIyda.

B craThe mpuBeseHb METOBI MOAETHPOBAHHUS TypOYIEHTHBIX MyJibCalliii aTMOC(EpPbI, OTMEUe-
HBl UX TPEUMYIIecTBa M HeaocTaTtku. llpeasmosxken psa 3amad, CBSI3aHHBIX C yCOBEPIICHCTBOBAHHUEM
NpUBEAEHHBIX MOJeNIel U Pa3paObOTKONH HOBBIX METOJOB ONpENeNIeHHs MapaMeTpoB TypOyJIeHTHOCTH
atmMocdepsl. B paboTe mpuBeieH pe3yabTaT reHepalnui BEPTUKAIBHOW CKOPOCTH CIyYallHOTO TypOy-
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JICHTHOI'O IOpbIBA W IOKAa3aHO BJIUSIHUC Typ6yn€HTHOCTI/I Ha IoKa3aTeC/ib MPCJIOMJICHUSA CPCAbl, YTO
IIPUBOOUT K UCKAXKCHHUIO (1)213131 1 aMIUIMTYAbL BHGKTpOMaFHHTHOﬁ BOJIHBI.

Ha ocHOBe npuHATONW KMHETHKH KajcTepoOoOOpa30BaHUS pPaCCUMTAHBI PAaBHOBECHBIE KOHIIEHTpA-

MY TUMEPOB U MOHOMEPOB BOJBI B 3aBUCHUMOCTH OT TEMIICpPAaTyphl M JaBjicHUs mapoB. B paGore
NPE/NIOKEHA MOJIENIb ATMOC(EPHOTO TMOTIIONICHUST U3TYYCHHsI TTapaMy BOJBI C YYETOM 00pa3oBaHUs
nuMepoB. OHa TO3BOJSIET MOJAEIHPOBATh a0COpPOITMOHHBIE cBoMcTBa atMocdepsl B BUK obmactn B
HIMPOKOM JHAaria30He MaKpOoIapaMeTpOB.

10.

11.

12.

17.

18.
19.

20.
. L’Ecuyer T. Water dimer atmospheric absorption. Dalhousie university Halifax, Nova Scotia, 1997.
22.
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APPROACHES TO MODELLING OF ATMOSPHERIC FACTORS
EFFECTING ON THE AIRBORNE LASER SYSTEM
EFFECTIVENESS

A.V. Geliev, E.A. Dorofeev, K.A. Zudov, M.A. Kudrov, M.A. Strunin

The paper provides the analysis of turbulent atmosphere influence on accuracy and efficiency of the
airborne laser system. The atmosphere turbulence effect on flow field of carrier aircraft was examined. The
estimation of atmosphere turbulence influence on laser beam propagation process was performed.

The simulation methods of atmosphere turbulent fluctuations were proposed, its advantages and
disadvantages were pointed out in the article. The studies on the improvement of the given models and the
development of new determination methods of the atmosphere turbulence parameters were proposed. The result
of the vertical velocity generation for random turbulent gust was given and the turbulence effect on the refractive
index of the medium was shown, which leads to phase and electromagnetic wave amplitude distortion.

Based on the accepted clustering kinetics the equilibrium concentrations of dimers and monomers were
calculated depending on the temperature and water vapor pressure. The model of atmosphere radiation
absorption by water vapor considering the dimers formation was proposed. It allows simulating the absorptive
properties of atmosphere at NIR region in a wide range of macroparameters.

Moctynuna 19 anpens 2016 roaa.
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Paccmampueaemcsi epynna cucmem Maccoeoz2o obcryxueaHus. [lokasaHo, Ymo cumyauyusi pasHoOeo
pacripedernieHusi 3as80K Mex0y cucmemamu 2pynrbl Mo onpedenéHHOMY npu3Haky, npucywemy Kaxoou 3asiexe,
fpu Ux MOCMYrIeHUU Ha 6x00 epyrnbl Mpakmu4yecku Hee803MOXHa. Omo O3Hayaem, 4mo 8eposimHOCMb
npesbiWeHUsT MUHUMAalIbHO20 8peMeHuU obcryueaHusi npu obpabomke nomoka 3asi80K cmpemumcs K eQuHUUe.
Ucxola u3 eoamoxHocmeli cucmem, Oelcmeyrowux 6 eOuHolu cemu, npednazaemcsi opeaHU308ampb 8
paccmampusaemoll epynne cucmeM Maccogoz2o obcnyxueaHusi eOUHOe UHhOPMayUOHHOe MPOCMpPaHCmeo ¢
8HEOPEHUEM CemeUueHmMpPUYECKUX an2opummos, 4Ymo [10380/sem MUHUMU3Upo8amb 8peMsi 0bpabomku
TOMOKO8 3as180K MyméM ux nepepacrnpedenieHusi ¢ nepegpyXxeHHbIX CUCMEM Ha MEHEe 3aHsimble.

Knroyeenble criosa: cucmema Maccosoz2o 0bCyKueaHusi, eOUHOe UHGHOPMaUUOHHOE MpocmpaHCmeo, epemsi obpa-
6omKu 3a518KU, MOIMOK 3as160K.

The article considers queuing systems group. It's shown that the situation with requests equal distribution between
the group systems, due to certain character common to each request, at its incoming to the group input is almost im-
possible. It means that the exceedance probability of the minimum queuing time in requests flow processing tends to 1.
Based on the systems capabilities operating in single network, it is proposed to arrange the single information space
in the queuing systems group with the introduction of network-centric algorithms. It allows minimizing the requests
flow processing time through its redistribution from overloaded systems to less loaded.

Keywords: queuing system, single information space, request processing time, requests flow.

B craTbe paccmoTpeHa rpymmna CHCTEM MacCOBOTO 00CTyXKuBaHUs, 0OpadaThIBaromasi OO 11o-
TOK 3as1BOK. Llenb cTaThy 3aKimoyaeTcsi B MUHUMH3ALUKN BPEMEHH 00CITy)KHBaHHsI TIOTOKA 3asiBOK, MO-
CTYIAIOIIETO Ha BXOJ] IPYMIIbl CUCTEM MaccOBOro oOCIyxuBaHuUs. B cTarhe Mcnonb3oBaics anmnapar
MaTeMaTH4YeCKOW CTaTUCTHUKH, UCCIIEIOBAHNE TTPOBOIMIOCH IIPH TOMOIIY UMHUTAI[HOHHOTO MOEIHNPO-
BaHUsA. B pe3ynbraTe npoBeIEHHOrO UCCIIEIOBAHUS YCTAHOBIIEHO:

-BEPOSITHOCTh PABHOI'O pacHpeAciCHUs] KOJUYECTBA 3a8BOK MEXIy CHCTEMaMH IpyINIbl MPAKTH-
YEeCKU PaBHA HYJIIO;

-BpeMsi 00CITy>)KMBaHUsI TTOTOKA 3asBOK IPYIIION, COCTOSILEH M3 HECKOJIBKUX CHCTEM MaCcCOBOTO
00CITy>KMBaHMs, CYIIECTBEHHO YMEHBLIAETCS NPU BHEAPEHHH B TPYIIE €AWHOTO WHPOPMAMOHHOTO
MIPOCTPAHCTBA;

-BpEMEHHAs! pa3HHUIIA (BBIMTPHIII) TPH OOCITY>KUBAaHUN 3asBOK TPYIIIION C pEaTM30BAHHBIM EIMHBIM
MH()OPMALIMOHHBIM TPOCTPAHCTBOM II0 CPABHEHMIO C IPYNION 0e3 eTMHOro MH(POPMAIMOHHOTO HpO-
CTpaHCTBA CTAHOBUTCS OOJIBIIIE C YBEIMIEHHUEM KOJIMYECTBA MOCTYMAIOIINX 3asSBOK Ha BXOJI TPYIIIIH;

-BHEJIpEHNE €MHOT0 HH(OPMAIMOHHOTO MPOCTPAHCTBA CTAHOBHUTCS HEOOXOJMMBIM YCIOBHEM
00CITy>KMBaHHS NPENEIbHOI0 KOJMYECTBA 3asBOK JAJISI TPYMIBI CHCTEM MacCOBOIO OOCITY)KHBAaHHS C
OTpaHUYEHHBIM PECYPCOM.

[lomyueHHBIE pe3ynbTaThl MOKHO HCIOJIB30BaTh MPH MOCTPOCHUH SIIEIIOHHPOBAHHON TPYIITH-
poBku [IBO ¢ ncnonp30BaHNEM 36HUTHBIX PAKETHBIX KOMIUIEKCOB Pa3HOW JaJbHOCTHU IEHUCTBUS.
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REQUESTS FLOW PROCESSING TIME MINIMIZATION
BY QUEUING SYSTEMS GROUP DUE TO USING
OF SINGLE INFORMATION SPACE

N.N. Litvinov, A.M. Lawrent’ev, M.M. Murzak

The article describes the queuing systems group processing the common requests flow. The objective is to
minimize the processing time of requests flow incoming to the input of queuing systems group. The mathematical
statistics method was used; the study was conducted using simulation modeling. The fulfilled study results to the
following:

— the equal distribution probability of requests between the systems of the group is almost impossible;

— the processing time of requests flow by the group consisting of several queuing systems substantially
decreases with the introduction of common information space in the group;

— the timing difference (advantage) at requests queuing by the group with realized single information space,
compared to the group with no single information space, becomes larger with the increase of the number
of requests incoming to the group input;

— the introduction of single information space becomes a necessary condition of limited requests number
gueuing for queuing systems group with a limited resource.

The obtained results can be used during deployment of a layered air defense group equipped with different
range AD missile systems.

MNoctynuna 6 anpens 2016 roaa.

BECTHUK BO3YLUHO-KOCMUYECKOA OBOPOHbDI N2 3 (11), 2016 T.



UCCINEOQOBAHUA B COEPE MPOEKTHO-
KOHCTPYKTOPCKUX U TEXHONOMMYECKUX PABOT

YK 623.462.22

[TPOrHO3UPOBAHUE 3KCINYATALMOHHOU HABEXHOCTH
10 PE3YIIbTATAM INIPOU3BO/CTBA

© ABTOD, 2016

M.I'. BnaHyua
HayarbHUK KoHcmpykmopckozo btopo, MAO «JHIIM», a. JonzonpydHsit, Mockosckast 0611
E-mail: ntc-m@mail.ru

Mo pesynbsmamam uccrnedogaHusi HadéxHocmu 6ecnunomHbiX nemamenbHbiX annapamos (BJIA) u ux
Komrnnekmyowux usdenul daHbl pekomeHOayuu o opeaHusayuu u rnposedeHuro pabom rno obecrevyeHuro
u KoHmposo HadéxHocmu 8 npouecce uszomosneHusi BJIA. CepopmynuposaHo Heobxodumoe u docmamoyHoe
ycrosue Ha3HauyeHuUsi mexHoro2udeckol mpeHuposku BJIIA u eé komnnekmyowux u3denul e npouecce
npoussodcmea. [lpusedeHbl pacyémHbie 3asucumocmu Ofisi OUEHKU 3KOHOMUYecKoU aghghekmusHocmu om
8HeOpeHUs1 mexHonoau4yeckoli mpeHuUposku. lNocmasneHa u peweHa npsmasi u obpamHas 3a0a4a 0OHOMEPHO20
Mpo2Ho3Upo8aHuUs 3KCrlyamayuoHHoU HadéxHocmu BJIA u eé komnnekmyrouwux usdenul rno pesynbmamam
rpou3godcmeeHHoO20 kadecmea. [1onyyeHb! pacyémHble COOMHOWEHUS.

Knroyeenie cnoea: HadéxHocmb BJIA (3YP), npoeHo3uposaHue 3KCrlyamayuoHHOU HadéxHocmu o pe-
3ynbmamam rpousgodcmea, npoeHo3uposaHue HadéxHocmu bBJIA (3YP) e akcrninyamayuu, obecriedeHue
HadéxHocmu BJIA (3YP) 8 akcrinyamayuu ro rnpou3go0CmeeHHbIM roKa3amersisiM.

Based on analysis results of pilotless aircraft and its components reliability the recommendations on
organization and works performance to provide and control the reliability during pilotless aircraft manufacturing
process were given. The necessary and sufficient assignment condition for technological pre-ageing of pilotless
aircraft and its components during manufacturing process was formulated. The calculating dependences
for cost-effectiveness analysis after pre-ageing introduction were presented. The direct and inverse problem
of one-dimensional prediction of pilotless aircraft and its components reliability basing on manufacturing quality
results was set. The estimated relationship was obtained.

Keywords: pilotless aircraft reliability (SAM), operational reliability prediction basing on manufacturing
results, pilotless aircraft (SAM) reliability prediction during operation, pilotless aircraft (SAM) reliability control
during operation basing on manufacturing indicators.

B crarpe paccMOTpeH OJMH M3 BO3MOXHBIX METOJO0B peau3aliy NPHOIMKEHHOTO TPOTHO3UPO-
BaHMS Ha MpUMepe OeCUIIOTHOTO JieTaTenbHoro anmapara (bJIA) (Tuma «3eHuTHas ympasisiemast pa-
keta» (3YP)).

Io pesynbraTam uccineaoBaHUS HAIEKHOCTH OSCITUIIOTHBIX JieTaTenbHbIX ammapatoB (BJIA) u ux
KOMIUIEKTYIOIINX HW3JEINA JaHbl DPEKOMEHJAllMK [0 OpTraHW3allid W TPOBENEHUIO0 paboT 1o
o0ecreveHnIo U KOHTPOJIIO HaJIe)KHOCTH B IIporiecce n3rotoBieHus bJIA.

ChopmynupoBaHO HEOOXOOUMOE M JOCTATOYHOE YCIOBHE HA3HAUYCHUS TEXHOJIOTHYECKON
TpeHHpoBKHU BJIA 1 €€ KOMITIEKTYIOIUX U3ETNH B TIpoliecce Mpon3BoAcTBa. [IpuBeneHsl pacuéTHble
3aBUCHUMOCTH JIISl OIIGHKM DKOHOMHUYECKOW 3(P(EeKTHBHOCTH OT BHEIPEHUS] TEXHOJIOTHYECKOH
TPEHUPOBKH.
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[locraBneHsl u pelieHsl TpsMas W oOpaTHas 3aJadyd OJHOMEPHOTO MPOTHO3WPOBAHMS
SKCIUTyaTalMoOHHON Haa&kHocTH bBJIA w €€ KOMIUIeKTYIOIMX W3JAeNUid 10  pe3ylibTaTam
IPOM3BOACTBEHHOI'0 KauecTBa. [lomyyeHsl pacuéTHbIE COOTHOLICHUS.

VYcTaHoBieHO, 4TO MporHo3upoBanue nokaszareneit Hagéxuoctu (IIH) BJIA u e€ xommiuekTyro-
IIMX M3AEIMN M0 TeKYLMM XapaKTepUCTHKaM KadecTBa U3TOTOBJICHUS sBIsieTCs 3G (EKTUBHBIM Cpea-
CTBOM YTpPaBJIEHUA SKCIUTyaTallMOHHON HaJIEKHOCTBIO B IPOLIecce MPOU3BOJICTRA.

JINTEPATYPA

1. Cratuctudeckue metogbl 06paboTkm amnmpuyeckvx AaHHbix. BHUMHMALLL — M.: MspatenbcTtBo cTanaapTos, 1978. — 232 c.

2. Bacunbes B.B. NporHo3vnposaHne Hagé&xHOCTM 1 3hEKTMBHOCTM PaanoanekTpoHHbIx cuctem. — M.: CoeTckoe paagmo, 1970. —
320 c.

3. MpoxopeHko B.A., CmupHoB A.H. MporHosupoBaHue kadecTBa cuctem. — MuHck: Hayka u TexHuka, 1976. — 200 c.

4. Benuensb E.C. Teopus BeposTHocTen. — M.: dusmarrus, 1962. — 564 c.

OPERATIONAL RELIABILITY PREDICTION BASING
ON MANUFACTURING RESULTS

M.G. Blanutsa

The article states one of the possible methods of approximate prediction implementation by the example of
pilotless aircraft (of surface-to-air missile type/SAM).

Based on analysis results of pilotless aircraft and its components reliability the recommendations
on organization and works performance to provide and control the reliability during pilotless aircraft manufacturing
process were provided.

The necessary and sufficient assignment condition for technological pre-ageing of pilotless aircraft and its
components during manufacturing process was formulated. The calculating dependences for cost-effectiveness
analysis after pre-ageing introduction were presented.

The direct and inverse problem of one-dimensional prediction of pilotless aircraft and its components
reliability basing on manufacturing quality results was set. The estimated relationship was obtained.

It is found that the pilotless aircraft and its components reliability indicators prediction according to current
characteristics of manufacturing quality is an effective control tool of operational reliability during manufacturing
process.

MocTtynuna 19 anpensa 2016 roaa.
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B cmambe paccmampugsaemcsi cmepxXHesol ¢heppumo-0usnekmpuyeckuli aHmeHHbIl usnydamerns ¢ gheppu-
moebIM orIsipuU3amopoM C KoakcuarbHbIM 8036yxx0eHueM 0ns akmueHoU ¢ha3uposaHHOU aHmeHHoU pewémku
(A®AP), pabomaroweli Ha Kpyzoeol nonsapu3ayuu rnoss. [lpusedeHbl OCHOBHbIe mpebosaHusi, NMpedbsenseMble
K usnyyamesnsm rnodobHo20 muria, cxema MoCMPOEHUSs Usflydamerisi, pe3yribmambl 3r1eKmpoOuHaMU4ecKko20 Mooe-
JIUpo8aHus usnyyamersi 8 cocmase pewémku e paboyem duara3oHe Yacmom 8 pasfuyHbix npogpammax. OnucaHbl
KOHCMPYKUUST U pe3ynbmambl 3KcrnepuMeHmarnsHolU ompabomku usnydamernsi 8 cocmase umumamopa aHmeHHoU
pewémku u ppazmeHma ADAP. pusedeHO cpasHeHUEe pacqyEmHbIX U 3KCrepuMeHmarsibHbIX OaHHbIX, a Mmakxe
ornucaHue cmeH0a Orisi asmoMamu3UpOB8aHHbIX U3MePeHUU napamempos ussyyameris 8 duara3oHe Yacmom.

Knroyeenie cnoea: usnyyamerns AQAP, duanekmpudeckul usry4Yamerb, aHmeHHbIU aremMeHm, ¢hbeppumoshbitl
ronspu3amop, Kpyeoeasi nosispu3ayusi, KoakcuarnbHoe 8036yx0eHue.

The article considers the ferrite-dielectric rod antenna radiator with ferrite polarizer with coaxial excitation for active
phased-array antenna (APAA) operating on circular field polarization. The basic requirements for radiators of such type,
the radiator lay-out scheme, the radiator electrodynamic modeling within an array in operating band in different
programs were presented. The design and results of the radiator experimental try-out within an antenna array simulator
and APAA segment were described. The comparison of computation and observed data was carried out, and
description of test stand for the radiator automated parameters measurements in frequency band was mentioned.

Keywords: APAA radiator, dielectric radiator, antenna element (coupler), ferrite polarizer, circular polarization,
coaxial excitation.

B cratbe paccmaTtpuBaeTcs U3My4arenbh aKTHBHOW (hazupoBaHHOW aHTeHHOU peméTrku (ADAP),
pabotatomuii Ha Kpyrooi nonsipuzanun CBY-nons. IIpuBeneHsl oCHOBHBIE TPeOOBaHUS K HU3Ty4da-
TEJI0, CXeMa IOCTPOEHUS U €r0 KOHCTPYKTUBHOE HcIoaHeHue. OnucaHa o01as MeToA0JI0rus pacuéra
Y DKCIIEPUMEHTAJIBHON OTpabOTKH M3JIydareiss B MMUTaTOpe aHTEHHOM PEIIETKU U B cocTaBe (par-
MeHTa ADAP.
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CIRCULAR POLARIZATION
FERRITE-DIELECTRIC ROD APAA RADIATOR

E.N. Gurkin, P.L. Batov, S.O. Knyazev, E.V. Perehodenko, D.V. Popovkin, D.L. Borisevich

The article states active phased-array antenna (APAA) radiator operating on ultrahigh frequency field
circular polarization. Basic requirements to the radiator, lay-out scheme and its design were presented.

The general methodology of computation and experimental try-out of the radiator within an antenna array
simulator and within APAA segment was described.

MocTtynuna 16 man 2016 roaa.
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B cmamebe paccmampueaemcsi cucmema yripasrieHusi akmusHoU ¢hba3uposaHHOU aHmeHHol pewémkol (ADAP),
yyumbsigarowasi €€ KOHCMPYKMUBHbIE U CxeMomexHuU4eckue ocobeHHocmu. pedrnazaemcsi criocob rosyyYeHus, XpaHeHuUst
U ucrionb308aHus1 ynpaersowel uHgopmauuu Onsi koHkpemHol ADAP ¢ yuémom ocobeHHocmeli CBY-mpakmos, fiuHut
C68s3U U eblHuCriuUmesibHbIX ycmpoticme 8 eé cocmase. Paccmampusaromes ocobeHHocmu yripaeneHusi AQAP kak
8 pexxumax pabombl Mo uenu, mak U ro usdernuio, a makke rpu nposedeHUU KOHMPO/IS ucnpasHocmu arniapamypbl.
Orucbigaemcs aneopumm ¢hopMuposaHUs OuagpaMMbl HarpasieHHoOCMU U co30aHHasi Ha €20 OCHOBE MameMamu4ecKast
modesb pabomsi AQAP. [Npusodsamcs pe3ynbmambl Mamemamuyeckoeo mModernuposaHusi pabombl AQAP 8 ocHo8HOM
PeXxume U cpasHeHUe UX € pesyrbmamamu pabome! peasbHOU arrnapamypsbi.

Knrouesnbie cnosa: cucmema yrnpaeneHus AQAP, mamemamudeckasi MoOesib (OyHKUUOHUposaHust ADAP.

The article considers the active phased-array antenna (APAA) control system which considers its design and schematic
features. The control data obtaining, storage and utilization method is suggested for the particular APAA due to constituent
UHF-paths, communication lines and computing devices features. The APAA control features are regarded in target
engagement and APAA operation modes, as well as during hardware serviceability check. The pattern formation algorithm
and composed on its base the mathematical model of APAA operation was described. The APAA operation mathematical
modeling results in the main mode and comparison it with real equipment performance were performed.

Keywords: APAA control system, APAA function mathematical model.

AxrtuBHas dasupoBaHHas aHteHHas peméTka (ADAP) umeer B coctaBe oOpaszyrommx eé¢ CBU-
KaHAJIOB YYaCTKH C HAJIMYMEeM U 0e3 HalW4Msi aKTHBHBIX JIEMEHTOB, UMEIOLINE pa3inyHble (a3oBbIe
XapaKTepUCTUKU B JIMAla30He JIUTEp M Temreparyp. B crarbe onmucaH anroput™ M3MeEpeHUs, XpaHe-
HUS ¥ WCIOJIB30BaHMs (pa30BBIX XapaKTEPUCTHK pa3nuuHbIX ydacTkoB CBU-TpakToB W apyroi wH-
(opmanny, TO3BOJISIOMINN BBIPOBHATH aMIUIMTYAHO-(ha3oBoe pacrpenenieHue B packpbiBe ADAP u
chopMHpOBaTh AUArpaMMy HarpaBJI€HHOCTHU ¢ TpeOyemol (opmoii u xapakrepuctukamu. Ha ocHoBe
9TOTO anropuTMa pazpaboTaHa MaTeMaTHuyecKas MoJielib GyHKimoHupoanusi ADAP, ucronszyemas
JUTSL TECTUPOBAHMS U 0TpabOTKH peanbHOM anmnapatypsl ADAP.
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ACTIVE PHASED-ARRAY ANTENNA CONTROL
IN DIFFERENT OPERATIONAL MODES

N.V. Drozhzhina, P.L. Batov, A.S. Belyaev, A.E. Kozlova

The UHF-channels of active phased-array antenna (APAA) include segments with exciters and without
active elements having different phase characteristics in band of liters (frequency channel coding character)
and temperatures. The article describes the measurement, storage and usage algorithm of phase characteristics
of different UHF-paths segments and another data permitting to provide equalization of amplitude-phase
distribution in the APAA aperture and to provide pattern formation with required beam shape and characteristics.
Based on this algorithm the APAA function mathematical model was developed which is used for test and

try-out of the real APAA aperture.

MocTtynuna 19 anpens 2016 roaa.
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OO0Hol u3 akmyarnbHbIx 3ad0a4y co30aHUsT 8bICOKOMOMeHyuanbHol akmueHol ¢hba3uposaHHOU aHmMeHHOU pewém-
Ku (A®AP) siensemcs obecrnieyeHue eé HopMasibHO20 Merio8020 pexuma. Pa3pabomaHa cucmema obecriedeHusi
mennogozo pexuma (COTP) A®AP wmobunbHoeo 3PK ¢ 6onbwol MOUHOCMbK mernioebiOeneHusi (CoOmHuU
Kurmosamm) u ogpaHuyYeHUsIMU o memrepamypHoMy Ouana3oHy pabomsl anemeHmos aHmeHHbl. COTP cocmoum
u3 nodcucmembl XudkocmHo20 oxnaxdeHusi (CXKO), ycunumeneti CBY-mowHocmu u nodcucmembl 8030yWIHO20
oxnaxdeHusi u oboepesa (CBO), obecrieyusarouwieli HopMmaribHbIl mernnosol pexum psida SPU uz cocmasa A®AP
8 WUpOKOM Ouara3oHe 3KcrlyamayuoHHbIX memrepamyp. [lpueedeHbl pe3ynbmambl  3KCrepuMeHmarnbHo20
uccriedosaHusi makemHol C)XKO e 6onbwom OAuana3oHe pacxodos oxnaxdaroweld xudkocmu U 8030yxa.
Paspabomatbi cocmasHbie Yacmu COTP: npubop XUOKOCMHO20 OXxriaxoeHus, 610K 8030yUWHO20 OX/axX0eHus,
Haepesamerb, brioku ynpasneHusi u koHmporns C)XKO u CBO, komrnnekc damyukos napamempos CXKO.

Knrouesble cnoea: akmusHasi ¢ha3uposaHHasi aHmeHHas pewémka, cucmema obecriedyeHusi mernnoeoeo
pexuma.

One of the actual tasks of high-potential active phased-array antenna (APAA) development is to provide its normal
thermal conditions. The APAA thermal control system (TCS) was developed of the mobile air defense missile complex
with high heat generation (hundreds of kilowatts) and with operation temperature limits of antenna elements. The TCS
consists of liquid-cooling subsystem (LCS) of microwave power amplifiers and air-cooling and heat subsystem (ACH)
providing the normal thermal conditions of some APAA radio electronic components (REC) in wide range of operation
temperatures. The experimental study results of the modeled LCS in broad range of coolant and air output flow were
performed. The TCS constituent parts were developed: liquid cooling device, air cooling block, heater, LCS and ACH
control blocks, LCS parameters sensors Kkit.

Keywords: active phased-array antenna, thermal control system.

OnHoOll M3 aKTyaJbHBIX 3aJ1a4 CO3JIaHUSl BBICOKOIOTCHIIMAILHOW aKTUBHOW (ha3uMpoBaHHON aH-
TeHHOH pemérkn (ADAP) sBrsieTcs obecrnieueHrne e€ HOpMaILHOTO TETIOBOTO pekrMa. Pazpaborana
cuctema obecriederust TerioBoro pexxuma (COTP) ADAP mo6mmsHOTO 3PK € 601B1I101 MOIITHOCTHIO
TETUIOBBIICTIEHUS] (COTHH KWJIOBATT) U OTPAHUYCHUSIMHU 110 TEMIIEPATypHOMY JHANa3oHy pabOThI 3j1e-
MeHToB anTeHHB. COTP coctouT u3 moacucteMsl xkunkoctHoro oxiaxnaeHus (CXKO) ycwmnureneit
CBU-MoOmHOCTH M TOACHUCTEMBI BO3AYIIHOTO OXJaxjaeHHs u oborpeBa (CBO), obecnednBaromeit
HOpPMaJIbHBIH TeroBoi pexum psaga OPU u3 cocraBa AQAP B mMpokoM Juana3zoHe dKCIITyaTalioH-
HBIX Temrieparyp. lIpuBeneHs! pe3ynbTaThl IKCIepUMEHTaIbHOTO uccienoBanus maketHod CXKO B
00JBIIOM AMAIa30He PACXO0B OXJIAXKAAIOIEH KUIKOCTH U BO3IyXa. Pa3paboTaHbl cOCTaBHBIE YacTH
COTP: mpubop >KUAKOCTHOTO OXJIaXIeHHs, OJOK BO3AYIIHOTO OXJIXKICHHS, HarpeBarenb, OJOKU
ynpasnenus 1 kKoHTpoisi CXKO u CBO, xomiutiekc natankoB napamerpos CXO.
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HIGH-POTENTIAL ACTIVE PHASED-ARRAY ANTENNA
THERMAL CONTROL SYSTEM DEVELOPMENT EXPERIENCE

A.D. Eliseev, I.B. Averin

One of the actual tasks of high-potential active phased-array antenna (APAA) development is to provide its
normal thermal conditions. The APAA thermal control system (TCS) was developed of the mobile air defense
missile complex with high heat generation (hundreds of kilowatts) and with operation temperature limits of anten-
na elements. The TCS consists of liquid-cooling subsystem (LCS) of microwave power amplifiers and air-cooling
and heat subsystem (ACH) providing the normal thermal conditions of some APAA radio electronic components
(REC) in wide range of operation temperatures. The experimental study results of the modeled LCS in broad
range of coolant and air output flow were performed. The TCS constituent parts were developed: liquid cooling
device, air cooling block, heater, LCS and ACH control blocks, LCS parameters sensors Kit.

Moctynuna 17 man 2016 roga.

BECTHUK BO3YLUHO-KOCMUYECKOA OBOPOHbDI N2 3 (11), 2016 T.



PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX N TEXHOJTIOTMYECKUX PABOT

Y[OK 621.396.67

[OCTPOEHWE PELLETKU A®AP
C ONTUYECKOU 3ANUTKOU PIIC MAJION [ATIbHOCTM!.
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B KOHCTPYKLIUN A®AP
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B cmambe npedcmasrieHbl nPUHUUrbI MOCMPOEHUS U KOHKpemHoU peanu3ayuu KoHcmpykuuu AQAP ¢ onmu-
veckol 3anumkoli 0n1a mobunbsHozo PJIC ceepxmaroli danbHocmu. Ocoboe sHuMaHuUe yOereHo 80rpocam XUudKocm-
HO20 oxraxOeHusi rpuémo-repedarouux Modyrned, MPOYHOCMU KOHCMPYKUUU, opaaHu3ayuu 371eKmponumaHusi u
obecriedeHusi pemoHmonpuaodHocmu A®AP. U3zomoerieH orbimHbili 0bpaseu, komopbliti nodmeepdurl npasusib-
HOCMb MPUHSIMbIX KOHCMPYKMOPCKUX U MEXHOI02UHECKUX PeLUeHUL.

Knroyesblie croga: APAP, AQAP ¢ onmuyeckol 3anumkol, cmonbyesbie Hecyuwue barnku, cmonbuesbie
TuHUU ces3u, nnockue mpybbl CXKO.

The article states design and specific structure realization principles of the active phased-array antenna (APAA)
with optical connection for the mobile ultra-short range radar. The emphasis is on problems of transceiving modules
(TSM) liquid cooling, structural integrity (ruggedness), electric power supply arrangement and providing of the APAA
serviceability. The prototype model was manufactured which has confirmed the design and technological solutions
validity.

Keywords: active phased-array antenna (APAA), APAA with optical connection, column bearing beams, column
connection lines, liquid-cooling system (LCS) flat pipes.

Panee Hu B Hatieli cTpane, HU 3a pyOexoM He Obl1o paspaborano HU ogHO ADAP X-nmnanasona
¢ ontrueckol 3anutkoil. Konctpykuus ADAP obpazosana antenHoit pemérkoit ¢ [IIIM u snemen-
tamu CXKO, 3akperui€éHHbIME Ha (IaHIe Ul YCTAaHOBKM Ha aHTeHHyro miatdgopmy MOPJIC. TIIIM
npezacrasisieT codoi 4-kaHaneHbI CBY-ycunurens ¢ ONTHYECKOH 3alIMTKOW M MHTETPUPOBAHHBIM B
o0umit kopryc BUIL. OcHoBHBIMYU 31eMeHTaMu KOHCTpYKIMU ADAP ssnstorces: [IIIM B cOope ¢ us-
nyuatessimu (nanee — [1IIM); utockas kpyrnas Hecymas rura (dnanen ADAP); nHabop cTonOeBbIx
HEeCyIIMX OaJOK CIOXKHOTO CEUEHHs; 3JIEMEHTBI KPeIUIeHUs! 0ajioK; CTOJIOIEBBIC JIMHUM CBSI3H; dJIe-
MeHTHI cucteMbl CXKO (BXOAHBIE W BBIXOAHBIC KOJUIEKTOPHI, TJIOCKHE TPyO®I). [lmockas Hecyrmmas
IJTUTa UMEET KPeTEKHBIE OTBEPCTHS I MOHTa)ka Habopa cTONOIEBBIX HECYmUX Oanok, oOpasyro-
IMX aHTEHHYI0 pemérky. OTBepCTHs, paclooKEHHbIE 110 NEPUMETPY Hecylleld IUMTHI, o0ecredn-
BatoT kpemieHne ADPAP k antennoit miardopme. Kpome 3Toro, Ha HeCymien IUIMTE MPETYCMOTPEHBI
pe3b0OBEIE OTBEPCTHS O] YCTAHOBKY PHIMOOJITOB ISl OOSCIiedeHUs] MOHTaxa u qeMoHTaxxa ADAP.
IlonBoaB! OXJaXKAarOIIEN KUAKOCTH, IPOBOJOB AJIEKTPOIUTAHNS PA3HECEHB! C MOABOJOM IPOBOIOB C
(YHKIMOHAIBHBIMU CBSI3SIMH 110 Pa3HbIM cTopoHaM cToi0noB ADAP. Ins ¢pynxkunonnposanus [1I1IM
HE00X0aMMO 00eCIIeYnTh €r0 HOPMAJIhHBIA TEIIOBOM pEeXuM. JIJI TEMI00TBOMA UCIIOIB3YIOTCS dIIe-
MmeHTbl CXKO B BHe MIIOCKUX TPYO M3 HEPKABEIOIIEH CTalM ceueHHeM 25X3MM U CTEHKaMHM TOJIIIH-
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Hoit 0,25 mm. [lomoOHas koHHUTYpaIVsl SJTEMEHTOB OXJIAXKICHUS 00CCIICUMBACT Pa3MEIICHUE TPYObI
OXJaKIeHHs B HUIIE Hecymer 6amku. [lox pabounm naBneHnem B ~2 aTtu CTEHKa TPyObI IITOTHO TPH-
neraet kK nosepxaoctu [1I[IM B 30ne pacnonoxenns CBU-ycunureneit n odbecneurnBaeTt 3 GeKTUBHBINA
otrBoj Temia ot [1I1IM, kopmyc KOTOPOTro BBINOJIHEH W3 aTlOMUHHEBOIO CIUIaBa C JOCTATOYHO XOPO-
e TeTIOMPOBOTHOCTRIO. [IpH 3TOM Kaxkablil cToMOe OXIaKAaeTcss BXOAHON W BBIXOIHOHN TPyOOH,
9TO 00eCIeunBacT paBHOMEPHEIH ChEM Termia co Beex I1TIM B cTombrie.
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APAA ARRAY ARRANGEMENT
WITH SHORT-RANGE RADAR OPTICAL CONNECTION.
TRANSCEIVING MODULES COOLING IN APAA STRUCTURE

U.A. Kudoyarov, A.A. Korolev, E.A. Golubtcov, V.A. Kashin, A.S. Kormilitcin, V.M. Popov

Previously, neither in our country nor abroad, there haven’t been developed any of X-band APAA with
optical connection. The APAA structure comprises the antenna array with TSM and LCS elements fixed on flange
for installation of MF radar on antenna platform. The TSM is a 4-channel microwave amplifier with optical
connection and vacuum induction melting (BWIM) integrated in general body frame. The APAA main structure
elements are: ready-assembled TSM with radiating elements (hereafter as TSM); flat round bearing plate (APAA
flange); set of column bearing profile beams; beams clamping elements; column connection lines; LCS system
elements (inlet and outlet manifolds, flat pipes). The flat bearing plate has mounting holes for installation
of column bearing profile beams set comprising the antenna array. The holes, arranged on perimeter of bearing
plate, provide the APAA mounting to antenna platform. Besides, the threaded holes on bearing plate are
envisaged for eyebolts installation for APAA assembly and disassembly. The lead of cooling liquid, power cables
are spaced with lead of functional connection cables by different sides of the APAA columns. For TSM functioning
it's necessary to provide normal thermal conditions. The LCS elements are used for heat removal in the form of
stainless steel flat pipes with 25x3 mm profile and 0,25 mm walls thickness. Such configuration of cooling
elements provides the cooling pipe allocation in niche of bearing beam (Fig. 7). Under working pressure
of 2 gauge atmosphere, the pipe wall fits tight to TSM surface in mounting zone of microwave amplifiers (Fig. 8)
and provides an effective heat removal from TSM, the body frame of which is made of aluminum alloy with plenty
good enough thermal conductivity. Herewith each column is cooled with inlet and outlet pipe that provides uniform
heat pickup from all TSMs in the column.

MocTtynuna 17 mas 2016 roga.
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CTPYKTYPHAS1 CXEMA
NPOrPAMMHUPYEMOIO QUATHOCTUHYECKOIO CI10COBA
OLIEHKX COBOKYIHOIo U3HOCA
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B cmamee npednacaemcsi HOBbIU M00X00 K OUEHKEe COBOKYIMHO20 U3HOoca Oemanell MexaHU3Mo8 MalluH
Ha ocHoeaHuUU pa3pabomaHHOU cmpyKkmypHOU CxeMbl npospaMMupyemMoeo OUuazHOCMUYEeCKO20 Crocoba OUEHKU
COBOKYNHO20 U3Hoca. Mcrionb3oeaHue 0aHHO20 rooxoda cryxum Orisi oOOepXKKU MPUHSIMUST ONMUMAaSIbHbIX pelie-
HUU npuU OUeHKe CoOCmOosIHUSI U 0OOCHOB8aHUSI B03MOXHOCMU MPOONIeHUsT pecypca aKcrlyamayuu demareli MexaHu3-
MO8 MalUUH.

Knroyeesnbie cnoea: cmpykmypHasi cxema, duasHocmu4eckul crnocob OUEHKU COBOKYMHO20 U3HOCA, MEXHOJIOo-
2us oyeHUBaHUs1 COBOKYIMHO20 U3Hoca Oemarnel MexaHU3MOo8 MallUH, KoaghghuyueHm COBOKYNHO20 U3HOCA.

The paper proposes a new approach to the assessment of overall wear of machines mechanism parts based on
developed block diagram of a programmable diagnostic method for the overall wear and tear evaluation. The use of this
approach is to support optimal decisions making at state evaluation and justification of the operational life extending
possibility of machines mechanical parts.

Keywords: block diagram, evaluation diagnostic method of overall wear, overall wear of machines mechanism
parts evaluation technique, overall wear-out factor.

B xoMrutekce MeponpHsITHi, HAIPAaBICHHBIX HA PElIEHUE BOIIPOCOB MOBBIIICHUS KauecTBa U d-
(EeKTUBHOCTH AMATHOCTUKH U3HOCA JeTanell MEXaHW3MOB MAIIMH, BAKHYIO POJIb UTPAET OLIEHKA COBO-
KYITHOT'O M3HOCA, THUarHOCTHKAa KOTOPOr0 BMECTE C MPOTHO30M MPOAJICHUS pecypca AeTaieil MexaHu3-
MOB MaIllMH BBI3BIBACT CEPhE3HBIE 3aTpyAHEHUS. B paboTe npesaraeTcst HOBBIH MOJIX0/1 K OIICHKE CO-
BOKYITHOTO M3HOCA JieTajell MEXaHU3MOB MallliH HAa OCHOBaHHUHW Pa3pab0TaHHOW CTPYKTYPHOU CXEMBI
IPOrpaMMHUPYEMOro THarHOCTHYECKOT0 CIIoco0a OIIEHKH COBOKYIHOIO nM3Hoca. IIpencrasnena paspa-
0oTaHHas CTPYKTypHas CXeMa IIPOrpaMMUPYEMOr0 AUAarHOCTUYECKOTO CIOC00a OLEHKH COBOKYITHOTO
M3HOCA, OTPaKaroIasi MocIel0BaTeIbHOCTh OLIEHWBAHUS COBOKYITHOTO M3HOCA JeTajieil MeXaHu3MOB
MaIlliH B IpOrpaMMupyeMoii cpenie. Cxema BKJIIOYAeT: OJIOK JUAarHOCTHKHU, OJIOK pacuéra Ko3hduim-
€HTa COBOKYITHOI'O M3HOCA, OJIOK MPOrHO3a. Pe3ynbTUpyromuM MoKa3aTeleM OLIEHKHM COBOKYITHOTO
W3HOCA JIeTalied MalluH CIyXHUT Ko3(duimeHT coBokynHoro msnoca G. VMcmosib3oBaHue JIaHHOTO
MOJIX0JIa CIY>KUT JUIS TOAAEPKKH MPUHATHS ONTUMANIBHBIX PEIIEHUH MPH OlEHKE COCTOSHUSA U 060C-
HOBaHMS BO3MOKHOCTH IIPOAJIEHUS pecypca SKCILTyaTalluy AeTajiell MEXaHU3MOB MallllH.
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PROGRAMMABLE DIAGNOSTIC ESTIMATION METHOD
STRUCTURAL SCHEME OF OVERALL WEAR

A.L. Kunturov, S.A. Kunturov

The complex of measures aimed at addressing the issues of quality and efficiency improving of machines
mechanism parts wear diagnostic the overall wear evaluation plays an important role, the diagnostic method
of which, together with the machines mechanism parts life extension prediction, causes serious difficulties.
The paper proposes a new approach to the assessment of overall wear of machines mechanism parts based on
developed block diagram of a programmable diagnostic method for the overall wear and tear evaluation.
The developed structural diagram of a programmable diagnostic method for overall wear evaluation, reflecting
the evaluation sequence of machines mechanism parts overall wear in programmable environment. The scheme
includes: diagnostic unit, overall wear coefficient calculating unit, prediction unit. The resulting indicator
for machines mechanism parts overall wear evaluation is the overall wear coefficient G. The approach implemen-
tation serves for optimal decisions making support at state evaluation and justification of the operational life
extending possibility of machines mechanical parts.

Moctynuna 3 ¢eBpansa 2016 ropa.

BECTHUK BO3YLUHO-KOCMUYECKOA OBOPOHbDI N2 3 (11), 2016 T.



PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX N TEXHOJTIOTMYECKUX PABOT

YK 621.396.677.494

OlNTUMNU3ALHNA CTPYKTYPbI CBEPXIUMPOKOYT OfIbHOIO A®dY
LA [TPUEMOINEPELAROLNX AOAP

© ABTOpbI, 2016

B.A. HukonaeB G00kmop MexHUYECKUX HayK,
s8edywull Hay4yHbIt compyoHuk, OAO «HIK «HUWOAP», e. Mockea
E-mail: nikolaev@niidar.ru
J1.. MuknaweBckas
uHxeHep, OAO «HIK «HUWOAP», 2. Mockea
0.B. botoB
uHxeHep, OAO «HIK «HUWOAP», 2. Mocksa

Paccmampugaemcsi 03MOXHOCMb OrimMuMU3auyuu cCmpyKmypbl C8EPXWUPOKOY20/1bHO20 ADY ¢ ceKkmopom
0630pa 120° 8 yeriax NosbiWeHUs kKayecmea paduomexHUYECKUX Xapakmepucmuk.

Knroyeesble cnoea: akmusHasi ¢ha3upoeaHHasi aHmeHHasi pewémka, napyuasnbHas ouazpaMma Harpas-
JIeHHocmu, rnomepu Ha paccoernacosaHue.

The article states composition improvement possibility of super wide-angle antenna feeder system (APS)
with 120 degrees of coverage sector in order to increase the radio-radar characteristics quality.
Keywords: active phased-array antenna (APAA), partial directional pattern, mismatch losses.

[Tpu mocTpoennu cBepXmmpokoyronbHbIX ADAP ¢ cekropom 0630pa 120° n MaKCUMAIbHBIM YT-
nom ckanupoBanus JJH Ha + 60° 00b19HO cTaparoTcst orpaanduThest ADY ¢ 0HUM pacKpPBIBOM.

[pu sToM 1151 pactmpenus: napuuansHoi JIH ognoro msmydarenst B coctaBe AP mpumensror A4
LITBIPH, YCTAHABIMBAEMbIE MEXKy M3/Ty4aTelsIMH, WM UCTIOIb3YIOT BUOPATOPHI C HAKIIOHHBIMH IIJICYaMH.

OpHako, Kak MOKa3aju MCCiel0BaHus, HepaBHOMepHOCTh noTeHuuana PJIC B npuémonepenaro-
HIeM peXHMe Ha KpasxX 3aJJaHHOTO ceKTopa 0030pa MoxeT focturath 16 ab. [Toatomy, mis obecriede-
HUS JICECIIOCOOHOCTH CTaHIMM BO BCEM 3aJJaHHOM CEKTOpe 0030pa (PaBHOBEPOSTHOE OOHapyKeHHe
esneit) HeoOXOaUM YeTBIPEXKPATHBIH 3a11ac 10 MOLTHOCTH.

Hns ycrpanenust 3toro Hepocrtatka ADY ¢ OIHMM pPacKpbIBOM Mpe[Jiaraercs HCIOJIb30BaTh
A®YVY c nByMS pacKpbeIBaMH, B KaXJIOM U3 KOTOPBIX MAaKCHUMAaJIbHBIA yYTrOJI CKAaHUPOBAaHUS HE MPEBBI-
mraet 30°. brnaromaps atomy, B 00enx noapemeéTkax, 3a cu€T 0onee peiKoro paclnoiIoKeHUs H3Tyda-
Tesel, o0muit 00bEM anmaparypsl OCTAaeTCsl TAKUM K€, Kak U B ciiydae ADY ¢ 0JHUM pacKpbIBOM.

VBenuueHue mara pasMenieHusl u3ydyaTesedl B MOAPEemETKax IO03BOJISET CHU3UTHh B3aHMHOE
BJIMSIHUE, YTO OOecreunBaeT Jydllee COTrJacoBaHUE W3JIydaTeliel, YBEINYHBaeT UX OTHOCHTEIbHBIN
K03(pPpULIMEHT HAIIPaBICHHOTO AEUCTBHS, a TAKKE YIydllaeT TEII000OMEH.

CrnexyeT OTMETHTb, YTO UCIOJIB30BaHME JIBYX packpbiBoB B ADY He MPHUBOIUT K YBEIWYECHUIO
KOJINYECTBA JOPOTOCTOSIICH ammapaTypsl (U3iMydaTelield, MmepeJaTdynKkoB, MPHUEMHHUKOB), a TpeOyeT
TOJIBKO JOMOJHUTENBHBIX METANIOKOHCTPYKLHUH Il BTOPOH MOAPEIIETKY.

Nmerorcs n apyrue npeumyuiectsa npumeHeHns ADY ¢ 1ByMs pacKpbIBaMH: YBEIMUEHUE KOJIH-
YEeCTBa OJTHOBPEMEHHO PETMCTPUPYEMBIX L€ MPU COKPALICHHH BpeMEHH 0030pa MPOCTPAHCTBA B
JIBa pasa, yaydlieHne paszpemaromnieit cnocoonoctu PJIC.
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SUPERWIDE-ANGLE ANTENNA PHASED ASSEMBLY
COMPOSITION IMPROVEMENT FOR TRANSCEIVING APAA

V.A. Nikolaev, L.G. MIklashevskaya, D.V. Botov

In case of super wide-angle active phased array antenna design with 120° angular field of view and direc-
tional pattern maximum scan angle of £60° the antenna-feeder system is usually limited with a single aperture.

Herewith, to extend the partial directional pattern of a single emitter in antenna array structure the A4 whips
are used which installed between the emitters or dipoles with inclining arms are used.

However, the studies have shown that the radar potential nonuniformity in transceiving mode at edges of
predetermined field of view can reach 16 dB. Therefore, to ensure the station capacity of overall predetermined
field of view (equiprobable target detection) the quadruple power margin is required. In order to remove the
shortcoming of antenna-feeder system with one aperture it's suggested to the APS with two apertures, the each
maximum scan angle of which not exceeding 30°. Thereby, in both subarrays, due to rarer emitter's arrangement,
the total equipment amount remains the same as in the case with single aperture APS.

The spacing enlargement of emitters arrangement in subarrays allows to reduce the mutual influence that
provides the best emitters interfacing, increases its relative directive gain and improves the heat-exchange as well.

It should be noted that the usage of two apertures in APS doesn’t lead to expensive equipment amount
increasing (emitters, transmitters, receivers), but only requires additional metal structures for the second
subarray. There are other advantages of two aperture APS usage: increasing the number of simultaneously
detected targets by twofold time reducing of area survey; improvement the radar resolution capability.

MNoctynuna 7 anpens 2016 roaa.
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Memodom makcumarnbsHoeo npasdonodobusi cuHMe3uposaHb! OUCKPUMUHAMOPh! U MPednioXeHb! MpUHUUbI
1OCMPOEHUST U CMPYKMYPHbIE CXEMbI Ha UX OCHOBE asmoKOMMeHcamopos 00nieposckoll ghasbl MacCcUsHbIX
rnomex ¢ obpamHol cesi3blo. [1posedéH aHanu3 mMoYyHOCMU asmoKoMIeHcayuu 6 3asucumocmu om ceolicme
romexu u napamempos y3/108 rpeorioXeHHbIX a8MOKOMIEHCamMopPOos.

Knroyesnie crioea: asmokommneHcamopsl, QucKkpumuHamopsl, dorieposckas asa, obyqaroujasi ebibopka,
raccusHble oMexu, MoYHOCMb KOMIeHcauyuu, ycmolyusocms.

Through the maximum likelihood method the discriminators were synthesized and the design concept and
structural schemes of close-loop clutter Doppler phase autocancellers were suggested basing on it. The analysis
of self-cancellation accuracy was carried out depending on clutter properties and nodes parameters of proposed
autocancellers.

Keywords: autocancellers, discriminators, Doppler phase, training sample, clutter, cancellation accuracy,
robustness.

B crarbe MeTOJOM MaKCHMAILHOTO MPaBIONOA00MS CHHTE3UPOBAHBI IUCKPUMHUHATOPHI U MPE-
JIOKEHBI MPUHLMIIBI [TOCTPOCHUS M CTPYKTYPHBIE CXEMbl aBTOKOMIIEHCATOPOB AOILICPOBCKON (a3bl
MACCHUBHBIX TIOMEX C OOpaTHOM CBS3bI0. ABTOKOMIIEHCATOPHI MO3BOJISIIOT CYIIECTBEHHO YINPOCTHTH
a/IalITUBHBIC PEXKEKTOPHBIC (PHUILTPHI MYTEM HMX BBIOJIHEHUS C JCHCTBHTEILHBIMH BECOBBIMU KO3(-
¢unmentamu. [IpoBenéH aHaIM3 TOYHOCTH aBTOKOMIIEHCAIMU B 3aBUCHMOCTH OT CBOMCTB MOMEXU U
MapaMeTpoB y3JI0B aBTOKOMIIEHCATOPOB.

[TpuHIKITBEI TOCTPOCHUSI U CTPYKTYPHBIE CXEMBI aBTOKOMIICHCATOPOB C OOPaTHOU CBS3BIO, Mpe/-
JIOKEHHBIE HA OCHOBE CHHTE3UPOBAHHBIX TUCKPUMHHATOPOB, JOMYCKAIOT IIUPOKHUIA BEIOOP CTPYKTYP U
napaMeTpoB HX Y3JI0B B 3aBUCHMOCTH OT TPEeOOBaHUN K TOUHOCTH KOMIIEHCALIUH, [UIUTEILHOCTH IIPO-
[[ecca yCTaHOBJICHHUS U CIIOKHOCTH alllapaTHON pean3anuu.

Hcnonbs3oBaHue YIPOIIEHHOTO IHCKPUMHUHATOPA IPHUBOJUT K HECYIIECTBEHHOMY CHUYKEHUIO
TOYHOCTH KOMIIEHCALIUH, TO3BOJIAIOEMY PEKOMEHIOBATh €T0 JUIS MPAKTUIECKOTO IPUMEHEHMS.
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CLOSED-LOOP CLUTTER DOPPLER PHASE AUTOCANCELERS

D.l. Popov

The article considers the maximum likelihood method through which the discriminators were synthesized
and the design concept and structural schemes of close-loop clutter Doppler phase autocancellers were
suggested basing on it. The autocancellers permit to significantly simplify an adaptive notch filters through its
running with actual weight coefficients. The analysis of self-cancellation accuracy was carried out depending
on clutter properties and autocancellers nodes parameters.

The closed-loop autocancellers design concept and structural schemes, proposed on the basis of the
synthesized discriminators, allow an extensive selection of structures and parameters of its nodes depending
on requirements to cancellation accuracy, duration of adjustment process and complexity of hardware implemen-
tation.

The usage of simplified discriminator leads to inessential accuracy decreasing of cancellation permitting to
recommend it for practical implementation.

Moctynuna 13 nionsa 2016 roaa.
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B cmambe nposodumcsi paccMompeHue HogbIx nodxodo8 K pelueHuUro 3adaqu ebi0esieHuUst napyuarbHbIX mpaekmo-
puti u3 6ru3KopacronoXeHHbIX MOOBUKHbLIX 06BbEKMOo8. Asmopamu rMpogedéH 0630p U3BECMHbIX M0OX0008 K PeLleHUo
amoli 3a0ayqu. Pesyribmamii MoOesuposaHusi TodmeepXoarom, Ymo PaccMOmpeHHbIe MOOX00k! 0360SISHOM: YMEHLUWIUMB
UHMep8ars epeMeHu, HeobXxo0uMbIl Orisi ebIOefieHUsT napuyuarbHbiX mpaekmopul, 3a c4ém coemecmHol adanmuseHoll
0b6pabomku oueHok dasibHocmu, paduaribHoU cKkopocmu, asuMyma U yara Mecma; yeenuydume yerosyto paspeLuaroulyto
CrOCOBHOCM U IMOYHOCMb OUEHOK yeriosbiX KOopOUHam 3a CYEM NPUMEHEHUS 8UpmyaribHOU anepmypebi.

Knroyesble crnoea: paduoriokamop, mpaekmopusi, epynnuposaHue, paduarbHasi CKopoCMb, ceepxpa3pelueHue,
supmyaribHasi anepmypa.

The article considers new approaches to problem solving of partial trajectories discrimination (extraction) from closely
spaced moving objects. The authors review the known approaches to the problem solving. The modeling results confirm that
examined approaches permit: to reduce time interval, necessary for partial trajectories discrimination through combined
adaptive processing of range estimations, radial velocity, azimuth and elevation; to increase the angular resolution and angular
coordinates estimations accuracy due to usage of virtual aperture.

Keywords: radar, trajectory, classification (clustering), radial velocity, superresolution, virtual aperture.

Heo0xomumasi TOUHOCTE OTpEJIeNICHHsT KOOPJAMHAT 0aNIMCTHYECKOTO 00BEKTa HAMPSMYIO 3aBH-
CHUT OT CITIOCOOHOCTH PaIMOJIOKATOpa pa3peliaTh AIEMEHTHI CIOXKHBIX IIeTIeil 1 BOCCO3/1aBaTh TPAEKTO-
PUU UX JBUKEHUS.

PaccmoTpen croco6 BbIIeneHNs TapIHaIbHBIX TPAGKTOPUN U3 Pa3pellEHHBIX 2IEMEHTOB, peallu-
30BaHHBIN B JIBYX allTOPUTMaX: ¢ pa3OMEHHEM BXOIHBIX 3aMEPOB Ha TPYIITHI TOIBKO IO SKCTPATIOJIH-
POBAaHHOM JABHOCTH U C JOMOJHUTEIbHBIM YUETOM paiuagbHOi ckopocTu. IIpoBeneHo Monenupona-
HUE U CPABHUTEINIBHBIN aHAJIA3 3TUX AJITOPUTMOB.

s monydeHusi CBepXpa3pelieHus M0 YrioBbIM KOOpAMHATAM PACCMOTPEH METOJ 3KCTPAroJs-
IIMY CUTHAJIOB KaHAJIOB BUPTYAJIbHOW anepTyphl, UCHOIB3YIOIINN CUTHANIBI KAaHAJIOB pealbHOM amep-
Typbl aHTEHHOW pem€TKku. [{aHHBIA METOJ TO3BOJUT IMOBBICUTH YIIOBOE Pa3pelleHUE HCTOYHUKOB
CUTHAJIOB 32 CU€T (OPMHUPOBAHUS BUPTYaJbHOH amepTypbl aHTEHHOW pEemETKH HEe MeHee 4eM B 3-5
pa3. IlpencraBneHsl pe3yibTaThl MOAETUPOBAHUS ANTOPUTMA, MOATBEPKIAIOLINE PEAN3yeMOCTh
IIpeAIaracMoro MeToza.
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PARTIAL TRAJECTORIES DISCRIMINATION USING
RADAR ANTENNA SYNTHESIZED VIRTUAL APERTURE

V.l. Porsev, A.l. Gelesev, E.P. Voroshilin, A.l. Sivkov, A.R. Molochnikov

The necessary accuracy of ballistic object positioning directly depends on radar resolution capability
of complex target elements and reconstruction capability of its movement pattern.

The partial trajectories partition technique from resolved elements was examined. The technique is realized
in two algorithms: with input measurements partition into groups by extrapolated range and by radial velocity.
The modeling and comparative analysis of these algorithms was performed.

To get an angular coordinates superresolution the signals extrapolation method of virtual aperture channels
was examined. The method permits to increase the angular resolution of signal sources via antenna array virtual
aperture forming not less than in 3-5 times. The algorithm modeling results were presented confirming the
feasibility of proposed technique.

MocTtynuna 19 man 2016 ropa.
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lNpedcmasneH aHanu3 an2opummos cuzHanbHol 06pabomku C Uenbio yaydweHUs: xapakmepucmuk obHa-
PYXEHUS1 U MOYHOCMU U3MEPEHUST azuMyma paduosiokamopoM fnpu Hanuduu 0ononiHUmessHol ¢unbmposol
obpabomku. AHanu3 ebIrosIHEH Ha OCHOBe Pe3yfbmamos UMUmayuoHHO20 MoldesiuposaHusi 8 cpede Matlab
U conpogox0éH ornucaHueMm KoeHUmueHol modenu uccredyembix aneopummos. [lpedrnoxeHHble anzopummbl
docmyriHbl O IpakmuYecKol peanu3ayuu Ha coepeMeHHoOU 31eKmpoHHoU base.

Kmroyeesnle cnoga: chunbmpauyusi, cuegHarbHass obpabomka, obHapyxeHue, uaMepeHue.

The analysis of signal processing algorithms was performed in order to improve the detection characteristics
and azimuth measurement accuracy by the radar with presence of additional filter processing. The analysis was
carried out on the basis of simulation modelling results in Matlab and accompanied by the cognitive model
description of studied algorithms. The suggested algorithms are available for practical realization on the modern
electronic base.

Keywords: filtration, signal processing, detection, measurement.

[MpoGyiema MOBBIIEHHSsT AATBHOCTH ACHCTBHUS U TOYHOCTH M3MEPEHUSI KOOPAUHAT TPAIUIIHOHHOTO
BO3HMKAJIA NIPU NPOEKTHPOBAHNHI M MOJIEPHU3ALMH CUCTEM PAIHOJIOKALIAN U SIBIIETCA aKTyalbHOU. AB-
TOPBI IIPUBOZST CPABHUTENBHBIN aHAJIN3 AJITOPUTMOB CUTHAIIBHON 00pab0TKH C LETIbI0 PEIICHHS TaHHON
npo6isiembl. [IpeanokeHHbIe B CTaThe METOIbI 00PaOOTKH JOCTYIHBI JJIsl PAKTUUECKON peati3alliy Ha
COBPEMEHHOH 3JIEKTPOHHOH 0a3e, HanpuMep, Ha MUKPOCXeMax MpOorpaMMUpPyeMOi JIOTHKH.
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ANALYSIS OF RADAR DETECTION CHARACTERISTICS
AND ANGULAR MEASUREMENT ACCURACY

V.T. Yakovlev, A.A. Topilin

The problem in increasing the coverage and coordinates measurement accuracy traditionally arises during
radio detection and ranging systems design and modernization and is still relevant. The authors provide the signal
processing algorithms comparative analysis to solve this problem. The suggested processing methods
in the article are available for practical realization on the modern electronic base, for example, on chips of
programmable logic.
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Cl1OCOB PACTIPELENIEHNA PECYPCOB Y3/1A KOMMYTALUU
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lNpedcmasneH crnocob, nossonsouwull pacnpedensimes pecypchl y3na KoMMymauuu UHGHOKOMMYHUKaUUOH-
Holi cemu crieyuanbHO20 Ha3HayeHus 8 3agucumocmu om mpebosaHuli K kayecmesy 0bCTyKueaHUsl.

Knrodeenble crnoea: UHHOKOMMYHUKaUUOHHasi Cemb CrieyuanbHo20 Ha3Ha4vyeHUsi, y3es KoMMymauuu, mpa-
UK, kKayecmeo 0bCyKugaHusi, arnzopummbl op2aHuU3ayuU U rniaHUposaHusi odepeded.

The article proposes the process permitting to allocate switching node resources of special-purpose
info-communication network depending on requirements to service quality.

Keywords: special-purpose info-communication network, switching node, traffic, quality of service (QoS),
organization and queues planning algorithms.

Ha ocHoBe aHanm3a CylIeCTBYIOIIMX MEXaHH3MOB IO OLIEHKE M 00ECHEeUeHHI0 KadecTBa 00CIy-
JKUBAHUSI pEUEBOro TpaduKa, KOTOPbIE pacCUMTaHbl HA (QYHKIIMOHUPOBAHUE CETEH CBSI3M B YCIOBHSIX
TIOBCEIHEBHOM JIESITEIHHOCTH MUPHOT'O BPEMEHHU U HE YUHUTBHIBAIOT 0COOEHHOCTH HH(OKOMMYHHUKAIIH-
OHHOM CETH CIEIMAJIbHOr0 Ha3HAYCHUS, & TAKXKE HE B TIOJHOM Mepe MO3BOJISIFOT OOECTICUHUTh BBIIIOJ-
HEHHE TPeOOBaHUI MO KauecTBY OOCITY)KMBaHUS TpaduKa B PEKUME PEaTbHOTO BPEMEHH, OBbIJIO MPH-
HSTO pelIeHre 0 He0OXOJAMMOCTH COBEpIICHCTBOBAHUSI METOJNYECKOTO amrapara OleHKH u obecrie-
YeHHUs KauecTBa 00CIy>KuBaHUs TpaduKa B yCIOBUSIX HU3MEHSIOLIECHCS T0JIb30BATEIbCKON HATPY3KH.

B cratee onmcaH pa3paOoTaHHBIA CrIOCOO pacHpeAeieHus] PecypcoB y3ia KOMMyTaluu HHGO-
KOMMYHUKaIIMOHHOHN CETH CIIEIMATIbHOTO HA3HAYEHHS Ha OCHOBE JTWHAMHYECKOTO IIAaHWPOBAHHUSA 00-
CITy’)KMBaHHUSA OYepereld, KOTOPHIH OCYIIECTBISET IMepepacrupepesieHie PecypcoB y3ia KOMMYTallWH,
BBIJICJIEHHBIX NIOTOKaM Tpajuka, B 3aBUCHIMOCTH OT TPeOOBaHUI K KauecTBY OOCITY)KMBaHUS, MIPEIb-
SBIIIEMBIX K KaXJIOMY ITOTOKY, a TAaKXKe ¢ yIETOM DKCIIPECC-OIIEHKH KauecTBa 00CIyKUBaHUS Tpaduka
B PEKHUME PEaNbHOTO BPEMEHH Ha OCHOBE MPEIIOKEHHON METOANKH OIEHKH.

OCOOEHHOCTBIO TpeIaraeMoro crnocoda SBJSIETCS TO, YTO B IMpoLecce MOCTYIUICHHS MaKeTOB
OCYIIIECTBISIETCS KOHTPOJIb 3arpy3KH y3J1a KOMMYTALlUU U, B CIydae NMPEBBILIEHHUS TEKYILEH 3arpy3Koi
JIOITYCTHMOTO 3HA4YEeHHS, MTPOUCXOANT OTpaHUUYEHHE M0CTymna Tpaduka HU3KOMPHOPUTETHBIX IOIB30-
BaTelNiel K pecypcaM y3iia KoMMyTauuH. Bxonasmuii Tpaduk AeauTcs Ha KJIAacChl B 3aBUCHMOCTH OT
KJlacca 00CITy»KMBaHUs, 8 IOTOK Ka)I0T0 KJlacca — Ha IPYMIIbl B 3aBUCHMOCTH OT IPUOPUTETA O30~
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Batens. [lepen HauanoMm mepenadn MakeTOB KAXKAOMY KIACCY U KaXJIOHW rpymnme Tpapuka BBIICISIOT
4acTh PECYPCOB y3J1a KOMMYTAI[UM — BpeMsl OOCITy>)KWBaHHUS, B TEUCHUE KOTOPOTO MAaKeThl OYAYT MO-
CTyIIaTh Ha OOCIyKHBaHWE, U OydepHOoe MPOCTPAHCTBO y37a KOMMYyTaluuu — Oydep omnpenenéHHOM
JUTHHBI. [laHHBIE pecypchl U3MEHSIOTCS JUHAMUYCCKH ¢ YYETOM TEKYIIEro 3HAUCHHUS WHTETPaTbHOTO
ToKa3arens KauyecTBa 00CITyKUBaHUS TpaduKa ISl KOKIOTO KiTacca M OTIENBHO JUIS KaXIOW TPYIIITbI,
a TaKXKe CO CTENEHBIO HCIOIh30BAHMSI PECYPCOB y37Ia KOMMYTAIIHH.
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PROCESS OF SWITCHING NODE RESOURCES ALLOCATION
OF SPECIAL-PURPOSE INFO-COMMUNICATION NETWORK
ON THE BASIS OF QUEUES SERVICE DYNAMIC SCHEDULING

D.F. Tkachev, A.F. Tkachev

Based on the existing mechanisms analysis on assessment and ensuring of voice traffic service grade,
which are designed for the operation of communication networks in everyday peacetime activities, and do not
consider the peculiarities of special-purpose info-communication network and are not fully allow for compliance
with the requirements on the traffic service quality in real time, the decision was made on the necessity to improve
the methodical evaluation instrument and traffic service quality support in conditions of changing user load.

This article describes a developed resources allocation method of special-purpose info-communication
network switching node based on queue service dynamic scheduling, which carries out the switching node
resources distribution, allocated to traffic flows, depending on the requirements to service quality for each flow,
and with regard to rapid assess of the traffic service quality in real time mode based on the proposed assessment
methodology as well.

A special feature of the proposed method is that during the package receipt process the switching node
download control is carried out, and in case of exceeding the permitted value of current load, the traffic access
restriction of low-priority users to switching node resources is done. Incoming traffic is divided into classes
depending on the service class, and the flow of each class — into groups according to the user priority. Before
onset of packets transmitting the switching node resources portion is allocated for each traffic class and each
traffic group — service time, during which the packets will come for service, and switching node buffer space —
a buffer of a certain length. These resources are changed dynamically based on the traffic QoS integral
parameter current value for each class and separately for each group, and with the utilization degree of switching
node resources as well.
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E.l'. TokapeB
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E-mail: Tokarev.Eugene@gmail.com

lposedeHue HamypHbIX 3KCrnepuMeHmMos 0715 OUEHKU 803MOXHOCMU 8bINMO/IHEHUsI mpebosaHuli makmuko-
mexHuveckux 3aldaHuli (TT3) k 3eHUMHbIM yripasnsembiM pakemam (3YP) e noriHom o6béme mpebyem 6onbliux
MamepuarnbHbIX U 8peMEHHbIX 3ampam. HaumeHbwee Konu4ecmeo HamypHbIX TEMHbIX IKCEPUMEHIMO8 8 po-
uecce paspabomku npoeodumcs 8 rnosHoU kommnnekmayuu 3YP. Omo obcmosimenscmeo He rno3eossem 2a-
paHmupoeaHHO rposepume MOIHOUEHHYt0 pabomocrnocobHocmb 3YP, 8 ocobeHHOCmuU arnnapamypy cucmemab!
rnodpsiea Ha 6ase pasnuyHbix paduocucmem bnuxHeeo deticmeus (PBL). B pamkax cmambu paccMOmpeHb!
MPUHYUrNbl OCMPOEHUSs annapamHo-rpoepamMmHo2o komrnekca (AllK), noseonsrowe2o rnposodums MosnyHa-
mypHoe modenuposaHue PB/] pasnu4yHozo muna. ModenuposaHue mpebyem Cyu,ecmeeHHO MeHbLUUX 3ampam,
yem rposedeHue HamypHbIx pabom, u rno3eonsem 60CmMO8epPHO MPOeHO3Upo8ams hyHKUUOHUpo8aHue Kak PB]
8 uerioMm, mak u e€ nodcucmem, npakmuyecku 0Ons mobbix ycrnosull ux rpumeHeHus. [MpueedeHbl OCHOBHbIE
npuHyunsi u ocobeHHocmu pabomsi AlK, e2o gyHKUUOHaIbHas cxema.

Knroyeesnble cnoga: paduocucmema brnuxHeeo Oelicmeusi, nonyHamypHoe modesnuposaHue, bopmoeas an-
napamypa 3YP, umumayuoHHasi Modesib OmpaxxéHHO20 cueaHarna.

The realization of full-scale experiments for possibility assessment of requirements fulfilment of request for
proposals (RFP) to surface-to-air missiles (SAM) at full-scale requires time and material expenses. The minimal
amount of full-scale flight tests at development stage are conducted in full configuration of surface-to-air missile.
This fact doesn’t permit to guaranteed check the surface-to-air missile functionability especially the fuze system
equipment on the base of different short-range radio systems (SRS). Within the article frameworks the hardware-
software complex (HSC) design principles are examined permitting to carry out the semirealistic simulation of
different type SRS. The modeling requires less expanses than conducting of full-scale experiments, and permits
reliably predict the functioning of the SRS as a whole, and its subsystems, sensibly for any conditions of its
application.

Keywords: short-range radio system, semirealistic simulation, surface-to-air missile airborne equipment,
simulation model of return signal.

B crartse paccmarpuBaroTcst mpoOaeMbl OLIEHKH BBINOMHEHUS! TPeOOBaHUI TAKTHKO-TEXHUYECKUX
3aganuii (TT3) xk 3eHUTHBIM yripaBigeMbiM pakeraMm (3YP) B paMKkax ONBITHO-KOHCTPYKTOPCKHX pa-
6ot (OKP). B mensix 5KOHOMUHM MaTepHajbHBIX U BpEMEHHbIX 3aTpatr Ha ocymectsienne OKP mupo-
KO UCIOJIb3YEeTCS METO[] IPOBEICHUSI OIYHATypHOI'O MOJENIMPOBaHHUA paboThl OJI0KOB OOPTOBOM ar-
napatypsl (bA) B paznuunsix ycnosusx npumeneHust 3YP. C y4€rom Toro, 4To CHCTEMBI IOJPHIBA HA
0a3e pasnu4HBIX panuocucteM OmkHero aevictBus (PBJl) ncnmonb3yroTcst B OrpaHUYEHHOM KOJIHYe-
CTBE HATYPHBIX JETHBIX dKcriepuMeHTOB B pamkax OKP, mozenupoBaHue paboThl TAKMX CUCTEM HMeE-
€T HEMAJIOBAXHYIO pojib. B cTaTbe mpeanararoTcs OCHOBHBIE MPHUHILMUIBI MOCTPOEHMS amlapaTHO-
nporpammHoro komiuiekca (AIIK) momynatypaoro monemupoBanus PBJ] m mpumep mpaxTuueckoit
pean3anny ONMUCaHHOTO TOAX0/1a IPH CO3/1aHUU UMHUTALIMOHHBIX MOJEINPYIOLINX CTEH/IOB.

B craree hopMynampyroTCs OCHOBHBIE LEMH M 33/a4d IOJyHATYpHOTO MojesnupoBanus PBJI, a
TaK)Ke TUTOBBIE ycIoBHs npuMeHeHns 3YP, koTopsie MoryT ObITh chiMuTHpoBaHbl Ha AIIK. OTmeue-
HBI HEJIOCTATKH MOJICITUPOBAHUS U MyTH WX HuBenupoBaHus. CHopMyIrpoBaHbl OCHOBHBIE TpeOOBa-
HUs 1 oOmias koHenus nocrpoeHust AIIK — ncnonb3oBanrie MHOTO(YHKIIMOHANBHON TIAT(OPMBI
PXI (ynuBepcanbnas yacts AIIK) B coueranuu co cneuuanuzupoBanieiMu CBU-01okaMu, yuuTeiBa-
IOLIMMHU 0cOOeHHOCTH paboThl KoHKpeTHoro PBJI. B craThe paccmarpuBaroTCsi BOIPOCH MOIYHATYP-
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HOro MojenupoBanusi pabotel PBJl AByX BapHaHTOB MCHOMHEHUS: (a30AOMIICPOBCKOrO TUIA C HEMpe-
PBIBHBIM IIOJICBETOM; UMITYJILCHOTO THIIA C MCIOIb30BAHUEM CUTHAJNIA C IMHEWHON YaCTOTHOW MOZYJIS-
et (JIYM). IIpencraBnenst ctpykrypHO-pyHKIMoHaNbHEIE cxeMbl AIIK st o6omx BapuaHTOB.

Paccmotpennsie B cratbe mpuHiunsl nocrpoeHus AIIK momynatypHoro monenuposanus PBJ]
MO3BOJISIIOT CYIIECTBEHHO CHM3WTH 3aTpatrhl Ha npoBeneHrne OKP 3a cuér MUHMMHM3anuu KolIudyecTBa
HaTYPHBIX JIETHBIX 3KCIIEPUMEHTOB B MOJIHOM KoMIuiekTauuu 3YP u ucnonp3oBanus yHUDUIIMPOBAH-
Hott yactu AIIK nns monenupoBanus pabotsl PB/] paznuunbix THIOB.
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HARDWARE-SOFTWARE COMPLEX DESIGN CONCEPT
OF SEMIREALISTIC SIMULATION OF DIFFERENT TYPE
SHORT-RANGE RADIO SYSTEMS

E.G. Tokarev

The article states the assessment problem of request for proposals (RFP) requirements fulfillment
to surface-to-air missiles (SAM) in the frames of research and development works (R&D). In order to save time
and material expanses for R&D the semirealistic simulation method of onboard equipment (OE) blocks operation
in different conditions of SAM utilization is widely used. Given that the fuze systems on the base of different
short-range radio systems (SRS) are used in limited amount of full-scale flight experiments in the frames of R&D
works, the operation modeling of such systems has a not insignificant role. The article suggests the basic design
principles of hardware-software complex (HSC) of SRS semirealistic simulation and example of practical
implementation of described method during build-up of simulation modeling stands.

The main tasks and purposes of the SRS semirealistic simulation are formulated in the article as well as
typical conditions of SAM utilization which could be simulated on HSC. The modeling shortages and its
elimination techniques were mentioned. The main requirements and general conception of HSC design were
formulated — the PXI multifunction platform usage (HSC integrated part) coupled with application-specific UHF
blocks considering the operation peculiarities of certain SRS. The issues of SRS operation semirealistic
simulation of two design variants are examined: phase-doppler type with continuous illumination; burst-type using
the linear frequency modulation (LFM) signal. The structural-functional schemes of HSC for both variants were
presented.

The examined principles of HSC design of SRS semirealistic simulation permit to essentially decrease
the expanses for R&D works due to minimization of full-scale flight experiments amount in full SAM configuration
and usage of HSC integrated part for SRS operation modeling of different types.
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B cmambe paccmampugsaemcs ucmopusi co30aHusi, meKywiee cocmosiHue U nepcrekmuebl pa3sumusi npo-
mueopakemHoli 060poHbI eocydapcmea V3pauns, nocmasrieHHble 3adayu u 6oeeble 803MOXHOCMU cucmeMbl
3wenoHuUposaHHoU (MHo2opybexHoul) npomusopakemHol o0bopoHbl ([TPO) e ycrnosusix pacrnpocmpaHeHus u
pacwupeHusi cghepbl MpuMmeHeHUs1 0epHbIX 8oopyxeHul. [Moka3aHbl cocmas, cmpykmypa, cxema U rpuHyunsl
pabomsi pasnuyHbix pybexel cucmembi [MBO-TPO U3spauns.

Knroyeesnble cnioga: npomusopakemHasi obopoHa, pybexu PO, 6annucmudyeckasi pakema, npomugopakxe-
ma, npomugopakemHbIl KOMIIEKC, paduosiokayUoHHas cmaHyusi, agpgpekmusHocmb 1PO.

The article reviews the development history, current state and development prospects of the Israel Ballistic
Missile Defense, the objectives and combat capabilities of the layered (multilayered) air and missile defense
system (AMDS) in condition of proliferation and application area extension of nuclear weapons. The article covers
the composition, structure, scheme and operation principles of the Israel Ballistic Missile Defense lines.

Keywords: Ballistic Missile Defense (BMD), Missile Defense lines, ballistic missile, interceptor, antiballistic
missile defense system, radar station, BMD effectiveness.

Ha ceropnsiiauii nens U3pawmns 3anumMaet mecroe mecto B mupe nocie CILA, Poccuiickoit ®e-
nepanuu, BenukoOpuranuu, @pannun 1 KHP no snepromy norennmany. OGnanas siaepHbIM OTESH-
nuanoM, M3pamnp Takke LeneHanpaBleHHO pelaeT 3afady oOecredeHrsi 000pOHBI FOCYIapcTBa OT
Yrpo3bl BO3MOXKHOTO PAaKETHOTO HAIMaJCHUS BEPOSITHOTO MPOTHBHUKA CHUCTEMaMU HA3eMHOTO, BO3-
JYIIHOTO M MOpCKOro OasupoBaHus. [/laHHas 3amada peann3yeTcs MOCPEACTBOM CO3/aHMS HEpBOil B
MHpE peabHON CUCTEMBI IPOTUBOPAKETHOH 0OOPOHBI.

PaccmarpuBaemas muoropyoexnas cuctema [1PO M3pawmiisi, oGecrieunBaromas nepexsar paker ¢
JALHOCTBIO JISHCTBUSL OT CEMHU JIO JIBYX THICSY KWJIOMETPOB, W BKIIIOUAOINAS YeThIpe pyOexa mepe-
XBara 1eJiell, ClocoOHa pelaTh CIeAyIONHe 3a1a4H:

1. ITepexBar MBP, naxonsmuxcs 3a npenenamu atMocdepsl, — cuctema Arrow-3 («3ppoy-3»).

2. [lepexBar OamumcTHyeckux paker cpenneit gampHoctn (1000-5500 xm) m BB MBP nocne
BXOXAECHHA B aTMOc(epy — cucrema Arrow-2 («3ppoy-2»).
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3. IlepexBat Oammmctuueckux pakeT Mmanoil (500-1000 kM) maidbHOCTH WM ONEPATHBHO-
TaKTHYECKUX M TAKTHUYECKUX OaJIMCTHUECKHX paker oOecrmeumBaeTcs 3PK Patriot PAC-3 u 3PK
David’s Sling («IIpama /laBumay), coctapnstomniue 3-if pydex cucremsr [1PO.

4. [NopakeHne HEYNPaBIIEMBIX paKeT, apTUILICPUICKAX 1 MUHOMETHBIX CHAPSIOB HA AaJbHOCTH
oT 4 o 70 KM, a TaKKe MmepexBaT CaMOJIETOB, BEPTOIETOB M OECIIIIOTHBIX JIETATENFHBIX alliapaToB Ha
BeicoTe 10 10 kM — 3PK Iron Dome («XKene3nsrit Kymomy).

C yuérom mepexBaTa BO3AYIIHBIX Lienei cuctemoi Iron Dome moxuo HaszBaTth [TPO Uspawnmns
unTerpupoBanHoii cucremoit [IBO-ITPO, onnako Tak kak Bce yethipe pyoexka [TPO, kak npennonara-
etcsi, OynyT o0benuHensl oomel ceThio PJIC, cBs3aHHOM CO CITyTHUKOBOI TpynmupoBKoit M3panms, u
OyIyT MCIIONB30BATHCSA COBMECTHO, TO MOYKHO TOBOPHUTH 0 MHOTOpYyOexHOo# [TPO.

Kpome toro, Uzpauis pazpabareiBaeT MOOMIBHYIO O0EBYIO JIa3epHYIO CUCTEMY 0] 0003HaUEHH-
em Iron Beam («XKeme3nslil 1yw»), KOTOPYIO TDIAHUPYETCS WCIOIB30BaTh B COCTaBE HAIIMOHAIBHOM
smenonupoBanHoi cuctemsl [IBO-TTPO B kauecTBe MATOr0 akTUBHOTO pybOexa Ipu mepexBaTe meneit
Ha JaJIbHOCTH MEHEE CEMU KUIIOMETPOB.
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DEVELOPMENT AND COMBAT CAPABILITIES BUILD-UP
EXPERIENCE OF ISRAEL MULTIFUNCTION MULTILAYERED
BALLISTIC MISSILE DEFENSE

S.V. Golubchikov, M.V. Zhestev, V.l. Kolesnichenko, V.K. Novikov

Nowadays the State of Israel ranks the sixth position in the world after the United States, Russian
Federation, Great Britain, France and China in nuclear potential. With its nuclear potential Israel intentionally
solves the task of defending the country against possible missile attacks of potential enemies from the land,
air and sea. This task is carried out by providing the world's first real missile defense system.

The multilayered Israel Ballistic Missile Defense, enabling to intercept missiles at range of seven to two
thousand kilometers and including four targets interception lines of the Israel Ballistic Missile Defense, is able
to fulfill the following tasks:

— Interception of exoatmospheric intercontinental ballistic missiles — Arrow-3 system;

— Interception of intermediate range ballistic missiles (1,000 — 5,500 km) and warheads of intercontinental
ballistic missiles after return to the atmosphere — Arrow-2 system;

— Interception of short-range ballistic missiles (500 — 1,000 km) or theater ballistic missile defense and
tactical ballistic missile defense. Such defense is provided by the Patriot PAC-3 and David’s Sling air defense
systems, constituting the third line of Ballistic Missile Defense system.

Engagement of rockets, artillery and mortar projectiles at range of 4 to 70 km, as well as interception
of aircraft, helicopters and unmanned drones at attitudes up to 10 km — Iron Dome air defense system.

The Israel Ballistic Missile Defense can be called as the integrated air and missile defense system taking
into account air targets interception by the Iron Dome system, but since all four layers of the Ballistic Missile
Defense is supposed to be integrated by a common network of radars associated with the Israel satellite
constellation and to be mutually interoperable, we may talk about the Israel multilayered Ballistic Missile Defense.

Besides, Israel is developing a mobile combat laser system, known as Iron Beam, which will be integrated
to the national layered air and missile defense architecture as the fifth active layer against targets at range
of less than seven kilometers.

MocTtynuna 8 pheBpansa 2016 ropa.

BECTHUK BO3YLUHO-KOCMUYECKOA OBOPOHbDI N2 3 (11), 2016 T.



PA3EN: AHAJINTUMECKUE UCCJTIEQOBAHUSA 3APYBEXXHOIO OIMbITA

YOK 623.55.02/623.4

COBMECTHASI PA3PABOTKA CLLA 1 SIMOHUEN
PAKETBI-TIEPEXBATYMKA SM-3 BLOCK IIA
LA PETUOHAJTIBHbIX CUCTEM I1PO CLLUA AEGIS
M AEGIS ASHORE
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B cmambe paccmampusatomcsi amarnbl co30aHusi u MoOepHu3auuu pakem-riepexeam4yukos cucmembl [TPO
AEGIS, npouecc cosmecmHol amepukaHo-sinoHckol paspabomku MNP SM-3 Block IIA dnsi nocnedyrowel ycmaHo8KU
Ha HasemHble komrnekco! [NIPO AEGIS ASHORE, a makoke Ha ackadpeHHble MuHoHocubl BMC CLLA u SnoHuu.

Knroyesnie cniosa: cucmema PO, MHo2ohyHKUUOHaMbHas cucmema yrpasreHusi opyxuem Aegis, pakema-
nepexsamyuk, kuHemuyeckasi bY, FCH, npoepamma noamanHoz2o paseépmbigaHusi cucmem PO 8 Egporie.

The article considers the AEGIS Ballistic Missile Defense System interceptors development and upgrading
stages, process of joint SM-3 Block IIA interceptor development for further deployment on AEGIS ASHORE BMD
systems and the US and Japan Navies destroyers.

Keywords: missile defense system, Aegis BMD Weapon System (AWS), interceptor, kinetic kill vehicle,
seeker, European Phased Adaptive Program.

Haubonee nepcnextusnoii cucremoii [TPO CIIIA, obecnieunsaromiei nepexsatr TEP u BPCJ] Ha
CpeHEM M KOHEYHOM YYacCTKe TPAaeKTOpHUHU MOJETa, siBiseTcs pernonHanbHas cucrema [IPO AEGIS.
O/HUM W3 IPEUMYIIECTB JAHHOW CUCTEMBI SIBJISIETCSI BO3MOXKHOCTB €€ pa3BepThIBaHUsI Kak Ha OOEBBIX
kopabnsix BMC CIIA (AEGIS), tak n Ha cneunansHO 000pyJOBaHHBIX HA3€MHBIX BOEHHBIX Oa3ax
(AEGIS ASHORE). B Hacrosiiee BpeMsi 3CKaJpeHHbIE MHHOHOCIBI 000pymoBaHbl cuctemoit [TPO
AEGIS ¢ HoBetliniei Bepcueli MHOTOGyHKIIMOHAIBHOM CUCTEMBI yipaBieHus opyxkuem (MCYO) 5.0
CU. OcHoBHBIM HampasieHneM pas3sutusi cucremsl [IPO AEGIS, kpome coBepiieHCTBOBaHUS alro-
putMoB MCVYO, gBnsieTcst co3faHle U MOJEPHU3ALINS PaKeT-TIePEXBAaTUNKOB KOMITJIEKCA.

Pa3BépThiBaHrEe NaHHOH CHUCTEMBbI B KOpaOeIbHOM M Ha3eMHOM MOIU(HUKALUU HA TEPPUTOPHUU
EBpormbl ocyIiecTBiasieTcs B paMKax IporpaMMbl O3TAaTHOro pasBepThiBanus cucteM [IPO EPAA.

Tak, KpoMe TepeocHaIenus Kopabieii, passépuyteix B Cpenuzemuom mope, [TP SM-3 Block 1B
u pa3BépreiBaHus B PymbpiHum Ha Tteppuropuu 6a3el BBC eseceny kommuekca ITPO AEGIS
ASHORE, x 2018 romy mpemycmaTrpuBaeTcsl MepeocHalIeHue MOPCKUX W HazeMHbIX cuctem [1PO
AEGIS TIP SM-3Block IlA, a takxe pa3BépreiBanue B [Tonbiie (BoeHHast 6a3za Pe3HKOBO) KOMILIEK-
ca AEGIS ASHORE c ITP SM-3 Block I1A.

B pamkax nporpammbl coBmectHON Mexxay CIHA u Snonueit paspadorku TP SM-3 Block 1A,
KOTOpasi HaXOJHUTCS Ha dTare TEeXHOJIOTHYEeCKOH pa3paboTku, mpeamnonaraetcs nosbimenne TTX 1P
0 CpaBHEHHIO ¢ Tpeaplaymiei moaudpukarmeii ITP SM-3 Block IB. TIporusopakera SM-3 Block 1A
Oyzetr unrerpupoBana B cuctemy [IPO AEGIS, o6opynoBannyto MCYO Bepcun 5.1, 4TO 1O3BOJIUT
HaBoauTh [IP Ha menb, MCHONb3ys AaHHBIE C AUCTAHIHOHHBIX JATYMKOB (CLEHAPUH YOANEHHO20 3d-
nycka IIP v yoanénnoeo obcmpena), B CBA3M C Ye€M 3HAYUTEIHHO YBEIUYUTCS JATBHOCTH, HA KOTOPOH
Oyzet ocymiecTBIATHCS nepexsar bP npoTtuBHuKa.

HecMoTpst Ha psiJi BOSHUKIIMX TEXHUYECKUX TPYIHOCTEH M BBICOKYIO BEPOSITHOCTH CHHKCHUS
Oro/pkeTHOrO (DMHAHCHUPOBAHUS TI0 TIPUYMHE IIepepacxofia JCHEXKHBIX CPEICTB IPEICTABUTEIN
ArenrcrBa [IPO CLLUA 3asBisitor o cBoelr rotoBHOcTH K 2018 ¢duHaHCOBOMY TrOfy OCYIIECTBUTH
ycranoBKy [P mannoro tuma Ha Hazemuble komruiekcel [IPO AEGIS ASHORE, a takxe Ha 3ckaji-
pennble MuHoHOCHBEI BMC CIHIA u fInoxuu.
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US AND JAPAN COOPERATIVE DEVELOPMENT OF SM-3
BLOCK IIA INTERCEPTOR FOR AEGIS AND AEGIS ASHORE
REGIONAL BALLISTIC MISSILE DEFENSE SYSTEMS

A.E. Svistunov, N.A. Maleeva

The most advanced US BMD system is the regional AEGIS BMD system providing interception of MRBMs
and IRBMs at mid and terminal phase. One of the system advantages is its deployment possibility both on the US
combat NAVY ships (AEGIS) and specially equipped surface military bases (AEGIS ASHORE). Nowadays the
destroyers are equipped with AEGIS BMD system with up-to-date Aegis BMD Weapon System (AWS) 5.0 CU
(Capability Update). The main AEGIS BMD system development course besides AWS algorithms updating is
development and modernization of the system interceptors.

The surface- and sea-based modification versions deployment of the system on the territory of Europe
is carried out in the frames of the European Phased Adaptive Program to ensure the regional BMD capabilities.

Thus, besides operating in Mediterranean ships retrofit by SM-3 Block IB interceptors and AEGIS ASHORE
site construction in Romania, it's anticipated the retrofit of surface- and sea-based AEGIS BMD systems by
SM-3Block IIA interceptors and deployment of another Aegis Ashore facility in Poland with SM-3Block IIA
interceptors in 2018. In frames of US and Japan cooperative development program on SM-3Block IlA interceptors
(engineering development stage), it's specified to increase interceptors capabilities as compared to previous
SM-3 Block IB version. The SM-3Block IIA interceptor will be integrated in AEGIS BMD system equipped with
AEGIS AWS 5.1 that provides to aim interceptor using remote sensors (Launch on Remote and Engage on
Remote scenario) consequently the enemy ballistic missiles interception range will be sufficiently increased.

Despite of a series of emerged technical difficulties and high possibility of budget financing reduction due to
funds overrun the US Missile Defense Agency representatives state its readiness to install the missiles on surface
AEGIS BMD facility and the US and Japan Navies destroyers by 2018 as well.

Moctynuna 10 masa 2016 roaa.
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HAYYHbIE PELLEH3UN N OT3bIBblI

B.C, Envaapos

WHEPLUMUATNBHbIE
CUCTEMBI YNPABIIEHUA
NETATENBHbIX ANMAPATOB

KOMTNINEKCHEM
MMMTIUNOHHO-SATGN NIy HGAR CTRIMOL!

EnunsapoB B.C. WHepumanbHble cucTeMbl ynpaBrieHUs neTta-
TenbHbIX annapaTtoB. KoMnnekcHble UMUTaLMOHHO-MOAENMpPYoLMe
cteHgbl. MoHorpadms. — M.: PaguoTtexHuka, 2016. — 160 c.: un.

PeueH3eHTbI: O-p TexH. Hayk, npoceccop E.P. PaxrteeHko,
O-p TexH. HaykK, npodreccop B.A. Muspoxmu.

B wmarepmanmax MoHOTrpadum aBTOpPOM Ha TIPEMEpPE THITOBOM
CTPYKTYpHI HHEpLManbHOH cucTemsl ynpasienus (MCY) nerarenbHbIX
amnmapaToB PacCMOTPEHBI BONPOCHI €€ KOMIUIEKCHOM OTJIaAKU IpH
MOJyHATYpPHOM MOJAEIMPOBAHUM Ha HETMOABWXHOM OcHOBaHuu. IIpu-
BCACHbI MMPUHOUIIBI IMOCTPOCHUA KOMIIJICKCHBIX HUMUTAIITMOHHO-
Mozenupyromux crenaoB (KMMC) nias oTmagkd M MONTyHaTypHOTO
monenupoBanust MCY, 0coOEHHOCTH CTPYKTYpHI, MPOrpaMMHO-
anroputmudeckoro obecrneuennsst KUMC. IlpoBenén aHanmms muHamu-
yeckux mnorpemuocred KMIMC npu BOCIpOM3BENEHUU a3pOIAMHAMU-
YECKHUX XapaKTEepUCTHUK JIETATEIBHOTO allapara B peajJbHOM MaciuTade
BpPEMEHH, OKa3bIBAIOIINX HETaTHBHOE BIMSHUE HA PE3yNbTaThl OTIal-

ki cucteMbl crabwimsanuu WCY; mpemnoxkeH METOA KOPPEKIUH JUHAMUYECKHX MOTPEIIHOCTEH

KHUMC.

Kawnra npenHazHadeHa ais CIIEIUAIMCTOB, 3aHUMAIOIIAXCS Pa3padOTKOH, OTIAAKON, SKCIUTyaTa-
1uell MHepIMAJIbHBIX CUCTEM YIPAaBJICHUS JIeTaTeIbHBIMU amlapaTaMiy, a TakKe BXOISIIUX B COCTAB
WHEPIHUAIBHBIX CHCTEM YTpaBJieHHs OOPTOBBIX HU(PPOBBIX BBHIYUCIUTEIHHBIX MAIMH U UX MPOrPaMMHO-
anropuTMuUeckoro odecrneuyenusi. Kuura Moxxer ObITh HCIOJIB30BaHA B KAUECTBE IOCOOMS IIpH pas3pa-
6otke KUMC HNCY mmpokoro kiacca JIeTaTelbHbIX alllapaTos.

BECTHUK BO3YLUHO-KOCMUYECKOM OBOPOHbI N2 3 (11), 2016 .



