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“3asBneHue o nepeaaye npasa Ha ny6nukauuo

Mel, HMXKenognucasLunecs, aBTOpPbI CTaTbM ,
(®.11.0. Bcex aBTOpOB)

npeactasngem OAO «CKB «Anmas-AHTen» ©6e3B03MeE3OHYH0 MPOCTY0 (HEUCKMIOUUTENBHYO) NMULEH3NI0 Ha
nybnukaumnio ctatbl B XXypHane «BeCTHWK BO3QyLLUHO-KOCMUYECKON OBOPOHbI» Kak B NeYaTHOW, Tak U B anek-
TpoHHON Bepcumn xypHana 3a cieT OAO «[CKB «Anmas-AHTen».

Mbl nogTBEpXOaeM, YTO AaHHAsA NybnuKaumsa He HapyllaeT UHTENNEeKTyarbHbIX Npae Apyrux Ny unm op-
raHusaumin.

noarnmcu ABTOPOB:

nacrnopT cepus Ne
(nognuce) (PM0O) BblaaH

« » 2014 . farta Bblgaum
[aTta poxaeHus
afipec perucrpaumm

Yeaxaembie yumamenu!

HauuHaga ¢ TekyLiero Homepa xypHana Mbl Ha4YMHaem nybnukaumio matepuanos lNepson Becepoccnin-
CKOW Hay4HO-TEXHNYECKOMN KOHepeHUnn «PacnneTuHcKue YteHns».

KoHdepeHuns 6bina nposeaeHa B nepuog ¢ 29 no 31 sHeapsa 2014 roga Ha 6aze OAO «[lonosHoe
cucTtemMHoe KoHcTpykTopckoe 6iopo KoHuepHa NBO «Anmas-AHTen» nmeHun akagemuka A.A. PacnneTtuHa»
(OAO «I'CKB «Anmas-AHTen»).

CBoe HasBaHMe KOH(bepeHLMs nonyyuna B YeCTb BbIOAOLLErOCA YYEHOr0 U KOHCTPYKTOpA, OCHOBaTENs
OTEYECTBEHHOWN Hay4HOW LLKOSIbl CO34aHMs CUCTEM YMPaBIsieMOro pakeTHOro opyxus, akagemuka, 'eposa Co-
umanuctmdeckoro Tpyaa, naypeata JleHnHckon n CtanuHckon npemun PacnnetnHa Anekcangpa AHaopeesuyda
(1908-1967 rr.).

B pabote koHdepeHUMn npuHanm ydactue okorno 400 yyeHbIX M crneumanuctoB M3 54 opraHvsauui
0060pOHHO-NpOMBILLIIEHHOrO Komnnekca, MuHnctepctea obopoHbl Poccunckon ®epepauumn, Poccuickom
akagemuu Hayk 1 BbICLLEN LUIKOMbI.

3acenaHne y4acTHUKOB KOHGEPEHLMM ObINIo OpraHn3oBaHO Mo TEMaTUYECKUM CEKLUSM:

cekumsi 1. 3eHNUTHbIE paKeTHbIE CUCTEMbI N CPEACTBa;

cekuusa 2. PagnonokawumoHHble 1 pagMoHaBUraumoHHbIe CUCTEMBI:

noacekumsa Ne 1. O6Lme BONPOCHI paarornokaumm n pagnoHasuraLlmu;

noacekuma Ne 2. Metogbl n annapatypa 06paboTku curHanos;

cekumsi 3. AHTeHHas TexHuka n CBY-anekTpoHuka;

cekums 4. CuctemMbl NPOTUBOPAKETHOM 0OOPOHI;

cekums 5. Komnnekcbl cpeacTB aBToMatmsaumm, ynpasneHms n obpaboTtkm nHgopmaumm. ABTomatm-
3MPOBaHHbIE CUCTEMbI YNpaBneHnsi BOMCKaMmn 1 OpyXXUeEM;

cekuus 6. JlasepHble CUCTEMbI NepeaaYvn 3HEPTUN N UX ANIEMEHTHI;

cekumsa 7. VIHTennekTyansHas CO6CTBEHHOCTb NPeAnpuATUiA 060POHHO-NPOMBILLIIEHHOTO KOMIIEKca.

O6cyxaeHre Hay4HbIX 40KNaao0B, NpeacTaBneHHbIX Ha KOHepeHLUK, NONYYNo WUPOKUA pe3oHaHC
N 3a ee paMkamu, 4YeM 1 00YCMNOBMEHO XeMnaHne 03HaKOMUTb Hay4YHO-TEXHUYECKOe COOobLLEeCTBO C maTte-
pnanamu Nepson Bcepoccninckom HayHHO-TEXHUYECKOM KOHbepeHLUnn «PacnneTuHCKkue YTeHms ».

PepakunoHHas konnerus
XypHana «BecTHMK BO3AyLLIHO-KOCMNYECKON OOOPOHbLI»



[IPOBJIEMHBIE BOIPOCHI NOCTPOEHUA
CUCTEM U CPELCTB BKO

YK 621.373.826

30-JIETHWU IOBUNEN «JIAQOMN»

© ABTOpbI, 2014

A.B. UrHaTbeB, 00KmMop mexHU4ecKux Hayk, npogeccop,
3amecmumerib eeHeparibHO20 KOHCMpyKmopa,
OAOQO «CKB «Anma3-AHmeli», 2. Mockea

B cmamsbe, npuypodeHHol k 30-Ui 20008WUHE NMep8oao yCcrnewHo20 HamypHO20 UCrbimaHusi 0me4YecmeeHHo20 fa-
36epPHO20 KOMIIeKca aguayuoHHO20 6a3uposaHusi, paccMompeHbl docmouHcmea nodobHbIX KOMIIIEKCO8, UX 803MOXHO-
cmu, ycnoausi MpUMeHeHUs. M3110)keHbl pasnudus 8 pa3sumuu KOMII/IEKCO8 Y Hac U 3a py6exom.

Knioyeenle crioea: ammocghepa, usnydeHue, 1asep, na3epHbili KOMIIEKC, ONMUKO-3/1eKMPOHHbIe cpedcmea, niom-
Hocmb 3Hepauu.

In this article dated for the 30th anniversary of the first successful full scale test of a domestic airbased laser complex
the advantages of similar complexes, their opportunities, conditions of practical application are considered. Development
distinctions of complexes at home and abroad are stated.

Keywords: atmosphere, laser, laser complex, optronic equipment, energy density.

B 1970-1980-x rogax mmesno mecto BbipaxkeHHoe nmportuBoctosiane CLIA u Hamel ctpaHsl B 00pbOe 3a
JUIEPCTBO B OOJIACTH CO3/IaHUS JAa3€PHBIX KOMIUIEKCOB, KOTOPBIE BBIILIM HA CTaJWI0 HATYPHBIX HMCIBITAaHHUM.
IlepBoe ycrienHoe HaTypHOE HUCIBITAHHE OTEUYECTBEHHOIO JIa3epHOT0 KOMIUIEKCa aBUAllMOHHOTO 0a3MpOBaHUA
(JIKAB) 65110 ocymecTBieno 27 anpenst 1984 r.

I'maBHbIM nocTonHcTBOM JIKAD siBiIsieTCsl BO3MOXKHOCTH HE3aBUCHMOM OT IMOTOIHBIX YCIOBHUH, MPAKTUYECKU
MTHOBEHHOW TPAaHCIIOPTHPOBKH B IpeZeax BepxHel momycdepsl mopaxaroniero Gakropa Ha OOJbIINE PacCTOs-
Hus. bnaromapst atomy, ¢ ucnonbs3oBanueM JIKAB craHOBUTCSI BO3MOXKHBIM pellieHHE 33a4, KOTOphIe peraroTcs
Hed(EKTUBHO, OO HE PELIAIOTCS BOBCE MHBIMU CIIOCO0aMH M3-3a OTpaHWYeHHi OallaHca 1o BpeMeHH.

I'maBusie mapamerpsl JIKAB — momuocTs P, pacxogumocTs @, 1 omubka HaBeeHHs Gy. lBa mocieaHux
SBJIIIOTCS OCHOBHBIMH, IOCKOJBKY BKJAJ B CHIJIy H3JIy4eHHs OT 3THUX IapaMeTpoB OMNpeeNseTcss o0paTHOM
KBaJIpaTUYECKOW 3aBUCHUMOCTBIO: YIyUIIeHHE PAacXOJAMMOCTH M TOYHOCTH HaBeJIeHHUs 0oJjiee BECOMO, HEKENU
YBEJIMYEHHE MOIITHOCTH.

Ycnosus npumenenust JIKAB onpenenstores TalbHOCTBIO 10 LEIH W BKIaJI0M aTMOCephl Ha Tpacce pac-
MpOCTpaHeHHs. DTH apaMeTphl OIPEeNAioT IVIOTHOCTh MOIIHOCTH (J) B paiioHe 1emnu.

AMepuKaHIIbl CKOHIIEHTpUpoBaiu cBou ycmiust Ha JIKADB mis TermnoBoro nmopaxkeHust 0aJUIMCTHYECKHUX pa-
KeT Ha aKTHUBHOM YYacTKe TPAeKTOPHUHU Ha JATbHOCTH B COTHU KUIIOMETPOB.

PaGoter B Poccun Hampasnensl Ha co3nanue JIKABD Ha Tspkenom camolneTe-HOCUTENE AUt MPOTHBOACH-
CTBUS B MH(PAKpaCHOM CIEKTPaJbHOM AMAINa30He pa3BebIBATEIbHBIM CPEACTBAM MPOTHUBHHUKA, PACIIOIOXKEH-
HBIM B BO3/[yX€ U KOCMOCE Ha OOJBINUX yJAICHHSX.

Bnaronapst BO3MOXXHOCTH peain3aluil MEXaHU3MOB (YHKIMOHAIEHOTO OpayKeHus (TI0AaBIICHHUS) ONITHKO-
3JIEKTPOHHBIX CPEJCTB yAAJCHHBIX Lienel ¢ ucronb3oBanueM JIKAB Bo3MOXHO peleHne 3a1ad Mpu JallbHO-
CTSIX, Ha TIOPSIIKYM BETMYMH OOJBIINX 110 CPAaBHEHUIO C JATBHOCTSAMHU, Ha KOTOPBIX MPU MPOYHUX PAaBHBIX yCIIOBH-
X 00ecneunBaeTcs TeIIOBOE ITOPAKCHNE LEIICH.
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THE 30-YEAR ANNIVERSARY OF «LADOGA»

A.B. Ignatyev

In 1970-1980s there was the expressed confrontation between the USA and our country in the struggle for leadership
in the field of laser complex development.

The first successful full scale test of the domestic airbased laser complex (ALC) was carried out on April 27, 1984.

The main advantage of ALC is almost instant transportation within the look-up of the adverse factor under all weather
conditions. Due to this fact it is possible time limit problem solving. There are the following ALC main parameters: P- power,
¢o - divergence and oy~ guidance error, besides the two latter are the main.

The ALC application conditions are defined by the range to the target and as well as the atmosphere contribution.
These parameters determine power density (J) around the target.

The Americans focused efforts on the ALC for IR defeat of ballistic missiles at the boost-phase trajectory at the range
of hundreds kilometers.

The Russian works are designed for the ALC for the heavy carrier aircraft to countermeasure enemy long-range re-
connaissance threats in the infrared spectral range.

Because of the long range target optronic equipment suppression ability, it is possible to solve tasks at the grater ranges.
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B cmambe 0aemcsi kpamkuli 0630p COCMOSIHUSI 110 UCMO/b308aHUI 3/IEKMPOHHbLIX M0/IU20HO8 8 8edyWUx cmpaHax
HATO. O6o3Ha4yeHa akmyalnbHOCMb pa3eumusi U 8HeOPEeHUs 3NIEeKMPOHHbIX N0/IU20HO08 0511 10020Mmoe8KU f1emHO20 U KO-
maHOHo20 cocmasa BBC P®. NpedcmasneHa cmpykmypa op2aHu3ayuu U 3KCriepmHbie OUeHKU 3ghghekmusHocmu eHeo-
PEeHus.

Knrouesnble criosa: 351eKmMpoHHbIU MOUSOH, TeMHble 3Kunaxu, crieyuanucmsi 60egoeo yrpaeneHusi asuayued, ru-
JIomaxHOo-Hagu2auyUOHHbIU mpeHaxep, ornepamusHO-makmu4eckasi mo0eomoska.

This article presents a brief outline of the using conditions of the electronic target ranges in NATO leaders. The signifi-
cance of the electronic target ranges for the aircrew and commander tactical training of the Russian Air Force was noted.
The organization structure and the expert evidence of implementation efficiency were presented.

Keywords: electronic target range, aircrews, aviation combat control specialists, training flight-navigation simulator,
operational-tactical training.

JJi TOATOTOBKY JIETHBIX 3KUMaKEH M CIENHATNCTOB YIIPABICHUS aBUAIIMOHHBIMHU TIOPa3IEICHASIMU Tpe-
OyeTcst MpoBeIeHUE peabHbIX MOJETOB C BHIMOJIHEHNEM OIPEIeIeHHBIX Y4eOH0-00€BbIX 3a/1a4, OTHAKO TPEHAX
B pEaNIbHBIX YCJIOBHAX HE MO3BOJISET O0ECIIEUHUTh CO3/IaHIE BCEX BO3MOXKHBIX MOJIETHBIX CHUTYalUH, K TOMY XK€
pealbHOE IPUMEHEHHE BCeX TPeOyeMbIX CPEJICTB BIIEUET 3HAUNTEIbHbIE (PHHAHCOBBIE 3aTpaThl. Kak ampTepHa-
THBa U JIOTIONIHEHUE K pealIbHbIM T0JeTaM NMPHUMEHSETCS MOATOTOBKAa Ha aBHAIMOHHBIX TpeHaxepax. OgHaKo
MOJrOTOBKA Ha TpeHaXkepax HE SIBJIAETCS MOJHOCTHIO aJIeKBATHOM peanbHOMY mosieTy. TakuMm oOpa3oM akTy-
aNTBHON ABJSETCS MpoOJeMa COBMEIICHUSI HOCTOWHCTB TPEHAXXEPOB W peallbHBIX MojeToB. Ha pemeHne 3Toi
MpoOJIeMbI HallEIeHO CO3TaHne WHPPACTPYKTYPHI SJEKTPOHHOTO MOJUTOHA. DIEKTPOHHBIN TOJIUTOH MO3BOJISIET B
peaNbHOM T0JIeTe CO3/1aTh MOJEb MPAKTHYECKH JIF0OOW TIOJIETHOW CHTYAIMHU IyTeM NO0aBICHHEM CHHTE3Upye-
Mot uHpopMarmu. CTpyKTypa dIEKTPOHHOTO TOJIMTOHA TIPEACTABIICT COO0M CIOXKHYIO CUCTEMY CPEICTB OTOO-
paKeHHsI, CBSI3U, BRIYHUCINTENFHBIX PECYPCOB, alllapaTypsl TPACKTOPHBIX M3MepeHni U p. B pabote mpuBoauTcs
aHann3 3(h(HeKTUBHOCTH BHEAPEHUS SJCKTPOHHBIX MOJTUTOHOB.
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THE ELECTRONIC TARGET RANGE FOR THE AIRCREW
AND COMMANDER TACTICAL TRAINING
OF THE RUSSIAN AIR FORCE

A.R. Bestugin, A.V. Volodyagin, A.D. Filin, Y.G. Shatrakov

Both aircrews and aviation combat control specialists require the real flights providing some combat and training mis-
sions. However training in real conditions doesn't allow performing all available situations; moreover the real using of all re-
quiring means result in financial expenses. The flight simulators are used as an alternative or additional means to real flights
performing. But flight simulation training doesn’t take equal to a real flight.

So the advantage combination of real flights and simulator training is the actual problem. The electronic target range
development is the way of this task solving. The electronic target range allows creating any flight situation model in the real
flight by the synthesizable information adding. The electronic target range structure is a complex system of display devices,
computing, communication equipment, trajectory measurement units, etc. The article deals with the electronic target range
efficiency analysis.
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B cmambe paccmampuearomcs obujue MonoxXeHUss U 803MOXHOCMU MeXHUYeckoeo obecreyeHus ces3u U asmoma-
mu3suposaHHbIx cucmem yrnpasneHusi (ACY) e nodsuwxHbix y3nax cesasu ([MYC) u nodsuxHbix Komriekcax cpedcmes asmo-
mamu3sayuu (KCA), komopbie mocym ripumeHsimbcesi 8 BKO, ¢ yuemom umerouwjuxcs o6bekmugHbIX ¢hakmopos, nepcrekmus
passumusi cucmeMbi C8513U U UCIMOMb308aHUs ePCreKmueHbix 0bpa3yos cpedcmes meneKoMMyHUKayuu.

Knroyeebie cnosa: mexHuyeckoe obecrieyeHue cesa3u u ACY (TO C u ACY), nodsuxHsbie y3nbl cea3u ([MYC) Hogozo
roKoneHusi, Mod8UXHbIe Komrnekcsl cpedcme asmomamu3ayuu (KCA).

The article presents general provisions and opportunities for technical maintenance of communication and automatic
control system in the mobile communication hubs and mobile unified complexes of automation means of aerospace defense,
taking into account the available objective factors as well as the prospects of communication system development and using
the new samples of telecommunication facility.

Keywords: technical maintenance of communication and automatic control systems, mobile communication hubs, mo-
bile unified complexes of automation means.

Texuuueckoe obecrnieuenue cBsizu U ACY (TO C u ACY) B noaABWXHBIX IMyHKTax yrpasieHus (I1Y) Boiick
kocMuudeckoit 00oponsl (BKO) TpeOyeT MoBbIIeHHOTO BHUMAHHS.

OcHoguble 3agaun TO C u ACY — Bompochl KOMIUIEKTOBAHUS M TEXHUYECKAsI IKCIUTyaTalus — JTOJKHBI
penaTscs ¢ IPUMEHEHHEM aBTOMAaTU3HPOBAaHHbIX IIPOLIECCOB.

Bune! u ycrnoBus npoBeaeHHs] TEXHUYIECKOT'O 00CITy>)KHBaHUS M PEMOHTA OIPeNeIeHbl PYKOBOASIIUMH J0-
KyMEHTaMH.

Bapwuante obecnieuenns TO C u ACY B moaBmwxkubIX [1Y BKO onpenensiorcss BO3MOKHOCTSAMH anmapar-
HBIX TUIIOB MOJYyJel nepeBo3ku umyiectsa (MIIN) u3 cocraa moaBrmxHbBIX y3710B cBsa3u (IIYC) BKO.

3aBOBI-U3rOTOBUTEIH MPOBOJST «CEPBUCHOE 0OCITyKUBaHHE» ammnapaTypsl cBsizu u ACY, mostomy mnepe-
yenp pabor TO C u ACY, npoBOAMMBIX CHIIaMU ITO/Ipa3elieHNi CBs3H, YMEHbIHIC. Vcronp30BaHne HOBBIX
CHUCTEM TEJIEKOMMYHHUKALU{ pacIIpsieT MepedeHb BHUIOB TEXHHYECKOro oOecreueHust U TpedyeT yTOUHEHHUS
perIaMeHTHUPYIOLNX JOKYMEHTOB.
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TECHNICAL MAINTENANCE OF COMMUNICATION AND AUTOMATIC
CONTROL SYSTEMS IN THE MOBILE COMMUNICATION HUBS
AND IN THE MOBILE UNIFIED COMPLEXES OF AUTOMATION MEANS
OF AEROSPACE DEFENSE

V.V. Nemanezhin, V.K. Shnyrev

Technical maintenance of communication (TMC) and automatic control systems (ACS) in the moving control points re-
quire special attention.

The main task of TMC and ACS - staffing and maintenance should be solved with the use of automated processes.

Types and conditions of maintenance and repair are defined by the guidelines.

The TMC and ACS provision versions are determined by the property transportation module abilities from the structure
of the mobile communication hubs of aerospace defense.

Manufacturers carry out maintenance of communication equipment therefore the list of works of TMC and ACS per-
formed by the departments of communications has decreased. Using the new telecom systems expands the list of technical
support types and requires the regulating document revision.
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UccnedosaH npouecc demekmuposaHusi napasumHol amrnaumy9OHol modynsayuu, 803HUKarowel npu ¢aszosoll MaHu-
nynauyuu. lNoka3aHo, 4mo Mo hopme HanpsKeHUs Ha 8bIxo0e 0emeKmopa MOXHO CyOumb O 8PEMEHU MEPEKITIOYEHUs ¢ha-
3bl, HO Herb3s1 CyOUMb O MOM C Kakol MOYHOCMbIO nepeknoyeHue ¢hassi npoucxooum Ha 180°

Knroyesnle cnosa: chazosasi maHUnynsayusi, 8peMs rnepeknyeHus, oaubarowas, amniaumyOHbil demeKkmop, KyCcou-
HO-1TUHeUHbIU.

The process of detecting the parasitic amplitude modulation arising at the phase frequency shifting was investigated. It
was shown that according to the form of the detector output voltage one can judge about the phase switching time but not
of the switching accuracy.

Keywords: phase frequency shifting, switching time, envelop curve, amplitude detector, piecewise linear.

[Tpu ucnonp3oBanuu (pazoMaHUITYIMPOBAHHOTO CUTHATA B MOMEHT MEPEKITFOUCHUs (ha3bl BOZHUKAEST Mapa-
3UTHAsT aMIUTATyaHass Monysinud. [Ipu mpeansHOM MaHummymsiuu Ha 180° rimyOuHAa MOAYJSAIIAN COCTABIISACT
100%. Ecam manumymnsiius ¢da3sl He uaeanbHa B oTiimdaercs or 180° Ha Mallylo BENHYHHY (), TO OCTAaTOYHAS
aMIUTATY THAST MOZYJISIHS cocTaBUT (/2. TakuM 00pa3oM, BOSHHKAET MPEIOI0KEeHHEe, 9TO KadyecTBO (a30BOH
MaHUMYJISIIIUY MOKHO KOHTPOJUPOBATh C MTOMOIIBIO aMITUTYAHOTO JIETEKTOpa, IPUUYEM KaK 10 BPEMEHHU Iepe-
KITFOYCHHS, TaK U TI0 TOYHOCTHU CKavka ¢a3bl. B maHHOM cTaThe pellieHa 3a1aya O TOYHOCTHU OIICHKH MapaMeTpoB
MOAYJISILUU C IOMOIIBIO PEATBHOTO AETEKTOPA.

CocraBiieHo HenMHeHOe auddepeHIanbHOe YpaBHEHUE, ONMChIBAKOIEe PadOTy NETEKTOpa B AMHAMUYEC-
CKOM cilyyae. PelieHre ero no3Bojauio CIeNaTh CIEAYIOINE BbIBOIBIL:

- popMa OCIMIIIOrPaMMBI Ha BBIXOJIE AMILTUTYJHOTO JETEKTOPa MO3BOJISET TOCTATOYHO TOYHO OMPEIEIIUTh
JUTHTETHHOCTh HHTEPBAJIA TIEPEKITIOYCHNUS (a3bl.

- TIIyOMHA MOMYJISIIMU 3aBUCUT WCKIIOUUTEIHHO OT TIOCTOSIHHOM BPEMEHHU NETEKTOpAa M MPAKTUYECKU HE
3aBHCUT OT TapamMeTpa HewuneanbHOCTH (ha30Bo MaHWmyssiuu ¢. [loaTromy ompemenuTh kadecTBO (ha30BOM
MaHUITYJISIIAA TI0 OCTaTOYHOW BEJIMYWHE OTHOAIOIIeH HEeTb3sl.

Pemienue ypaBHEHUs] TPOU3BOIUIIOCH ISl KYCOYHO-IMHEMHOM W 3KCIIOHEHIMAIBHON anlpoKcUMalui xa-
PaKTEPUCTUKU AeTeKTopa. [[03TOMy Moy4eHHBIE PE3yIbTaThl HE 3aBUCAT OT TUIA XapaKTEPUCTUKHU AUOMA.
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PA3EJI: NCCJTEOBAHNS B COEPE [TPOEKTHO-KOHCTPYKTOPCKUX N TEXHOJIOTMYECKUX PABOT

EVALUATION OF THE PHASE SWITCHING TIME,
USING AN AMPLITUDE DETECTOR

A.N. Bruevich

When using a phase manipulated signal at the phase switching time, the parasitic amplitude modulation occurs. Under
an ideal manipulation at 180 the modulation depth is 100%. If the phase frequency shifting is not perfect and differs by a
small amount ¢ from 180°, the residual amplitude modulation will be @/2. Thus there is an assumption that the quality of the
phase frequency shifting can be controlled by an amplitude detector by both the switching time and the phase jump accura-
cy. This article solves the problem of estimation accuracy of the modulation parameters, usinga real detector.

The nonlinear differential equation describing the operation of the detector in the dynamic case was formulated. The
solution to this equation led to the following conclusions:

- an oscillogram shape at the amplitude detector output allows to determine the duration of the phase switching interval
accurately;

- modulation depth depends solely on the detector time constant and doesn’t practically depend on the nonideality pa-
rameter of the phase frequency shifting ¢. Therefore it's impossible to determine the quality of the phase frequency shifting
by the residual value of the envelope curve.

The equation solution was produced for the piecewise linearand exponential approximation of the detector perfor-
mance. Thus, the results do not depend on the type of diode performance.
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NEKOAMPOBAHUE KOJOB C MAJTOM MNIOTHOCThIO
MPOBEPOK HA YETHOCTb 10 ANIFOPUTMY
«BELIEF PROPAGATION» C AMIMPOKCUMALIMENA
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Anezopumm OekoduposaHusi «Belief propagation» agbgpbekmueeH Onsa Koppekyuu owuboK 8 cospeMeHHbIX UugposbIX
JIUHUSIX C8513U, HO OYEHb CJIOXKEH U3-3a Heobxodumocmu pacdema aunepbosiudeckux oyHKUUlU maHeeHca U apkmaHaeHca 8
npouecce O0ekoduposaHusi. C uenbro yrnpoweHus npouecca O0ekoduposaHUsi 8 cmambe paccMampusaromcsi eapuaHmabl
annpokcumayutl aunepbonuyecKkux yHKUUU maHaeHca U apKmaHeeHca, UCrornb3yeMblx rpu 0ekoduposaHuu Kodos ¢ Ma-
100 IOmMHOCMbIO MPOBEPOK Ha HeMHOCMb M0 aneopummy ¢ pacrnpocmpaHeHuem sepbl «Belief propagation».

Knro4deenle cnoea: cesi3b, KOOUpPOB8aHUE, HUZKOMIOMHOCMHbIE KOObI, MOOE/IUpPO8aHUE.

A powerful tool for decoding the low-density parity-check codes is the Belief Propagation algorithm. This algorithm has
high decoding complexity. The piecewise linear approximation of hyperbolic function reduces decoding complexity. This pa-
per is about the hyperbolic tangent and arctangent function approximation by the Belief Propagation algorithm decoding.

Keywords: communications, coding, LDPC, modeling.

COBpEMEHHBIC CHCTEMBI CBSI3U HYKJAIOTCS B MOIIHBIX IOMEXOYCTOWYMBBIX KOAAX, O3BOJISIONINX OBICTPO
W HaJIS)KHO MepeaBaTh NUPPOBYIO UHPOPMAIIHIO 1O KaHadaM cBs3u. Kokl ¢ Malloi MIOTHOCTHIO MTPOBEPOK HA
YETHOCTh JICMOHCTPUPYIOT HAWITYUIIYIO UCIPABISIONIYIO0 CIOCOOHOCTD CPEIU BCEX TTOMEX0YCTOMYNBEIX KOJIOB.

B ocHOBe mexoaipoBaHusl HU3KOIUTIOTHOCTHBIX KOJIOB JIGKHUT anroput™M «Belief propagation». Anroput 3¢-
(DEKTHBEH, HO CIIOXKEH B CHITy HEOOXOJMMOCTH MCIOJIB30BaHHUS TUIIEPOOIMISCKUX (DYHKIIUHM TpU pacdyeTre morpa-
BOK K «MSTKAM» alpHOPHBIM HaJICKHOCTSIM CUMBOJIOB, IPUITACAHHBIM JIEMOYISITOpOoM. O0ONTH aHATNTHISCKUIA
pacyeT CIIOKHBIX THIIEPOOTHYCCKUX (DYHKIIHI TTO3BOJIECT KYCOYHAS JIMHEWHAS alIPOKCUMAITUS STHX (DYHKITHIA.

B crathe paccMOTpeHBI pa3iMYHbIC BApUAHTHI KYCOYHBIX AlMPOKCHMAIMH (YHKIUA THIEPOOINISCKOTO
TaHT€HCA M apKTaHTeHCA U MPOBEICHO MMHUTAIIMOHHOE MOJICIMPOBAHKE C IICNIbI0 ONPECICHUS BapUAHTOB all-
MPOKCUMAIUH, TEMOHCTPUPYIOIUX HAWITYUIIYIO TIOMEX0YCTOHYHBOCTb.
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DECODING THE LOW-DENSITY PARITY-CHECK CODES BY THE
BELIEF PROPAGATION ALGORITHM WITH APPROXIMATION

ILA. Kirianov

Modern communication systems need the powerful error correcting codes. These codes should provide good error per-
formance. The low-density parity-check codes are the best at the present time.

The Belief Propagation algorithm is the basic decoding one. It is a powerful tool for decoding. Unfortunately, the Belief
Propagation algorithm has a high complexity. It involves using the hyperbolic tangent and arctangent function. The piece-
wise linear approximation of hyperbolic function reduces decoding complexity.

The article describes the different versions of the piecewise approximation of hyperbolic functions and identifies the
best approximations.
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METOAMYECKWIA NOJX0A B OLIEHKE
TPA®UKA OBMEHA MH®OPMALMEN MEXTY
MPOrPAMMHO-TEXHUYECKAMM KOMIIEKCAMY
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M.[O. ®omMuH, OOKMOp MexHUYECKUX HayK, Mpogheccop,
HayvanbHUk omdena, OAO «Cucmembl yripasneHusi», 2. Mockea

B cmambe npedcmasneH memoduyeckuli nodxo0 K oueHke mpaghuka obMmeHa uHgopmauyuel mexoy npoepamMMHO-
MmexHUYeCcKUMU KOMIisieKkcamu, Komopasi 0551 3a0aHHbIX yCriogul o3eosisiem 8bl4UCUMb 8e/luYUHy obbema nepedasaemol
uHepopmauuu e nodcemsix TK.

Knroyesble crioga: rpoepaMMHO-mMexXHUYECKUl KOMIIEeKC, mpadbuk, pe3epsuposaHue, ModesiuposaHue, 8eposim-
HOCMb.

The methodology of the traffic estimation of data exchange between hardware and software complexes was presented
in this work. This methodology allows calculating the amount of information sent across HSC subnets for the current condi-
tions.

Keywords: software and hardware complex, traffic, redundancy, modeling, probability.

[IpuMeHeHne MaKeTHOTO pEeXHMMa Iepefadl JaHHBIX 3HAYUTENHFHO CHIDKAET CTOMMOCTH apeH[Ibl KaHAJIOB
CBSI3M, HO B 3TOM ClIy4ae HEOOXOAMMO YMETh BBIOMpATh TaKHe CTPYKTYPBI CeTeil U TaK paclpeneisTh MOTOKU
UHGOPMAITUH, YTOOBI MOIYYUTH JOCTATOYHBIC 0OBEMBI Iepeiaun TaHHBIX P JOMYCTUMBIX 3aTpaTax Ha co3/a-
HHUE CHCTEMBI 0OMEHa MEXIy Pa3HOPOJIHBIMH CPEIICTBAMH.

,Z[J'IH OLICHKU U (1)OpMI/Ip0BaHI/I$I YaCTHBIX IOKa3aTejei panroOHAIbHBIX ceTeit MMPOrpaMMHO-TEXHUYCCKUX
komIuiekcoB ACY mpu opraHM3aivy yIpaBJIeHUs B €IUHOM MH(QOPMAIIMOHHOM I0JI€ PECTaBlIeHa METOIUKA
onleHKH Tpaduka oOMeHa mH(OpMaIuel MeXIy MPOrpaMMHO-TEXHHYECKUMH KOMIUIEKCaMU, KOTopas IJis 3a-
JIAHHBIX YCIIOBUH MO3BOJISICT BRIYUCIIUTH BETMINHY 00beMa mepexaBaecMoit napopmaruu B noacetsax [1TK.

B xozae npoBeaeHus OLEHKH UCTIONB3YETCs CIEAYIOMIast MOCIeI0BaTEIFHOCTD JEHCTBUIA:

1) myTeM CTaTUCTHYECKOTO MOCITUPOBAHUS OIPENEsIeTCS BEPOSITHOCTh Pean3alii MHKOBOW CKOPOCTH
nepesadn JaHHBIX IS KaXKI0H MOJICETH;

2) Ha OCHOBaHWH TOJYYCHHOH BEPOSTHOCTH ompeaensercss Ko3(Q(UIMEeHT yMEHbIICHUs TOJIE3HOTO Tpa-
(hmKa 3a CUeT OBTOPHBIX 3aIPOCOB;

3) ompenemnseTcsi BO3MOXKHBIN pearn3yeMblii 00beM WH(GOPMAIIH B MTOICETH B IIEPHOJ BO3IYITHOTO yaapa.
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THE METHODOLOGICAL APPROACH IN THE TRAFFIC
ESTIMATION OF DATA EXCHANGE BETWEEN HARDWARE
AND SOFTWARE COMPLEXES (HSC).

A.V. Egorov, M.D. Fomin

Using the data burst communication decreases the cost of the communication channel lease greatly. In such a case it's
necessary to choose a particular network structure and the distribute streams of data by a definite way to get the sufficient
amount of data transfer under the allowable costs for developing an exchange system between heterogeneous means.

To estimate and set up private attributes of the HSC intelligent network, controlling in the common data field, the meth-
odology of traffic estimation of data exchange between hardware and software complexes was presented to calculate the
amount of information sent across HSC subnets for the current conditions.

When estimating, there was used the following execution sequence:

- by statistical modeling the probability of implementing the peak data rate for each subnet was defined;

- on the basis of obtained probability there was determined the reduction factor of useful traffic by means of repeated

requests;
- there was determined the probable usable data in the subnet at the air threat.
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B pabome nposedeH aHasiu3 U CUHMe3 rocmpoeHUsi payuoHarbHbIx cemel npo2paMMHO-MEexXHUYECKUX KOMIIIEKCO8
ACY npu opeaaHu3ayuu yrnpasneHusi 8 eOUHOM UHGOpMaUyUOHHOM rone. [aHHbil nodxod 6azupyemcs Ha npednooxeHuu,
4ymo 8 repcriekmuge cucmemsl yripasneHusi 6ydym cmpoumbcsi Ha OCHO8E asmoMamu3uposaHHbIX cucmem, obecriequsa-
rowux nosnHyto cesa3Hocmb nompebumeneli uHgpopmMayuu, a HadexHocme nepedaydyu daHHbIX MO cemu ¢ ssHeucmodli morio-
noauell docmuzaemcsi MHO20KPpamHbIM pe3epeuposaHUeM Mapuwipymos om 00HO20 y3n1a K Opy2oMy 8 pe3yribmame Hasu-
Yusi pe3epeHbIX (hU3UYECKUX KaHaslo08.

Knrodeeble cnosa: 3ghchekmusHOCMb yripassieHusi, npo2paMMHO-MEeXHUYECKULU KOMITIIEKC, KOMIMbIOMmepHasi cemab,
rponycKkHasi criocobHOCMb, CMOUMOCMb.

In this work the analysis and synthesis of rational networking of the software and hardware complexes was carried out,
when controlling in the common data field. This approach is based on the assumption that in the long term the control sys-
tems will be under construction on the basis of the automated systems providing complete connection of data consumers,
but reliability of data transmission on a cellular topology network will be reached by the multiple redundancy of routes from
one node to another as a result of existence of reserve physical links.

Keywords: control efficiency, software and hardware complex, computer network, capacity, cost.

CylecTByIOINEe aHATUTUYECKUE METONBI OICHKH HAJEKHOCTH (DYHKIMOHHPOBAHHS CETEBBIX CTPYKTYP
NPUMEHSTH JUIS OLICHKH HAJIS)KHOCTU CETEBBIX CTPYKTYP C MPOJBIDKCHHUEM ITaKETOB HEBO3MOXHO H3-33 OTCYT-
CTBHS NIOCTOSIHHBIX HAMpPaBICHUN TPOXOXKICHHUS MAKETOB M Pean3alliil MeXaHu3Ma MOBTOPHBIX 3aIIPOCOB.

OLeHHTh HAaZIeKHOCTh CETH, @ COOTBETCTBEHHO U PEasM3yeMbIi MOJIe3HBIH 00beM 0OMeHa HH(popMalueil B
3aJJaHHOE BpPEeMsl BO3MOXKHO NPHMEHEHHWEM CTATHCTHYECKOTO MOJICIHPOBAHUS KAaHAIOB C YYETOM BO3pacTaHUS
KOJIMYECTBA NepeJaBaeMoil MH(OpPMAIMK 32 CYET MOBTOPHBIX 3aIIPOCOB.

Lenesoii GpyHKIHEH MOXKET OBITH BEIOpaHa CTOMMOCTH Tiepeiaurd HHPOPMALMH TI0 KaHalaM, BIJIEISEMbIM
quist mepenadn gaHHbIX [1TK 1 BXoasmux B BEIOpaHHYIO CTPYKTYpY, KOTOpas 00eclieYyrBaeT BHITOTHEHHE 33/1a4
yIpaBJieHUs B €MHOM WH(pOpMauoHHOM Tose. OcranbHble TpeOOBaHUS K PE3yNbTaTy, OMHUChIBaeMble (QYyHK-
[IMOHAJIAMH, YYUTHIBAIOTCS C TOMOIIBIO BBEJICHUSI HEOOXOANMBIX JIOTIOTHUTEIBHBIX OTPAaHUYCHHH.

Onenka 3 QEKTUBHOCTH yNpaBlieHHS B JaHHOH padOTe MPOM3BOAMTCS B YaCTH OLEHKU dPPEKTUBHOCTH
noctpoeHus: komneloTepHbIx cereil [ITK u moaHOTH peanu3anuyu X BO3ZMOXHOCTEH 110 CBOEBPEMEHHOMY 00-
MeHy uH(popManuei B paMkax 3aJaqi OTPaKEHHs CPEICTB HalaaeHUsl.
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JUSTIFICATION OF THE OF THE COMPUTER NETWORK STRUCTURE
OF THE SOFTWARE AND HARDWARE COMPLEXES (SHC)

A.V. Egorov, M.D. Fomin

It's impossible to apply the existing analytical methods of the reliability assessment of functioning network structures to
estimate the reliability of data burst communication network structures due to the lack of the constant directions of data burst
flotation and performing the repeated inquiries.

It is possible to estimate the network reliability by the application of channel statistical modeling, taking into account the
transmitted data increase due to the repeated inquiries.

The data transfer cost can be chosen as a criterion function. The other requirements to the result, described by func-
tionalities, are considered by means of introduction of the necessary additional restrictions.

The estimation of control efficiency in this work is made regarding an estimation of efficiency of creation of the SHC
computer networks and the capability implementation completeness of their opportunities upon the timely information ex-
change within a threat countermeasure problem.
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B cmambe obobwaemcsi onbim paspabomku Ha OAO «[Pl13» onmuko-aneKmpoHHbIX cucmeM U UX omoersibHbIX
pyHKUUOHarbHbIX KOMIoHeHmoes 0515 3PK marnol u cpedHeli danbHocmu Oelicmeus. OmoernbHO paccMompeHbl OyHKUUU
briokoe obpabomku sudeousobpaxeHull. OmpaxeHbl 3adadqu U Memoobl yny4weHUs audeHuUsl, 0bHapyXXeHUs U COMpOBOX-
OeHusi 8030y WHbIX 06BLEKMOS.

Knroyesble cnoea: ornmuko-anekKmpoHHasi cucmema, obpabomka gudeou3obpaxeHull, ynydyweHue sudeHusi, agmo-
Mamuueckoe 0bHapyxeHue, cornposoxoeHue.

The article deals with the development experience of the optoelectronic systems and their separate functional compo-
nents for the short/medium-range anti-aircraft missile systems at the JSC “Ryazan State Instrument-making Enterprise”
(RSIE). The video processor functions were considered particularly. The improvement tasks and methods of imaging, de-
tecting and tracking the air objects were reflected.

Keywords: optoelectronic system, video image processing, imaging improvement, autodetecting and tracking.

OpnHa u3 o0IMX TEHICHIMN Pa3BUTHA 3eHUTHO-pakeTHBIX KomruiekcoB (3PK) cpenneit u OmmkHel 1ambsHOCTH
JICHCTBHS CBsI3aHA C UX OCHAIICHUEM ONTHKO-3IeKTpoHHBIMU cucTeMamu (ODC). OAO «'PIT3» npoeomur HUOKP
M0 CO3JaHHIO TaKUX CHCTEM M MX OTIENBbHBIX (DYHKLIHOHAIBHBIX KOMIIOHEHTOB NpuMeHnTenbHo K 3PK «KBampam»
(1C91M2), «byk-M2D» (9K3173), 3PK «Oca-AKM» (9A33bM4), «Ctpemna-10M» (9A35M) u np. B orimmume ot
ONTHYECKUX WJIM TEJICBU3MOHHBIX BU3HPOB B cocTtaB ODC BKIOUYAIOTCS OMOKH 0OpabOTKH BHACOM300paKEHUI
(BOBH), oGnanaromiye onpeaeieHHbIM «TeXHIYECKUM MHTEIUIEKTOM U IO3BOJISIOLINE YIIyUIIHTh YCIOBUS PaOOThI
oriepaTopa 1 B KOHEYHOM UTOTE — 00eCcreunTh yBenuueHne dpdexrusHoctr padbotsl 3PK B 11emom.

Otnnunst mexy Bapuantamu OOC i paznuusbeix 3PK onpenemnsitoTes KOHKPETHBIME TPeOOBaHUSAMHU UX
Ha3HAYCHHsI, OCHOBHOE U3 KOTOPHIX — NAIBHOCTh OOHApY)KEHUSI M COMPOBOXKACHUS THIIOBBIX «3aUETHBIX» LIe-
neii. JlaHHble TpeOOBaHUS B KOHEUHOM UTOI€ OIPEAEIIIIOT COCTAaB BUAECONATUYMKOB, UX TIOJA 3peHHs U TpeOoBa-
HUS TI0 YyBCTBUTEIBHOCTH U IIPOrpaMMHO-MaTeMaTndeckoe obecrieuenne bOBU.

B noknane ob6o6maercst onbIT mpoBeneHHbIX pazpabotok OAO «['PII3» B manHOI 0bnacTu U paccMaTpu-
BaeTCs KOMILIEKC BOIIPOCOB, CBA3aHHBIX ¢ peanm3anueit B OOC 6a30BbIX QyHKIUN 00paboTKH n300pakeHuit, —
aBTOMaTHYEeCKOe 0OHApPY’KCHHUE U COIIPOBOXKACHHUE LENCH.
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THE OPTOELECTRONIC SYSTEMS AS MEANS
OF THE EFFICIENCY INCREASING OF THE SHORT/MEDIUM-RANGE
ANTI-AIRCRAFT MISSILE SYSTEM APPLICATION

E.S. Barankin, L.N. Kostyashkin, A.N. Blokhin, S.I. Muravyev

One of the general tendencies of the medium/short range anti-aircraft missile system (AMS) development is connected
with their optical-electronic system equipment (OES). The JSC GRPZ carries out research and development of such sys-
tems as well as their separate functional components relating to the “Kvadrat” (1C91M2) AMS, the "Buck-M2E" (9K317E)
AMS, as well as the "Osa-AKM" (9A33BM4) AMS, the "Strela-10M" (9A35M) AMS, etc. Unlike the optical or telesights view-
finders, the structure of the OES includes video image processing units (VIPU) possessing "technical intelligence" and allow-
ing to improve operating conditions of the operator and as a result to increase the AMS performance on the whole.

The differences between the OES options for the AMS of all kinds are defined by the specific operational requirements,
the main of which - the detection ranges and a common target.

Finally these requirements define the image sensor structure, their view and sensitivity, and the VIPU software.

This work presents the abovementioned field development experience of the JSC RSIE and the set of issues connect-
ed with the implementation of the automatic detection and tracking in the OES.
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OL|EHKA 3JTIEKTPOMArHUTHOA COBMECTUMOCTH
PAOWOSJIEKTPOHHBIX CPELCTB 3PK
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T.W. M'papoB.a, HavanbHUK cekmopa,
OAO «CKB «Anma3s-AHmel», 2. Mockea

[ns peweHusi npobriemMbl 371eKMpoMazHUMHOU co8MecmuMocmu paduoaekmpoHHbix cpedcme (OMC PJIC), exods-
wux 8 3PK npu eo30elicmeuu Yepes rnpocmpaHcmeo Heobxodumo:

— npusecmu npuemo-riepedarujue ycmpoticmea PJIC k ebinonHeHU0 mpebogaHutl, npedbssneHHbIX K xapakmepu-
cmukam SMC;

— 8bipabomamb Kpumepuu Kadyecmesa hyHKUUOHUPOBaHUSI NpUeMHbIX ycmpolicms u onpedenums 0onycmumble 3a-
WUMHbIe OMHOWEHUSsI cugHarn/romexa 8 nNPUeMHUKax;

— riposecmu rnpasusibHbIl 8bI60p CXeMHO20 MOCMPOEHUST U KOHCMPYKMUBHO20 UCMOMHEHUS NMPUEeMHO20 U repedaro-
wea2o0 mpakmos;

— nposecmu rnpedsapumeribHble pacyemsl YacmomHo-meppumopuansHoeo pa3meuieHus PIIC, exodawux e SPK.

Knroyesnle cnosa: 3PK — 3eHumHble pakemHbie komrnekcbl, OMC — anekmpomacHumHasi coemecmumocms, LISKY
UUKITOMPOHHO-3aUUWEHHbIU KOMIMIIeKcuposaHHbIl ycunumerns, [JHA — Ouazpamma HanpagneHHOCmU aHMEeHHbI.

To solve the problem of electromagnetic compatibility (EC) of the AMS radio-electronic means (ECREM) under the ac-
tion through the space it is necessary:

- to cause the radar transceiver devices to be met requirements made to the EC performance;

- to develop the performance criteria of functioning the receiver systems and to define the accepted protection sig-
nal/noise ratio in the receivers;

- to carry out a right choice of circuit designing and constructing the transceiver’s channels;

- to carry out a pre-estimate of the AMS radar frequency-area location.

Keywords: antiaircraft missile system (AMS), electromagnetic compatibility (EC), antenna pattern (AP).

B 3enuTHO-pakeTHRIX KoMIuTekcax (3PK) anTeHHO-TIpHEMHBIE yCTpoiicTBa paanoiokamnoHHex cTanmuii (PJIC)
WCTIBITHIBAIOT BO3ACHUCTBHE COCETHHX PamuodIeKTpOHHEIX cpencTts (POC), mampumep, komarmasix POC, cpencts
CBSI3U U JIp., YYACTBYIOIIMX B 00IICH paboTe M PelatoniuX COBMECTHBIC 3a/1a4H, a TAKKE JPYTHX YHEPreTHYCCKUX
CPE/ICTB, HAXOMSAIINXCS B OJJHOM KOMILITEKCE.

B cratpe noka3zaHsl yTH JOCTHKEHUS BbITONHEeHUs TpeboBanuii OMC npuemubix ycrpoiictB PJIC n BoaMoxHO-
ctu obecniedeHns: UX coBMecTHOM paboTsl B 3PK.

st pemenust npoonemer OMC cpencts, Bxomsmux B 3PK. B noknane onpeneneHsr:

- KpUTEPHH KavecTBa (yHKIIMOHUPOBaHMS IpHeMHBIX ycTpoiicTB PJIC, Bxomsmux B 3PK;

- CXEMO-TEXHHUYECKOE TIOCTPOCHUE MPUEMHUKA IS BHIMONHEHHS TpeOoBanmii DMC B COOTBETCTBUM C POCCHIA-
ckumu 'OCTamu v 3apyOexHpMu ctangapTamu, Harpumep, MIL STD-461E, MIL STD-469 no coracoBasuIo ¢
3aKa3YUKOM;

- 0cJTabJIeHHe CIIEKTPAJIBHBIX COCTABIISIOIINX BO3ACHCTBYIOIINX CUTHATIOB IO O€30MacHBIX YPOBHEH;

- 4yacToTHO-TeppuTopuanbHoe pacnonoxkenue PJIC, Bxomamux B 3PK, ¢ yueTom paznuyHbIX OpUEHTAIMH Jua-
TpaMM HalpaBJIeHHOCTH TpueMo-niepenaronmx antenH (JJHA), OmmkHMX 1 nanpHUX 30H B3amMmozencteus JJHA,
YCIIOBHI pacTpOCTPaHEHHS PaIFIOBOIH Ha KOHKPETHBIX TPaccax.
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THE ELECTROMAGNETIC COMPATIBILITY ASSESSMENT
OF RADIO-ELECTRONIC MEANS OF ANTIAIRCRAFT
MISSILE SYSTEM (AMS)

T.l. Gradova

In the antiaircraft missile systems (AMS) the radar antenna receiving equipment are affected by the nearest radio-
electronic means (REM) such as the command REM, communication means, etc.

The achievement ways of meeting requirements of the EC radar receivers as well as the composite action possibility in
the AMS are shown in this work.

To solve the problem of electromagnetic compatibility of the AMS radio-electronic means this paper defined:

- the performance criteria of functioning the AMS radar receiver systems;

- receiver circuit designing and constructing work to meet the EM requirements of Russian and foreign standards;

- attenuating the spectral components of the actuating signals up to the safe levels;

- the AMS radar frequency-area location, taking into account various antenna orientations as well as the radio wave
propagation conditions.
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PaccmompeHb! 0OCHOBHbIe MPUHYUMbI MOCMPOEHUs Mamemamuyeckux modesnel (MM) aspoduHamuyecKkux xapakme-
pucmuk (AX) maHespeHHbIX becnunomHblx nemamerbHbiX annapamos (danee JIA) Ha ocHoge Memoduku, co3daHHOU 8
[1,2]. TexHonozusi nocmpoeHusi MM peanusogaHa 6 npoepaMMHOM KOMIIfIEKCe, 8bINoTHEHHOM kKak Windows-npunoxeHue.
Pe3ynbmambl Mamemamu4yeckoeo modenuposaHuss AX ucnonb3dyromcest 0nsi OUEHKU rpederibHbIX MaHe8PEeHHbIX 803MOXHO-
cmel J1A, npu ebibope criocoba ynpasneHusi, 8 uccriedogaHusix OuHaMmuku JIA kak ocecuUMMempPUYHbIX, Mak U HeoCcecuMm-
MempuYHbIX a3poOUHaMUYECKUX KOMITOHOBOK.

Knrouesnbie crioga: mamemamuyeckass modesb, becrniunomHsili iemameribHbIl annapam, aspoduHamuyecKkasi KOMo-
HoeKa, criocob yrpasieHus.

The basic principles of the mathematical model (MM) development of the aerodynamic performance (AP) of the ma-
neuverable pilotless aircraft (PA) on the basis of the technique created in [1,2] were considered. The development technolo-
gy of the MM was carried out in the software package performed as the Windows application. The results of AP mathemati-
cal modeling are used to estimate the PA maximum permissible maneuvering potential, using a control way in the AP dy-
namics researches of both axisymmetric and nonaxisymmetric aerodynamic configurations.

Keywords: mathematical model, pilotless aircraft, aerodynamic configuration, control way.

Jnist mpoBeieHus uccieJOBaHri JMHAMUKHA MaHEBPEHHOTO OeCIHIIOTHOTO JietarenbHoro anmapata (MBILIA)
HEOOXOMMO €ro MaTeMaTHYeCKOe OMNHCAHWE WM MaTeMaTHdecKas MOJENb, U, B TIEPBYIO OYepe/b, OIMCAHKE €ro
a3pPOJIMHAMUYECKIX XapaKTePHCTHK B BHJE 3aBUCHMOCTEH a’pOJMHAMUYECKHX KOI((HUIMEHTOB OT MapamMeTpoB
MIPOCTPAHCTBEHHOTO JIBM)KEHUS U pexxnMa ToneTa. [1pu pa3paboTke Takoro OnmcaHus UCTIONB3YETCsl METO/IHKA, CO-
3nanHas B.K. CBaToayxoMm, KOTOpas OCHOBaHa Ha MOJyYEHUHM HAa3BAaHHBIX BBILLIE 3aBUCHUMOCTEH alpoOKCUMaLUeH
PE3YNBTaTOB a3POANHAMUYECKOTO 3KCIIEPHMEHTOB, JIN00 YUCICHHBIX PACYETOB, TPUTOHOMETPHUYECKUMH TTOJIMHOMA-
Mu. Pesynprar pa3paboTku — aNrOpUTMHYECKHE M TPOTPaMMHBIE CPEACTBA, PEATM3YIONINE MaTeMaTHIeCKyI0 MO-
JIeTTb BBIYHCIEHUS KO3(h(UIMEHTOB a3pOIMHAMHYECKUX CHJI I MOMEHTOB B 3aBUCHMOCTH OT: 4Hcia M, mpocTpaH-
CTBEHHOIO yIJa aTaK{, a3POANHAMHUYECKOI0O YIila KPEHa, YIJIOB OTKJIIOHEHUSI a3pOIMHAMUYECKUX PYJICH, MOJIOKEHHS
neHTpa Macc. TeXHOIOrus MoCTpOEHNUsI MaTEMaTHYECKUX MOJIENEN a3pOANHAMUUECKUX XapaKTEPUCTHUK Pealn30BaHa
B TPOTpPaMMHOM KOMILIEKCE, BBITOJHEHHOM Kak Windows-miprmoskenre. KoMIuieke comepykKUT HWHTEpIpeTaTop
BCTPOEHHOTO $I3bIKa MPOTPaMMHPOBAHNS M TIPEIOCTABIISIET MHOTOUHCIICHHBIE BO3MO)KHOCTH HACTPOUKH HHTepdetica
Y BHIA pe3yIbTUPYIOIEH HHPOPMAIHH.

Co3naBaeMble MaTeMaTHYECKHE MOJIENTN MCTIOIB3YIOTCS B padoTe IS OIEHKU MpeeNIbHRIX MAaHEBPEHHBIX BO3-
MoskHocTet MBILJIA 1ipu ero mpocTpaHCTBEHHOM JIBIKCHUH Ha pasIMdYHBIX pekuMax monera. Pazpaborano mare-
MaTU4ecKoe M MPOrpaMMHOe OOecTIiedeH e ISl ONPEeAeIeHIs MapaMeTpOB MPOCTPAHCTBEHHOTO YCTAaHOBHUBIIETOCS
nemwkennss MBIUJTA ¢ ydueroM peanbHbIX (PU3MUYECKHX CBsi3el U orpaHuueHuid. [TokazaHa BOZMOXKHOCTB HCIIONB30-
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BaHUS MOTy4YaeMbIX Pe3yJIbTaToB MpH BbIOOpe criocoba ynpasnenus MBITJIA (nekapToBoe ¢ skecTKoi crabunm3ary-
eil yria KpeHa, MoJsApHOE C YNpaBIeHHEM KPEHOM, KOMOWHHMPOBAaHHOE MOJIIPHO-ACKapTOBOE) MPH MCCIIEI0BAHUH
MaHeBpeHHbIX Bo3MokHOCTeH MBIIJIA kak ocecCMMMETpUYHBIX, TaK U HEOCECUMMETPUUYHBIX a39pOJMHAMHYECKUX
KOMITOHOBOK.
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SAMPLING THE CONTROL METHOD OF THE MANEUVERABLE
PILOTLESS AIRCRAFT BY THE RESULTS OF AERODYNAMIC
MODELING

V.A. Karimov, E.V. Kuznetsov

To carry out the dynamics researches of the maneuverable pilotless aircraft (MPA) the mathematical description and
the MM as well as the description of its aerodynamic performance are required primarily. When developing such a descrip-
tion a method created by V. K. Svyatodukh is used, based on receiving abovementioned dependences by either approxima-
tion of the aerodynamic experiment results, or numerical calculations, trigonometric polynomial. The development results
are algorithmic and software means realizing the mathematical model of calculating the aerodynamic force coefficient and
the moments depending on a Mach number, total angle of attack, aerodynamic roll angle, deflection angle of aerodynamic
control, center-of-gravity positions. The development technology of the MM aerodynamic performance was carried out in the
software package performed as the Windows application. This package contains a built-in language interpreter and provides
numerous opportunities of interface / result data type adjusting.

The developed mathematical models are used in work to estimate the PA maximum permissible maneuvering potential
at the three-dimensional moving under various flight modes. Mathematical support and software were developed to deter-
mine parameters of the PA three-dimensional static moving, taking into account real physical communications and re-
strictions. The possibility of using the received results when sampling the control method was shown.
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PaccmompeHbl OCHOBHbIE MPUHYUMbI MOCMPOEHUS U UCMOMb308aHUss cucmeMbl MoG0epXKU MPUHAMUS peweHul
(CrlMP) npu opeaHu3ayuu npomugogo3dywHol 06opoHbl (MBO) kopabrns. NpusedeHb! npumepb! 8bipabambigaeMbix ouye-
HOK aghgpekmusHocmu cucmemsi [1BO.

Knroyesnble croga: npomusoso3dywHass obopoHa Kopabns, cpedcmea 8030yuwHO20 HarnadeHus, MameMamu4yecKue
modernu cucmemM Macco8o20 obceryueaHus, oueHKU aghgpbekmusHocmu cucmem 1BO.

The basic development and use principles of the decision making support system (DMSS) are considered at organizing
the ship air defense (AD). The produced estimate examples of the AD system effectiveness are given.

Keywords: ship air defense, airborne weapon (AW), mathematical models of queuing system, efficiency assessment of
air defense systems.

YpoBEHb MOPCKOTO BOOPYKEHHMS HA CETOMHSIITHUIN JIeHb U B OyIyIIeM B 3HAYMTENHHON CTETIEHH ONpeelsieT
TMOJIOXKEHUE U aBTOPUTET CTpaHbl HA MUPOBOM apeHe. YTPo3bl Halllel CTpaHe ¢ MOPCKUX U OKEaHCKHX HarpaBiIeHUN
AMEIOT YCTOWYIHMBYIO TEHICHIIMIO HapacTaTh B OMVDKAUIIICH M TOJTOCPOYHOH MEPCIEKTHBE, YTO TOATBEPIKIACT aHa-
JIM3 CTPATETHUECKUX KOHIIETIIINIA pa3BUTHS BOGHHO-MOPCKHX CHJT BEAYIIINX TOCYAapCTB MHUpA.

OCHOBHYIO yTpo3y KopaOelbHBIM COCTUHEHUSM BOSHHO-MOpPCckoro ¢uora (BM®) cTpaHbl MOTYT COCTaBIIATh
cpenctsa Bo3aymHoro HamaaeHus (CBH). IIpu opranmsammu mpotuBoBo3myTHON 000ponk! (ITIBO) kopabdis mnwio,
npunumarotiee perrenue (JIIIP) (kak mpaBmiio, 310 KOMaHIUP KOpabst), JOIDKHO YUYUTHIBATH CICAYIONIYI0 CUCTEMY
PHCKOB.

®DakTophl, ONpeneNsIone Bo3IeHCTBHE pUCKA: OTCYTCTBHE MH(OpMAIMK O TMpeanoiaraeMoM BpPEeMEHH
Hanera CBH, HenpenckazyeMocTh pa3BUTHS TAKTUYECKOHW CUTyalllid, OTCYTCTBHE MH(OPMALIUU O MpeAroiara-
eMOM KoJmuecTBe U ckopoctu amxkennss CBH, orpanndenHoe xonmuectBo Ooesarnaca npu orpaxennu CBH,
OTCYTCTBHE allpHOPHON JOCTOBEpHOU MH(pOpMAUK 00 3PPEKTUBHOCTH HCIIOIB30BAHUSI 3€HUTHBIX PAaKETHBIX
komiuiekcoB (3PK), mpumensembix Ha kaxaoM pyoexe [IBO npoTtus yuactBytomux B Hasere CBH.

OCHOBHBIE IPUYMHBI OPTAaHU3AMUOHHOTO PHCKA: JeQHUIUT BpEMEHU Ha BOCTIPUSTHE U aHAJIM3 TAKTUIECKOM
CUTyalluH, omuboyHoe omnpenenenrue konndectsa CBH, yuacTByromux B HajneTe (HaJMuue TIOMEX U JIOXKHBIX
neneit), ommnOKky B onpeaescHud ckopocTu aBmxeHusi CBH B HampaBieHnn kopabeinbHOTo coeIMHEHNUS, BBIXO-
Il U3 CTPOSI 3eHUTHBIX PaKETHBIX KOMIUIEKCOB, obecneunBaromux [1BO, HecooTBeTcTBHE MMeronerocs: 6oe3a-
naca HeoOXOJMMOMY KOJIMYECTBY [uisl oTpaxeHus Hanera CBH.

Bce ato mpuBoaut mms JIIIP k opraHM3aninoHHOMY pHCKY HEd()(EKTHBHOTO HCIIONB30BAaHUS B KOHKPETHON
TaKTUUECKOW CHUTYaIlMH TaKTHYCCKHX M TEXHHMYECKHX BO3MOXKHOCTeW mMmeromieiics cuctemsl [IBO xopabensHOro
COEIMHEHHUSL.
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B crarbe paccMaTpHUBarOTCS OCHOBHBIE IPUHIUIBI IIOCTPOEHUSI CUCTEMBI MOAACPKKU IIPUHITHUS PELICHUN
(CIIIIP), mozBossitoreit JITIP momyyuTh OLeHKH MPOTHO3a Pa3BUTHUS TAKTHYECKON CHUTyallud Ha OCHOBE UMEIO-
mieficsi THPOPMaK O TAKTUYECKOW CUTYallMd M NPUHITOM PELIEHUH 00 OpraHU3alMy S1IeJIOHUPOBaHHON KO-
pabenbHOM cuctemsl [I1BO B 37Ol cutyanuu.

IIpu noctpoenun CIIIIP ncnons3yroTcst MOJAENN U METOJbl MaTeéMaTHYECKOH TEOPHH CHCTEM MacCOBOTO
obciykuBanus. CIIIP BkimoyaeT COBOKYIMHOCTh OPUTHHAIBHBIX CIIEHUATU3UPOBAHHBIX 0a3 JaHHBIX, MTO3BOJIS-
IOIIUX OIEPAaTUBHO B UHTEPAKTUBHOM pexkuMe nosydars JIIIP konnyecTBEHHBIE 3HAUEHMsI OCHOBHBIX ITOKa3a-
teneit apdexruBHoCcTH cucteMbl [1BO.
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DECISION MAKING SUPPORT SYSTEM IN THE TIME OF
THE AIR DEFENSE ORGANIZING OF THE SHIP UNITING

A.K. Krasnikov, E.S. Novikov, N.S. Scherbakov

Today and in the future the naval armament level defines the country authority on the world stage substantially. Ac-
cording to strategic concept analysis of the leading state Navy development, the Naval threats to our country have a steady
tendency to growth in the near and long term perspectives.

The airborne weapon can become the main ship threat. When organizing air defence, a decision maker (DM) has to
take into account the following risk system.

There are some factors defining the risk influence: lack of information on estimated time of an AW raid, operational sit-
uation unpredictability, lack of information on the AW estimated quantity and speed, limited quantity of ammunition, lack of
priori reliable information about the efficiency of the anti-aircraft missile system (AMS) applied at each air defense line
against the raid participants.

There were pointed the schedule risk main reasons: time shortage for tactical situation analyzing, wrong definition of
AW quantity participating in a raid, mistakes in the AW speed determination, the AMS failures, the available ammunition
discrepancy to the necessary quantity to break up the AW raid.

All these facts result in the schedule risk of inefficient using the tactical and technical capabilities of AD available sys-
tems.

In this work the basic principles of the DMSS development are presented. This system gives a DM an opportunity to
receive estimates of the tactical situation development forecast.

When developing the DMSS, the models and methods of the mathematical theory of queuing system are used. The
DMSS includes a set of original specialized databases allowing a DM to receive quantitative values of the main indicators of
the AD system effectiveness in an interactive mode quickly.
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Paccmampuegaromesi OCHOBHbIE  3KCIlyamauyUuOHHO-MEXHUYECKUEe XapaKmepucmuKu KOMIiekma  yHUGUUUPOBaHHbIX
adanmueHbIX MOBUIbHbIX PEMOHMHO-OUazHocmuyveckux kommnekcos (PK), paspabomaHHbix 8 OAO «L{CO INBO «paHum».

Knroyeesnle crioga: MobusribHblIE peMOHMHO-OUacHOCMUYEeCKUE KOMIMIIEKChbl, mexXHU4Yeckoe obcnyxueaHue U peMoHm,
B00pPY)KEHUE U BOEHHAsI MEXHUKa, mexHuU4yecKasi 20mosHoCMb.

The main operational technical performance of a set of the integrated adaptive mobile repair and diagnostic complexes
(RDC) developed in the Air Defense JSC “Granit” Maintenance Service Main Centre is considered.

Keywords: mobile repair and diagnostic complexes, maintenance and repair, armament and military equipment (AME),
technical readiness.

3eHUTHBIE PAKETHBIE CUCTEMBI OTHOCSTCS K CJIOKHBIM BOCCTaHABIMBAEMBIM TEXHHMYECKUM CHCTeMaM, 0biaga-
FOIIMM KOHEYHOH HaJIeKHOCTBIO. YUUTHIBAsl JJTUTENBHBIE CPOKH IKCILUTyaTallid TaKHX CHUCTEM, CTOUMOCTh MX JKC-
TUTyaTalliil COCTABJISIET 3HAYUTEIbHYIO YacTh CTOMMOCTH MX BIaJECHHA. B CBS3M ¢ 3TMM BO3pacTaeT akTyaJbHOCTb
CHIDKEHUSI 3aTpar Ha 3kciutyaTauio 3PC u nqpyrux cnoxHsix cucrem BBT.

B pesynbrare pedopmuposanus BC PO npuHsita HOBasi KOHICTIIHSI CEPBUCHOTO 00CITY)KUBAHUS U BOWCKOBOTO
pemonta BBT. Tlpu 3TOM BO3pacTaeT pojib paboT MO CEPBUCHOMY OOCTY)KMBAHHUIO U BOHCKOBOMY peMoHTYy (PCO)
o6pasuoB BBT I1BO (BKO) Ha MecTax WX TUCIOKAIHH, BHITIOIHAEMBIX IPEANPHUATHASIMU IPOMBIIIICHHOCTH.

[IpuMmeHeHue crienanTu3uPOBaHHBIX MIEPEIBUKHBIX PEMOHTHBIX OPraHOB (OPHEHTUPOBAHHBIX HA KOHKPET-
HBI TUO obOcmyxuBaembix BBT) mpuBeno k HeoOOCHOBaHHOMY pPACIIMPEHHUI0 HOMEHKJIATYpBhl M KOJIMYECTBa
MepeIBIKHBIX PEMOHTHBIX OpraHoB. Co3gaHue YHHBEPCAJIbHBIX CPEACTB PEMOHTa OBIJIO 3aTpyIHEHO CyIe-
CTBEHHBIM Pa3JIMdYMeM CXEMHOHM M KOHCTPYKTUBHOW peaiu3aluy OJM3KUX MO (QYHKIHUSIM COCTABHBIX YacTed U3-
Jgenuit BBT pa3HbIx TUIOB.

Orto mportuBopeune Obuio paspemeHo npu nposenaeHun B OAO «['LICO IIBO «I'panut» KOMILICKCa
HUOKP, B pe3ynbrare KOTOPBIX ObLIM pa3paOOTaHbl afanTHBHBEIC (MOAU(PHLIUPYEMbIe) MOOMIBHBIE PEMOHTHO-
nmuarHoctudeckue komiutekesl (PIK). B ocnoBe co3panus agantuBHBIX MOOMIBHBIX PJIK MOI0KEHO HECKOIBKO
KOHLENTYJIbHBIX PUHLIMIIOB: crieuanu3anus He mo tunam BBT, a mo Buzam paboT; pasaeneHue TeXHOIOTH-
yeckoro ocHamenus PJ/IK Ha 6a3ucHble (obmiee st Becex THIOB oOcmyxuBaeMbix BBT) n cMeHHBIE KOMITIIEKTHI
(amanTHBHO YYHTHIBAIOIIME OCOOCHHOCTH pa3HbIX THIOB BBT); mpuMeHeHHe MHTEPaKTHBHBIX pecypcocOepe-
TalOIINX TEXHOJIOTHH; aBTOMAaTH3allus YIIPABICHUS MPOIECCAMHU M PECYpPCaMU CEPBHUCHOTO OOCTYXKUBAHUS U
pemonTta BBT. Ykazaunslii moaxos (M3naraeMblil B JOKJIa/1e) MO3BOIWI COKPATHTh HOMEHKIATYPY MOOUIBHBIX
PJIK mo 7-mu tunos, opuentupoBaHHbix Ha PCO cymectBytomero u nepcnektuBHoro napka BBT I1BO. Un-
HOBAIIMOHHBIH ypoBeHb pa3paboranHbix PJIK obecrieueH npuMeHEeHHEM B HUX TEXHUYECKUX PEIICHUH U TEXHO-
JIOTHH, 3alUIIeHHbIX 00Jiee 30 maTeHTaMu.
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[Ipumenenne apantuBHbIX MOOMIBHBIX P/IK mpu nmposenennu padot no PCO Ha mectax auciokaunu 3PC u
npyrux tano BBT TIBO (BKO) oGecnieunBaeT cyniecTBeHHOE CHIKEHHE CTOMMOCTH SKCILTyatauuu 3Tux BBT.
Tem cambiM moBbimiaercs 3¢ pexrruBHocTs NprMenennss BBT B BC PO, a takxke konkypeHnTocriocobHocts BBT Ha
BHEIIIHUX PBIHKaX BOOPYKCHHH.
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THE ADAPTIVE MOBILE MAINTENANCE AND REPAIR COMPLEXES
OF EXISTING AND PROMISING WEAPONS AND MILITARY EQUIPMENT OF AIR
DEFENSE (AEROSPACE DEFENSE), INCLUDING THE AIR DEFENSE MISSILE
WEAPON SYSTEMS (ADMWS)

V.L. Krivolapov, A.F. Strakhov

The air defense missile weapon systems belong to the difficult restorable technical systems possessing the ultimate re-
liability. Taking into account the operation long terms of such systems, the operating cost is the largest part of their owning
cost. For that matter the cost saving for the ADMWS operation and other difficult systems of the AME increases.

As a result of the Russian Federation Armed Forces reforming the new concept of the AME service and army repair
was accepted. In such a case there increases the role of the service and army repair (SAR) works of samples of the AME of
air defense (aerospace defense) on the permanent garrisons which are carried out by the manufactures.

The specialized mobile restoring organ application led to the unreasonable extension of the nomenclature and the mo-
bile restoring organ number. The universal repair means development was complicated.

After research and development the JSC "Granit” Maintenance Service Main Centre of Air Defense has produced the
adaptive (modified) RDC based on the particular conceptual principles that allowed to reduce the mobile RDC nomenclature
up to 7 types. The innovative level of the developed RDC was provided by the application of the technical solutions and the
technologies sustained by more than 30 patents.

The application of the adaptive mobile RDC provides considerable reduction of the weapon and military equipment op-
erating cost. Thereby the AME application efficiency as well as the foreign market competitiveness improve.



CEKUNS «3EHNTHbBIE PAKETHBIE CUCTEMbI 1 CPE/JCTBA»

YK 629.7.015

METOL MOLE/INPOBAHUA OUHAMUKU
HECBOBEOAHOIO ABUXEHNA MEXAHWYECKOU CUCTEMBI
CBAI3AHHbIX TBEPAbIX TEIN P PASOENEHAN

© ABTOpbI, 2014

WU.B. Mopo3oBa, uHxeHep, LieHmparbHbil aspoaudpoduHamuyeckull uHcmumym
umeHu nipop. H.E. )Kykosckoeo, 2. XKykoeckull
E-mail: flight15@tsagi.ru
B.U. CapuukoB, kaHOudam mexHuU4eckux Hayk, doyeHm,
8edywuli Hay4HbIl compyOHUK, LleHmparbHbil a3apocudpoduHamuyeckuli UuHecmumym
umeHu npoh. H.E. )Kykosckoeo, 2. XKykoeckull
E-mail: flight15@tsagi.ru

Paccmampusaemasi 3a0a4ya OmHOCUMCS K Kraccy 3adady MexaHUKU Hec80600H020 O8LXKEHUS CII0XHbIX cuCmeM, co-
CMosWUX U3 UeHmparsbHo20 mesia u rnpucoeOUHEHHbIX K HeMy repucghepuliHbix meepdbix mes. Pa3pabomaH nodxod, rnos-
80/190WUL aHaIUMUYECKU pa3pewiums ypasHeHUst 08UXEHUST MmesT OMHOCUMESIbHO UX JTUHEUHbIX U yar08bIX ycKopeHul u
npusecmu Kk 8udy, y0obHomy Ons nposedeHusi pacyemos Ha ILIBM. lMony4yeHa obobujeHHas chopma ypasHeHuUl O8UXeHUs
cucmembl, Komopasi 1o380r19em y4Yumbigams 1t0bble 8UGbI OMHOCUMENLHO20 HECB0O0OHO020 O8UXKEHUS rnepugepuliHbiX
men. lNonydyeHbl aHanumuyecKue coomHoweHus 0711 ornpederieHusi 8 KOHEYHOM 8ude 8e/IUYUH 2/1aBHO20 8EKmMopa U 2ras-
HO20 MOMeHMa curl peakyul 8 rpouyecce pa3deneHusi cCucCmemsi.

Knrouyeenble cnioea: crioxHble MexaHUYecKue cucmemMsl, HeC80600HOe O8UXEHUE, Cullbl peakyud.

The considered task belongs to the problem class of mechanics of restricted motion of complex systems consisting of
a central body and peripheral solid bodies attached to it.

There was developed the approach allowing analytically solving the body motion equations concerning their linear and
angular accelerations which is convenient for carrying out calculations on the electronic digital computer (EDC). There was
received a generalized form of the of the system motion equations which allows to consider any kinds of relative restricted
motion of peripheral solid bodies. There were received the analytical relations to define the resultant vector magnitudes as
well as the principal moment ones of reaction forces at the system separating.

Keywords: complex mechanical systems, restricted motion, reaction forces.

PaccmarpuBaemast 3a1a4a OTHOCHUTCS K KJIacCy 3a/1ad MEXaHUKH HECBOOOIHOTO JBIDKEHUS CJIOKHBIX CHUCTEM,
COCTOSIIIMX M3 IIEHTPAILHOTO (OCHOBHOT'0) Tela ¥ MPHCOSAMHEHHBIX K HeMy Nepru(epuitHbIX TBepbIX Ten. Ha mpak-
TUKE TaKoe JIBIDKCHHE pEeaTn3yeTcsl MpU pa3/ieieHUN CTYINEHEH paKkeTHOH CHCTeMbl, HallpuMep, IpH OTIAEICHUU
CTapTOBBIX YCKOPHUTEIECH OT MapIlIEBOM CTYIEHU pakeThl. i BEIBO/A YpaBHEHHI HECBOOOMHOTO JBIKCHUS TET B
Tporiecce paszesieHus] CUCTEMBI B JAaHHON paboTe MCIIONB3YETCs] IPHHITUIT OCBOOOKIAEMOCTH CBSI3€H, B COOTBET-
CTBHH C KOTOPBIM JIeHCTBHE TIepH(EpHUIHBIX TSI HA OCHOBHOE 3aMEHICTCS PeaKInsIMU CBs3ei. B pesymbrare paspa-
00TaH TIOAXO0, TIO3BOJISIFOIIMI aHAJTMTHYECKU Pa3PEIIUTh YPaBHEHUs! IBIDKSHHUS TeJ OTHOCUTEIBHO WX JIMHEHHBIX H
YIJIOBBIX YCKOPEHUH ¥ IPUBECTH UX K BUIY, YA0OOHOMY ISl YHCICHHOTO HHTerpupoBaHus Ha JLIBM.

[omyuena o6o0meHHast GopMa ypaBHEHUH IBIKCHHS CUCTEMBI, KOTOpas MO3BOJISAET YUUTHIBATh JIIOOBIC BUIIBI
OTHOCHUTEJIFHOTO HECBOOOHOTO JBM)KEHMS MepruepuitHbIX Tel (pa3BopOT Ha IMIMHAPHYECKUX HIH ChepHIecKrux
HIapHUpax, CKOJIBKEHHUE MO MPSIMOJIIMHEUHBIM U KPUBOJIMHEHHBIM HAIIPABJISIFOIINM, a TAKKE IO MMOBEPXHOCTH, KECT-
KO CBSI3aHHOU C IIEHTPAJIHHBIM TEJIOM).

[Ipu BBIBOZE 0000IIEHHOH (hOPMBI ypaBHEHUH HECBOOOJHOTO JBW)KEHHS HCIONB3YIOTCS TE€OMETPUYECKHE U
KHHEMaTHYEeCKUE YCIIOBUS CBSI3H, a TAK)KE OpPaHUYEHMS Ha BETMUMHBI TJIaBHOT'O BEKTOpa M TIIaBHOI'O MOMEHTA CUJI
peaxiuii, 00ycIOBIEHHbIE KOHCTPYKTUBHBIMH OCOOCHHOCTSIMH PacCMaTpUBaeMOl CUCTEMBI CBA3EH COCTABHBIX 00b-
eKTOB. B pe3ynbTare nomy4yeHsl aHATUTHYECKUE COOTHOIIICHHS, MTO3BOJISIOIINE ONPEIETUTh B KOHEUHOM BH/IE BENH-
YUHBI [NIABHOIO BEKTOPA U INIABHOI'O MOMEHTA CHJI PEAKLUI B IIPOLIECCE Pa3ACICHHUS CUCTEMBI.
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THE DYNAMICS MODELING METHOD OF RESTRICTED MOTION
OF A MECHANICAL SYSTEM OF THE CONNECTED SOLID BODIES
AT THE SEPARATING

.V. Morozova, V. |. Sadchikov

The considered task belongs to the problem class of mechanics of restricted motion of complex systems consisting of
the central (main) body and peripheral solid bodies attached to it. Using the missile stage separation example, in practice
such a movement is performed when separating the booster engines from a sustainer.

To derive the restricted motion equations of bodies when system separating, one uses the constraint unleashing prin-
ciple to change over the peripheral body impact on the main one by means of constrain reactions. The approach to resolve
the EDC convenient equations of body motion concerning their linear and angular accelerations were developed.

There was received the generalized form of the system motion equations which allows to consider any kinds of relative
restricted motion of the peripheral bodies (a turn on the cylindrical or spherical hinges, sliding on linear guides and cam rails,
and also on the surface which has been rigidly connected with the central body).

When deriving the above mentioned form, there were used the geometrical and kinematic conditions of constraint, and
also the restriction on the values of the resultant vector and the principal moment of the reaction forces caused by the con-
sidered system design features.

There have been received the analytical relations allowing defining the values of the resultant vector as well as the
principal moment of reaction forces at the system separating.
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PaspabomaHa mexHornoausi conpoeoxdeHusi u modepHusauuu MO LIBC KI1 3PK, ocHosaHHasi Ha rpuMeHeHuU mMemo-
OUKU CMewaHHO20 Npo2paMMupo8aHUsi, 0380IAWast 8 KOPOMKUE CPOKU nposodums 0opabomku npoepaMMHO20 U anna-
pamHozo obecrievyeHus KT1.

Knro4yesnble cnoea: amynsyusi, MHo2ornomo4Hoe 8binonHeHue, OCPB, nepeHocumocme.

Based on using the mixed programming method the technology of maintenance and upgrading of the CC DCS of anti-
aircraft missile system was developed. This solution allows carrying out the CC software and hardware improvements within
a short time.

Keywords: emulation, threaded execution, real time operating system (RTOS), transferability.

B crarse paccmaTpuBaeTcs mpodiieMa MOIEPHHU3AINE BCTPANBACMBIX BBHIUHCIHUTENBHBIX CUCTEM (Ha TIpUMeEpe
IBC KII 3PK) B acmiekte coxpaHeHUs 1 HacaeaoBanus HapadoTaraoro [10 mpu mepexoie Ha anmapaTHbie CPEICTBA
HOBOTI'O [TOKOJICHUSI.

PaccMoTpeHs! HeZloCTaTKH CYIIIECTBOBABIIEH 10 HETaBHETO BpeMeHH MeToAnKy pa3padotku 110 s smymmpy-
emoit LIBC KIT:

- BBINOJIHEHHE Pa3pabOTKH TOJILKO B MalIMHHBIX Kojax [[BM A-15 u comyTcTByrOIHE TAKOMY MOIXOIY MPO-
OJIeMBI;

- CJIOKHOCTB BBOJIa B cocTaB [IBM nomomHuTeIbHBIX HHTEP(HENHCOB BBOA-BEIBOA.

PaccmoTpena npemiaraeMasi HoBasi TEXHOJIOTHS CONPOBOXKIICHUS U MojiepHu3armu [10, momyuynBimmas Ha3BaHue
«ITonmurnor». [IprBeneHbl €€ OCHOBHBIE XapAKTEPUCTUKHU:

- OCHOBaHa Ha mporpaMmHoii amysmu 110 1 cMemaHHOM IPOrpaMMHPOBAHNY;

- ucnione3yet cpexy OCPB;

- MO3BOJISICT B KOPOTKHIA CPOK BBIMOJHATE TOPA0OTKH SMYJIMPYEMOTO IPOrPpaMMHOT0 00ecTieueHHs, T00aBIATh
HOBBIE MONPOTPAMMbI, 00ECIICUNBATH COMPSHKSHUE C HOBBIMHU MEPUPEPUIHBIMY YCTPOHCTBAMHE;

- MO3BOJISICT 3HAYHUTEIILHO YMEHBIIHUTE 3arPYKEHHOCTh pecypcoB LIBM, yripocTuts paboTy mporpaMmucTa;

- MO3BOJISIET PEOPraHU30BaTh CTPYKTypy LIBM, cienas ee OTKpbITOM 1 yI0OHO#M 1715 JOpabOTOK.

PaccmoTpens! cTpykTypsl MoAepHU3HpoBaHHBIX [[BM, OCHOBaHHBIX Ha HCIIONB30BaHUU cUCTEMBI «[lomuriaoTy.
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THE METHOD OF SOFTWARE MAINTENANCE AND UPGRADING
OF THE COMMAND CENTER (CC) DIGITAL COMPUTING SYSTEM
(DCS) OF ANTI-AIRCRAFT MISSILE SYSTEM

A.M. Pavlov

In the article there is considered the problem of the built-in computing system upgrading in terms of saving and inherit-
ing of pre-existing code when passing to the new generation hardware resources.

The shortcomings of software technology existing until recently for the emulated DCS are considered:

- analysis execution - in the A-15 DCS machine codes only and all the other attendant problems of such an approach;

- additional input-output interface implementation complexity in the DCS structure.

The proposed new technology of software maintenance and upgrading named "Polyglot" was considered. Its main per-
formance was put forward:

- it is based on the software program emulation and the mixed programming;

- uses the RTOS platform;

- enables updating the emulated software as well as adding some new subroutines and interfacing with peripheral
hardware within a short time;

- enables reducing the DCS resource workload considerably and simplifying the programmer operation;

- enables reorganizing the DCS structure to be open and convenient for updating.

The updated DCS structures based on «Polyglot» technology were considered.
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Paccmompe+a memoduka MoOeiupo8aHUsi OMPaXeHHbIX CugHano08 om 06beKMo8 CrI0XHOU ¢hopMbI MPU WUPOKOIO-
JTOCHOM 30HOUPOBaHUU, OCHOB8aHHasi Ha npubnuxeHuu oldeeHca—®peHens u ucrionb3oeaHuu 3D-modenel. Mpedcmas-
JIeHHbIe pe3yrnbmambl M00meepx0arm 803MOXHOCMb €€ UCMOoMb308aHus 0551 nposedeHus uccriedosaHull no OUeHKe rno-
Kasamenel Kka4ecmea cucmem 0bpabomKu cuaHanos u MpUHSAMUS MHO20aribmepHamuHbIX peweHuU.

Knroyeesnble crioga: modenuposaHue, 0mpaxeHHbIU cuaHar, mpexmepHbie Mooesu.

This article deals with the technique of modeling the echo signals from the objects of a complex shape under the
broadband sounding based on the Huygens-Fresnel principle as well as using the 3D models. The presented results confirm
the possibility of its using for carrying out researches of the quality parameter assessment and multiple-choice decision-
making systems.

Keywords: modeling, echo signal, three-dimensional models.

CrnoxXHOCTh 3ajiad, pelraeMbIX COBPEMEHHOHN paJHoioKalueil, TpeOyeT mpoBeAeHUs PA3InIHBIX HUCCIIE0-
BaHUH, OCHOBAaHHBIX Ha UMUTAIIMOHHOM MOJCIUpOBaHUM. K 4HMCIy TakMX HMCCIEIOBaHUN OTHOCHTCS OILCHKA
MoKa3aTelieli KauecTBa CUCTeM 00pabOTKH IIMPOKOIIOIOCHBIX PaIHOI0KAIUMOHHBIX CUTHAJIIOB U TPUHATHSI MHO-
roaJbTePHATUBHBIX pelieHuid. J[Is1 uX mpoBeACHUs TPEeOYIOTCS MOJIEIH HE TOJBKO 30HAMPYIOIINX, HO U OTpa-
KEHHBIX PaIUOJIOKAIIMOHHBIX CUTHAJIOB.

KomnmextnBom aBTOpOB OBLTa pazpaboTaHa METOUKA MOJISIIUPOBAHUS OTPAKEHHBIX CUTHAIOB OT 0OBEKTOB
CIIOHOHU (DOPMBI ITPH MIMPOKOIIOIOCHOM 30HAMPOBAHNUY, OCHOBaHHAs Ha npubmmkeHuu [ tolirenca-Openens u
ucrnosb3oBaHuu 3D-Monaeneit.

CTpyKTypHO METOIUKA MOJICTUPOBAHKS OTPAXKEHHOTO CUTHAJIA BKITFOYAET B ce0s TISITH 3TaroB (puc. 1).

Cozmanme Pacnonowenne
TPEEMERHOT O AHamus 1 MOJENH E IIpeobpas oBanne &
obrexra I I | cunrmeanue gagHe: || OpoCTpaHCTEE, I daveTnolf mogenue [ | OpMHpOFRHUE
HCCHeRoBaHud, || uz ¥age pafintas [ yaae HHe 1| Eupe smemeHTapHER | B
SKCIOPT MOLEIH B Matl ab HEBHJIHMEL Hsnydatenei FHrHata
b opmar * ase NP HMHTHEOE

Puc. 1. Dmanwt Mo()eﬂupommuﬂ OMpAa)CeHHo20 cucnala

[Ipennoxennas MeToauka oOecreuynuBacT (pOPMHPOBAHUE MOJENICH OTPAKEHHBIX OT CIOKHBIX OOBEKTOB
CUTHAJIOB TIIPpW MIUPOKOIIOJIOCHOM 3O0HJUPOBAHUM U IPUMCHCHUC HUX I OILCHKU roka3arejieii kKauecTBa
YCTpOMCTB 00pabOTKY M MPUHATHS pemeHni. [Ipr 3ToM 10CTOBEpPHOCTH NOMYyUEHHBIX PE3yIbTATOB B COOTBET-
cTBUE ¢ mpuOmmkeHneM | roirenca-OpeHens SBIIETCS YIOBICTBOPUTEIHPHON W OTpaskaeT OOIIHe 3aKOHOMED-
HOCTH U3MEHEHHS CUTHAJA.
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THE MODELING TECHNIQUE OF THE ECHO SIGNALS
FROM THE COMPLEX OBJECTS ON THE BASIS OF HUYGENS-
FRESNEL PRINCIPLE

D.A. Ravdin, K.O. Kolesnikov, L.V. Sisigin, Yu.V. Sushin

The complexity of the tasks solved by a modern radar-location demands carrying out various researches based on
simulation modeling.

The quality parameter assessment of radar wideband signals and multiple-choice decision-making is among such re-
searches. To perform this task the models both sounding and echo signals are required.

The joint authors developed a technique of modeling of echo signals from the objects of a complex shape under the
broadband sounding based on the Huygens-Fresnel principle and using the 3D models.

Structurally the technique of modeling of the echo signal includes five stages.

The offered technique provides the model forming of the echoes from the complex objects under the broadband sound-
ing and also their application to estimate the quality parameter of the processing decision-making devices. In such a case
the validation category of the received results in accordance with Huygens-Fresnel principle is satisfactory and reflects the
common factors of signal changing.
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COBEPLUEHCTBOBAHUE AIMAPATYPbI CTAPTOBOU
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Paccmampusatomcesi ocHosHble Hedocmamku ACA cyuecmsyrowux 3PK HK 6onbwol u manoti danbHocmu u paccMmam-
pusaromcsi criocobb! nosbiweHuUss bbicmpodeticmeusi, besonacHocmu nposepok ACA u pacwupeHusi ¢hyHKUUOHarbHbIX 803-
MoxxHocmel nyckosbix Modyned, a makxe npumeHeHue 8 ACA omka3zoycmotiyussix LUATT u AL ¢ camokoHmpornem.

Knroyeeble cnoea: 6esonacHocmb, HalexHOCMb, OOCMOBEPHOCMb KOHMPOIS, aHano2o0-yugposol u yugppo-
aHaso208bIl npeobpasosamersiu, CaMOKOHMPOIb.

There are considered the main shortcomings of the launching controls equipment (LCE) of the existing SS long/short
range AMS and the enhanced action speed as well as the LCE checkout procedure safety, the extended capability, the self-
testing fault-tolerant digital-analog converter (DAC) / analog-digital converter (ADC) using in the LCE.

Keywords: safety, reliability, control certainty, analog-digital and digital-to-analog converters, self-testing.

Henbio coBepuieHCcTBOBaHUS ammnapaTypsl ctapToBoii aBToMatuku (ACA) 3PK nagBoausix kopabneit (HK)
SBIISICTCS YIIyYIlIeHHEe OCHOBHBIX XapakTepucTuk ACA: HaJeKHOCTH, TOCTOBEPHOCTH, OBICTPONEHCTBUS U Oe3-
OITACHOCTH IMPOBEPOK MPHU MOATOTOBKE M MyCKe HECKOJIBKUX THUIIOB PACXOTHBIX H3AEIHUI, UTO SIBIAETCS aKTy-
aJbHBIM.

PaccmatpuBatorcst ocHoBHBIe HenoctaTku ACA cymectByromux 3PK HK Gombmroit u manoit manbHOCTH
(B u M]]) m paccMaTpuBarOTCS METOABI M CPEICTBA MOBBIMICHHUS TOCTOBEPHOCTH KOHTPOJISI KOMILIEKCOB, aB-
TOMaTHU3alMu U 0e30MacHOCTH MX MpoBepokK. lIpakTuka skcrutyatauuu coBpeMeHHbIX 3PK mokaseiBaer, 4To
MOAKIIOYEHHE UMUTATOpa Lenel u3fenus K siexkTpopazbeMy [IM ocylecTBiasieTcss BpyYHYIO U 3aHUMAeT 3Ha-
yuTENbHOE BpeMs. s yMeHbIIEHHMs BpPEMEHH, 3aTpaurBacMOro Ha IPOBEICHUE CTHIKOBOYHBIX OIEparuil
«uMHUTaTOp-3JeKTpopazbeM 1My, npemnaraercs psia cioco6os. [lepsrrit (s 3PK BJI) — BMecTo pydHoit ycTa-
HOBKHM UMHUTaTOpa Ha myckoBoM MmecTe [IM mpemnaraercs umutarop B coctaBe TIIK umm nHON KOHCTPYKIIUU C
aBTOMATHYECKON 3arpy3Koi U MpoBepkoi B moasmxHOM [IM 6apabannoro tumna. Bropoii (mns 3PK M/J]) — BBe-
JIEHUE TONOJHUTENBHBIX 3JIEKTPOPA3bEMOB B MEXAHU3M CTBIKOBKH 3JIEKTPOPA3BEMOB Ha KaX/10€ IIyCKOBOE Me-
CTO ¢ TOBOpOoTOM Ha 180° 1Mo OTHOLIEHHIO K OCHOBHOMY 3JIEKTPOpPa3beMy Ul aBTOMATUYECKONW CTBIKOBKH 3TOTO
OPIIM c anekTpopazbeMOM BCTPOSHHOTO MajorabaputHoro nmutaropa. Kpome toro nemnecoodpasna mns 3PK
B/l monepam3arus omHopazseMHoro I[1M GapabaHHOTO THIIA B TaK HAa3BIBAGMBIHN «IByXpa3beMHBIN» [IM, Korma
OJIMH DJIEKTPOPa3bEeM CO JKIyTamu ycraHaBnmuBaercsa B [IM, a mpyroit Haxoautcs B 3Ulle mist mocnmeayromiei
3aMEHBI M MIEPECTHIKOBKHU KI'YTOB K MEPEX0HBIM KOpoOkaMm [IM mnpu HeoOXOAMMOCTH HCIIOIb30BaHUS U3]IEITHIA
JIPYTOTO THIA. DTO MO3BOJUT MpH Hamwuud ABYX ACA MMeTh BO3MOXHOCTH paboThl ¢ omauM [IM, mpumMeHsis
nBa tuma u3nenuid. Takas mopabotka [IM CTOMT 3HAYMTENBHO NEIIEBJIE, YeM H3rOTOBJICHHE HoBoro IIM s
Bropoii ACA. Ilpennaraercs 3aMeHa BOJTHOBOIHO-KOAKCHAIBHBIX TPAKTOB HA KOPOTKHUE KOAKCHAJIbHBIE KaOenu
C BBEJCHHEM COBPEMEHHOT'O MaJOradapuUTHOTO MEepeHOCHOTo Onoka GopmupoBanus BU curHamoB BMecTo He-
CKOJIBKFIX TPOMO3IKUX OJIOKOB, UTO ITO3BOJIUT CYIIECTBEHHO CHU3UTHh CTOMMOCTH U TOBBICHTH HAJIE)KHOCTH pe-
3epBupoBanHoit ACA 3PK B/I.

[lokaspiBaeTcs, 4TO TpHMEHEHHE pa3pabOTaHHBIX OTKA30yCTOMYUBBIX aHAIOTO-IM(POBBIX H mHDPO-
aHAJIOTOBBIX TpeoOpa3oBaTeeil ¢ CAaMOKOHTPOJIEM M aBTOKOPPEKIIUEH MOTPEeIIHOCTeH P BBOAE YIJIOB CKIIO-
HEHHs Ha OOPT M3/IENHs TIO3BOJIUT MTOBBICHTh HAJIE)KHOCTh U JIOCTOBEPHOCTh NepeiaBaeMOi HH(POPMAaIIHH.



CEKLNSA «3EHNTHbBIE PAKETHBIE CNCTEMbI 1 CPE[JCTBA»

JIMTEPATYPA

1. CenysiHoB, M.H. O noBbiweHun BbicTpoaencTBusi, 6€30NacHOCTM M OCTOBEPHOCTM KOMMNMEKCHbIX npoBepok 3PK HagBoaHbIX kopab-
nen // PagnoanekTpoHHble cuctembl. Cep. ObueTexHuveckasi. — 2002. — Bein.1(4). — C.101-107.

2. CenysHoB, M.H. OcobGeHHOCTV NpUMeHeHNs MycKoBbIX Modyne 6apabaHHOro 1 HENOABMXHOrO TUMOB NPYU MoAepHM3aLMKn kopabenb-
HbIX 3€HUTHbIX KOMMNIEKCOB U nx cpeactB koHTpons. XY1 MakeeBckue uteHusi. Bcepoccuiickas Hay4HO-TeXHUYeckas KoHdepeHuums.
«MHTerpnpoBaHHble MHOrOMYHKLMOHANbHbIE CUCTEMbI ynpaBrenus ans BM®. HanpaBneHusi coBepLUIEHCTBOBAHWS, HOBbIE TEXHOMO-
runx» / CoopHuk TesmcoB goknagos. — M.: OAO «KoHuepH «MopuHdopmeuctema-Arat», 2010. — C. 24-25.

3. A.c. N2 469212 (CCCP). YctpoicTBo napacdasHoro umdpo-aHanoroBoro npeobpasoBaHus ¢ camokoHTporniem / M.H. CenysiHoB, 1979. —
Ne 22,

4. CenysaHoB, M.H. MHorokaHanbHble 0TKa30yCTONYMBbLIE aHanoro-Luudgposbie npeobpasoBaTenu ¢ caMokoHTponem / PagnonokauyoH-

Hble CUCTEMbI CrMeumanbHOro M rpaxaaHckoro HasHadenus. 2010-2012. / MNog pea. HO.U. Benoro. — M.: PaguotexHuka, 2011. — C.
367-376.

THE EQUIPMENT IMPROVEMENT OF LAUNCHING CONTROLS
OF THE SURFACE SHIP (SS) LONG / SHORT RANGE ANTIAIRCRAFT
MISSILE SYSTEM (AMS)

M. N. Seluyanov

The LCE improvement purpose of the SS AMS is to enhance the LCE main performance: reliability, control certainty,
speed and safety of testing at the preparation and launching of some types of items of equipment.

There are considered the main shortcomings of the LCE of the existing SS AMS of long/short range (L/SR) and the
methods and means of increasing the control certainty of complexes, automation and safety of their testing. The modern
AMS operation shows that connecting the product circuit simulator to an electric connector is performed manually and takes
considerable time.

To reduce operation time a number of ways is offered. The first is for the long range AMS and the second- for the
short-range AMS.

There was offered the replacement of the waveguide-coaxial channels by the short-coaxial cables with introducing the
modern small-sized portable high frequency signal-conditioning unit instead of several bulky modules that will allow to re-
duce the cost significantly and to increase reliability of the redundant LCE of the LRAMS.

There is shown that using the developed failure-safe analog-digital and digital-to-analog converters with self-checking
and self-correcting will allow increasing the reliability and controlling certainty of the transmitted data.
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METOLbI N CPELJCTBA IOBbILLIEHUA OCTOBEPHOCTHU
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lMpueodumcsi 0606wWeHHbIU Mokasamersb 00CMO8epPHOCMU KOHMpPO-s 0511 komrnekcHol nposepku 3PK, a makxe Ons
oueHKu 0ocmosepHOcmuU pacrosHagaHusi «3YP—umumamopy.

Knroyesnie cnoea: 6e3onacHocmb, 0OCMOBEPHOCMb KOHMPOJISA, OfHOMa KOHMPOJIA, 8upmyarnbHbil uMumamop,
nuyesas naHesb, b1ok-OuaspamMmma, CaMOKOHMPOIIb.

There is presented the complex factor of the control certainty for the integrated checkout of the ship AMS and also to
estimate the « GAM- simulator» recognition reliability.
Keywords: safety, control certainty, control integrity, virtual simulator, face plate, block diagram, self-test.

B HacTosimiee BpeMst akTyaqbHOU 3a7adueil aBiseTcs pa3padoTka METOJOB U CPENCTB IO YIPaBIECHUIO 0e3-
omacHOCThIO crapTa pakeT B 3PK. YuuteiBas Takue oOCTOATENBCTBA, KAK CTAPEHUE MapKa IKCIUTYaTHPYIOICHC S
TEXHHUKH, HEBO3MOXKHOCTh B PsiJie CIydaeB 3aMeHbI 000PYIOBaHUs, YXOJ BRICOKOKBAU(UITMPOBAHHBIX CIIEIIHA-
JIUCTOB U OIIEpPaToOpoB U3 cepbl 00CITyKNBaHUS TEXHUKU CIEIHaIbHOTO HA3HAYECHUS U T.1I., TO MOXKHO CUHTATh,
91O npobiemMa 6e30MacHOCTH TaKMX CUCTEM U KOMITJIEKCOB ITPHOOpera cepbe3HOe 3HaUeHHE.

B cBsi3u ¢ aTUM mpennaraercs pa3paboTaHHBIM 0000MEHHBIN TOKa3aTelh TOCTOBEPHOCTH KOHTPOIIS MPH-
MEHSTh HE TOJIbKO IIPA KOMIUIEKCHBIX PerJaMeHTHBIX TpoBepkax 3PK, HO U 17 onleHKH JOCTOBEPHOCTH PACIIo-
3HaBaHUS «U3JeNue-uUMHUTaTOp». IIpUBOANTCS KOMMYECTBEHHAS OIIEHKA 3TOW JOCTOBEPHOCTH PacliO3HABaHUS U
MOKa3aHa I1eJeco00pa3sHOCTh aBTOMATHYECKOH KOMMYTAlM{ Iemel 3JeKTpopa3beMa IMYyCKOBOIO MOIYJIS
(OPIIM) ¢ u3nmenueM WM UMUTATOPOM JIJIs OBEIIeHUs1 ToToBHOCTH 3PK 1 ero coctaBHBIX WacTeil kK mpruMeHe-
auto. C atoit nenpro menecoodpasusl B 3PK 1Ba koHTpoNbHBIX pexkuma. [lepBoiit — KP (KOHTPONBHBINA peskuM
nepesa MpUMEHEHUEM), KOria BCTpOoeHHbIe MajoradaputHeie umutaTopbl Tuna bO UKII-907 ycranoBneHs! Ha
Kopirycax AonodHUTEeNsHBIX DPIIM ¢ BKiIFOUeHHOW OIIOKUPOBKON OCHOBHBIX AJIEKTpopazbeMoB. Bropoit — PK
(periTaMeHTHBIN KOHTPOJIb), KOTJ]a IMHTATOPHl YCTAHOBJICHBI Ha KOPIIyCaX OCHOBHBIX 3JIeKTpopa3zbeMoB (ODP)
IIM, nipu 3ToM Kopmyca Beex octanbHbix ODP IIM orcoenunens! ot TIIK (6e3 Boirpy3ku Goesamaca) U BhICBE-
ynBaeTcs curHan «kopmyca OOP [IM orcteikoBaHb». ITOT curHan nepeaaercs B LIBC ans obecnieuenns 0e3-
omacHocTH mpoBepok. B HekoTopeix ACA (Hampumep, B m3aennu 3M95M), toe ananoroBas u mudpoBas WH-
¢dopmanus pazaeneHsl Mexxay ACA u LIBC, ucrons3ytoTes Ba UMHTaTOpa ¢ HAIMYKEM JBYX NPU3HAKOB: aHa-
JIOTOBBIM M LHU(PPOBBIM, HUMEIOIUX PA3THYHBIE CXeMbI (HOPMHUPOBAaHUS CUTHAIOB TOTOBHOCTH.

PaccmaTpuBaroTcst mpuMephl TEXHUYECKOH peanu3aliyl Ha 3Tare MpeIBapUTEIbHBIX OTIA0YHBIX HCIThITa-
HUl 0€30MacHOT0 KOHTPOJISl YPOBHEHW HANPSKEHHS MUPOTEXHUYECKUX KOMAHA M WX JUIMTEIHHOCTEH MPH Ipo-
BepKe cpabaThIBaHMsI TMPOMATPOHOB.

ITokasbiBaeTcs, 4TO ympaBiIeHHE SKCILTyaTallMOHHOW 0€30MacHOCTBIO Iejecoo0pa3HO OPHEeHTHPOBATh Ha
pe3ynbTaThl aHAIM3a HApYIIEHUH YCIIOBUH sKcIuryaTanud. [Ipu 3ToM aHanm3 JODKEH YYHUTHIBaTh, 9TO HEOOXO-
JUMOCTB ¥ CPOYHOCTh KOPPEKTHPYIOIIUX MEp 3aBHCUT OT CTETIEHU ONTACHOCTH HAPYIICHHIMA.
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METHODS AND MEANS OF INCREASING CERTAINTY OF THE SHIP
ANTIAIRCRAFT MISSILE SYSTEM (AMS) CONTROL TO PROVIDE
SAFE TAKEOFF OF THE GROUND-TO-AIR MISSILE (GAM)

M.N. Seluyanov

At the present day an actual task is to develop methods and means to control the missile take-off safety in the AMS.
Taking in account such circumstances as operated equipment aging, equipment replacement incapability in some cases,
highly-skilled professional retiring, etc., one can consider that the problem of safety of such systems and complexes assume
significant value.

In this context it is offered to apply the developed overall index of control integrity not only at the AMS complex stand-
ard flight checking, but also to estimate the "product-simulator" detection reliability. The quantitative assessment of this de-
tection reliability is given. There was shown the practicability of automatic circuit switching of the launching module electric
connector (LMEC) with the item of equipment or the simulator cleared for action to increase the AMS readiness.

There was stated that for this purpose two control modes in the AMS are reasonable: the first — before application and
the second - procedural control.

The examples of technical implementation at a stage of preliminary debugging tests of the safe control of tension lev-
els of pyrotechnic orders and their continuance were reviewed.

It was shown that the operational safety control is advisable to focus on the results of the service condition violation
analysis. In this case the analysis should take into account that the need and urgency of the corrective measure depends on
the violation hazard level.



