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B uHgbopmauuoHHbIx ucmoyHukax Poccutickol ®edepauyuu HeOOHOKpPamHO MoOHUMAaemcsi 80MpPOC O Kaye-
cmee crieyuanbHoU npodykKyuu, nocmasnsemol 2ocy0apCmeeHHbIM U UHOCMpPaHHbIM 3aka3yukam. B cmambe
paccmampusaemcsi 00UH U3 nodxodos K obecredyeHuro ka4ecmea npodyKyuUU, peanu3ayusi Komopoz2o 803MOXHa
8 pamKax uHmezpuposaHHoOU CmMpyKmypbI.

Knrouesbie cnoea: KoHmpaghakmHble KOMMOHEeHMbI, cepmucbukayusi, crieyuasabHas npooyKyus, 3/1eK-
mpoHHas KoMroHeHmMHasi basa, paduoanekmpoHHas annapamypa.

The information resources of the Russian Federation are continually addressing the matter on special
products quality supplied by the state and foreign customers. The article considers one of the approaches to en-
sure the products quality the implementation of which is possible in the framework of integrated structure.

Keywords: infringing components, certification, special products, electronic hardware components, electronics.

CraTpsl TOCBsIIIEHA TMOAXOLY K PELICHHIO MPOoOJieMbl 00ECTICYEHHIO KauecTBa MPOLYKLUH IpO-
MBIIUIEHHBIX IPEANPUATHI, BXOJAMX B MHTETPUPOBAHHYIO CTPYKTYPY.

BeimonHeH ananu3 (akToOpoB, OKa3bIBAIOIINX BIMSHUE HA YXYIIICHUS KAa4ecTBa MPOAYKIHHU, K
OCHOBHBIM U3 KOTOPBIX OTHECEHO HCIIOJIb30BAHUE KOMMEPUECKOHN M 3apyOeXHOW 3IEKTPOHHOH KOM-
TIOHEHTHOH 0a3bl, 00YCIIOBIMBAOIIEE PUCKH OTKAa30B M3AEIHN M3-3a KOHTpa(aKTHBIX WM HEKOHIH-
[IMOHHBIX KOMIIOHEHTOB U TONAIaHNS B U3/ENNS CIIEINATbHBIX 3aKJIaJIOK.

PaccmoTtpen ombIT 60p60BI ¢ KOHTpadakTHOH 3nemenTHOH 6a30i B CIHA m HATO u, ¢ ero yué-
TOM, BBIpaOOTaHBI MPEJIOKEHHS IO 00ECIIEYeHUIO KauecTBa BhIITyckaeMol npeanpustusimu Konuep-
Ha PagrodJIeKTPOHHOU anmaparypsl. Ocoboe BHUMaHHE YAEJICHO 000CHOBAHUIO MPEIIOKEHUH 110 COo-
3maHuro U passutwio ['omoBHOTO McmbITatenbHOTO Llentpa AO «HIII «3aBom Mckpay, SBIISIFOIIETOCS
KOPIIOPATHBHBIM LIEHTPOM CEPTU(HUKAINU 3JIEKTPOHHOW KOMIIOHEHTHOH 0a3bl OT€YECTBEHHOI'O M 3a-
pyoexHoro npousBoactBa AO «Konuepn BKO «Anmaz — Anteii». IlpennoxeHn nmoapoOHbI MmiaH
pacuIpeHnst BO3MOKHOCTEH 3TOT0 IEHTpa N0 cepTU(hUKAIMH U3ACIHN dJEKTPOHHONH KOMIOHEHTHOM
0a3bl 1 IepevYeHb HEOOXOAUMBIX /ISl 3TOTO MEPOTIPHUSTHH.
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PROBLEMS AND IMPROVEMENT ROUTES
IN PRODUCTS QUALITY DURING PROCESS
OF INNOVATIVE DEVELOPMENT
OF INDUSTRIAL ENTERPRISES ENTERING
THE INTEGRATED STRUCTURE

S.N. Ostapenko, R.G. Tarasov, A.A. Filatov

The article deals with the problem-solving approach to ensure the products quality of industrial enterprises
entering the integrated structure.

The analyses of factors was fulfilled influencing on product degeneration the main of which is relating
to commercial and foreign usage of electronic hardware components stipulated the items failure risks due
to infringing or off-grade components and ingress of special embeds in items.

The mitigation experience with infringing hardware components in the US and NATO was examined,
the proposals were worked-out subject to it as for quality ensuring of electronics manufactured by the Concern
enterprises. The special attention was paid to proposals motivation on build-up and development of Parent test
center of the JSC «Zavod Iskra» Research and Manufacturing Enterprise» which is a corporative center
for electronic hardware components certification of indigenous and foreign manufacture of the JSC «Almaz — An-
tey Air Defense Concern». The center enhancement detailed plan for items certification of electronic hardware
components and list of necessary corresponding arrangements were proposed.

MNoctynuna 17 ceHTA6psa 2015 roaa.

BECTHUK BO3YLUHO-KOCMWUYECKOM OBOPOHbI N2 2 (10), 2016 r.


http://escltd.net/

PA3EN: NPOBJIEMHBIE BOMPOCbHI MOCTPOEHNA CUCTEM U CPEACTB BKO

Yeaxxaembie yumamenu!

Pepakums xxypHana «BeCTHUK BO34yLIHO-KOCMUYECKOW OOOPOHbI» HEOOHOKPATHO MO3MLMO-
HUpoBarna uUenb M3daHus Kak nyonukaumio akTyanbHOM Hay4HO-TEXHUYECKOM MHGopMaumm no
npobnemHbiM BOMpPOCaM MEepPCNeKTUBHbLIX WCCNeaoBaHU B paMkax peanusaumm BOEHHO-
TEXHWYECKOM MOMINTMKM rocyaapcTBa B o6ractu co3gaHust Haykoémkux cuctem BO-TMPO un
BO3AYLLHO-KOCMMWNYECKON OOOPOHBI B LIESIOM.

B TO Xe Bpemsi YCrOXHEeHWe HayKOEMKOW BOEHHOW TEeXHWKW, CO3daHue eé€ B kKoonepauuu
BONbLUOro KONMMYECTBA HaydHbIX M MPOM3BOACTBEHHbLIX KONNEKTUBOB TPeOyeT HOBbLIX 3HaHWUNM,
KPUTUYECKOro Noaxoda K MO3HaHWIO pas3HOro poaa OOBLEKTOB. YcnelwHoe pelleHne nodobHbIX
npobnem TpebyeT KpUTUKO-PedNTEKCUBHOIO YPOBHS NO3HAHUSA 1 OCMbICIIEHMS.

MepBbiM LLArOM Ha 3TOM NyTU ABMSIETCA NyONMKauus npeaniaraeMon BalleMy BHUMaHMWIO CTaTby
«Purnocodcko-MeToaoNnorM4Yeckne nccregoBaHnst NPobnem NHXEHEPHOro NPOEKTUPOBAHMSY.

YK [101.8:62](075.8)

®UN10COPCKO-METOLO/IOMMYECKUE NCCITIEQOBAHUA
[POBJIEM UHXEHEPHOIO INTPOEKTUPOBAHUA

© ABTOp, 2016

T.MN. NaBnoBa kaHOudam ¢buroCoOpCKUX HayK,
MAMU, a. Mocksa
E-mail: vptp52@mail.ru

B cmambe paccmampusaemcsi 380MIOUUST UHXEHEpUU U MpoeKkmuposaHus, 20e Xapakmepusyromcs
0COBEHHOCMU HayKu, UHXeHepuu, npoekmuposaHus. [Moka3aHo, ymo 8 xode UHOpMayUOHHOU mexHu4Yeckol
pesoroyuUU UBMEHSIEMCST HE MOJTbKO 06BbeKm UHXeHepHoU 0esimenibHOCMU, HO U caMa 0essimeslbHoCMb, KOmo-
pasi cmaHosumcsi crioxHol u mpebyem gossnedeHusi 8 pabomy cucmeMHbIX UHxeHepos. CrioxxHocmb npoyecca
rnpoekmupoeaHusi 8bidguzaem Heobxo0uUMOCmb e20 crieyuanbHo20 Uuccriedo8aHus.

Knroyeeble croea: npoekmuposaHue, KOHCMPYupo8aHUe, CUCMeMHasi UHXeHepusi, 8030y WHO-
Kocmu4eckasi 060pOHa, MPOeKMHOe MbIlIeHUe.

The paper reviews evolution of engineering and design looking into features of science, engineering and
design. The author came to conclusion that during the informational and technological revolution not only
the object of engineering activity became more and more sophisticated one. The activity itself became
sophisticated one and requires for system engineers to be involved into work. Complexity of the design process
sets the necessity of its dedicated research.

Keywords: design, structural design, system engineering, air-space defense, design mentality.

dunocoduss TEXHUUECKOrO 3HAHUS BKJIIOYAET B ceOs aHAJIM3 CYIIHOCTH Pa3InYHbIX BHJIOB TEX-
HUYECKOH EATENBHOCTH, B IEPBYIO OUEPElb, NHKEHEPHON M HAYUYHO-UCCIIE0BATEIBCKOM.

Wmxenepus sBisieTca npearedeil mpoektupoBanna. OHa BIIEPBBIE COEAUHSIET pa3pabOTKy CEMU-
OTHYECKUX MOAeJel (CXeM, HayyHbIX 3HAHUH U TEOpUH) C TEXHUYECKUM JEHCTBHEM, OPraHU3ys W3
HUX €IMHBIN IpOoIlecC NHXEHEPHOTI0 UCKyCcCTBA. B HayuHOM nuTepaType BcTpedaeTcst Kak MpOTHBOIIO-
CTaBJICHNE MH)KEHEPHOTO NMPOEKTUPOBAHNS HAyKe, TaK M €r0 OTOXKECTBIEHHUE C HEM.

IIpoexTrpoBaHue U HayKa OKa3bIBAIOTCS Pa3/IEICHHBIMH I10 TIPOIYKTY: MPOEKTHI B OTHOM ClTydae,
3HaHUS - B IPYroM. 3a pa3/ieieHUuEM 10 NPOIYKTY HEU30€KHO CIEAyeT CYILECTBEHHBIC Pa3iINyusl B
METOJaX M CPEJCTBaX, HCIOJB3YEMBIX [EATENIbHOCThIO, co3faromeid mpoaykT. IlpoextupoBanue
BKJIFOYAET B CBOM HAaOOp CpEeACTB 3HAHWSA, CO3JaHHBIE HAYKOM, HayKa BKJIIOYAET B YHCIIO CBOWX
CPEICTB 3JIEMEHTHI MMPOEKTUPOBaHUs (IPOCKTUPOBAHUE MBICJICHHBIX U TEXHUYECKUX HKCIEPHUMEHTOB,
MX OCHAIICHHUS M T.I.), HO NIPUHIMIIMAILHOE Pa3jiMuie B CpeicTBax coxpausercs. IIpoextupoBanue
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CTaHOBUTCSI CaMOCTOSITEIIbHON C(epoll AeSITeTbHOCTH, KOT/Ia MPOUCXOANT pasjieliecHHue TPylla MEXIy
KOHCTPYKTOPOM W M3roToBHTENeM. llepBbIii HaunHAeT OTBEYaTh 32 CEMHOTHYECKYIO0 W MHTEJUIEKTY-
AITBHYIO YacTh paboTHI, a BTOPOH - 33 CO3[JaHIe MAaTePHATFHON YaCTH M3TOTOBJICHUE 10 YepPTeXaM U3-
nenust. B xone nHpOpMaIMOHHON TEXHUYECKOW PEBOJIFOIIUN U3MEHSICTCS HE TOJBLKO O0BEKT HHIKEHEP-
HOW JesITeNFHOCTH, HO M3MEHIETCA U caMa WHXXEHEpHasl JIeATeIbHOCTh, KOTOpas CTAHOBUTCS BEChMa
CIIOXHOH, TpeOyIoIIel Oprann3ann 1 YIpaBICHHS.
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PHILOSOPHIC - METHODOLOGICAL RESEARCH
OF ENGINEERING DESIGN PROBLEMS

T.P. Pavlova

Philosophy of technical knowledge supposes analysis of substance of various technical activities including
engineering and scientific research.

Engineering is a forerunner of design. First, it connects development of semiotic models such as schemes,
scientific theories and studies, with technical activity, transforming them into united process of engineering art.
Scientific publications oppose science and engineering or identify them as equal entities.

Design and science are different because of their different final product — projects in one case and knowledge
in another. Besides different products there are different methods and instruments used to create the products. Design
includes knowledge created by science. Science uses elements of design (mental and technical experiments,
test facilities, etc.). Nevertheless, there is significant difference in instruments and approaches. Design becomes
independent activity when job separated between a designer and a producer. The first one is responsible for semiotic
and intelligent part of work, the second one is responsible for implementation of the product per drawings. Informational
and technological revolution makes the object of engineering activity more and more sophisticated one. The
engineering activity itself becomes more sophisticated and requires thorough management.

MocTtynuna 16 deBpansa 2016 roaa.
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Haykoémkass npombiwinieHHocmMb 060POHHO-MPOMBILUAIEHHO20 KOMIIIEKCa pPaccMOmpeHa KOMIIIEKCHO
8 acriekme rnpobnem u nymeul ux peweHusi (¢ y4émom umMrnopmo3ameu,eHusi).

Knroyesble crnoea: 060pPOHHO-NPOMBbIWIEHHbBIU KOMIIEKC, 8bICOKUE MEeXHO/o2uu, UHHosauuu, modenu
Koprnopauyud.

The knowledge-based industry of defense-industry complex is considered in terms of problems and solutions
(including import substitution).
Keywords: defense-industry complex, high technologies, innovations, models of corporations.

B crarbe BBICOKOTEXHONOTHYHAS IPOMBIIUIEHHOCTh OOOPOHHO-TIPOMBIIUIEHHOTO KOMIDIEKCa
paccMOTpeHa KOMILIEKCHO OT IJIO0abHOTO YPOBHS JIO YPOBHS OTICNIBHBIX Npeanpustuii. JlaHHBIN
MOJIXOJ] TIO3BOJISIET 00CCeYnTh 0oJiee MIMPOKHI B3IJISA/] Ha MPOOJIEMbI BRICOKOTEXHOJOTHYHBIX OTEUe-
CTBEHHBIX NPEANPUATHNA, OLICHUTh UX TEKYILIEE COCTOSHUE B KOHTEKCTE MHUPOBBIX MHHOBALMOHHBIX
MPOIIECCOB, BBISIBUTH HanOOJIee aKTyaIbHBIE MTPOOIIEMBI Pa3BUTHA U IYTH WX PEIICHUS C yYETOM HM-
MOPTO3aMEIICHUS.
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IMPORT SUBSTITUTION IN THE DEVELOPMENT
OF DEFENSE-INDUSTRY COMPLEX

S.S. Chebotarev, V.S. Chebotarev, V.V. Yahont

The article examines the hi-tech industry of defense-industry complex wholistically, from global level to the
level of the separate enterprises. This approach allows providing broader view on hi-tech domestic enterprises
problems, to estimate their current state in the context of world innovative processes, to reveal the most actual
development problems and its solution ways with regard to import substitution.

MNoctynuna 15 HosGps 2015 roaa.
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B cmambe npoaHanu3uposaH MHo2oremHull ornbim 3ghghekmueHoli coemMecmHoU Mo020moeKu creyua-
niucmos cunamu gedyuieeo mexHuU4ecKoeo yHusepcumema u npednpusimuli 060poHHOU ompacsu, Mosy4YeHHbIl
8 pesynbmame bonee 4yem rosy8eKkogol OessmenibHOCMU 8 caMbiX PasiuYHbIX coyuarnbHbIX U 3KOHOMUYECKUX
ycrosusix npu coxpaHeHuu mpaluUUUOHHBbIX MPUHUUNO8 U Hepaspbi8HOU C€853U C  POMbIUIEHHOCMbIO
U HarfpasneHHbIl Ha peweHue npobnembl obecrnevyeHuUsi 8bICOKO20 Kadecmea Mod20mosKU U 3aKpernneHusi
MO00bIX crieyuasnucmos Ha rnpeodnpusmusix.

Knrouyesnie cnosa: 6azosoe npednpusmue, uHxeHepHoe obpasosaHue, MI'TY um. H.3. baymaHa, Paduo-
mexHu4eckull ghakynbmem, y4ebHbIl rnpoyecc.

The article analyses the long-term experience of joint specialists training by leading technical university
and defense enterprises efforts gained as a result of more than semicentennial activity in different social and
economic conditions, along with maintaining of traditional principles and inextricable connection with industry,
directed to problem solution ensuring a high quality training and holding young experts at enterprises, that have
showed the efficiency of such a partnership.

Keywords: baseline enterprise, engineering education, N.E. Bauman Moscow State Technical University,
Department of Radiotechnics, academic activity.

B mae 2016 roga ucnosnsiercs 60 jgeT ¢ MOMEHTa opraHu3aliu PaqnoTexHuueckoro gaxkyibrera
MI'TY um. H.D. baymana. K MomeHTy co3manus dakyiabtera B 1956 roay MexayHapojaHas oOcra-
HOBKa ObLTa HaNpsDKEHHOW, YTO CTUMYIUpOBaNO cTpemiieHne pykoBojictBa CCCP k coBepiieHCTBO-
BaHUIO U YKPEIUICHHIO BOCHHOUM 0€30MacHOCTH TOCYIapCTBa, PUHSITHIO Psiia MEp MO COBEPIICHCTBO-
BaHUIO MPOTUBOBO3IYIIHOW OOOPOHBI CTpaHbl. [Ipu 3TOM psiJi BEAYIIMX MPEANPHUITUNA PaId0dJICK-
TPOHHOM TPOMBIIUICHHOCTH, TONy4Yas BaKHEHINHME TOCYJapCTBEHHBIC 3aKa3bl, UCIBITHIBAI OCTPYIO
NOTPeOHOCTh B IUTUIOMUPOBAHHBIX CIICIIUATTCTAX.

[1naHnupoBaHue MOATOCPOYHOM TEPCICKTUBBI PA3BUTHS PAJUO3JICKTPOHHOW TEXHHMKH, a TaKXKe
HACTOSATEJIbHAsS HEOOXOAMMOCTh B CHCTEMATHYECKOM IOMOJIHEHUU OTPACIH MHXCHEPHBIMU KaJpaMH,
3HAKOMBIMH Ha MPAKTHKE CO CHEeNU(PUKON KOHKPETHBIX NIPEIPUATHI, 00YCIOBIWIH co3fanne (DaKyb-
TETa MPH MPEANPHUATHIX PAIHUOIPOMBIIUICHHOCTH 00OPOHHO-TTPOMBIIIICHHOTO KOMILIEKCA.

MHOTrOJIETHHIA OIBIT COBMECTHOW MOATOTOBKH CIICIUAIMCTOB CHJIAMU BEIYIIEr0 TEXHHYECKOTO
YHHBEPCUTETA U MPOMBIIUICHHOCTH, ITOJIYYEHHBIA B pe3ysibTaTe 0ojee YeM MOTyBEKOBOH JesSTebHO-
CTH B CaMbIX Pa3JIMYHBIX COLUAIBHBIX H 3KOHOMHYECKUX YCIIOBUSX, IIPU COXPAHEHUU TPATUIIMOHHBIX
MIPUHIIMIIOB ¥ HEPA3PBIBHOW CBSI3U C MPOMBIIIJICHHOCTBIO, MO3BOJIIET PELINTh MPOOIeMy 00eCIICUSHUS
BBICOKOT'O KaueCTBa MOJIrOTOBKH M 3aKPEIUICHUS MOJIOBIX CIICIUAIMCTOB Ha MPEIIPUATHUSIX, TIOKA3bI-
BaeT 3(PPEKTUBHOCTH TAKOT'O TAPTHEPCTBA.
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EFFECTIVE PARTNERSHIP EXPERIENCE
IN ENGINEERING STAFF TRAINING

S.S. Udachev, D.A. Lemansky, A.V. Galev

On May 2016 it's the 60" Anniversary of the N.E.Bauman Moscow State Technical University Department of
Radiotechnics foundation. By the moment of the Department foundation in 1956 the international situation was
tense that bolster the USSR leadership efforts to improve and promote the state military security, taking steps
towards improvement of the national air defense. Herewith, a number of leading radio electronic enterprises,
receiving the state orders of prime importance, experienced the critical need in graduates.

The planning of long-term development prospects of radio-electronic equipment and imperative necessity in
systematic branch fill of engineering staff familiar in practical work with particularity of specific enterprises; have
stipulated the Department foundation attached to radio electronic enterprises of the defense industry complex.

The long-term experience of joint specialists training by leading technical university and manufacturing
sector efforts gained as a result of more than semicentennial activity in different social and economic conditions,
along with maintaining of traditional principles and inextricable connection with industry, permits to solve the
problem ensuring a high quality training and holding young experts at enterprises, that have showed the efficiency
of such a partnership.

MNoctynuna 19 auBaps 2016 ropa.
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B cmambe niepeducrieHbl OCHO8Hble 3adaqu u mpebosaHus, npedbssnseMble K COBPEMEHHBIM aKmUBHbIM
asuayuoHHbiM O3C, ommeyeHb! Hauboree rpobrieMHble 80MPOCHI 8 MfiaHe YITyHUWEHUsT Kadecmesa U 3¢hbheKmusHOCMU UX
pabomel. lNokasaHo, 4mo 00HUM U3 HarpasreHuli cosepluerHcmeosarust O3C Moxem bbimb yrydweHUe SHePEemuUYeCcKuxX
Xxapaxkmepucmuk exodsuux e cocmas O3C riazepos. Obcyx0armcsi NPU3HaKU /1a3epo8 Ha KOHOEHCUPOB8aHHbIX cpedax u
rpobriembl, OgpaHuUYUBaroUUe UX 3Hepaemuyeckue xapakmepucmuku. OnucaHbl MeXHUYECKUE pelleHUs, rno3sossowue
ysenu4ums yoesbHbIL 3HEP20CHEM U3ITyYeHUs rlasepa boree YeM Ha rnopsidok.

Knroyeeble cnoea: na3sepbl, mepMoornmuyeckue HeoOHOPOOHOCMU, npedesibHasi 3HEeP2emuKa, XXUOKUE aKmueHbIe
cpedbl, ONMUKO-3IEKMPOHHbIE CUCMEMbI, OMMUYECKUE K8aHMOBbIE yCUNUMESIU-CENeKmopb.

The article states main tasks and requirements imposed on modern active airborne optoelectronic systems (OES), the
most topical issues in terms of its performance quality and effectiveness improvement were specified. It was indicated that one
of the OES improvement direction could be lasers output performance improvement for OES. Condensed-phase lasers
features and problems limiting its output performance were discussed. Engineering solutions permitting to increase laser
radiation specific output pick-up more than by an order are described.

Keywords: lasers, thermo-optic nonuniformity, limit energy performance, liquid laser medium, optoelectronic systems,
optical quantum amplifiers-selectors.

B cratbe ormeuaercs, uro B aBMannoHHBIX ODC menecooOpa3sHO HCIONB30BAHME JIA3€POB Ha
KOHICHCHPOBAaHHBIX aKTUBHBIX CPEax, B COCTaB KOTOPBIX BXOJAT TBEPAOTEIbHBIE U )KUIKOCTHBIE Jia-
3epsl (TTJI u XKJI coorBeTcTBeHHO). OTMEUEHBI IPEUMYIIIECTBA M HEOCTATKH YITOMSHYTBIX JIa3epOB.
Ilokazano, yto B TTJI TpagMIMOHHOTO KOHCTPYKTHBHOI'O HCIIOJHEHMsS NPEAETbHYIO 3HEPreTHKY
OrPaHUYMBAIOT: MMOBEPXHOCTHBIE MOPOTH Pa3pyIICHUs] aKTUBHBIX 3JeMEeHTOB (AD) M TepMoonTHde-
ckue HeogHopoaHoctH (TOH), BozHuKaromue B Tporiecce Bo30YXKIGHUS W TeHepaluu Jja3epa, Ipu
9TOM 004 SIBJICHUSI OTPaHUYUBAIOT 3()(PEKTUBHOCTh MPUHYIUTENHHOTO OXJaXIeHHs. OTMEUYeHa CI0XK-
Hasl TEXHOJIOTHS U3TOTOBJIEHUS U BBICOKAsi CTOMMOCTh KaueCTBEHHBIX AD. [ TaBHBIMU OrpaHUYEHUAMHI
B JKJI SIBIIAIOTCS. HU3KUE TEIUIOPU3MUSCKHE XapaKTEPUCTUKH KUAKUX akTHBHBIX cpefl (JKAC), koTopsie
ycunmBaroT BpeaHoe siusiane TOH u pusnko-xumudeckne cBoiictBa HeKOTOPbIX JKAC, 3aTpymHsIomye
MX WCIIOJIb30BAaHHUE B TPAAULUMOHHBIX KOHCTpYKIMsX. [Ipu aTom JKAC 001agaioT BEICOKOH ONTHYECKON
OJHOPOJHOCTBIO, HE MOJBEP)KEHB HEOOPATUMBIM Pa3pyLLEHMSIM, MO3BOJISIOT o0eceunBath 0osee 3¢-
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(EeKTUBHBIN TEI000MEH, UMEIOT OonbIIoi accopTuMeHT AC MepeKphIBAIOUINN MIUPOKHN CIEKTPaIb-
HBIN THara3oH, a Takke 0osiee BRICOKHE TIOTEHITNATBHBIE SHEPTETHYECKIE BO3MOKHOCTH.

Tak xKak TOBEPXHOCTHBIE TIOPOTH Pa3pyIICHHs ONTHYECKUX MaTepHajoB HIDKE OOBEMHBIX, 00a
BUJa OIMCAHHBIX J1a3epoB TpeOyIOT TIepepacnpenesieHiss NpeAeibHbIX MMOBEPXHOCTHBIX JY4EBBIX
Harpy3ok Ha 00béM aktuBHOU cpensl (AC). Tem He MeHee, sHepreTrdeckuii pezeps JKJI 3HaunTENEHO
npeBocxoauT TTJL.

s npeogonenust mpoOiieM, NPEnsTCTBYIONINX JTOCTH)KEHUIO 0oJiee BHICOKMX YIEIBHBIX U Tpe-
JIENIbHO TIOCTH)KUMBIX SHEPreTHYECKHX MapaMeTpoB JazepoB npemiokeHsl TP Ha ocHoBe XKAC, mo3-
BOJIAIOIINE YIYUIIATh UX SHEPTETHKY U peann3oBaTh o0sie JKAC, TeM caMbIM, PacIIUPUTH BO3MOXK-
HOCTH TIPUMEHEHHSI M TTOBBICUTH dPPEKTUBHOCTH paboThl akTHBHBIX ODC. Onmcansl n3BecTHbie TP,
WX MPUHIUIBI TeHCTBUS U HanOojee 3HAYMMBbIE CYIIECTBEHHBbIC MPU3HAKU. [IpencTaBieHbl BO3MOXK-
HBIE OTPAHUYECHISI TAPAMETPOB U TaHbI PEKOMEHAINH 0 TPIMEHEHHIO.
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MAIN TASKS ALLOTTED ON MODERN OPTOELECTRONIC
SYSTEMS, ITS SOLUTION METHODS, POTENTIALITIES
AND IMPROVEMENT PERSPECTIVE OF ITS EFFECTIVENESS
THROUGH IMPLEMENTATION OF ADVANCED DEVELOPMENT
OF LASER DEVISES

V.V. Shabaev, V.L. Shatrovskiy

The article states that it's reasonable to use condensed-phase lasers in airborne optoelectronic systems
which composed of solid-state and liquid lasers (SSL and LL). The advantages and disadvantages of mentioned
lasers are specified. It's demonstrated that in SSLs of traditional design the limit energy performance is
constrained by: surface active elements (AE) damage thresholds and thermo-optic nonuniformity (TON) emerging
during laser excitation and generation, herewith both effects limit the forced cooling effectiveness. The complex
processing technique and high cost of high-quality AEs are specified. The main constraints in LLs are low thermal
and physical characteristics of liquid active medium (LAM) which intensify the deleterious effect of TON and
physicochemical properties of some LAM complicated its utilization in traditional structures. Herewith LAM has a
high optical homogeneity, immune to irreversible damages, permits to provide more positive heat exchange,
has variety of AEs overlapping a wide spectral range, and has higher energy potentialities.

BECTHUK BO3YLUHO-KOCMWUYECKOM OBOPOHbI N2 2 (10), 2016 r.



PA3AEN: NAPUMEHEHWUE CUN U CPEACTB BKO

Since surface damage thresholds of optical materials are lower the volume one, both types of mentioned
lasers requires the reallocation of limit surface radiation dose to the volume of active medium (AM). Nevertheless
the LL power reserve considerably increases the SSL.

To solve the problems constraining the achievement of higher specific and top laser power parameters, the
engineering solutions (ES) on the base of LAM were proposed permitting to improve its power and implement any
LAM thereby enlarging the application possibilities and raising the performance efficiency of active OESs.
The known ESs, its operating principle and the most significant essential features were described. The possible
parameters constrains were proposed and utilization recommendations were provided.

Moctynuna 29 ceBpans 2016 roaa.
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Uccrnedyromesi  803MOXHOCMU  COBMECMHO20  UCIOMb308aHUSI 8  asUayUoOHHOM  Hagu2auyUOHHO-MUIIOMaXHOM
KOMITIeKce UHGhopMauuu om CriymHUKOB0U HasUu2ayUOHHOU CUCMeMb! U arlbmepHamueHbIX Hagu2auyUOHHbIX cpedcmes
8 yCriosusix anpuopHoU HeorpedenéHHocmu. ObCy»daromcsi nNpUYUHBI, NMopoxdarouue HeornpedeléHHOCMb XapakKmepu-
CMUK arbmepHamueHbIX HasUueaUUOHHbIX rosell. Pasgueaemcsi nodxo0 K onmuMaribHOMy O6BLEOUHEHUIO pa3HOPOOHOL
HasueauuoHHOU UHGhopMayuu Ha ocHoee Hedemkol Jsioeuku. [Mpumep unmmocmpupyem enusiHue docmosepHocmu
anpuopHoll UHGhopMayuU Ha MoYHOCMb COBMECMHOL 06paboMKU Hagu2ayUOHHBIX OaHHBIX.

Knrouyeeble cnoea. criymHukosasi Hasu2auus, aibmepHamueHble HasU2aUUOHHbIe cucmeMsbl, arnpuopHasi
HeorpedenéHHOCMb, CoBMECMHasi 0bpabomka HaguzalUOHHbIX OaHHbIX.

The article examines combined utilization possibilities of information received from the satellite navigational system in
airborne flight-navigation complex and alternative navigational aids under conditions of prior uncertainty. The characteristics
uncertainty of altemnative field’s origin is considered. The approach to optimum integrating of heterogeneous navigational
information on the basis of fuzzy logic is in progress. An example demonstrates influence of prior information fidelity on
accuracy of combined navigational data processing.

Keywords: satellte navigation, alternative navigational systems, prior uncertainty, overlapped processing of
navigational data.

B cratbe aHanu3upyoTcsi 0cOOEHHOCTH MPUMEHEHHUS Pa3JInYHBIX THUIIOB HABUTALIMOHHBIX JaTyu-
KOB B pPEeXHME KOMIUIEKCHOH 00paboTKH Bcel mMmeromieiics Ha OopTy neraresnbHoro anmapara (JIA)
HaBUTAMOHHON wH(OopMmanmu. OTMedaercs, YTo JUIsi BHOBb DPa3padaThIBaeMbIX HABHUTAIIHOHHBIX
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CPEICTB, B TOM YHCJIE U HEPAIUOTEXHUUECKUX, MIPOLIECC BHEAPECHUS NX B HABUTALIMOHHO-TIMIOTa>KHBIN
komrmieke (HIIK) JIA moxeT omepeskaTh BCECTOPOHHEE TECTUPOBAHHME CO3IaBAEMOT0 MMM HAaBHTaITH-
OHHOTO TIOJIS, a TAKXKE CO3aHME METOIUKHU pacyeTra IoKa3aTeel LEeJIOCTHOCTH U TOCTYITHOCTH, aHa-
JIOTHYHOHM TOM, KOTOpasi y»Ke HCHONb3YyeTcs AJs OPYTruX paAuOHAaBUTallMOHHBIX cucTeM. [lokaszano,
YTO CTPEMJICHHE YIY4IIUTh HABUT'ALIMOHHOE obOecredyeHue JIA MmyTeM HCIOIb30BAHUS AIbTEPHATHB-
HBIX HAaBUTALMOHHBIX IOJIEH, HE MPOIIEAIINX AOCTATOYHOM anpoOaly B PealbHBIX YCIOBHAX, IIPH-
BOJIUT K HEOOXOAWMOCTH pa3pabOTKM TaKMX ajJrOPUTMOB KOMIUIEKCHOHW 0OpabOTKHM MMEIOIICHCS Ha
6opty JIA HaBUranMoHHOH MH(pOpPMAaNKHU, B KOTOPBIX YYUTHIBAJIKCH OBl TIOKA3aTeNH, XapaKTepU3yIo-
M€ CTENEeHb AOBEPUS KAKAOMY HABUT'ALIMOHHOMY CPEICTBY.

PaccmatpuBarotes cioco0sr coBmectHOro ncnonbs3oBanmst B HIIK JIA urdopmanmm ot cmyTHH-
KOBOW HABUTalIMOHHOW CHCTEMBI U aJIbTEPHATUBHBIX HABUTAIIMOHHBIX CPEJICTB B YCIOBUSAX allPUOPHOI
HeonpezneneHHocTu. OOCyXAarTCsl MPUYHMHBL, MOPOXKAAIOLINE HEONPENEIEHHOCTh XapaKTEPUCTHK
aIbTEPHATUBHBIX HAaBUTAIIMOHHBIX MOJIeH. Pa3BuBaeTcst moaxon K ONTUMaIbHOMY OOBEAMHEHUIO pa3-
HOPOJHON HABUTAlIMOHHOW WH(OPMAIMK HAa OCHOBE HEYETKOH JIOTHKH. [IprMepbl MILTIOCTPUPYIOT
BJIMSIHUE JIOCTOBEPHOCTH alpHOpHON WH(POPMALMK Ha TOYHOCTh COBMECTHOW 0OpaOOTKM HaBUTallH-
OHHBIX JaHHBIX.

B 3akmo4yeHnn oTmeuaeTcs, 4TO MpeIoKEeHHBIH crmocod GopMupoBanus k0dQHUIHEHTOB 3HA-
YUMOCTH Pa3HOPOJHOW HABUTALIMOHHOW MH(MOpMANUU Ui aJTOPUTMOB KOMIUIEKCHOH 0OpabOTKH B
BbIUMCIHTENbHBIX yeTpoiicTBax [THK JIA mo3BomsieT yuecTh MOTIOTHUTEIBHEIE CYIIeCTBEHHBIE (pakTo-
PBI, B TOM YHCJIE U TaKHE, KOTOPBIE paHee He (JOPMaNN30BbIBAINCH, HE UMESl YETKOTO KOJIMYECTBEHHO-
'O BBIpaXCHUA. PG3YHLT3TOM SABJIACTCA NOBBIIICHUE TOYHOCTHU, HCIIPEPBLIBHOCTHU, LHECJIOCTHOCTH U 10-
CTOBEPHOCTH (OPMHUPYEMBIX HABUTALIMOHHBIX TAPAaMETPOB, IO CPABHEHHIO C TPAJULMOHHBIMHU CIIOCO-
0amMu KOMIUIEKCHPOBAHUS WH(HOPMAITHHL.
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INTEGRATION OF THE NAVIGATION INFORMATION

Y.A. Antohina, V.I. Baburov, A.R. Bestugin, N.V. lvantsevich,
V.N. Perelomov, O.l. Sauta, A.D. Filin, Y.G. Shatrakov

The article analyses utilization particularities of navigational sensors of different types in combined
processing mode of all airborne navigational data. It's pointed out that for advanced developing navigational aids,
including none radio-technical aids, its introduction process to the airborne flight-navigation complex (FNC) could
advance extensive test of created navigational field and build-up of calculation technique of integrity and
availability figures, similar to being used one for another radio navigation systems. It's demonstrated that
tendency to improve airborne navigational support through use of alternative navigational fields, without being
proven in actual practice, leads to development of such algorithms of combined onboard navigational data
processing that consider figures characterizing the confidence degree to each navigational aid.

Techniques of combined utilization of information received from the satellite navigational system in airborne
flight-navigation complex and alternative navigational aids under conditions of prior uncertainty are considered.
The characteristics uncertainty of alternative field’s origin is considered. The approach to optimum integrating
of heterogeneous navigational information on the basis of fuzzy logic is in progress. An example demonstrates
influence of prior information fidelity on accuracy of combined navigational data processing.
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Its concluded that suggested generating technique of significance coefficients of heterogeneous
navigational data for combined processing algorithms in airborne FNC computing devices permits to consider
additional essential factors, inclusive of not formalinized, not having a clear quantification. The result is an
improvement of accuracy, continuity, integrity and fidelity of generated navigational parameters compared to

traditional techniques of data integration.

Moctynuna 27 auBapsa 2016 roaa.
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TMony4eHb! aHanumu4eckue ebipaxeHusi 011 pacyéma mekyuie2o pacrpedenieHus MNiomHoCmuU 8eposimHocmu
MeHOBEHHO20 rpomaxa cucmembl COMuXeHuUs:, ocHawéHHOU 6opmoebiM usMepumesieM onmuyecko2o Ouara3oHa.
BbipaxkeHusi no3eornisirom uccredosame 8nUsTHUE Xapakmepucmuk 60pmogo2o usMepumersisi Ha Mmo4YHoCcmb conuxe-
HUS1 8 yCIoBUSIX HECMAUUOHaPHOCMU WYMO8, MOPOXOEHHOU 83aUMOCEsI3bI0 NPOUECCO8 (hopMUPOBaHUS yrpasneHust
U U3MepeHuUsi KoopOuHam.

Knroyeeble crosa: cucmembi COMUXEHUS, OMMUYeckull KoopOUHamop, CmMoxacmuyecKkul aHanu3, 3aKoH
MPOMOPUUOHaIbHO20 HasedeHUs, 3asepLuarolyuli aman cOnUXeHUs!, 8ePOSIMHOCMb M2HOBEHHO20 PoMaxa.

The analytic expressions for instant miss current frequency distribution of rendezvous system equipped
with onboard optical band sensing element (meter) were obtained. The expressions permit to explore airborne meter
characteristics influence on rendezvous accuracy in conditions of noises nonstationarity generated by cross coupling of
control generating and coordinate measuring processes.

Keywords: rendezvous systems, optical coordinator, stochastic analysis, proportional navigation law, final
rendezvous stage, instant miss probability.

OrneHKa JOCTUTaeMoro rnpomaxa NpH CONMKEHUH ¢ HaOII0JaeMbIM OOBEKTOM MOXET 3aTpy/-
HATHCA TEM, YTO BXOI[HOﬁ mrym I/I3MepI/ITeJ'IeI71 SABJIACTCA HECTAUUOHAPHBIM, U IJI1 BBICOKOTOYHBIX CH-
CTEM CYIIECTBEHHO 3aBUCHT OT ()a30BBIX KOOPIHMHAT MOJBIKHOTO CpeAcTBa. [l TakuX yclIoBuii cTa-
HOBUTCSl HENPAaBOMEPHBIM NPUMEHEHHE HM3BECTHBIX BBIBOJIOB TEOpeMbl pasneneHus. Ha 3aBepiumaro-
IIeM dTaIlie C6J'II/DKCHI/I$I CHUCTEMA C6J'II/I)KCHI/ISI GY):[GT HaXoAUTHCA B YCTaAaHOBHUBIIEMCH PEXKHUME, a BO3-
MO’KHBIE OIIMOKM HMHEPIHAIGHOTO HAaBEICHMS OBUIM YCTpPaHEHBI NpU JACHCTBUH KOPPEKTHPYEMOMH
MHEPLUHUAIBHOW CUCTEMBI (KaK COCTaBHOM YacTH KOMIUIEKCHOW CHCTeMBI cOmmkenus). s ciyqas pe-
ajm3anun pu CcOJIMKEHHN 3aKOHA IIPONOPIHUOHAIBHOTO HABCACHUSA IIPOLECC 6J'Iy)KILaHI/I5[ CHCTEMBbI
OTHOCHUTEIHHO OIIOPHOU TPACKTOPHH TpHU COMMKEHUH C 00BEKTOM OyIeT ONMMCHIBATHCS CTOXAaCTHYe-
ckuM 1uddepeHInanbHBIM YPaBHEHHEM CIIEAYIOIIETO BUAA:

op(@t) __of(_ Ve(N+D 10K

K(a,t)NV7 |p(a,t) |+

ot Oa -Vt 4 oda
0* [1 2,22 |
+—| =NV /K"(a,t)p(a,t

rae ro, Vo — Ha4ambHOE PAcCTOSIHUE JI0 O0BEKTa U CKOPOCTh CONMKEHUS C HUM;
{ — Texymee Bpems;
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N — s dexTBHAS HABUTAITMOHHAS TIOCTOSTHHAS

@ — YCKOPEHHUE yIapHOTO CPEICTBA (CKAISPHBIC BEIUYUHBI).

MareMaTriueckoe cpeHee TaKoro ONTy)KIaHus PaBHO HYJIO, HO B BUJY CIyYalHBIX OTKIOHECHWH
TpeOyemasi BEpOSTHOCTh MpoMaxa MpH COMMKEHUU ¢ 00BEKTOM HAOJIOICHUS MOXKET OBITh HE JOCTHUT-
HYTA.

Jlis onTHYecKoro M3MepuTeNs HMH(pakpacHOTO Tuana3oHa B aHAJIOTHYHBIX YCIOBHAX (DYHK-
st E (3,t) IpUMeT BH:

Kir (1) = 4, K(n)(r, =Vt)°.

rae Air — dHepreTuueckue KodhuuueHtsl nponopuuonanbHoctd, K(n) — koaddumment crioaxupa-
HUS, YYUTBHIBAIOIINA YMEHBIICHAE ANUCIEPCUH IIyMa 3a CUYET COBMECTHOW 0OpabOTKHM N M3MepeHuit
npu GOPMHPOBAHUH OLICHKH YTIOBOH CKOPOCTH.

OxoHYaTeNnbHOE BBIPAKECHUE AJISl pacdyera pachpelelicHUsl IUIOTHOCTH BEPOSTHOCTH 3HAYCHUUN

MI'HOBCHHOI'O ITpoOMaxa h B OTOM CJiy4a€ MpUMET BU:

31 (vt NARE
4 a-l3 ro (ro _Vot)4
3(N+1)
> (h)= NV 3NAVATK ()2 (r, —Veh)® [ 1, ~ Vit
S , 7 8(4N +9)a’ r
(rp —Vgol) J. p(a,t)da Nt
o . 3 I +3N2V0AﬁK(n)2 't
4a,\ r, -V t 8(4N +9)a’ (r, -V, )"

I[aHHOC BBIPAKCHHUEC IMMO3BOJISICT aHAIIUTHYCCKHU IIPOBOAUTH OLICHKY TOYHOCTU CUCTEM C6J]I/I)KCHI/IH
C Y4ETOM XapakTepHCTHK m3Meputesst Aj, cucreMbl o0pabotku K(n), ycimoBuii cOMMKEHUS U mapa-
MEeTpa 3aKOHa yIPaBJICHHUS.

[Mpeanaraemplii MOIX0A K CTOXaCTHUECKOMY aHAIIU3y CHCTEM COJIMIKEHUSI HCIIONIb3YET ONMCaHNe
(YHKIIMOHUPOBAHMS CHCTEMBI B BUJIE MaTEMaTHYECKOH MOJEIM MapKOBCKOro mporecca. B otmmume
OT W3BECTHBIX, MTO3BOJISIET AHATMTUYECKH TTOJYYUTh BBIPAYKSHUS ISl HECTAIMOHAPHBIX pacipeerne-
HUM TIOTHOCTH BEPOATHOCTU MIHOBCHHOT'O IIpOMaxa B PAa3IMYHBIX YCJIOBHUAX BIUAHUSA OTpa6OTKI/I
yIIpaBJIeHHUs Ha TOYHOCTH OLEHKH COCTOSIHUSI CHCTEMBI.
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STOCHASTIC IMPACT ANALYSIS
OF NOISE TRANSIENTS EFFECT
ON INSTANT MISS PROBABLITY OF RENDEZVOUS SYSTEM
EQUIPPED WITH OPTICAL COORDINATOR

P.V. Vasiliev, V.A. Avdyakov, D.V. Miheev

Assessment of achieved miss at rendezvous with the observed object could be complicated in that input
meters noise is nonstationary and is considerably depends on vehicle phase coordinates for precision systems.
For such conditions it becomes unauthorized to apply the known separation theorem conclusions. At final
rendezvous stage, the rendezvous system is in steady-state operating condition, and likely errors of inertial
guidance were eliminated by adjusted inertial system (as constituent part of complex rendezvous system). For the
case with proportional navigation law realization at rendezvous, the system wandering process relative
to reference trajectory at rendezvous with the object will be described by the stochastic differential equation
of the following form:

dp(a,r)  d|( Vo(N+D) 1 dK(a,0)
dt da n=Vit 4 da
where ro, Vo — initial distance to object and closing velocity with object, t — current time, N — effective navigation
constant, a — acceleration of strike system (scalar values).

The mathematical average of such wandering is zero but due to random deviations the requiring miss
probability at rendezvous with observation object may not be achieved.

For IR band optical meter in the same conditions the function K(a,t) will be:

Kir (t) = AirK(n)(ro _I/:)t)2 )
where Ay — energy proportionality coefficients, K(n) — smoothing coefficient, considering the noise dispersion
reduction due to combined processing of n measuring at angular speed evaluation generation.
The resultant expression for frequency distribution evaluation of instant miss values h in this case will be of

the following form:

2

K(a, t)NzVoz] pla, t):| +:?{%N2V02K2 (a, t)p(a,t)},

31 (V)Y NARe
4 a-f rO (ro _Vot)4
NV, BNV, ATK (1) (5, ~Vo)* (1, Vet )"
pir (h,t) = ” _ 8(4N +9)af :
(T, ~Vaol)* [ P(a,t)da ,
o ( \N+1 3N 2V zK 2 N+6
3 rO O'Aﬁr (n) ro

+EL fy _VrotJ

84N +9)ad (r,—V,H)""

This expression permits analytically evaluate the rendezvous systems accuracy with respect to meter
characteristics Ay, processing system K(n), rendezvous conditions and control law parameter.

The suggested approach to stochastic analysis of rendezvous systems uses the system functional
description in form of mathematical model of the Markov process. Contrary to the known, it permits to analytically
receive expressions for nonstationary frequency distribution of instant miss probability in different influence
conditions of control exercise on system status precise evaluation.

Moctynuna 25 peka6ps 2015 ropa.
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YHUOULINPOBAHHAS TEXHOIOIMUA
PA3PABOTKU BU3YAJIbHbIX UHTEP®EACOB
LA PABOYUX MECT OTIEPATOPOB
N UMUTALNOHHBIX CTEHLOB 3PC BKO
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E.A. YepHbiwoBa
sedywjuli uHxerep, NMAO «HIMNO «Anma3s», 2. Mockea

B cmamee paccmampusaemcsi apxXumeKmypHoe pelueHue Onsi co30aHusi npoepammHoll nrnameopmsl, npedocmas-
narowel  yHUGUUUPOBaHHbIE  UHCIMPYMEHMbI  KpocciiamgbopMeHHOU  paspabomku — eusyarbHbIX  UHmMepgbelicos
0Onsa pabo4yux Mecm orepamopos pac4émos 3eHUMHo-pakemHbix cucmem (3PC), a maroke umMumayUoHHO-MOOETUPYHOLUX
CcmeHA08, UCrob3yeMblX Ha pasfudHbIX amarax pa3pabomku omderbHbix cpedcme 3PC. NpogpammHas rinamgopma
sKrmodyaem 8 cebsi MoOyriu obecriedeHUsT cemego20 0bMeHa, 8u3yarudayuu 8030y WHO-Ueresoli 06CmaHOBKU 8 pasuYHbIX
cucmemax KoopOuHam, 6KrYasi omobpaxeHue Ha 2e0UHEOPMAaUUOHHOM U KapmoepaghudeckoM (boHe, a makke
KOMIMOHEHMbI 2paghudecKo20 aHaru3a nepsuqHoU paduoriokauuoHHOU UHgbopmayuu u Modyriu ¢hopMuposaHusi naHesel ¢
opaaHaMUu yrpasieHus U UHOUKaUUU pexxumos pabomsi pasnuyHbIx ycmpoticme u cucmem 3PC.

Knrodeeble crioea: apxumeKkmypHOe NpPOEKMUpPOsaHUE pPOspaMMHO20 0becneqeHus, YHUGUUUPOBaHHast
npoepammHasi rrnamaepopma, eusyarbHbill uHMepghelic, sudyanusayusi pesyibmamoe MoOesuposaHus, UMUMAULUOHHO-
modBenupyrouti CmeHo.

The article considers the architectural solution for software framework development providing the unified instruments of
cross-platform development of visual interfaces for operator's workstations of missile defense systems crews, and
simulation-modeling beds used at different development stages of certain missile defense system means. The software
platform includes network exchange modules, aerial target imaging in coordinate systems including displaying on geoinforma-
tional and map-making background, and graphical analysis components of initial radar data and panels modules of operator
controls and operation modes display of different equipment and missile defense systems.

Keywords: architectural software engineering, unified software framework, visual interface, modeling visualizing
results, simulation-modeling test bed.

B craThe paccMmarpuBaeTcs apXHTEKTYPHOE IMOCTPOCHUE MPOrPaMMHOM TUIAT(OPMBI, TIPEIOCTaB-
JSIOIIeH yHU(DHUIMPOBaHHBIE MHCTPYMEHTBI KPOCCIUTAT(HOPMEHHON pa3paOOTKU BH3YyadbHBIX HHTEP-
¢eticoB s pabouux Mect orepaTopoB pacuéros 3PC, a Takke UMUTAIIMOHHO-MOJISTHPYIOIINX CTCH-
JIOB, WCIIONIb3YEMBIX Ha pa3lIMYHBIX 3Tanax pa3paborku otaenbHbIX cpenctB 3PC. Ilporpammuas
wiatpopMa BKIIIOYAET B ce0sl MOAYJIH OOECICUeHHs CETEBOr0 OOMEHA, BU3yalHM3allid BO3JIYIIHO-
1IeJIeBOH 00CTAHOBKH B Pa3JIMYHBIX CHCTEMaX KOOPIUHAT, BKIIIOUas 0TOOpakeHHe Ha reonHpopMaIu-
OHHOM U KapTtorpaduueckoM QoHE, a TaKKe KOMIOHEHTHI Ipa)UIecKoro aHaiu3a NepBUYHON pano-
JIOKAIIMOHHOW MH(pOPMAIMA U MOIYJIH (OPMHUPOBAHMS IaHENeH ¢ OpraHaMHu YIIPaBJICHUS ¥ MHIUKA-
UM PSKUMOB pa0OThI PA3IMYHBIX YCTPOHCTB U cucteM 3PC. [IpuBOaATCS MPUMEPHI HCIOIb30BaAHMS
YHUQUIIMPOBAHHON MTPOrpaMMHON TIATGOPMBI ISl CO3TaHHUS BU3YaIbHBIX HHTEP(EHCOB B UMHUTAIIH-
OHHO-MOJENUPYIOIUX cTeHaax coBpemenHon 3PC.
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UNIFIED DEVELOPMENT TECHNOLOGY
OF VISUAL INTERFACES FOR OPERATOR’S WORKSTATIONS
AND SIMULATION TEST BEDS OF MISSILE DEFENSE WEAPON
SYSTEMS OF AEROSPACE DEFENSE FORCES

O.L. Dobrozhanskaya, D.N. Leonov, V.A. Borodina, Y.N. Sterhov, E.A. Chernyshova

The article considers the architectural solution for software framework development providing the unified
instruments of cross-platform development of visual interfaces for operator's workstations of missile defense
systems crews, and simulation-modeling beds used at different development stages of certain missile defense
system means. The software platform includes network exchange modules, aerial target imaging in coordinate
systems including displaying on geoinformational and map-making background, and graphical analysis
components of initial radar data and panels modules of operator controls and operation modes display of different
equipment and missile defense systems. The utilization examples of unified software framework for designing
of visual interfaces in simulation-modeling test beds of the modern missile defense system are provided.

Moctynuna 18 cheBpansa 2016 roaa.

BECTHUK BO3YLUHO-KOCMUYECKOA OBOPOHbI N2 2 (10), 2016 r.



PA3AEN: NCCNEAOBAHUA B COEPE MNPOEKTHO-KOHCTPYKTOPCKUX N TEXHOJIOTMYECKUX PABOT

VIK 621.382

PEAJTU3ALNA UHHOBALUOHHOIO PA3BUTUA BOOPYXXEHUA,
BOEHHOU U CTIELIUATIBHOU TEXHUKHN
HA BA3E UCI10/Ib30BAHUS BUPTYAJIbHBIX KOMITOHEHTOB

© ABTOpbI, 2016

C.K. KonraHoB okmop mexHu4Yeckux Hayk, npogeccop,

OupeKkmop o UHHoBauyusiM U Hay4yHou memodonoeauu, AO «MHUPTU», e. Mockea
E-mail: ksk47@mail.ru
3.I'. NaszapeBn4 dokmop mexHuU4YecKux Hayk, npogeccop,
npogbeccop kaghedpb! «MHGOPMaUUOHHO-8bIYUCTUMESTbHBIE CUCMEMbI»
yupexdeHus obpasosaHus «BoeHHas akademusi Pecrniybnuku benapycby, 2. MuHck
E-mail: lazarevich.eduard@yandex.by
K0.U. Cemak kaHOuUGam mexHUYECKUX HayK, OoueHm,
cmapuwuli Hay4HbIl compyOHUK 20CydapCmBEeHHO20 y4pexx0eHust
«HayyHo-uccnedosamenbckuli uHcmumym BoopysxeHHbix Cun Pecrnybnuku benapycb», 2. MuHck
E-mail: semak.yury@mail.ru

B cmambe npednazaemcss UHUUUUPOBAHUE 8 XU3HEHHOM UuKie paduoariekmpoHHol annapamypbl (POA)
06pa3u08 800pYyKeHUsI, BOeHHOU U cneyuarnsHol mexHuku (BBCT) npoueccos H08020 muna supmyanusayuu.

Kntoyeeble crnoea: paduoanekmpoHHasi arnapamypa, KoMIoHeHmHasi 6a3a, eupmyasbHble KOMIMOHEHMb,
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The article proposes to initiate a new type of virtualization in the life cycle of radioelectronic equipment in models of
weapons, military and special equipment items.

Keywords: radioelectronic equipment, component base, virtual components, weapons, military and special
equipment, life cycle, survivability, reliability, information security.

B craThe mpeasiaraeTcsi UCNOJIb30BAaHUE HOBOTO TUIA BUPTYalW3allMHU B KU3HEHHOM LIMKJIE pa-
JIMO3JICKTPOHHOM anmapatypsl (PDA) 00pa3iioB BOOpyXKeHHsI, BOGHHOW M CIeHUaIbHON TeXHUKH. Ko-
HEYHBIM NPOAYKTOM BHUPTYyaJIU3allM SIBJSIOTCS BUPTYyalbHble KOMIIOHEHTHI, KOTOPBIE, B OTJIMYHUE OT
POA, npeacrapnstor coboit HHPOPMAIOHHBIE OOBEKTHI M CITY>)KaT OCHOBOH JUIS CO3JaHMsI anmapary-
pBI Ha TIEPCTIEKTUBHON OTEUECTBEHHON KOMIIOHEHTHOM Oaze. Ilpennaraemsiil moaxos peaqusyeT Jo-
CTIDKEHHE TaKOTO ypPOBHSI OTeueCTBEHHOHW PDA, KoTOpBI 00ecneuuT HempepbIBHOCTh U JIOJITOBEY-
HOCTP JKU3HEHHOTO IHKIJIA 00pa3iia BOOPYXKEHWsI, BHICOKYIO CTEIIEHb arpernpOBaHUs W YHU(PUKAIIH
€ro ammaparypsl, a TakKe IO3BOJIMT TapaHTUPOBATH TPeOyeMYIO0 HaJEeKHOCTh, UHPOPMAIHOHHYIO
0e30MacHOCTh, JKUBYYECTh U CTOMKOCTh K BHEITHMM BO3ACHUCTBYIOMIUM (AKTOpPaM, M TEXHOJIOTHY-
HOCTb NPOU3BOJICTBA.
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WEAPONS, MILITARY AND SPECIAL EQUIPMENT INOVATIVE
DEVELOPMENT REALIZATION BASED ON VIRTUAL
COMPONENTS UTILIZATION

S.K. Kolganov, E.G. Lazarevich, U.l. Semak

The article proposes to initiate a new type of virtualization in radio electronic equipment life cycle
of weapons, military and special equipment items. The final product of virtualization is virtual components [1], that
are data objects serving as the primary information to engineer hardware on the perspective national element
base. The level of domestic electronic equipment providing implementation of the continuity and durability of the
life cycle of complex weapons can be achieved on the basis of the developed virtual electronic component base.
Besides it can produce a high degree of aggregation and harmonization of the equipment and ensure the required
reliability, information security, survivability, resistance to external factors and processability of electronic
manufacturing defense products.

MocTtynuna 19 okTA6ps 2015 roaa.
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Paccmampueaemcsi adanmueHbll an2opumm KOMIIIEKCUpOo8aHUs PaduosiokayUOHHO20 U Ofmu4yeckozo
KaHanoe 0bHapyXeHUs1 U OUEHUBaHUs napamempos8 cueHasos, MoMex U WymMoe Ha amare nepeuyHol U emopuy-
Holl obpabomku uHghopmauyuu. [Mpednonazaemcs, YMo Ha 6bixodax Gamuyukoe paduosiokauyuoHHOU U onmu-
yeckoli uHghopmayuu cbopmupytomcesi eayccosckue crydaliHble npouecckl (Clp), coomeemcmeyrowjue cuesHa-
nam, nomexam u wymam. Omnauyusi 3aKmo4aromesi 8 Yucrnosbix xapakmepucmukax Cllp. Ha ebixodax mMHO20-
anemMeHmMHo20 Gam4yuka paduonokayuoHHoU uHgopmayuu (Hanpumep, PAP) cpopmupyemcs Cllp ¢ Hyneebim
8ekmopomM Mamemamudeckoz2o oxulaHus (MO) u kosapuayuoHHolU mampuueli Kr. Ha ebixodax MHO203se-
MEeHMHO20 HeKkoeepeHmHo20 damyuka ornmuyeckol uHgopmayuu (Hanpumep, N3C mampuusi) hopmupyemcs
Crlp ¢ HeHynesbim sekmopom MO u koeapuayuoHHol mampuuel Ko. lNpednonazaemcsi, Ymo cueHasbl, nomMexu
U WyMbl HEKOPPEsUpOo8aHbl, a NPUémM ocyu,ecmernsiemcs 8 ycrosusix napamempuyeckol anpuopHol Heonpede-
JNIEHHOCMU CMamuCmuYeCcKuUX Xapakmepucmuk cueHasos, noMex u wymos.

Knroyeeble cnoea: komnnekcuposaHue, adanmauusi, Uesu, nomMexu, Wymsi.

The adaptive complexation algorithm of radiolocation and optical detection and estimation canals for
detecting and estimating the parameters of signals, interference and noise on the stage of primary and secondary
information processing is viewed. It's assumed that on the exits of radiolocation and optical information detectors
there formed the Gaussian variable processes, that are suitable to signals, interference and noise. The
differences are in the numeric characteristics of variable process. On the exits of multi element generator
of radiolocation information (it may be a phased array) there are formed the variable process with a zero vector
of expectation value and a covariation matrix Kg. On the exits of multi element non coherent generator of optical
information (it may be a charge coupled devise matrix) there are formed the variable process with a non zero
vector of expectation value and a covariation matrix Ko. It's assumed that the signals, interference and noise
are non correlated, and receiving is done in conditions of statistical characteristics, parametrical interference
and noise a priori ambiguity.

Keywords: complexation, adaptation, targets, interference, noise.

PaccmarpuBaercs anropuTM KOMILIEKCHPOBAHUS PAJUOJIOKALMOHHOIO M ONTHYECKOr0 KaHAJIOB
oOHapyXeHHs U OLEHUBAHUA ITapaMeTPOB CUTHAJIOB, IOMEX M IIIYMOB Ha ATare MepBUYHON U BTOPUY-
HOI 00paboTKK MHPOPMaLH, PaObOTOCIIOCOOHBIN B YCIOBUAX MapaMETPUIECKO alipruOpHON Heompe-
JIEJIEHHOCTHU.

IIpenmonaraercsi, YTO Ha BBIXOAAX NATYUKOB PATUOJIOKAIMOHHOW M ONTHYECKOW WMH(pOpMAINH
(dopmupyIOTCs TayccoBckue ciydaiinbie mponecchl (CIIp), cOOTBETCTBYIOIIME CUTHAIAM, [TOMEXaM H
mrymaM. OTingust 3aKI04aroTcs B YUCIoBbIX XapakTepuctukax Cllp. Ha BeIxogax MHOTO3JIeMEHTHO-
r0 JaT4hKa paJnosioKanmonHoN nHpopmaiun (Hanpumep, DAP) popmupyercst CIlp ¢ HyneBbIM Bek-
TopoM Marematndeckoro oxumanus (MO) u koapuarmonsoit marpuueir K. Ha Beixomax mHoro-
3JIEMEHTHOTO HEKOTE€PEHTHOT0 AaT4uKa ontudeckoil nHdopmanuu (Hapumep, [13C matpuist) hopmu-
pyercst CIIp ¢ HenyneBbiM BekTopoM MO u koBapuanuonHoii Marpuneit K . Ipegmonaraercs, 4ro

CUT'HAJIbIL, IOMCXHU U ITYMbI HCKOPPCIIMPOBAHLI, d IIPHUEM OCYHICCTBIIACTCS B YCIIOBUAX napaMeTqueCKOﬁ
aHpHOpHOﬁ HEONPECACICHHOCTHU CTATUCTUYCCKUX XAPAKTCPHUCTUK CUTHAJIOB, IOMEX U IITYMOB.
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ens paboThl — pa3paboTka alanTUBHOTO alropuTMa KOMILICKCUPOBaHUS WH(POPMAIIHH, MTOTyda-
€MOH Ha BBIXOJIaX PaMOJIOKAIIMOHHOTO M ONTUYECKOTO KAaHAJIOB Ha 3Tare OOHApYKCHUS U OICHHBA-
HUS TTapaMeTPOB TIPH MIEPBUYHON M BTOPHUIHOMN 00paboTke nHPOpMAaIiy.
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1. CocynuH H0.I'. TeopeTnyeckve OCHOBbI paguornokauMm u pagvoHaBuraumn: Yye6. nocobue ans BysoB. — M.: Paguo n
cBsA3b, 1992. — 304 c.
2. TpuuwwuH KO.MN., UnatoB B.I., KazapuHoB F0.M. n ap. PagnotexHuyeckune cuctembl: Yueb ans By3os / nog ped. H0.M. Ka-
3apuHoBa — M.: Bbicw. wk., 1990. — 496 c.
3. Xenctpowm K. KBaHTOBas Teopus npoBepku runotes n oueHnsanns. — M.: Mup, 1979. — 344 c.
4. BaH Tpuc I'. Teopus obHapyxeHusi, oueHok n mogynsumu. — M.: Cos. paguo, 1977, T.3.

INTEGRATION ALGORITHM
OF RADAR AND OPTICAL LOCATORS AND METERS

V.V. Labets, D.V. Miheev, V.A. Shatalova, A.B. Yastrebkov

The integration algorithm of radar and optical detection and estimation channels of signals, clutters and
noise at the stage of primary and secondary data processing is considered.

It's assumed that at outputs of radar and optical information sensors the Gaussian random processes (GRP)
are formed, corresponding to signals, clutters and noise. The differences are in the numeric characteristics of
GRP. At outputs of multi-element radar data sensor (e.g. phased-array antenna) the GRPs are formed with a zero
vector of mean value (MV) and covariance matrix Kg. At outputs of multi-element homodyne optical information
sensor (e.g. CCD matrix) the GRP is formed with a non-zero vector of MV and a covariance matrix Ko. It's
assumed that the signals, clutters and noise are uncorrelated, and receiving is carried out in conditions of signals,
clutters and noise statistical characteristics parametric prior uncertainty.

The work objective — the development of information integration adaptive algorithm received at outputs of
radar and optical channels at the stage of parameters detection and estimation during primary and secondary
data processing.

MNocTtynuna 25 pekabps 2015 ropa.
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ABAMTUBHBIA ATITOPUTM COBMECTHOIO OBHAPY)KEHMS] -
PACITO3HABAHMSI CUrHAJTOB
MELNEHHO U BbICTPO ®IYKTYUPYIOLMX LENENA
MPY HATINYUM NTOMEX
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Paccmampusaemcsi 3adaya co8MeCcmHO20 ObHapyXeHUs! - pacrio3HagaHUs navyek cuaHaso8, OmpPaxxEHHbIX
om MeOlneHHo u 6bicmpo ¢hriykmyupyrouwux yened, npuHUMaeMbix Ha ¢hoHe nomex u 6enozo wyma. Popmynu-
poeka U rposepka cmamucmuyecKkux aunomes coomeememesytom 3adaye MHO20a/lbmepHamuUeHo20 0bHapyxe-
Husi, pewaemoli 8 dsa amana. Ha nepeom amane nposepsiemcsi 2uriomesa O npucymecmeuu 106020 u3 cusHa-
Jsloe emMecme ¢ niomexamu U wymom (6e3 KOHKpemusauyuu murna yenu) npomue anbmepHamuebl O Hanuyuu
mosibKo NnoMex u wyma. B kauecmee Kpumepusi onmumasibHOCmu ucronb3yemcs Kpumeputl HetimaHa-lupcoHa.
Ha emopom amane nymém cpasHeHus1 8bibupaemcsi Haubobwul u3 102apugmMo8 OmMHOWeHUs1 npasdonodobus.
Coomeemcmeyrowjuli eMy cueHasl U NpUHUMaemcs 8 Ka4ecmae OUeHKU UCMUHHO20 cueHarna. [pednonazaemcs,
4Ymo cuzHaslbl, MOMeXU U WyM MOOYUHSIFOMCSI 2ayCCOBCKOMY 3aKOHy pacrpedenieHusi eeposmHocmed. B cnyyae
napamempuyeckoli anpuopHol HeonpedenéHHOCMU UX KogapuauUOHHbIE Mampuubi HEU38ECMHbLI U OOKHbI
6bIMb OUEHEHDI, Hanpumep, No Memoody rpsiMo2o obpaujeHus1 8bI60pOYHOL KosapuayUuoOHHOU Mampuubl.

Knroueenle cnoea: adanmauus, pacrosHasaHue 0opa3os, Ueru, MomMexu, WyMbl, CKOpOCMb CXOOUMOCMU.

A problem of joint detection-recognition of pulse burst, reflected from slow and fast-fluctuating targets in
presence of clutter noise and white noise is discussed. Formulating and verification of statistical hypothesis corre-
sponds to multiple-choice detection task that can be solved in two stages. At the first stage, a hypothesis
for any signal presence with cluttering noise and white noise (without target type specification) against alternative
on only cluttering noise and white noise presence is tested. The Neumann-Pearson criterion is used as an opti-
mality criterion. At the second stage, the greatest likelihood ratio logarithm is taken through the comparison. The
corresponding signal is assumed as true signal estimation. It's supposed that the signals, cluttering noise
and white noise are subject to Gaussian probability distribution law. In case of parametric prior uncertainty its co-
variance matrixes are unknown and should be estimated, for example, by the direct sample covariance matrix in-
version method.

Keywords: adaptation, pattern recognition, targets, cluttering noise, noise, convergence rate.

[IpensioxkeH IBYXATalHBIN aJTOPUTM COBMECTHOTO OOHApYKEHHsI — PacllO3HaBaHHUs CHUI'HAJIOB
MEAJICHHO M OBICTPO (UIYKTYHPYIOIIUX LeNel MPU HAIWYHU [OMEX, paboTOCTIOCOOHBINA B YCIIOBHAX
ITapameTprueckoil anipuOpHON HEONPEAEIECHHOCTH CTATUCTUYECKUX XapAaKTEPUCTUK CUTHAJIOB, IOMEX
Y IIyMOB.

Ha nepBoM starie mpoBepsieTcsi TUIIOTe3a O MPUCYTCTBHHU JIO00T0 U3 CUTHAJIOB BMECTE C IIOMEXa-
MU U 1IyMoM (0€3 KOHKpETH3allMK THIA 1IeNH) MPOTHB aJbTEPHATUBBI O HAIMYHAU TOJBKO TOMEX U
nryma. B xkadecTBe KpuTeprs ONTHMaJIbHOCTH Ucnob3yeTcs kpurepuil Helimana — ITupcona. Ha BTo-
POM dTarle MyTeM CpaBHEHUs BHIOMpaeTcsl HauOOJbIINA U3 JIorapu(MOB OTHOLLIECHHUS [TPABIOIIO00US.
CoOTBETCTBYIOIINI €My CUTHAJl U IPUHUMAETCS] B KAUECTBE OLIEHKW HCTUHHOIO cUrHazia. [IpuBeneHsl

BECTHUK BO3YLUHO-KOCMWUYECKOM OBOPOHbI N2 2 (10), 2016 r.



PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX U TEXHOJTOTMYECKUX PABOT

XapaKTePUCTUKH allTOPUTMa COBMECTHOTO OOHApYXCHHS — PACIIO3HABAHUS CUTHAJIOB MEUICHHO W
OBICTPO QIIYKTYHUPYIOUINX IeJIeH TPY HATMIHH TTOMEX.

[pemnaraeMplii MOIX01 MOKHO MPUMEHSTH JUTS PEIICHUS 33724 Paclio3HaBaHUsI CUTHAIIOB, TPU-
HUMACMBbIX OT IICJICH Pa3IMYHBIX KJIACCOB HA ()OHE HETAyCCOBCKUX IMOMEX.
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ADAPTIVE ALGORITHM OF JOINT SIGNALS
DETECTION-RECOGNITION OF SLOW
AND FAST-FLUCTUATING TARGETS IN PRESENCE OF NOISE

D.V. Miheev, A.A. Shatalov, V.A. Shatalova, A.B. Yastrebkov

The two-stage joint detection-recognition algorithm of slow and fast-fluctuating targets signals in presence
of clutter noise is proposed. The algorithm is efficient in conditions of statistic performance parametric prior
uncertainty of signals, clutters and noises. At the first stage, a hypothesis for any signal presence with cluttering
noise and white noise (without target type specification) against alternative on only cluttering noise and white
noise presence is tested. The Neumann-Pearson criterion is used as an optimality criterion. At the second stage,
the greatest likelihood ratio logarithm is taken through the comparison. The corresponding signal is assumed
as true signal estimation. The detection-recognition algorithm performance of slow and fast-fluctuating targets
signals in presence of clutter noise is performed.

The suggested approach can be applied for problem solution of signals recognition received from targets of
various classes against non-Gaussian noise.

Moctynuna 25 pekabps 2015 ropa.
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METOLOUKA OLIEHKU TOYHOCTU USMEPEHUA
TEKYLLIWX HABUI'ALUMOHHBIX TAPAMETPOB
JIETATE/IbHOI O ATIMAPATA C BOPTOBbIM ABTOOTBETYUKOM
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B pside 3aday npu ynpaeneHuu rnemameribHbIM annapamom (JTA) Onsi noebileHUsT roMexo3aluueHHocmu
cucmemMbl yrpasrieHusi UCMOb3Yrom UHEpUUasIbHYIO HagueaUUoHHYH0 cucmemy. st KoppeKuuu OWUBOK, HakarniueaeMbIx
UHepyuarisbHol cucmemol, 803HUKaem HeobXoOUMOCb UMEPEHUST KOopOuHam JIA ¢ asmoomeemyuKoM Ha 6opmy U ux
MPOU3BO0HBIX paduomeXxHUYeckuMU Memodamu ¢ riomowbto PIIC conposoxxdeHust. Npu amom e03HUKaem 3adaya OUEHKU
owuboK paduomexHU4ecKo20 uaMepeHusi koopOuHam JIA u ux rpou3sodHsbIX. [Npednacaemcsi peweHue GaHHOU 3adaqu
rpuMeHUMesTbHoO K oucrepcuu oyeHKU darbHocmu, paduaribHol CKopocmu, U Harpaesnsowux KocuHycos. lNpednasaembit
rnoxod K oueHke OaHHbIX HasU2aUUOHHBIX rapamMempos JfiemamesibHo20 arnapama ¢ 6opmosbivM asmoomeemyuKoM
Moxem Obimb UCMOMb306aH Kak Ha amarie pa3pabomku paduomexHUYeCcKux cpedcme U3MEPEHUsT Hasu2alUOHHBIX
rapamempos J1A, mak u Ha amarie ux aKcryamauyuu.

Knroyeeble crnoea: hyHKUUSI Koppersyuu, Oucriepcusi OWUBKU U3MepeHUs], epemsi 3ana3ibieaHusi, Yacmoma
Honrepa, yerosble KOOPOUHambl, GOPMOBOL asmoomeemyuK.

To increase the jamming resistance of flight control system during airborne vehicle (AV) control the inertial navigation
system is used in a number of missions. To provide the errors correction accumulated by the inertial system the necessity
arises to measure AV coordinates and its derivatives with onboard automatic responder by radio-technical technique using the
tracking radar. Herewith a task is to estimate errors of the AV radio-fechnical coordinate measurement and its derivatives. It's
suggested to solve the problem with respect to estimation variance of range, radial velocity and directional cosines.
The proposed approach to estimate the AV navigational parameters with onboard automatic responder can be used as during
development phase of radio-technical measuring aids of AV navigational parameters and at its operational service phase.

Keywords: correlation function, measurement error variance, delay time, Doppler frequency, angular coordinates,
onboard responder.

[IpumenuTenbHO K cucteMe «6opToBoil oTBeTuMK-IpueMHUK PJIC» paccmorpena MHOroMepHas
(GYHKIUS KOPPETSIHY, ONMChIBaeMasi JByMsI BXOJHBIMH XapakTEPUCTUKAMH CHCTEMBI: BPEMEHHOMN
(curHazoM MM YacCTOTHBIM CIIEKTPOM) M MPOCTPAHCTBEHHOW (amepTypoi WM YTJIOBBIM IPOCTpaH-
CTBEHHBIM CIIEKTPOM).

Ha ocHoBe aHanm3a B3aUMHOTO CXOJICTBA YaCTHBIX (DYHKIIMH KOPPEISIMU 110 BPEeMEHH 3ama3/ibl-
BaHUS (HATBHOCTH), YaCTOTHOMY CABHTY (paJHaIbHONW CKOPOCTH) M YTJIOBBIM KOOPJAMHATAM BBOJUTCS
0000mIeHHas GYHKIUS KOPPEJSIMU U TPOU3BOJIEHOTO M3MEPSIEMOr0 HEIHEPreTHUECKOr0 HABUTa-
IIMOHHOT0 TapaMeTpa. JTO MO3BOJISIET ONPEAEIIUTh MOTEHIMAIbHBIE BO3MOKHOCTH PJIC mo TouHoCTH,
HE paccMaTpuBas Kbl KOHKPETHBIM MapaMeTp OTAeIbHO. Pa3BuBaloTCS TOHATHS 000OIIEHHOMN
orubaroried, 0000LIEHHON YaCTOTHI, ONIPEEISIONIEH CKOPOCTH U3MEHEHNUs (a3bl MPUHUMAEMOTO CHUT-
HaJsia (BOJIHBI) M0 PacCMaTPUBAEMOMY IapaMeTpy, U CHEKTp 0OO0OLIEHHON Orubaromei, sBISIOIMNNHCS
npeoOpazoBanuem dypbe oT orudaromieit. [l yka3aHHBIX MOHSATHH MPUBOIUTCS BhIPAXKCHHE IS
0000meHHON (YYHKIIMHA KOPPEIISIINH.
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[Tokazano, uro o0oOmIeHHass QyHKIUS KOPPENAUUN MPUHUMAET KOHKPETHBIA BHJ, €ciu 0000-
mEHHBIE 0003HAYCHMS 3aMEHUTh MCTUHHBIMM (BpEeMEHEM 3ama3iblBaHus, yacToToi Jlomiepa, yrio-
BBIMH KOOpIWHATAMH ).

[ rayCCOBCKOIO CHMMETPUYHOTO CIIEKTpa CUrHajia OOPTOBOIO OTBETUYMKA JICTATEILHOTO amma-
pata (JIA), mapabonmdeckoii ornbaromiell CUrHalIa ¥ PaBHOMEPHOTO pPacKphIBa aHTEHHBI TOIYYECHBI
BBIPOKEHUS IJI1 IUCIIEPCUH OMIMOOK M3MEpPEHMsS HaBUI'AaLIMOHHBIX mapameTpoB JIA, yduTeIBaromue
SHEPIHUI0 CUTHaNIA Ha BXxoje nprueMHuka PJIC u mo3Bosstonye onpenessiTh HeOOXOAUMBIC XapaKTepH-
ctuku qunuu PJIC-JIA.
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MEASUREMENT ACCURACY ASSESSMENT TECHNIQUE
OF CURRENT NAVIGATIONAL PARAMETERS OF AIRBORNE
VEHICLE WITH ONBOARD AUTOMATIC RESPONDER

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

With respect to «onboard radar transponder» system the multidimensional correlation function is considered,
outlined by two input characteristics of the system: time characteristic (signal and frequency spectrum) and spatial
characteristic (aperture and angular spatial spectrum).

Based on mutual similarity analysis of correlation particular functions in delay time (range), frequency shift
(radial velocity) and angular coordinates the generalized correlation function is introduced for arbitrary
measurable non-energetic navigational parameter. It permits to define radar potentialities as for accuracy
regardless considering of each certain parameter separately. The notions of generalized envelope; generalized
frequency, determining the receiving signal (wave) phase change velocities as for concerned parameter; and
generalized envelope spectrum, appearing the Fourier transform from envelope. For the mentioned notions the
expression for generalized correlation function is formulated.

It's demonstrated that generalized correlation function takes the explicit form if generalized notations are
changed by true ones (by delay time, Doppler frequency, angular coordinates).

For Gaussian balanced signal spectrum of the AV onboard responder due to parabolic signal envelope and
uniform antenna angular field the expressions were obtained for measurement errors variance of the AV
navigational parameters considering signal drive at radar receiver input and permitting to determine the necessary
characteristics in radar-AV line.

MocTtynuna 25 pekabps 2015 ropa.
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TPOrPAMMHbIN KOMITIIEKC ®OPMUPOBAHUS B
KOMITOHEHTOB 1 OBMEHA JAHHbIMU
MEXLY YYACTHUKAMU [IPOEKTHBIX PABOT B CAIP
P-CAD U TPUD-4
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B cmambe npusodumcsi Kpamkoe onucaHue HO8020 MPospaMMHO20 KOMIIIeKca, Komophbil ro3eonsem
gopmuposamsb nocadoyHble Mecma u Opyaue ceolicmea KOMIOHEHMOo8 0715 MPOeKMuUpo8aHusi nevyamHbix riaam
(6 popmame P-CAD 200x), a makxe npedcmasneH gapuaHm U cmpykmypa eOUHOObpa3HO20 orucaHusi
KoMroHeHma 0ns néakoz2o U aghghekmueHo20 obMeHa MPOeKMHbIMU OaHHbIMU MexQy rnonb3oeamensamu CAlP
3moa20 muna unu nocmpoeHHo20 Ha base gpopmamos P-CAD, npumepom Komopozo serisiemcsi npo2pammHbIl
komnnekc PU®-4. [IpusedeHO Kpamkoe onucaHue HEeKomopbix creyuasibHbIX po2pamm, o3807SoUUX
onepamueHo pelwambs HEKOmMopbie NpobreMbl, 03HUKaKOWUE y NPOeKMUPOBULUKO8 reYamHbIX raam.

Knrodeenble crioea: npozpaMMHbIl KOMIIEKC, cucmemMa asmomMamu3uo8aHHO20 MPOeKMUPO8aHs nevamHbIX
nnam (P-CAD), mononoauyeckue murbl M1ocadoyHbIX Mecm paduOKOMIOHEHMOS, YCKOPEHHbIU 8biycK
OokymeHmauuu (YB/), kanbkynsmopbi ¢hopmuposaHusi yepmexel, Hezpagudeckue ampubymsl (HIA), 6okc
XpaHeHus onucaHusi komrnoHeHma (BXK).

The article provides concise description of a new software complex, which permits to form benches
(mounting seats) and other components features for designing of printed-circuit boards (in P-CAD 200x format),
and the variant and structure of uniform component description are performed for easy and effective exchange of
design data between CAD users of this type or based on P-CAD formats exemplified by the GRIF-4 software
complex. Some special programs permitting to solve some problems operationally among design engineers of
printed-circuit boards are briefly described.

Keywords: software complex, printed-circuit board computer-aided design system (P-CAD),
radio-components bench topological types, speed up documentation release (SDR), drafts generating calculator,
non-graphic attributes (NGA), component description storage box (DSB).

B crathe mpuBOIATCS KpaTKOE ONMCaHWE HOBOTO MPOTPAMMHOIO KOMIUIEKCa, pa3paboTaHHOTO
corpyanukamu [TAO «HIIO «Anmasy, KOTOpHIA Mo3BoIsIeT (OPMHUPOBATH MIOCAJOYHBIE MECTA, U APY-
THE XapaKTEPUCTUKU PaAJAUO3NEKTPOHHBIX KOMIIOHEHTOB JJIsi MPOEKTUPOBAHMS TEYATHBIX IUiar (B
dopmare P-CAD 200X), a Tarxke NpEICTaBICH BapHaHT M CTPYKTypa €IMHOOOPA3HOTrO OIMUCAHHS
KOMITOHEHTA JUIS JIETKOTO B 3P (PEKTHBHOTO 0OMEHA MPOEKTHBIMU JIAHHBIMUA MEXTy IOJIb30BATEISIMU
CAIIP paznuuHOro THIa WiIM MocTpoeHHOro Ha 6ase gopmatoB P-CAD, mpumMepom KOTOPOTro SIBIISI-
ercsi CAIIP 'PU®-4. [IpuBeaeHo KpaTKOe OMHUCAHNUE HEKOTOPHIX CHEIHAIbHBIX MIPOrpaMM, MO3BOJISA-
IOIUX ONEPAaTHBHO pPElIaTh HEKOTOPBIE MPOOJIEMBI, BO3HUKAIOIINE y MPOSKTHPOBIIMKOB MEYATHBIX
wiat. C nomouisto CompBox 3a mepuon ¢ 2013 roxa chopmupoBansl onucanus Oonee 250 HOBBIX
KOMIIOHEHTOB, ITPH 3TOM TPYJ03aTpaTsl Ha BBOJ IOJIHBIX JaHHBIX O KOHKPETHOM KOMITOHEHTE HE Ipe-
BBIIIAET OHOTO Yaca, He 3aBUCHUMO OT CIOXKHOCTH KOMITOHEHTA.
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SOFTWARE COMPLEX FOR DATABASE FORMING
OF COMPONENTS AND DATA EXCHANGE BETWEEN DESIGN
WORKS PARTICIPATORS IN P-CAD SYSTEM AND GRIF-4

U.M. Elshin

The article provides concise description of a new software complex, which permits to form benches (mount-

ing seats) and other components features for designing of printed-circuit boards (in P-CAD 200x format), and the
variant and structure of uniform component description are performed for easy and effective exchange of design
data between CAD users of this type or based on P-CAD formats exemplified by the GRIF-4 software complex.
Some special programs permitting to solve some problems operationally among design engineers of

pr

inted-circuit boards are briefly described. Beginning from 2013 the CompBox assisted to form description of

more than 250 new components whereas the man-hour for comprehensive data input on a certain component
does not exceed one hour independently of component complexity.

Moctynuna 14 anpens 2016 ropa.
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B cmambe paccmampusaromcsi 3a0epxKku repedadu 0aHHbIX Ha (hU3UHECKOM, KaHabHOM U Ceme8oM YpPOBHSIX
Kak cocmasHasi Yacmb obujux 3adepxek rnepedayu UHGopMayuU rMPOEeKMUPYeMbIX CIIOXHbLIX MEXHUYECKUX CUCMEM.
OnpederieHbl 86pOSIMHOCMHbIE OKa3amersiu U an2opumm Onsi pacyéma makux 3a0ep)xeK Ha KOHKPEmHOM rpumepe.
Knrouesnbie cnosa: 3adepxku nepedayqu daHHbIX, KaOpbl, Nakemsl, y3ribl KOMMymauyuu.

The article states data transmission delays at physical, channel and network levels as a constituent of general
delays of data transmission in designed complex engineering systems. The probability measures and algorithm
computing such delays are defined with specific reference.

Keywords: data transmission delays, envelope, packets, switching nodes.

3enuTHble pakeTHble cucteMbl (3PC) BozayniHo-kocMudeckoit 000pPOHBI CO3MIAI0OTCS 110 MOAYJIb-
HOMY TIprHIHAITY. Kaxkaprii Momyns BKITFOUaeT B ce0s HECKOJIbKO y31moB kommyTannu (YK), nepenato-
KX, TPUHUMAIOIIUX U MPeo0pa3yoImuX HHPOPMALIUIO, UCIIONb3YIOIINX MPUHIMIIEI KOMMYTAllUU Ka-
HaJIOB M KOMMYTAIMH NakeToB. [ BHOBH nmpoekTtupyeMbix 3PC oHUM M3 OCHOBHBIX MOKa3aresei
SBIISIETCSL BPEMsl 33JICPKKU TiepeiaBaeMoil nHpopManuu rnpu mnpoxoxaennu uepe3 YK. s pacyera
CYMMapHOH 33/Iep’KKH HEOOXOAMMO COCTaBUThH aJITOPUTM OLIEHKU BPEMEHH NPOXOXIEHHs MHPOpMa-
1y yepe3 YK uccnenryeMoro Tpakra rnepeaayu JaHHBIX.

B crartee npeacTaBnAtoTcs BUIBI 3a1epikek (TabiuIia), MX OMHCaHKe, aITOPUTM OLEHKH BPEMEHU
MPOXO0XKICHUST MHPOPMAIIHHU (CXEMBI).
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DATA TRANSMISSION DELAYS COMPUTATION ALGORITHM
IN HARDWARE AIDS OF AEROSPACE DEFENSE FORCES
MOBILE COMMAND POSTS

V.K. Shnirev

The development of missile defense systems of the Aerospace defense forces are modular
concept-oriented. Each module includes several switching nodes (SN) transmitting, receiving and transforming of
information, using the channels switching and packet switching principles. One of the main aspects for the new
developed missile defense systems is transmitted data time delay during passing through SNs. To calculate the
total delay it's necessary to compose the data transmission time estimation algorithm through the SN of examined

data path.
The article states delays types (table form), its definition, data transmission time estimation algorithm

(schemes).

Moctynuna 16 mapTa 2016 ropa.
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B cmambe paccmampusaemcsi mekyujee cocmosiHue pa3sépHymbix pomueopakem waxmHoz2o ba3uposa-
Husi cucmembl [TPO CLUA, a makxe nnaHbl co30aHusi BY H08020 NMOKOMeHUs, 8KYaruue npoepamMmbl nepe-
KOHcmpyupoegaHHol BY u mHozomodyrnbHoU cmyneHu nepexeama MOKV dns pakem-nepexeamyukos, npuHsi-
mue Ha 800pyXXeHue Komopbix oxudaemcsi 8 cpedHeCcpPOYHOU nepcrnekmuse.

Knrouyesnie cnoea: cucmema PO HazemMHo20 b6a3uposaHusi, eHeammocghepHas KUHemu4yeckasi cmyrneHb
rnepexeama, pakema-rnepexeamyuk waxmHo2o ba3uposaHusi, MHO20MOOy bHasi cmyreHb nepexeama.

The article considers the current state of Ground-based Midcourse Defense System deployed interceptors
and new generation EKV development plans stipulated the Redesigned Kill Vehicle and Milti-Object Kill Vehicle
programs for the interceptors to become operational in mid-term.

Keywords: Ground-based Midcourse Defense (GMD), Exoatmospheric Kill Vehicle, Ground Based Intercep-
tor (GBI), Multiple Kill Vehicle (MKV).

B BY pazeepnayTsix I1P cuctemsr [TPO GMD CE-I u CE-II npucyTcTByeT ps/i KOHCTPYKTOPCKUX
HeopaboTOK, YCTpaHEHHE KOTOPBIX TpeOyeT 3HAYMTENbHBIX BPEMEHHBIX M (DMHAHCOBBIX 3aTpar.
Hanuune monoOHBIX HenopaOOTOK, a TakKe MOIMBITKU MX YCTpaHEHHs 0e3 COriacoBaHUs ¢ OOIUM
m1aHoM MojepHu3anuu 1P npusenu k cpeiBamM CpoKOB NOCTABKH 1P ¥ HEBBINIOJHEHUIO 3aBICHHOIO
IJIaHa UCTIBITAaHU.

Kpome BbinosiHeHHs paboT MO0 MOAEPHU3ALUH U WCIPABJICHUIO OIIMOOK B KOHCTPYKIHMHU pa3Bep-
HyThIX BY, ArentctBo [IPO CIIIA muianupyet pa3paboTKy AByX TUIOB bBY HOBOro mokosieHHs, pas-
BEepTHIBaHUE KOTOPBIX TutaHupyetcs mocie 2020 roma. Ilporpammel co3garus bY HOBOTO MOKOJIEHUS
HOCSIT Ha3BaHUs «IepeKoHcTpyrpoBaHHas bU» u «mHOromonynsHast bU».

[Ipeamnonaraercs, uro HoBast BY Oyner pazpabarbiBaThCsi Ha MPUHLUIAX OTKPHITOH MOAYIBHON
ApXUTEKTYPBl CO CTAaHJIAPTHBIMH HHTepdeiicaMu, YTO JOJDKHO YIPOCTHTH JaJTbHEHINYI0 MOJIEpPHU3A-
o koHcTpykiuu. [lepeoie ucnbitanus [IP GBI ¢ HoBoit BY Arentcreo ITPO minanupyer npoBectu B
2018 roxy. YcranoBka bY Ha mpoTruBopakeThl B KauecTBe 3aMeHbl MojepHusuposanHoid bY CE-I
(magaso skcruryataruu B 2018 roxy) mmanupyercs ¢ 2020 rona.

[Tporpamma co3aaHuss MHOTOMOIYJIbHOM cTynienu nepexsata MOKV (Milti-Object Kill Vehicle)
s [1P GBI npeamnonaraeT co3ganue TEXHOIOTMH YHUUTOXEHUSI HECKOJIBKUX O0EBBIX OJIOKOB Oayliu-
CTHYECKOM paKeThl ¢ MOMOILBIO OAHOM NMPOTHBOPAKETHI, Hecyliel Heckonbko bY. IIpumenenune cry-
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nenn nepexsara MOKV craHeT ka4eCTBEHHO HOBBIM IOAXOJIOM K OOECIEYCHHUIO CTPATErHYECKOM
[TPO CIIIA, mo3BOJSIONINM YIPOCTHTH 33Ja4d IO CENEKINH Ieel, YMEHBIINTh KOJINYIECTBO 3aITyC-
kaeMbix 1P 1 yBennauTh BepoATHOCTH TiepexBaTa 00eBbIX 0J10K0B bP.

HecmoTps Ha ykazaHHble mpobieMbl ¢ TekymmMu Bepcusimu bY TIP ¢ yuérom npogomkenus pa-
6ot o ux monepuam3aiui, ArenrctBo [IPO CIIA BHOCHT B CBOM AOJTOCPOUYHBIC IUIAHEI IO pa3padboT-
K€ W TIOCTaBKe JABYX KadeCTBEHHO HOBBIX TUNOB BY, mpenHasHadeHHBIX AJIS TOBBIMICHUS YQEeKTHB-
Hoctu cucteMsl [TPO GMD B nienom.
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CURRENT STATE AND PROSPECTS
OF GROUND-BASED INTERCEPTOR’S EXOATMOSPHERIC
KILL VEHICLE MODIFICATION
OF THE US GROUND-BASED MIDCOURSE DEFENSE SYSTEM

A.E. Svistunov, N.A. Maleeva

There are a series of design defects in CE-I (initial design Capability Enhancement-l) and CE-Il (the upgraded
design known as the Capability Enhancement-11) deployed interceptors Kkill vehicles versions of the US Ground-
based Midcourse Defense (GMD) system, fixing of which requires a considerable time and financial expenditures.
The presence of such defects and attempts to fix it without coordination with general ABM modernization plan has
led to failure of interceptors timely delivery and alleged tests plan.

Besides fulfillment of upgrading works and errors correcting in deployed kill vehicles the Missile Defense
Agency (MDA) plans to develop new types of next generation kill vehicles with plans for full operational capability
in fiscal year 2020 and beyond. The GMD new generation kill vehicle development programs are Redesigned KV
(RKV) and Milti-Object Kill Vehicle (MOKYV).

It's supposed that new KV development will be based on open architecture principles with standard
interfaces to simplify the further design improvement. The MDA is planning to conduct first GBI interceptor tests
with a new KV in 2018. The KV integration in interceptors as substitution of upgraded CE-I KV (initial operational
capability in 2018) is planned to commence from 2020.

The MOKYV development program for GBI interceptor stipulates destroying technology of multiple ballistic
missile warheads with one interceptor carrying several kill vehicles. The MOKV implementation becomes
a game-changing approach for ensuring of the US strategic missile defense permitting to simplify targets selection
problem, decrease the number of interceptors that the warfighter needs to fire at each threat and increase the
interception probability of ballistic missile warheads.

Despite the mentioned problems with current interceptor KV versions with respect to following upgrades
work efforts the MDA introduces in its long-term plans the development and delivery of two brand-new kill vehicles
types designed for the Ballistic missile defense system performance improvement as a whole.

MocTtynuna 10 masa 2016 roga.
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Martepuranbl KHUTH TOCBSIIEHBI MpoOiieMe moBbImeHus 3ddex-
TUBHOCTHU INITAHUPOBAHHA W YIIPABJICHUA NPOCKTaAaMU IPOU3BOACTBA HO-
— 0} TEXHMKY HA IPEIMHBECTUIMOHHOM dTarie. IIpoBenén ananus 3a1ayu
MPEIPOEKTHOTO TJIAHUPOBAHUS JUIS OICHWBAHUS IIEIECOO00Pa3HOCTH
JATBHEUIINX paboT B paMKaX MPOEKTa IMPOU3BOJICTBA HOBOW TEXHUKHU.
HpI/IBOI[SITCH OINITUMHU3AIVOHHBIC MOJC/IN IIAHUPOBAHHA IapaMETpPOB
MHOT'OHOMEHKJIATYPHOT'O NPOU3BOACTBA B YCJIOBHUAX HEONPEIEIEHHO-
CTU UCXOJHBIX JaHHBIX. PaccMaTpuBarOTCsl METOABI TEOPHUH IIPELeICH-

preTs TOB " KJIaCCI/I(bI/IKaIII/II/I JIJIs1T BBIACJICHUA aAHAJIOTOB pa3pa6aTLIBaeM51x

00pa310B HOBOM TexHUKH. [IpuBOIUTCS ammapar Teopuu MOJIE3HOCTH,

KOTOPBIN UCTIONB3YETCs I BEIOOPA 3()(PEKTHBHBIX TEXHOJIOTHYECKUX MPOIIECCOB HA OCHOBE MOJICICH

MHOTOKPUTEPHAIBHON ONTUMHU3ANNHA. PacCMaTpPUBAIOTCS MOJETH TCOPHH MAaCCOBOTO OOCITY KHBaHUS

JJId UCCIICAOBAHUA TUHAMHWYCCKUX XapaKTCPUCTUK ITPOU3BOJCTBA C yT-IéTOM CTPYKTYPBI TEXHOJIOTHYC-
CKHX TIPOIIECCOB M XapaKTEPUCTUK 000PYTOBAHHSL.

Knura npegnazHayena Asis MUPOKOro Kpyra CIEHUANINCTOB HAyYHO-UCCIIEI0BATEIbCKUX OpraHu-
3au1/11‘/'1 " NPpOU3BOACTBECHHBIX Hpe}IHpHSITI/Ifl, CBA3aHHBIX C PCIICHUEM 3ada4 IMPOCKTHOI'O YIIPaBJICHHUA U
pa3BUTHUS IPOU3BOJICTBA, IIPETIOaBaTENeH, CTYIEHTOB U aCIIUPAHTOB BBICIINX YUYEOHBIX 3aBEJICHUIA.
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