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YBaxaeMble
yuTaTenu u aBTopbl XKypHana!

[MpumuTe camble H0OpbIe W HCKPEHHHUE I103IPABICHHS
¢ HoBbeIM TrogoM oOT Jmua yypeauTens XKypHana «BecTHuK
BO3IYIIHO-KOCMHYECKOH 000poHBD) — [lyONMYHOrO aKIMOHEpHOTO
obmecTBa «HaydHO-IPOW3BOJICTBEHHOE OOBEMMHEHNE «AJIMa3)
“MeHH akazemuka A.A. PacnimetnHay!

Ha mpoTsbkeHuH BceX JIET CBOETO CYyIIECTBOBAHMS HAIIl
JKYpHaJ BBIIOJTHICT BAKHYIO M HY>)KHYIO MHCCHIO — 0oOecrieueHme
JOJDKHOTO YPOBHSI HAYYHOH KOMMYHHUKAIMH CPEIH CIECIHAINCTOB
00opoHHOW oTpaciu, BoopyxeHHbix Cui, opraHuzammii Poc-

CHICKOHN aKaJleMHH HayK W BEAYIIMX BY30B B 00JacTH peann3a-

UM BOSHHO-TEXHUYECKOW MOJIMTHKH rocynapctsa. [lyOnukannu
JKypHaJla OTJIMYalOT BBICOKAas KOMIIETEHTHOCTh M HOBH3Ha B OCBELIEHHH BOEHHO-TEOPETUYECKHUX,
Hay4YHO-TEXHUYECKUX U KOHCTPYKTOPCKO-TEXHOJIOTMYECKUX BOIIPOCOB.

PaboTHHKaM, OCYIECTBISIFOIINM BBITYCK H3JaHHS, yJaeTcsi W30erarb OJHOCTOPOHHOCTH
CYXICHUI NPY MyOIUKAINN CIOXKHBIX TEOPETHYESCKUX U TPAKTHYECKIX BOMPOCOB.

[Ipencrosimuii rox He obemaeT OBITH MPOCTHIM I BceX Hac. Ho B To ke BpeMs pelieHue
BO3ZHUKAIOIIUX CIIOXKHBIX 3a7ad BEAET K MOSABICHHUIO HOBBIX WIEH W OPUTMHAIBHBIX MOIXOJOB,
HaIpaBICHHBIX HA X pa3pelicHue.

VYBaxaemble Ipy3b!

C npuxomsmuM HOBBIM TOAOM CBA3aHBl CaMble IO3UTHBHBIE OXUAAHUS W HAOCKIbI
Ha VCITIOJIHEHHUE 3alyMaHHOTO.

Tak mycts B HoBoM roy mosyunT qajibHelIee pa3BUTHE Hallle TI0I0TBOPHOE COTPYAHUYECTBO,
nycTh OyneT OoJbIleé MHTEPECHBIX MyONMKalui, COYETAIOIMX BAYMYHBOCTb HAyYHOrO IIOMCKA

C HpaKTI/I‘leCKOﬁ IMOJIE3HOCTBIO 1 BOCTpe6OBaHHOCTLIO y YATATEIICH.

C ysaoiceHuem,

TeHepaJIbHBIN AUPEKTOP
= [ly6im4HOro aKIIMOHEPHOTO O0IIeCTBa
«HayaHo-Ipon3BOCTBEHHOE 00bETNHEHHNE «ATTMAa3)

N HMeHHU akageMuka A.A. PacmimeTuHay
JOKTOp TEXHUYECKUX HayK, Ipodeccop

4 I'.I1. Bernepckuii

-



NMPOBJIEMHbIE BOMNPOCHLI MOCTPOEHUA
CUCTEM U CPEACTB BKO

Yeaxxaembie yumamenu!

Pepakuma HeogHoKpaTHO OTMeYana, YTo peanun3auns BOEHHO-TEXHUYECKOW NMOMNTUKN FOCy-
AapcTBa B 06r1acTu Co3aaHus HayKOEMKUX CUCTEM BO3AYLLIHO-KOCMUYECKON OBOPOHbI BO MHOIOM
3aBUCUT OT [OEATENbHOCTM Hay4YHO-UCCneaoBaTeNnbCKUX OpraHumsauun, B TOM YUCIEe HayyHOo-
nccneaoBaTenbCkUX opraHusaumnin MuH1McTepcTBa 0O0OpPOHBI.

KpariHe BaXxHO, Kakue cneumannctbl TPYASTCA B 9TUX CTPYKTYpaXx, KAKOB YPOBEHb MX KOMMe-
TEHLUUK, KTO U KaK rOTOBUT Kaapbl 118 HUX.

B cBA3n ¢ 3TMM pegakums XypHana npegnaraet cBoMM uuTaTenam ctatbto bokosa C.U.,
Monspyca A.H., CepebpsikoBa K.I'. «LleneBasi nogrotoBka cneunannuctoB Ha 6a3oBow kadeape
46 LUHWN MuHoGOpoHbI Poccuuy», B KOTOPOW aBTOpamMu aHanu3upyeTcsi COCTOSSHUE CUCTEMBI
NMOAroTOBKM MOMOAbIX CNELManucToB ANs Hay4yHO-UccreaoBaTenbCKMX opraHm3aumn u obocHo-
BbIBAeTCs, YTO YCWUMEHMEe NPaKTUKO-OPUEHTUPOBAHHOM YacTu npouecca noaroToBKM creuuma-
nucToB LienecoobpasHo Ha 6a3oBbix kadeapax BY30B, CO34aBaeMbIX HENOCPELACTBEHHO B HAy4HO-
uccnegoBaTenbCKnxX opraHu3aumsx.

YK 355/359.08

LIENIEBAS 1104 OTOBKA CITELIMAIINCTOB
HA BA30BOU KA®ELPE 46 LIHUA MMHOBOPOHbI POCCUN
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B cmambe aHanu3supyemcs cocmosiHue cucmeMbl Mo020moeKku MosIo0bIX crieyuanucmos Onsi Hay4yHo-
uccriedosameribCKUX opeaHusayull. YcuneHue npakmuKo-opueHmuposaHHoU Yacmu ripoyecca no02omosKku creyua-
JIUCmo8 803MOXHO Ha 6a306bix Kaghedpax 8y308, co30asaeMbIX HENOCPedCMBEHHO 8 Hay4HO-UCCIe008ameribCKUX
opezaHusayusix. lNpedcmaeneHa 6a3oeasi kagpedpa «MUPSA — Pocculickuli mexHoro2u4ecKkul yHugepcumemy,
co3laHHasi no uHuyuamuee 46 LIHWW MurobopoHbl Poccuu. [MpueedéH yuebHbili rmaH rnoG2omoeku crieyua-
riucmos o npogpunito «MeHedxmeHm 8 cghepe cucmem 8oopyxkeHuUl» 0nsi 46 LIHUN u dpyaux HNUO MuHo60pOHb!
Poccuu, opeaHog 80eHHO20 U eocydapcmeeHHo20 yrpaeneHus, npednpusmut OfK.

Knroyesble cnoea: Hay4Ho-uccriedogamesbckasi opzaHusauyusi (HNO), eys, 6a3oeasi kagpedpa, y4ebHbIl
npouyecc, npakmuka, KomrnemeHyuu, aghgpekmusHocms, MuHobopoHs! Poccuu.
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PA3EN: NPOBJIEMHBIE BOMPOCHI MOCTPOEHUA CUCTEM U CPEACTB BKO

This article analyzes the training system state of young experts for scientific research organizations (SRO).
The strengthening of practice-oriented part of specialists training process is possible at base departments
of universities, founded directly in SROs. The basic department of MIREA Russian Technical University is
performed, which was founded by the initiative of 46" Central research Institute (CRI) of the Russian Federation
Ministry of Defense. The «Curriculum» of specialist training in «Management in weapons systems» profile for
46™ CRI and other SROs of the Russian Federation Ministry of Defense, military and state administration
agencies and defense industry complex (DIC) enterprises was stated.

Keywords: scientific research organization (SRO), higher education institute (HEI), basic department, educational
process, practical training, competences, effectiveness, Russian Federation Ministry of Defense (RF MOD).

B cratee maH aHanmu3 COCTOSIHUSL CHCTEMBl MOATOTOBKM MOJIOABIX —CIELMAIUCTOB JUIL HAay4dHO-
uccienoBarenbckux opraamanuii (HMO). OtmeuaeTcss IMEIOIHIACS CHCTEMHBIN pa3phIB MEXIY YPOBHEM ITOrOTOB-
KM CTYJCHTOB B By3aX M CTEIICHBIO A(D()EKTHBHOCTH MX MOCIEAYIOIEH MPo(heCCHOHATPHON IEATENHOCTH B HAYIHOMH
opraau3anuy. V3moeHs! MoIX0ABI K MOATOTOBKE MOJIOABIX crerpanictoB st HUO Munoboporst Poccnm.

VYcunenne npakTHKO-OPHEHTHPOBAHHON YacTH IPOIiEcca MOATOTOBKH CIIELHAINCTOB CTAJI0 BO3MOXKHBIM Ha
6a30BbIX Kaeapax By30B, CO37[aBaEMbIX HEIIOCPEACTBEHHO B HAYYHO-NCCIIEJOBATEIbCKUX OPTaHN3AIHAX.

[IpencraBnena 6a3oBas kadenpa «MOCKOBCKOTO TEXHOJIOTHYeCKOro yHuBepcureray MUPDA, co3nannas
no uauiatuse 46 ITHUU Munob6opons! Poccuu, mpu moaepkke pykoBoacTBa MuHuctepcTBa 000ponsl Poc-
cutickoit denepanuu.

«YueOHBIN IUIaH» NOATOTOBKM 0akanaBpoB Mo mpoduiro «MeHekMeHT B cepe cucTeM BOOPYIKEHH I
MO3BOJIUT TOTOBUTHh KBAIM(HUIMPOBAHHBIX CHEHUAIUCTOB /U1 Hay4yHbIX moapasaenenuit 46 LIIHWU u apyrux
HHNO Muno6opons! Poccun, opraHoB BOGHHOTO U FOCYAapCTBEHHOT0 yIipasieHus, npeanpuatuii OIIK.

OcobeHHOCTBIO 6a30BOI Kadeapsl SBISETCS TOT (akT, YTO B APYTHX By3axX HOATOTOBKA CIICIIMAINCTOB IO
aHAJTOTUYHOMY HPO(DIIIIO HE BEIETCS.
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TARGET-ORIENTED SPECIALIST TRAINING
AT BASIC DEPARTMENT OF 46™ CENTRAL RESEARCH
INSTITUTE OF RUSSIAN FEDERATION MINISTRY OF DEFENSE

S.l. Bokov, A.N. Polyarus, K.G. Serebryakov

This article analyzes the training system state of young experts for scientific research organizations (SRO).
The existing system-based gap between the students training level in universities and effectiveness degree
in their subsequent professional activities in scientific organization is underlined. Approaches to training activity
of young experts for SRO of the Russian Federation Ministry of Defense were performed.

The strengthening of practice-oriented part of specialists training process is possible at base departments
of universities, founded directly in SROs.

The basic department of MIREA Russian Technical University is performed, which was founded by the initiative
of 46™ Central research Institute (CRI) with support of the Russian Federation Ministry of Defense.

«The «Curriculum» of Bachelors training in «Management in weapons systems» profile will allow qualifying
skilled professionals for scientific units of 46" CRI and other SROs of the Russian Federation Ministry of Defense,
military and state administration agencies and defense industry complex (DIC) enterprises.

The basic department features the fact that there is no specialists training in other universities in the same
profile.

MocTtynuna 22 aHBapsa 2018 roaa.
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B cmamebe nipusedeHbl mpebosaHusi K NepcriekmusHoU asmomamu3uposaHHoU cucmeme aHanu3a pesynbma-
mos8 fiemHbIx ucrbimarut cpedcme 60e8020 OCHaWEeHUST Ha MEXX8UO0BOM r10STUSOHE.

Knroyeenle cnoea: ucrbimamernbHasi mpacca, yeneeoe npuMeHeHue, mamemamudeckasi MoOesib, KOMIIIEKC
cpedcme ripeodorneHust, usMepumersibHasi UHGhOPMayusi.

The article states the requirements to advanced automated combat equipment flight-test results analysis system
at interservice firing range.

Keywords: test route, target-oriented application, mathematical model, penetration aids complex, measuring
information.

PykoBogsimumu TOKYMEHTaMU OTIPENENSICTCS] MOPSI0K CO3MAaHMS M CEPUIHOTO IPOU3BOICTBA HOBBIX 00-
pas3IoB PaKeTHOW TEXHUKH [1, 2] , 3aBepIIaONIAM 3TalloM Iepe]] IPUHATHEM HX Ha BOOPYKCHHE U TIOCTAHOBKOU
Ha 0OEBOE JICKYPCTBO SBISCTCS 3TNl MOJUTOHHOW JIETHOH OTpaboTku. CienoBarebHO, 3QPEKTUBHOCTE pellle-
Hus 3a1a4 ueneoro npumeHeHuss PK u PKK Bo MHOTOM 3aBHCHT OT KauecTBa BBIIIOJHEHUS LeJel U 3a7a4 JIeT-
HBIX ucnbiTannit. OOBEM U coliepkaHue Ienel u 3a1ay s Becero nukina JIM u Ha KaKIpId yCK B OTACIBHOCTH
OTIPEJICIISIOTCS COOTBETCTBYIOIIMMH ITPOTPAMMAMH.
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REQUIREMENTS TO ADVANCED AUTOMATED COMBAT
EQUIPMENT FLIGHT RESULTS ANALYSIS SYSTEM

O.V. Kislov, S.P. Litvinov, A.A. Kobzar, S.P. Sokolov

The guidelines define the sequence of a new items manufacturing and full-scale production of missile
weaponry [1, 2], and the final stage before its phase-in and operational use is the stage of on-range firing
exercise. Consequently, the problem solution efficiency of target-oriented application of missile and rocket and
space complexes depends largely on tasks and missions performance quality of flight tests. The corresponding
programs define the volume and content of tasks and missions for the whole flight tests (FT) period and for each
launch separately.

Moctynuna 16 oktA6psa 2018 roaa.
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YHAOULINPOBAHHASA MATEMATUYECKAS MOLESb 3YP
LA UCTI0NIb30BAHUS B HASEMHBIX CPEACTBAX 3PK
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Paccmampusaemcsi yHUguyuposaHHasi Mamemamudeckast Mooesib 3YP, pa3pabomaHHasi Onsi UCONMb308aHUS
8 HaseMHbIx cpedcmeax 3PK (8 MHO20qbyHKUUOHaIbHOM paduoriokamope U ryHKkme 60e8020 yripasrieHus]) rnpu pas-
TUYHBIX pexxumax pabomsi 3PK. [Npugodsimcs akcriepuMeHmarbHble pe3yribmambi MpuMeHeHUs1 Mooeru.

Knroyesnie cnoea: mamemamuyeckasi Modersib 3YP, MHO20GhyHKUUOHaIbHbIU paduoriokamop, rnyHKm 60eeo2o
yrpasreHus.

The surface-to-air missile (SAM) unified mathematical model designed for use in ground vehicles of SAM
complex (multifunction radar and command post) at various operating conditions of the SAM complex is considered.
The experimental results of the model application are presented.

Keywords: mathematical model of surface-to-air missile, multifunctional radar, command post.

B cocraBe mnporpaMMHO-aJITOPUTMHUYECKOTO O0ECHEeYeHUs] MHOTO(QYHKIIMOHAIBHOTO pPaaHnoIoKaTopa
(M®P) u myrkra 6oeBoro ympaeneHus (IIBY) BakHOe MecTO 3aHMMaeT MaTeMaTHdecKas MOJENb 3CHUTHOM
ynpasisieMoii paketsl (3YP).

IIpu GoeBoit padore 3eHMTHOTO pakeTHoro komiwiekca (3PK) momens 3YP momkna obecrednBaTh, BO-
MepBEIX, (hOpMUpOBaHUE anpHopHON Tpaekropuu 3YP, kotopas HeoOxoauMa 1t 3axBata MOP craproBaBmieit
3VYP, a BO-BTOpBIX — (POPMHUPOBAHHUE ATIOCTEPUOPHON TPAECKTOPUH (C YUETOM pealbHBIX H3MEPEHHH KOOPIHHAT
compoBoOXaaeMbIX 1lenu u 3YP), koTopast HeoOXoauMa JIsl «IOAJEPKKI» conpoBoxkaeHust 3YP (mepe3axsara
3YP B ciydae cpeiBa e€ compoBoxkaeHus). [Ipu moaroroBke k 6oeBoif pabore (mpoBepke pabOTOCHOCOOHOCTH
3PK B pexume «DIEKTPOHHBIA BBICTpEN»), a TakKe NMpH TpeHUpoBKe OoeBoro pacyera [IBY (pexum «ABTO-
HOMHas TPEHUPOBKay) Mojienb 3YP HeoOxoaumMa A1 MMUTAMY ABMKEeHUS peanbHoi 3YP.

B Hacrosiie#t ctatbe paccMaTpHUBAIOTCS BOIPOCHI MTOCTPOCHHS M HCIOJIB30BaHUs pa3pabOTaHHOM MaTeMa-
tuueckoit Monenu 3YP, yHuuuupoBanHoii 1iis nepeunciennsix 3anaq [1I6Y u MOP.
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THE SURFACE-TO-AIR MISSILE UNIFIED MATHEMATICAL
MODEL FOR SURFACE-TO-AIR MISSILE COMPLEX
IN GROUND-BASED VEHICLES USING

O.V. Smirnov, V.P. Khlapov

The mathematical model of a surface-to-air missile (SAM) has an important place in the software-algorithmic
support of the multifunctional radar (MFR) and the command post (CP).

During the combat operation mode of the SAM complex, the missile model must ensure, firstly, the formation
of the a priori trajectory of the SAM, which is necessary to MFR for capturing the launched SAM, and secondly,
the formation of a posteriori trajectory (actual coordinates measurements of the tracking target and SAM
in account) which is necessary to support tracking of the SAM (recapture of the SAM in case of tracking failure).
The SAM model is necessary to simulate the movement of a real SAM when preparing for combat work
(the operability of the SAM complex in the «Electronic shot» mode checking), and also during the training
of the CP combat crew («Autonomous training» mode).

In this article, we consider the design and use of the developed mathematical model of the SAM, unified
for the listed tasks of the CP and the MFR.

Moctynuna 2 Hos6psa 2018 ropa.
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B cmambe paccmampusaemcsi o6ocHogaHUe 83auMOCesa3U nokasamerel U Kpumepues aghghekmusHocmu
obnyyarowieli cucmeMbl MHO200Uana3o0HHbIX 3epKallbHbIX aHMeHH C napamempamu 20ghpuUpo8aHHOZ0 pyriopa.
lNpednoxeHa Memoduka cuHme3a napamempos 20(hpuUpPo8aHHO20 pyropa Mo 3adaHHbIM xapakmepucmukam
u3ssnyyqeHusi U rnpusedeHbl npakmu4yeckue pesyibmamesil.

Knroyeenle crnioga: obnyyarowas cucmema, MHo2o00uana3oHHasi 3epKanbHasi aHmeHHa, 20¢hpuposaHHbIU
pyrnop, kpumeput 3¢hghekmusHoCcmu.

The article examines the rationale of performance index and criteria interrelation of multi-band mirror
antennas irradiating system with corrugated horn parameters. A method for parameters synthesizing of corrugated
horn according to given radiation characteristics is proposed and practical results are given.

Keywords: irradiating system, multi-band mirror antenna, corrugated horn, performance criterion.

Bormpocs! pa3paboTKu aHTEHHBIX CHCTEM M MHOTOAHMAINA30HHBIX 3epKABHBIX aHTeHH (M3A), B yacTHOCTH,
HE MOTYT pemaTbcs 0e3 ydera mokaszarenedd 3gpQekTuBHOCTH Kak M3A B IeJIOM, TaK U €€ COCTaBHBIX YaCTEH.
Ioka3zatenu u kputepuu d3PpPexTHBHOCTH M3A MOTYT OBITH MOTYYCHBI HA OCHOBE B3aUMOCBSI3H XapaKTEPHCTUK
PAAMOTEXHUYECKOM CUCTEMBI, B COCTaB KOTOPOM BXOAUT M3A, U XapakTepUCTHK caMOi aHTeHHbI. B kayecTBe
TaKWX MOKa3aTeNel Al aHTEHHBIX CHCTEM PaJHO3JIEKTPOHHBIX KOMIUIEKCOB MOTYT BBICTYNATh C yUETOM B3au-
MOCBSI3M OCHOBHBIX IMOKa3aTeel KOMIUIEKCOB (BEPOSATHOCTh OMTOBOM OMIMOKH, CKOPOCTH Mepeaadyn nHpopMma-
IIUH, TOYHOCTH ONPEAETICHHS PaIUOIOKAMOHHBIX U PaINOHABUTAITMOHHBIX ITAPAMETPOB) C ITyMOBOI1 T0OpOTHO-
CTBIO aHTEHHOH cucTeMbl. B ciydae M3A TakuMu MOKa3aTeNsIMH MOTYT SBISATHCS NMPOU3BEACHUS IIYMOBBIX
JIOOPOTHOCTEH B COBMENIAaeMbIX UANa30HaX YacToT.

IIpu TakoM moaxoze mokaszarenu u Kpurepun 3hHEeKTHUBHOCTH yCcTpoiicTB M3A onpenessiroTcss Kak BKIAL
COOTBETCTBYIONINX YCTPONCTB B IOBBINICHUE IIYMOBOI JOOPOTHOCTH aHTeHHBL. i1 0OIMydaromieil cHCTeMBI
M3A B kauecTBe mokazaTelicl d3(pPEKTHBHOCTH IMpeiaracTcs 000O0MeHHAs TyMOBasi JOOPOTHOCTh AHTCHHBI,
YYUTHIBAIOIIAS HE TOJILKO BKJIAJ OOJydarolleil CHCTEMBI B KOA((GUIMECHT YCHIICHHS U IIYMOBYIO TEMIEpaTypy
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AQHTEHHBI B KQXJOM M3 COBMEIAEMBIX YaCTOTHBIX JMAIlla30HOB, HO TAKXe IHOJISIPU3ALMOHHYIO Pa3BA3Ky M TOY-
HOCTbH aBTOCOIIPOBOYK/ICHHSI HICTOYHUKA CUTHAJIA.

B crarse nmpeamararorcs cucteMa mokasareneid u KpuTepuil agppexTuBHOCTH 00Iydaromeii cucremsl M3A.
Ha ocHoBe aHamm3a B3aMMOCBSI3M ITYMOBOH MOOpOTHOCTH M3A M auarpaMMBl HalpaBJICHHOCTH OOIydaTelrs
paccMaTpuBarOTCsl BOMPOCH ITOCTPOSHHUS MHOTOIMANA30HHBIX 00ydareneil B BUAE TO(GPUPOBAHHBIX PYIOPOB.
[IpuBoasITCS TEXHUUECKHE PEIICHNUS 1T0 TOCTPOSHHIO 00TydaTeneil Ha OCHOBE rO)PUPOBAHHBIX PYIIOPOB.
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PERFORMANCE INDEX AND CRITERION
OF MULTI-BAND MIRROR ANTENNA IRRADIATING SYSTEM
OF RADIO ELECTRONIC COMPLEXES

D.D. Gabrieliyan, V.I. Demchenko, A.E. Korovkin, D.Y. Razdorkin

Development issues of antenna systems and multi-band mirror antennas (MBMA), particularly, cannot
be solved without consideration of effectiveness index both of MBMA integrally and its components. The MBMA
performance index and criterion can be obtain based on characteristics interrelation of radio-technical system
with MBMA, and characteristics of an antenna. For antenna systems of radio electronic complexes, these indexes
can be including interrelation of complexes main indexes (bit error probability, information transmission rate,
radio-navigational and radar parameters detection accuracy) with noise Q-factor of antenna system. For
the MBMA, such indexes can be product of noise Q-factors in combined frequency bands. Such approach applies
that the performance index and criteria of MBMA devices are defined as contribution of corresponding devices
into increasing of antenna Q-factor. For the MBMA irradiating system as an performance indexes the generalized
noise Q-factor is proposed, considering not only the contribution of irradiating system into gain and antenna noise
temperature in each combined frequency bands, but polarization isolation and autotracking accuracy of signal
source.

The article proposes the performance index and criteria system of MBMA irradiating system. Based on
interrelation analysis of MBMA noise Q-factor and directional pattern of exciter the problem of multiband exciters
arrangement in form of corrugated horns is examined. The engineering solutions on exciters arrangement based
on corrugated horns are performed.

Moctynuna 10 man 2018 roaa.
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B cmambe Ha KOHKpemHoM ripumepe paccMompeHsbi npobrieMHble 80MPOChI KOHCMpYyuposaHusi npubopos
JKudkocmHozo oxnaxoderusi (MXKO) dna HaseMHbix aHmMeHHbIx nocmos ¢ ADAP. pubop obecrieyusaem dsuxe-
Hue oxnaxdarowel xudkocmu Yepez AQAP u omeod om Heé menna 8 ammocghepy. CroxXHOCMb KOHCMpPYupo-
8aHUs makux rnpubopoe obycrosrieHa HeobxoOUMOCMbIO pa3MeuweHuss 8 KpaliHe ogpaHuYyeHHOM obbéme
pasnuyHbix ycmpolicme ¢ cobntodeHuem psida ycriosuli — obecriedeHue MakcumasbHOU mernsiosol rnposodu-
mocmu MexdAy mernsioHocUmesnsMuU, MexaHu4eckol MPOYHOCMU, Meriogo20 pexuma, PeMOHMOonpu2o0Hocmu
u ydobcmea aKcrimyamayuu.

Knroyeenie cnoga: cucmema XUOKOCMHO20 OX/axOeHUsl, akmueHasi ha3uposaHHasi aHmeHHasi pewémka,
KOHCMPYUpOB8aHUe.

The article examines in a specific context the issues of liquid-cooling blocks (LCB) design engineering
for ground antenna posts with active phased antenna array (APAA). The block provides the liquid coolant flowing
through APAA and heat removal into atmosphere. The design complexity of such blocks is stipulated by necessity
of different devices arrangement of limited amount with observance the following conditions: provide
the maximum heat conduction between heat carriers, mechanical performance, heating rate, serviceability
and ease maintenance.

Keywords: liquid-cooling system, active phased antenna array, design engineering.

OpHOM M3 aKTyalbHBIX 3a/1a4 CO3/IaHMS aKTUBHBIX (ha3MpOBAaHHBIX aHTEHHBIX pemieTok (ADAP) sBisercs
pa3paboTka cucteM xkuakocTHoro oxiaxkaeHus (CXKO). B paspabareiBaemoit ITAO «HIIO «Ammasz» ADAP
nmofada oxnaxnatomiend xunkoctu (OX) B ADAP, orson terma ot OX B atMocdepy, KOHTPOJIb apamMeTpoB
CXO u ynpaieHHe TEIUIOTEXHUYECKHM 000pyJOBaHUEM PEaln30BaHbl B MPUOOPE KHUIAKOCTHOTO OXJIAXKICHHS
(ITXKO). HeooxomumocTs pa3memnienns B [1XKO kpaifHe orpaHHYCHHBIX TabapUTOB Pa3IMYHBIX YCTPOUCTB C CO-
OJIro/IeHHEM psiJia YCIIOBHUH ClIENalId €0 KOHCTPYHPOBAHHE YPE3BBIUAHO CIIOKHOM 3a1auei.

B crarbe paccMOTpeHBbI pa3In4Hble BapHaHThl KOMIIOHOBKH TEIUI00OMEHHMKOB 1 BeHTHIsiTopoB I1DKO, pas-
JIMYHBIE CXEMBI T10JIa4M U OTBOJA BO3/yXa C y4ETOM pa3MeEIEeHHs! TPOoYero 000pyA0BaHHsI aHTEHHOTO KOHTEeHHepa
(AK) 3amannbpIx radaputoB. Kpureprem BIOOpa HTOTOBOM KOMIOHOBKHU CTal KOMIIPOMHCC MEXKAY TEIUIOTEXHIYE-
ckumu xapakrepuctukamu [IXKO u ero rabapuramu. [Ipu aToM akueHT nenancs Ha pasmeriende B [IDKO kak Mox-
HO OOJIBIIIETO YKCIIa TETNIOOOMEHHUKOB U 00eCTIeYeHre Yepe3 HUX HauOOJbIIEr0 pacxo/ia BO3Iyxa.

IIpouee anmekTpoHHOE M dJEKTpoTexHUYeckoe obopynoBanne [IDKO pasmemieHo B ero HeOOMBIIMX TPO-
CTPAHCTBAX, OCTABIIMXCS IMOCTE MPOKIAIKA THAPOTPAKTOB M BO3AYXOBOJIOB, B BHIE COOPOK MO (PYHKIIOHAb-
HOMY Ha3HA4EHHIO.

Pazpaborannas koHcTpykuus npudopa [DKO yuuTsiBaeT TpeOOBaHUS K MEXaHHYECKOH MPOYHOCTH, TEILIO-
BOMY PEXHMY, PEMOHTY M 00CITyXHBaHHIO B coctaBe AK.
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LIQUID-COOLING SYSTEM DESIGN FEATURES
OF HIGH-POTENTIAL APAA

V.G. Zhuravlev, A.D. Eliseev, B.A. Pronyakin, E.N. Hmelnitskiy

One of the crucial tasks during design of active phased antenna arrays (APAA) is the development
of liquid-cooling systems (LCS). In APAA, being developed by the PJSC «Almaz» enterprise, the coolant supply
n APAA, heat removal from coolant into atmosphere, LCS parameters checkout and heating equipment control
are realized in liquid-cooling block (LCB). The necessity of arrangement in LCB of highly limited sizes the different
devices with observance a set of conditions has made its design engineering the extremely complicated task.

The article examines the different layouts of heat-exchangers and LCB fans, different circuits of air supply
and exhaust considering placing of another equipment of antenna container (AC) of specified sizes. The selection
criteria for final layout circuit become a trade-off between LCB thermotechnical characteristics and its sizes.
Herewith, the stress was emphasized on maximum amount of heat-exchangers arrangement in LCB and high
airflow thorough it.

The rest electronic and electrical equipment of LCB is placed in its small spaces, remained after laying
of hydraulic paths and air-ducts in form of assemblies according to functional area.

The developed LCB design structure considers the requirements to mechanical performance, heating rate,
serviceability and maintenance within the AC.

MocTtynuna 26 anpens 2018 roaa.
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lpedroxeH Memo0d usMepeHUsT XxapakmepucmuK UMITY IbCHO-MepUOOUYECKO20 U3J/Ty4eHUSs Jla3epHoU cucmems!
Ha ebixode wupokoanepmypHol cucmembl ¢hopmuposaHusi. [lpednazaemcsi uUCMoONbL308amb asmMocmeHA08bIl
KonnumMauuUoHHbIU Memod ¢ MpUMEHEHUEM MI0CKO20 ImaJsloHHO20 3epkarna. BosspalyéHHbIl 8 cucmemy ghopmuposa-
HUSI My4OK UMeem 3Ha4YumersibHO MeHbUWyo anepmypy. Usmepsiemasi HU3Kasl eenuduHa yerogol pacxodumocmu
ysenu4yueaemcsi 8 Yucsio pas, pagHoe KpamHoCcmu mesiecKona, 4mo rosebilaem moYHOCMb U3MePEeHUsI.

Knroueesnle crnoea:. usfyyeHue, nasepHasi cucmema, U3MeEPeEHUE B80/IHO8020 (hPOHMA, M/IOCKOE 3MasioHHOE
3epKario.

The performance measurement method of laser system pulse-periodic radiation at output of wideaperture
beam-forming system was proposed. It's suggested to implement the autocollimating method using the plain reference
mirror. The returned beam has a much smaller aperture. The measured low angular spreading is increased to a number
telescope magnification that improve the measurement accuracy.

Keywords: radiation, laser system, wave front measurement, plain reference mirror.

[Ipennoxxen MeTol U3MEPEHUS XapaKTEPUCTUK UMITYJIbCHO-TIEPUOANYECKOTO U3IYUEHHUSI JIA3EpHOU CcUCTe-
MBI Ha BBIXO/JIE IIAPOKOANEPTYPHOU CUCTEMBI popMupoBaHus. [Ipenaraercs HCHOIb30BaTh aBTOKOJLTMAIIHOH-
HBI METOJI C IPUMEHEHUEM IUIOCKOT0 ATAJIOHHOIO 3epKaja. IIpuMeHeHue II0CKOro 3TaJIOHHOTO 3epKajla IOMO-
raet n3bexaTh BBIXOJIa B JIATBHIO WIIM SKBUBAJICHTHYIO JAJBHIOK 30HY C MPOTSHXKEHHOW aTMocdepHOU Tpac-
COM, MCKaXXaroulel HU3KYI0 BEJIMYMHY YIIIOBOM pacxoJuMOCTH HU3iy4yeHHUs. Bo3BpallleHHbIN uepe3 TellecKoN B
cucteMy (GOpMUPOBaHUS My4O0K UMEET 3HAUUTEIHLHO MEHBINYIO anepTypy. V3mepsieMas HU3Kasi BEJIMYUHA YTII0-
BOM pacxXxoJAMMOCTH yBEJIMUMBAETCS B YUCJIO pa3, paBHOE KPAaTHOCTH TEJIECKONA, YTO MOBBIIIAET TOYHOCTh U3Me-
penus. O6cyxnaeTcss MUHUMAaNIbHAS TATBbHOCTh YCTAHOBKHU IJIOCKOTO 3epKajia oT Jiazepa. [IpoBeneH anamus Tpe-
OyeMoill cTereHu OCIabJICHHs MUKOBONH MOIIIHOCTH JJISL COTJIACOBAHUS H3IyYCHHS C MAaTPUYHBIM MPUEMHHKOM.
[IpuBeneHBI CXeMHBIC PEICHUS TI0 CHIKCHHUIO YHCIIa 0CTa0UTEICH.

[IpennoxxeHHbI METO/ MO3BOJISIET U3MEPSTh TaKHE XapaKTEPUCTUKU Jla3epa Kak YIIIOBYIO PacXOAMMOCTh
M3JIYYCHHUS Ha €0 BBIXOJE W HA BHIXOJIC CHCTEMBI ()OPMHUPOBAHUS, CPEAHEKBAPATHUCCKYIO BEIUUMNHY YTIIOBOTO
OTKJIOHEHUSI OCH M3TYy4YCHHUS Jla3epa Ha €ro BBIXOJIC U Ha BBIXOJIC CUCTEMBI ()OPMHUPOBAHUS, CPEIHEKBAIpATHY C-
CKYIO BEJTMYMHY OITMOKH CHCTEMBI HABEICHHS.
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METHOD AND CIRCUIT DESIGN
FOR PERFORMANCES MEASUREMENT
OF POWERFUL WIDE-APERTURE PULSED RADIATION
OF LASER SYSTEM

V.V. Karachunskiy, A.N. Kleymenov, Y.l. Malashko, A.V. Nazarenko, Y.A. Subbotovskaya

The performance measurement method of laser system pulse-periodic radiation at output of wideaperture
beam-forming system was proposed. It's suggested to implement the autocollimating method using the plain
reference mirror. The use of plain reference mirror permits to avoid output to a far or equivalent far-field region
with extended atmospheric path, distorting a low level of angular radiation spreading. The returned through
the telescope beam has a much smaller aperture. The measured low angular spreading is increased to a number
telescope magnification that improve the measurement accuracy. The minimum mounting distance of plain mirror
from the laser system is discussed. The analysis of required attenuation degree of peak power for coincidence
of radiation with detector array was carried out. The circuit design to decrease the amount of attenuators were
performed.

The suggested method permits measuring the following laser characteristics: angular radiation divergence
at its output and at output of beam-forming system, angular deflection root-mean-square value of laser radiation
axis at its output and at output of beam-forming system, root-mean-square value of beam-guidance system error.

Moctynuna 10 masa 2018 ropa.
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B cmambe paccmampugsaemcsi udesi CHUXEeHUSI rnesieHeayuoHHOU owubKu cucmemMbl «aHmeHHa-obmekamersby
Ons nemameribHbIX annapamos. gghekm moxem bbimb AocmuzgHym 3a CY4ém UCronb308aHUs OOMOAHUMEbHOU
obpabomku CBY-cuzaHarios ¢ 80CbMU Kpy208biX CEKIMOPO8 packKpbi8a aHMEHHO20 ycmpolicmea.

Knroyesnle cnoea:. MOHOUMIYbCHAs aHMeHHa, paduorneneHaamop, 20/108HOU aHMEHHbIU obmekamerib,
neneHeayuoHHas owubka, ¢pa3osbili CyMMapHO-pa3HOCMHbIU Memoo neneHaayuu.

The idea of «Radome-antenna» system direction-finding error decay for aerial vehicles is considered. The effect
can be achieved via implementation of additional microwave signal processing from eight segments of antenna mouth.

Keywords: monopulse antenna, direction finder, nose radome, direction-finding error, phase sum-and-difference
method direction-finding.

B crathe paccMmarpuBaeTcs Hjes MPOSKTHPOBAHMS MOHOMMIIYJIBCHBIX CHCTEM «aHTEHHa-O0TEKaTelb» C
CyMMAapHO-Pa3sHOCTHBIMH YTJIOBBIMHU TUCKPUMUHATOPAMH IS JIETAaTEIIbHBIX allapaToB.

Wnes 3akiarodaeTcs B TOM, YTO IOJIOTHO PAIUOIOKAI[MOHHON aHTEHHBI paJuoIeleHraTopa (Hanpumep, aH-
TEHHOW peIeTKH) pa30MBaeTcsi Ha BOCEMb KPYT'OBBIX CEKTOPOB, 00pa3yst BoceMb aHTeHH. CHTHAJbI ¢ KaKIO0TO
U3 CEKTOPOB MCTIOJIB3YIOTCS JUIsl (POPMHUPOBAHHS CYMMApHOTO ¥ Pa3HOCTHBIX CUTHAJIOB.

[TomapHo 06pabatbiBasi CUTHaJIbI ¢ BOCBMH KPYTOBBIX CEKTOPOB OJHOBPEMEHHO (MO0 MOCIe0BaTEIbHO)
00pa3yloT JIB€ CXEMBI IIEJIEHTAlMN M3 YETHIPEX KPYrOBBIX CEKTOPOB aHTEHHOTO IOJOTHA: B HPSMOYTOJIBHBIX
TUIOCKOCTSIX M B KOCBIX INIOCKOCTSIX. [IpoBo/st OBICTpOAEHCTBYONTYI0 00pabOTKY CHIHAJIOB IO JBYM CXEMaM Iie-
JICHTAI[MA MOXKHO TIOJIyYHTh CYIIECTBCHHOE CHID)KEHHME BEJIMYHMHBI IEJICHIAIHOHHONW OMIMOKH CHCTEMBl «aHTEH-
Ha-00TeKaTelby.

Takum 00pa3zom, MPOUCXOIUT YACTUUHAS CAMOKOMIICHCALIUS IEJICHrallMOHHOM (yriI0BOH) OMIMOKH CHCTe-
MBI «aHTCHHA-00TEKaTeNIb)» B MOJIETE.

[IpennonaraeMelil pe3yapTaT B CiIydae peaju3allid JaHHOTO TEXHUYECKOT'O PEIIEHHs: IOBBIIIACTCS TOY-
HOCTh HaBEJCHMS JIETATEIIFHOTO amIapara, CHIDKAIOTCA TPeOOBaHUS K PATHOTEXHHYECKHUM XapaKTEPHUCTHKAM
AQHTEHHOTO O0TEKaTeIs.
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«RADOME-ANTENNA» SYSTEM DIRECTION-FINDING
ERROR DECAY

L.M. Minokin, N.N. Aldoshin, V.V. Sgibnev

The article examines the design concept of «Radome-antenna» monopulse systems with the sum-and-
difference angular discriminator for aerial vehicles.

The point of the concept is that the direction finder radar antenna curtain (e.g. antenna array) is divided
into eight circle segments, forming eight antennas. All segment signals are used to form the sum and difference
signals.

The pair wise (or in series) simultaneous processing from eight circle segments constitute two direction-
finding schemes from four circle segments of antenna curtain: in rectangular and skew planes. By providing
the fast-response signal processing for two direction-finding schemes, we can obtain significant decrease
of direction-finding error of «Radome-antenna» system.

Consequently, the partial self-compensation of «Radome-antenna» system direction-finding (angular) error
during the flight is originated.

The proposed finding in case of this engineering solution realization will contribute to guidance accuracy
increase of aerial vehicle and downgrade of requirements to radio-engineering characteristics of radome.

MocTtynuna 20 anpens 2018 roaa.
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Yeaxaembie yumamenu!

Pa3BuTne 06OpPOHHOr0 noTeHumana rocygapctsa BO MHOrOM 3aBUCUT OT 3(EKTMBHOCTM
paboTbl npeanpuaTuA, obecnednBaloLLmMX CO34aHNe BbICOKOTEXHOMOMMYHbLIX CUCTEM U KOMMIEK-
coB BoopyxeHusi. OQHMM N3 COBPEMEHHbIX NOAXOA0B K MOBbILLEHNIO 9OdEKTUBHOCTM NMPON3BOA-
CTBEHHOW OeATENbHOCTU ABMNSIETCA KOHUENUUSA ynpaBreHust npeanpustuem, 6asmpyowasncs Ha
npoleaypax, HanpaBreHHbIX Ha YCTpaHeHne BCeX BMAOB NOTepb, HOCALLAa HasBaHue «bepex-
NBOE NPOM3BOACTBOY.

B cBA3M ¢ 9TMM pepakums XypHana npeanaraet cBomM untatenam ctatbto C.H. OctaneHko
n C.A. PomaHoBon «MeToanyecknii noaxon K oueHke U NporHo3npoBaHUIO COCTOSIHUS Npeanpus-
TUI B MHTepecax hopMMpoBaHMS NPearioXeHUn No pas3BuTNo BepexnuBbIX NPOU3BOACTBY.

YK 338.367
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lNpednazaemcsi Memoduyeckuli nodxod K OUEeHKe U MpOo2HO3UPOB8aHU0 COCMOsIHUL npednpusmull 8 rpocm-
paHcmee MEXHUKO-3KOHOMUYECKUX U PpOou3800CMBEHHO-MEXHOI02UYECKUX thakmopos Orsi ornpedesieHUs pucKoe
u yenecoobpasHocmu peasnusayuu rnpoeKkmos ro co30aHuro bepexxnuabix npou3sodCcmeeHHbIX CUCMEM.

Knroyesble crioga: bepexinugoe mnpoussodcmeo, Map)KuHasibHasi rnpubblnib, npou3so0cmeeHHasi MOW-
HOCMb, YCII0BHO-MOCMOSIHHbIE Pacxodhbl.

The methodical approach to assessment and forecasting the states of enterprises in the area of technical-
and-economic and engineering-and-manufacturing factors for risks identification and project realization reasona-
bility in development of lean manufacturing systems is suggested.

Keywords: lean manufacturing, marginal profit, manufacturing capacity, semi-fixed outlay costs.

B nacrosmiee Bpemst CyleCcTByeT MHOXKECTBO Pa3IMYHbIX METOAOB COBEPIIEHCTBOBAHUS JIEATEIBHOCTH OP-
TraHW3alluil U UHCTPYMEHTOB IS CHIDKEHHS 3aTpaT, MOBBILIEHUS KayecTBa NMPOAYKLUUU U COKPAILEHHs MPOU3-
BOJICTBEHHOTO IWKJIa. B mpakTuke ynpaBieHus: pazputueM npom3BojactB MC KoHuepHa oIHOW M3 KITFOUEBBIX
3a/1a4 SBIAETCS CO3/IaHue OepeXIMBBIX MPom3BoACTBEHHBIX cucteM (BIIC) Ha ocHOBE HCITOIB30BAHUS HHCTPY-
MEHTOB M METO0OB OEPEIINBOTO ITPOU3BOJICTBRA.

Pe3ynbraTHBHOCTD peanu3anny npoekToB 1o co3xanuto BIIC 3aBucwur:

— OT OIEHKH HadaJbHBIX YCIOBHUH, ABISAIOMNXCSA 0Aa30BBIMHU IS CO3/AaHUS WM MPeoOpa3oBaHUs STHX CH-
CTEM;

— 0T npo6ieM (PUHAHCOBOTO W/MIIM MPON3BOJCTBEHHOTO XapakTepa, TPEOYIONIIMX NEePBOCTENIEHHOTO pa3pe-
HIEHUSI.
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[Ipu npoBeneHNM OLEHOK HEOOXOIMMO YYMTHIBATH BCE BHABI M3JEP)KEK, MMEIOIIUMX MECTO B Ipolecce
(yHKIIMOHMPOBAHUSI TPOU3BOJCTBEHHBIX CHCTEM, a TaK JK€ OIEHMBaThb W IIPOTHO3MPOBATh TEXHHKO-
9KOHOMHYECKOE U TIPOU3BOJCTBEHHO-TEXHOJIIOTHYECKOE COCTOSHIE NMPEANPHUATHH, Ha 0a3e KOTOPBIX INTAHUPYET-
s peam30BaTh MpoekTHl co3nanus bIIC.

B craTbhe HM310KEH METOIUYECKUI MOAXOJ K OLEHKE M NMPOrHO3UPOBAHUIO COCTOSHUN MPENNPUSATHH B MPO-
CTPaHCTBE TEXHUKO-YKOHOMHYECKHUX U ITPOU3BOJCTBEHHO-TEXHOJIOTHUECKUX (PAKTOPOB, pa3pabOTaHHBIN HAa OCHOBE
OLICHKH M aHaJIM3a CTaTUCTUYECKUX MOKa3aTesell coCTOsIHUA npeanpusaTuii KoHuepHa, BBIIYCKAIOLUMX CEPUIHYIO
MPOAYKIINIO, C IO ONPEIEICHHS PICKOB H IIEIECO00Pa3HOCTH PEaTH3aliy IIPOEKTOB 1o co3nanuio bIIC.
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METHODICAL APPROACH TO ASSESSMENT
AND FORECASTING THE STATES OF ENTERPRISES
FOR PROPOSALS DEFINITIONS ON LEAN
MANUFACTURING DEVELOPMENT

S.N. Ostapenko, S.A. Romanova

Nowadays, there are variety of organizations activity improvement methods and instruments for cost saving,
products quality improvement and manufacturing cycle downgrade. The management practice of the «Almaz-
Antey» Air and Space Defense Corporation IS production development specifies one of the key tasks that is
development of lean manufacturing systems (LMS) based on lean manufacturing instruments and methods
application.

The projects realization effectiveness towards LMS development depends on the following:

— estimation of initial conditions, which are the base for development or transformation of these systems;

— financial and/or production sphere problems, requiring the primary resolution.

The estimation process requires considering all types of expanses (outlays) presenting in manufacturing
systems functioning, and assessment and forecasting of enterprises technical-and-economic and engineering-
and-manufacturing state based on which the LMS development projects are to be realized.

The article states the methodical approach to assessment and forecasting the states of enterprises
in the area of technical-and-economic and engineering-and-manufacturing factors, developed on the base of
the Corporation enterprises state statistical indicators estimation and analysis, manufacturing the serial products,
for risks identification and project realization reasonability in development of lean manufacturing systems.

Moctynuna 1 cheBpans 2018 ropa.
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Yeaxaembie yumamenu!

YpoBeHb NpodeccnoHanbHOM NoAroToBKU CNELManncToB BbICOKOTEXHOMOMMYHbIX Npeanpusi-
T 060POHHO-NPOMBbILLSIEHHOrO kKoMnekca B obnactu CMK siBnsieTca ogHMM 13 KntoveBbiX doak-
TOPOB, BIUSAIOLLMX HA Ka4eCTBO BbiMycKaeMon NPoayKUMM BOEHHOIO Ha3Ha4YeHus.

Bawewmy BHMMaHuo npegnaraetca cratbs «HekoTopblie npobrniembl CMK 1 BO3MOXHbIE NyTU
MX pelleHns», B KOTOPOM Ha npumepe nNpeanpusiTui, OCYLLECTBNAOLMX CO30aHME CUCTEM
n komnnekcoe BKO, gaH yrny0bneHHbI aHanm3 ypoBHSA NpodieCcCMoHarnibHOM NoAroToBKM crneuuna-
nuctoB gaHHoro npodunda B chepe CMK n npenctaBneHbl KOHKPETHbIE MPeasiokKeHus no ero
noebiweHnto. MNMpeacraBnaemas Nyérnmkauna MOXET oKka3aTbCsl KpanHe None3Hon cneynanmcram,
CBSI3aHHbIM C CO3aHNEM MEPCNEKTUBHbLIX 06Pa3LI0B CMOXHbBIX CUCTEM BOOPYXKEHWS.

YK 658.562

HEKOTOPBIE [MPOBJIEMbI CMK
N BO3MOXHBIE YTU UX PELLIEHUA

© ABTopbI, 2018
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E-mail: alextula78@rambler.ru

B cmambe u3noxeHb! pedynbmambl OUEHKU U aHanu3a yposHsi npogheccuoHanbHolU nod2omosku creyua-
nucmoe npednpusmul AO «KoHuepH BKO «Anma3 — AHmeli» e obnacmu CMK, kak 00Ho20 u3 ghakmopos,
B/IUSIOWUX HA YPOBEHb Kadyecmea 8binyckaemMolU rnpodyKyuu.

Knrouesble cnoea: cucmema MeHedXMeHMa Kadecmea, ypoeeHb rpogheccuoHanbHoU Mod2omosKu
nepcoxana.

The paper states the evaluation and analysis results of specialists professional qualification level at enterprises
of the JSC «Almaz — Antey» Air and Space Defense Corporation in QMS sphere, as one of the factors influencing
on output products quality level.

Keywords: quality management system (QMS), personnel professional qualification level.

OnHUM M3 KIFOUEBBIX (DaKTOPOB, 00ECNEUNBAOIINX JTOCTIKEHHE TPeOYyEeMOTo ypOBHS KavyecTBa U HaJleXK-
HOCTH 00OpPOHHOW NMPOIYKINH, a Takke 3(pPEeKTHBHOCTH NMPON3BOACTBEHHO-TEXHOJIOTHIECKUX CHUCTEM, MPOIIEeC-
cos CMK, CMK B nenoM, B TOM YHCIIE €€ «PEATU3ALHOHHON 4acTU» — CUCTEMBI yNpPaBJIEHUs KayeCTBOM U
HaJIe)KHOCTBI0 000opoHHOH npoaykunu (CYKHIT), sBisieTcs KBaMpUKaMOHHBI YpOBEHb U ypOBeHb npodec-
CHOHAJIBHOW NOATOTOBKM IepcoHana nojapaszaeneHuii nouepuux odmects AO «Konuepn BKO «Anmaz — An-
teit» (1O KonuepHa) B cdepe ynpasiaeHust KauecTBOM. B craTbe NpUBeIeHBI IPUOPUTETHBIC HAIIPABICHUS 1101~
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TOTOBKH, NEpeYeHb OCHOBHBIX 3HAHWH, YMEHWIl B NpeIMETHOH 001acTH, HEOOXOJMMBIX UISi OCYILECTBICHUS
npodeCcCHOHANBHOM JIESTENBHOCTH, a TaK)Ke W3JI0KEHBI PE3yNIbTaThl OLECHKH W aHalnu3a YpoBHs mHpodeccHo-
HasbHOU ToAT0oTOBKH mepcoHana JIO KonnepHa B cdepe ynpapieHHs Ka4eCTBOM, TIOTyICHHBIE:

10 pe3yJbTaTaM IEPENOATOTOBKY (aIpHOpHas Ha OCHOBAHWH aHKETHPOBAHMSA JI0 Hadyajda OOydCHHS, aro-
CTEpPHOpPHAs TI0 OIICHKE 3al[UThl HTOTOBBIX aTTECTALMOHHBIX paboT) mepcoHana, 00ydaromerocs no IporpaMMam
npodeccroHabHOI MepenoAroToBKH «CIEeHaIuCT MO YIPABICHHIO KaYeCTBOMY;

®1I0 pe3ysbTaTaM aHKeTHPOBaHUs IMepcoHalia mojpaszeneHuil (cimyx6 kadecrsa) /10 KonuepHa npu mpo-
BeICHNU HHCIIEKTOpckuX npoBepok 1O KonnepHa.

[TpuBenéuHble pe3yabTaThl IOKa3bIBAIOT, YTO OOIINI YpOBEHb 3HAHUH U YMEHHH IepCcOHANa HEJJOCTaTOYeH
Juist obecrieueHus pesynabratuBHON pabotsl B CMK /10 Konnepna, 4To moATBepkaeT He0OX0JMMOCTh pean-
3alUM MporpaMM HpodeccnoHainbHOM nepenoaroToBky nepconana /10 KonuepHa B cdepe ynpaBineHus: kade-
CTBOM.
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QUALITY MANAGEMENT SYSTEM SELECTED PROBLEMS
AND POSSIBLE WAYS OF ITS SOLUTION

S.N. Ostapenko, G.V. Palihov, S.V. Udin, A.S. Udin

One of the key factors, providing the achievement of required quality level and military products reliability
and effectiveness of engineering and manufacturing systems, quality management system (QMS) processes,
QMS integrally, including its «realization part» — Military products reliability and quality management system
(MPRQMS), is a personnel qualification level and professional training level of the JSC «Almaz — Antey» Air and
Space Defense Corporation» subsidiary companies (Corporation SC) units in quality management sphere.
The article considers the priority training directions, list of main experiences and skills in subject area necessary
for pursuit of professional activity, and the evaluation and analysis results of specialists professional qualification
level at the Corporation SCs in quality management sphere, obtained based on:

— the additional training results (priory based on questionnaires before training commencement; posteriori
based on qualification thesis defence estimation) of personnel studying on «Quality management specialist»
retraining programs;

— the questionnaires results of Corporation SCs units (quality control units) personnel during inspection of
Corporation SCs.

The performed results show that the general personnel knowledge and skill level is insufficient for assuring
of productive work in Corporation SCs QMS, which confirms the necessity to implement the professional
retraining programs Corporation SCs personnel in quality management sphere.

MocTtynuna 24 deBpansa 2018 roaa.
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BbICOKOHALEXHASI UHOOPMALIMOHHAS CETb
/1A PACIPELOENEHHBIX CACTEM YTPABIIEHUA

© ABTopbl, 2018
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B cmambe npednazaemcs Hogasi apxumeKkmypa WuHbI repedadu OaHHbIX 0711 YUghpOo8bIX CUCMEM yrpaesrieHusl,
ydoeriemeopsioujasi caMbiM CO8PEMEHHbIM mpebosaHusi U rpedHasHayeHHasi Orisi MPUMEHEHUS] 8 MEXaHOMPOHHBIX
cucmemax. Ha ¢pusudeckom ypoeHe Hoeasi wuHa cosmecmuma co cmaHOapmamu RS-485 u Ethernet 10/100/
1000 Mbum. [na obecrieyeHusi 8bICOKO20 YPOBHSI OMKa30ycmolyueocmu Ha yposHe apxumekmypbl noddepxuea-
romcs pasnuyHble MemoObl pe3epauposaHusi ycmpolicme u kaberbHbix coeduHeHUUl. Bbicokasi moOYHOCMb CUHXPOHU-
3ayuu ycmpolicme docmuzaemcsi 3a CH4ém Hamnu4yus 0bpamHol Ces3u 0 MpaHCrIopmMHbIM 3a0epxKam Ha nuHUU
rnepedayu OaHHbIX, a Marbili 06bEM KaberibHbIX COeOUHEeHUU 3a cYEM ucronb308aHuUsi nMomydyriekcHol rnepedayu.
OdHol u3 Kkrrodesbix ocobeHHocmel npedcmaesneHHoOU WUHbI S8/ISemcs 803MOXHOCMb peanu3auyuu MnoOYUHEHHbIX
ycmpoticmes Ha 6a3e 1/IC ¢ manol foau4eckoli EMKOCMbIO.

Knrodeeble crioea: rnonesasi WuHa UCMOIHUMEIbHO20 YPOBHS, pearibHoe 8peMsi, pe3epauposaHue UHghopMa-
UUOHHBIX cemell, CUHXPOHU3aUUSI.

The article proposes a new data bus architecture for digital control systems satisfying the up-to-date requirements
and intended for mechatronic systems application. At physical level, the new bus is compatible with RS-485 and Ether-
net 10/100/1000 Mbit standards. To provide a high-level of fault-tolerance at architecture level the different device and
cable junctions redundancy methods are supported. High synchronization accuracy of devices is achieved via feedback
presence on transport delays in data transmission line, and small amount of cabling — via use of half-duplex transmis-
sion. One of the key features of the proposed bus is the implementability of slave devices based on FPGA with small
logical size.

Keywords: of execution level fieldbus, real-time scale, information networks redundancy, synchronization.

B crartke mpemnaraercss HoBasl IMoJieBasl IIIMHA HCIIOTHUTEIBHOTO YPOBHS ISl CO3IAHUS BEICOKOHAIIC)KHBIX
MHPOPMAMOHHBIX CETEeH IS paclpeleIeHHBIX CHCTEM YIpaBJieHus, oOecrieynBaromas nHHOPMaIMOHHEIH 00-
MeH B peaibHOM MacmTabe BpeMeHH ¢ mukioM MeHee 500 Mkc. BrIcokas 0TKa30ycTOHYMBOCTH HOBOW CETH
obecrieunBaeTCsl 3aJI0)KCHHBIMH Ha YPOBHE apXUTEKTYPhl MEXaHHU3MaMH PE3CPBHPOBAaHUS KaK KaOCIbHBIX JIH-
HUH, TaK U OTAEJIbHBIX YCTPOUCTB. Mcmoib30BaHre aKTUBHONW KOMITEHCAI[MM TPAHCIIOPTHBIX 3aJ€P>KEK O3B0 -
€T 00ecCIeYnTh TOYHOCTh CUHXPOHHM3AIHNU YYaCTHUKOB WH(QOPMAIMOHHOTO oOMeHa Mexmy coboit menee 0.5
MKC. BaXXHBIM TOCTOMHCTBOM HOBOW ITOJICBOHM IIMHBI HApaBHE C BHICOKUMHU TEXHUYECKUMHU XapaKTEPUCTUKAMHU
SIBIISIETCSI BO3MOYKHOCTD €€ peann3allii Ha OTEUECTBEHHOM AJIeMEHTHOU 0ase ¢ ucnoip3oBanuem [IJIMC cepun
5576 u BMK cepun 5529.
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HIGHLY RELIABLE INFORMATION NETWORK
FOR DISTRIBUTED CONTROL SYSTEMS

A.M. Romanov, B.V. Slaschev, A.l. Zolotih

The article proposes a new fieldbus of execution level for high reliable networking of distributed control systems,
providing an information exchange in real-time scale with less than 500 us cycle. High redundancy of a new network
is provided by architecture-embedded redundancy mechanisms of both cable lines and separate devices.

Implementation of active compensation of transport delays permits to provide timing accuracy of information traffic
participants between each other of less than 0.5 ps.

The essential merit of fieldbus on a par with high technical characteristics is a possibility of its implementation
in indigenous hardware components using FPGA of 5576 series and MSC of 5529 series.

Moctynuna 17 anpens 2018 ropa.
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ALAMTUBHAS ®UITb TPALNS MELLAIOLUMX OTPAXEHUA
C UCI10/1b30BAHNEM BECOBbIX OKOH
C ACUMMETPUYHOU AYX
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Paccmampusaemcs obHapyxumernb cuzHana, Uucronb3yrouwul npouedypy crnekmpanbHo20 aHanusa, C
yHKyuel e3sewugaHusi 8X0OHbIX 0Mc4Yémos, paccyumaHHOU Ha MaKCUuMarsibHbIl YpOo8eHb Mewaroujux ompa-
XeHul om nodcmunarowel nogepxHocmu. NpednoxeH cnocob, no3eossowull Nnpu MeHbWeM ypPoBHe Mewlaro-
wux ompaxeHul ysenudums nomexyuan BPJIC nymém adanmueHol modugukayuu yHKUUU 838eliu8aHusi ¢
y4€mom peasnibHo20 ypoeHsi nomexu, 6e3 nosmopHozo nposedeHusi npouedypbi BI®. Ha ocHose obobujeHus
MOMyYEHHbIX paHee pe3ybmamos paccMompeHbl pasfuyHbie apuaHmbel coomeemcmeyuweeo npeobpasosa-
Husi ciekmpa. B yacmHocmu, udyyeH sapuaHm adanmugHoU MoOuchuKauyuu ¢ acuMMempu4yHoU YyacmomHoU Xa-
pakmepucmukol 3KkeueasieHMHO20 8eC08020 OKHa, KOMOPbIU 8 HEKOMOPbIX CuUmMyayusix uMeem fpeumyuecmso
neped cumMMmempuYHbIM sapuaHmom obpabomku.

Knroyesnble cnosa: yugposasi obpabomka cuzHao8, 8eco8oe OKHO, 0OHapyxeHue cueHarnos, adanmueHasi
unbmpayusi.

We consider a signal detector using the spectral analysis procedure with a function of weighing the input
samples calculated for the maximum level of clutters from the underlying surface. A method is suggested that, at
a lower level of clutters, it is possible to increase the potential of the radar by adaptively modifying the weighing
function, taking into account the actual level of clutters, without repeating the fast Fourier transformation (FFT)
procedure. Based on the generalization of previously obtained results, the different variants of corresponding
spectrum transformation are considered. In particular, the variant of the adaptive modification with the asymmetric
frequency characteristic of an equivalent weight window, which in some situations has an advantage, is studied.

Keywords: digital signal processing, weight window, signal detection, adaptive filtering.

B cratbe paccMaTpuBaeTCs 3KOHOMHBIN CIIOCO0, TIO3BOJIIONINN MPH ONPEIEICHHBIX YCIOBUAX YBEIHUNUTh
notenuuai bPJIC nytem agantuBHOM MoanduKanuy (yHKIMK B3BEIINBAHUS C YYETOM PEajbHOIO YPOBHS OT-
pakeHHH OT MOACTHIIAIOIIEH MoBepXHOCTH. [Ipu mepBHUHON 00pabOTKe MPUHATOrO CUTHANIA UCTIONB3YyeTCs Mpo-
1exypa BECOBOM 00pabOTKH, MPOBOIMMON AJIS CHMXKEHHS YPOBHsI OOKOBBIX JIETIECTKOB YaCTOTHOM XapaKTepH-
ctuku Gunbrpa BIID. [Tpy 3TOM NOSBISIOTCS SHEPreTHYECKHE TTOTEPH, U BEPOSTHOCTH OOHAPYKEHUSI [10JIE3HOTO
CUTHaJIa yMeHbIIaeTcs. B gactHOCTH, 1711 BecoBoi (yHKImH Teimopa ¢ ypoBHEM MOAAaBICHUS OOKOBBIX JICTIECT-
koB —90 1b motepu cocTaBusoT —2,70 OB, 9YTO COOTBETCTBYET MAJACHUI0 MaKCHUMAILHOW NaJbHOCTH OOHApYXkKe-
HUS IpUOIM3UTENhHO Ha 14%. OTcloma BRITEKAeT 3a/1a4a; JOOUTHCS YACTUIHOTO BO3MEIICHHUS ATHX MOTEPh MPH
MUHHMAJIBHBIX BBIYHCIIUTENBHBIX 3aTpaTaX. Kak BapHaHT pemreHus 3TOH 3aqaun Oblia MpeioskeHa mporeaypa
JIOTIOJTHUTENEHONH 00pabOTKM y4acTKa CIIEKTpa CHrHaja, Te BO3MOXXHO OOHapy)KeHHe curHaia ot uenu. Ilpex-
JIO)KEHHas! MPOIeypa CBOJIUTCS K OIEpallii CBEPTKH OTPaHMYEHHOTr0 Habopa 3HA4YECHWH CIIEKTpa MPHUHSITOTO
CUTHAJIA C WCTIPABJIIONICH QyHKIIUEH, PeCTABISIIONIeH CO00M NTUCKPETHBI TPUTOHOMETPHUIECKH MHOTOUJICH
crerienu L. IIpu 3ToM BRIOMpaeTcs MakCHMAJIFHO JIONyCTHMOE 3HaUeHHe mapamerpa L, mpu koTopom obecriedn-
BaeTCs HEOOXOANMBIA YPOBEHD ITOJIaBICHUS OOKOBBIX JIETIECTKOB, KOTOPBIN ONPEAEIIIETCS C YIeTOM CyMMapHOM
MOIITHOCTH MEIIAIOMNX OTpakeHWH. [aHHas mpoueaypa SKBUBAJICHTHA B3BEIIMBAHUIO BO BPEMEHHON 00JacTH.
3amaBasch UCXOIHBIM BECOBBIM OKHOM, HANPUMEpP, B HAIIEM Cllydae 3TO OKHO Teisopa ¢ nogasienuem 90 nb,
MOJIy4aeM JIMHEHKY BECOBBIX OKOH, INapaMeTPHU30BaHHBIX IenbiM uymciaoMm L. IlpuBeneHs! aMmiuTymHO-
YaCTOTHBIE XapaKTEPUCTUKU TAKUX OKOH, U3YY€HBI UX CBOMCTBA. PacCMOTpeHB! XapaKTEpUCTHKH JBYX TUIIOB —
CHMMETPHYHBIE U acUMMeTpU4HbIe. [IpoBeieH aHaiM3 CBOHCTB 3THX JIByX THIIOB aJaNTHBHON BECOBOM oOpa-
OOTKHM W yKa3aHbBI YCIOBUS UX NMPUMEHEHUs. [IpoBeicH pacueT BEIMYHUHBI MOTEPh MOIIHOCTU HA BBIXOJIE JOTLIC-
POBCKOTO (DMIIBTpA IO CPABHEHHIO C ONTUMANILHBIM 3HAYCHHEM, B 3aBUCUMOCTH OT 3Ha4eHus mapamerpa L. ITo-
Ka3aHO, YTO YPOBEHb MOTEPh OBICTPO CHIDKaeTcs ¢ pocToM L. MccnenoBaHo Takke MOBEICHUE CTATUCTHYCCKIIX
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XapaKTEePUCTHK OLIEHOK JOIUICPOBCKOM YacTOTH NPUHATOTO CHTHAJIa B 3aBUCUMOCTH OT 3HaueHUs mapamerpa L.
VYiydnieHne XapakTepuCTHK OOHapyKEHUsI, a TAKKe CHIKEHHE pa30poca OLEHOK JOIIEPOBCKON YaCTOTHI NP H-
HATOTO CUTHAJa, B ACHMMETPHYHOM CIIydae y)Ke He TaK BEJUKH, KaK IIPU MCIOJIb30BAaHUH CHMMETPHYHBIX OKOH.
Tem He MeHee, UCIOJIB30BaHUE TAKOI'0 BApHAHTa UMEET CMBICI TOTa, Koraa ooOpadaTeiBaeMasi rpyIna 3HaUYCHUH
CIIEKTpa MPUMBIKAET K 30HE MEIIAFOIINX OTPaKeHUH, TaK KaK y TAKUX OKOH 00JIacTb BBICOKOTO ITOJaBIeHus 00-
KOBBIX JICTIECTKOB MPHOIKEHA BIUIOTHYIO K IIEHTPATBHOMY QIUIBTPY, UTO JenaeT 00paboTKy Oojiee THOKOM.
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ADAPTIVE FILTERING OF INTERFERING REFLECTIONS USING
WEIGHT WINDOWS WITH ASIMMETRIC
AMPLITUDE-FREQUENCY RESPONSE

V.S. Fedorov

The article considers an economical method that allows, under certain conditions, to increase the potential of
on-board radar by adaptive modification of the weighing function taking into account the real level of reflections
from the underlying surface. At primary processing of received signal, the weighting procedure is used to reduce
the level of side lobes of the frequency response of FFT filter. In this case, there are energy losses, and
the probability of finding a useful signal decreases. In particular, for the Taylor weight function with side lobe
suppression level of -90 dB, the losses are -2.70 dB, which corresponds to a drop in the maximum detection
range by approximately 14%.

Hence the problem is to achieve partial compensation of these losses with minimal computational costs.
As a variant of the solution of this problem, an additional processing procedure of signal spectrum portion
was proposed, where the signal detection from the target is possible. The proposed procedure is reduced to
the operation of convolution of a limited set of values of received signal spectrum with a correcting function, which
is a discrete trigonometric polynomial of degree L. In this case, the maximum permissible value of L parameter is
selected, at which the necessary level of side lobe suppression is provided, which is determined taking into
account the total power of interfering reflections. This procedure is equivalent to weighing in the time domain.

Given the initial weight window, for example, in our case this is Taylor window with a 90 dB suppression,
we obtain a ruler of weighted windows parametrized by an integer L. The amplitude-frequency characteristics
of such windows are shown, their properties are studied. The characteristics of two types are considered:
symmetric and asymmetric. The properties of these two types of adaptive weighing are analyzed and conditions
of its application are indicated. The calculation of power loss at Doppler filter output is compared with the optimum
value, depending on the value of L parameter. It is shown that the loss level rapidly decreases with L increasing.
The behavior of statistical characteristics of Doppler frequency estimates of received signal is also studied
depending on the value of L parameter.

The detection characteristics improvement, as well as the decrease in dispersion of Doppler frequency
estimates of received signal, is already not so great in asymmetric case, as when using symmetric windows.
Nevertheless, the use of such an option makes sense when the processed group of spectrum values adjoins
the zone of clutters, since in such windows the region of high side-lobe suppression is approached closely to
the central filter that makes the processing more flexible.

MocTtynuna 9 anpens 2018 roaa.
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HOBAIE IPELCTABJIEHUS BECOBbIX ®YHKLNN
C BbICOKON CKOPOCTBIO CITALAHUSA JIENECTKOB CIMEKTPA
N MUHUMAJIbHBIM YPOBHEM
MAKCUMAJIbHOIO BOKOBOIO JIETECTKA

© ABTOp, 2018

A.[l. XamansiH 00kmop uU3UKO-MameMamuyYecKux Hayk, cmapuwul Hay4Hbil compyOHUK,
2naeHsbll crneyuanucm HanpaeneHusi, [NAO «HIO «Anma3s», e. Mockea
E-mail: info@raspletin.com

HokasaHo, ymo mpaduyuoHHoe ripedcmaesneHue 8ecosoll hyHKUUU 8 8ude ompeska psida Pypke (Mo KoCUHycam
KpamHbIX apayMeHmMOoB) 3K8UBANIEHIMHO Pa3/IOXEHUIO M0 YEMHbLIM CMErNEeHsIM KOCUHYca MOSI08UHHO20 apeyMeHma.
Hosoe npedcmaeneHue daém 6onee KomrakmHbie ¢hopMyribl Orisi U3BECMHbIX 8€C08bIX (hyHKUUU ¢ acumnmomuye-
CKUMU ckopocmsimu criadaHusi 6okoebix fienecmkos criekmpa 6(2n + 1) deyuben Ha okmasy (n =0, 1, 2, ...). [pedmno-
JKEHbl paHee He paccMampueasuwuecss Kracchbl (OyHKUUl €O cKopocmsiMu criadaHusi JlerleCmkos criekmpa
12n (n =1, 2, 3,...) Oeyuben Ha okmasy 8 8Uude pa3ioKeHUll M0 HEYEMHLIM CMENEHsIM KOCUHYCa NOSI0BUHHO20 yana, a
marke QyHKYUl 8 sude pasfioxeHUl No YEMHbLIM U HEYEMHBLIM CMENeHsIM napaboribl ¢ makuMU Xe CKOpoCmsiMu
criaGaHusi 6OKOBbIX /IENECMKO8.

Knrouesnble cnoea: paduonokayus, yugposasi obpabomka cueHanos, eecosasi (oyHKUUS.

It is proved that the traditional representation of the window function as a sum of cosines of multiple arguments is
equivalent to the representation as a sum of even powers of the half-argument cosine. The novel representation
produces more compact formulas for known window functions with 6(2n + 1)-dB/octave asymptotic spectrum sidelobe
decay rates (n =0, 1, 2, ...). Proposed are new window families with 12n-dB/octave spectrum sidelobe decay rates
(n =1, 2, 3,...) in the form of sums of odd powers of the half-argument cosine, and also windows in the form of even-
and odd-power sums of parabolas with the same sidelobe decay rates.

Keywords: radar, digital signal processing, window function.

PaccMmoTpeHs! BecoBble ()YHKIIUHU C BBICOKOW CKOPOCTHIO CITajia OOKOBBIX JICTIECTKOB CIIEKTPa M MAUHUMAITb-
HBIM YpOBHEM OOKOBOTO JIeTIeCTKa NP 3aJaHHOM OTPAHMYEHUH Ha MIMPUHY TIABHOTO JIETIECTKA 10 YPOBHIO T10-
naBieHwus. JJokazaHo, 4TO TpaJAUIIMOHHOE MIpeICcTaBlIeHNe BeCOBON (DYHKIIMHU B BHJIE OTpe3ka psajga Oypwe 1o Ko-
CHHYCaM KpaTHBIX apTyMEHTOB 3KBHUBAJCHTHO PA3JIOKEHHIO 1O YETHBIM CTEMEHSIM KOCHHYCa MOJOBUHHOTO ap-
rymenta. HoBoe mpejcraBienne gaét 6ojee KOMIAKTHBIE U TPEOYIOIME MEHBIIEr0 YUCIa OTepaIuil BIpaxe-
HUS [T U3BECTHBIX BECOBBIX (DYHKIIMI C aCHMITOTHYCCKMMHU CKOPOCTSIMH Claja OOKOBBIX JICTIECTKOB CIICKTpa
6(2n + 1 - menmben ua oktaBy (N =1, 2, 3,...). [IpuBeseHa CBOIKA W3BECTHBIX BECOBBIX (DYHKIIMII B HOBOM Ipe/I-
ctaBneHNH. [IpeanoskeHpl ceMelcTBa PYHKITUA O CKOPOCTSIMH CITaJia JICTIECTKOB criektpa (N =1, 2, 3,...) nenu-
0Oenm Ha OKTaBy, 3allUCHIBACMBIC B BHJIE CyMM II0 HEYETHBIM CTEICHSM KOCHHYCa IMOJIOBHHHOT'O apTyMEHTa.
[IpemioskeHsl TakKe ONTHMATBHBIC BECOBBIC (DYHKIUU B BUJE CYMM IO YETHBIM H IO HEYETHBIM CTEICHSIM I1a-
paboIIBl ¢ TAKUMU KE CKOPOCTSIMH Cliajia OOKOBBIX JICTIECTKOB criekTpa. Pa3paboTana 3¢dekTrBHas YuCIeHHAS
mpoIeIypa CHHTE3a paCCMaTPUBAEMbBIX BECOBBIX (DYHKIMIA sl TFOOBIX 3HAYCHUH MapaMeTPOB, KOTOpas yUUTHI-
BaeT OBPAXHYIO CTPYKTYpY neneBoi pynkmuu. [TpuBeneHa cBoaka HOBBIX (DYHKIIMIA, IPEICTABIISIFONINX HHTEPEC
JUTst 00paOOTKH KBAa3UHEIPEPHIBHBIX CUTHAJIOB B PEATbHOM BpEMEHHU.

PaccMoTpeHHbie BecoBbie (DYHKITMU Oo0Jiee TPOCTHI B pean3allii, YeM U3BECTHBIE, a TAKXKE YBEITHMUHUBAIOT
Ha0Op JTOCTYMHBIX CKOPOCTEH Craja ypoBHS OOKOBBIX JIETIECTKOB crieKTpa. OKOHYATEIHHBIA BHIOOp MPUMEHSE-
MO# QyHKIMH OCTa&TCs 3a pa3pabOTUYNKOM PaJHMOCHUCTEMBI HA OCHOBAaHHM TPEOOBAHMIA, IPEIBSIBISIEMBIX K HEH
10 MTOAABJICHUIO TTIOMEXH, Pa3pEIICHHUIO 110 YaCTOTe, JabHOCTHU | T.1I.
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NOVEL REPRESENTATIONS OF WINDOW FUNCTIONS
WITH HIGH SPECTRUM SIDELOBE DECAY RATES
AND MINIMUM SIDELOBE LEVELS

A.D. Khzmalyan

Window functions with high spectrum sidelobe decay rates and minimum sidelobe levels under a constraint
on the main lobe suppression-level width are addressed. It is proved that the traditional representation of
the window function as a sum of cosines of multiple arguments is equivalent to the representation as a sum
of even powers of the half-argument cosine. The novel representation provides more compact formulas that
require less computations for known window functions with 6(2n + 1)-dB/octave spectrum sidelobe decay rates
(n=0, 1, 2,...). Alist of known window functions in the novel representation is provided. Window families with
12n-dB/octave spectrum sidelobe decay rates (n = 1, 2, 3,...) in the form of sums of odd powers of
the half-argument cosine are proposed. Also proposed are optimum window functions in the form of even- and
of odd-power sums of the parabolic function that feature the same spectrum sidelobe decay rates. An efficient
numeric procedure that synthesizes the window functions at any parameter values taking into account the ravine
structure of the goal function is developed. A list of the novel functions that can be used in real-time processing
of pulse-train waveforms is provided.

The novel functions are more simple to implement and they extend the set of available sidelobe decay rates.
The final decision on the function to use is made by the designer of the radio system based on requirements
imposed on its interference suppression, frequency resolution, range, and the like.

MocTtynuna 26 mapTa 2018 roaa.
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KOHLIETILUUS1 CTPYKTYPHO-CEMAHTUYECKOIO
MNPELCTABIJIEHUS CUCTEMbI ITPOEKTHBIX ITPOLIEQYP
B KOMIN/IEKCHOM IMPOLIECCE INPOEKTUPOBAHUA

© ABTopbI, 2018

0.3. UbiraHkoB
uH)xeHep-koHcmpykmop | kamezopuu, AO « YnbsIHO8CKUU MexaHU4YecKuli 3aeo0y, 2. YiibsiHO8CK
E-mail: d.tsyg@mail.ru
A.C. BaHioTvH
HayvanbHUk omdena, AO «HIIM «3aeod Uckpar, 2. YnbssHO8CK

lMnamgopma Open CASCADE Technology (OCCT) npedcmasnsgem coboli Habop 6ubnuomek 0nsa meep-
domernbHo20 3D-modenuposaHus, 8KIOYaWUX 8 c8oli cocmas ¢hyHKUuU u ornepayuu 0ns paspabomku crieyua-
JIU3UPOBaHHbIX NpoepaMMHbIX cpedcme uenozo psida obnacmel, OCHOBHOU U3 KOMOPbIX S8MASOMCS cucmemb|
asmomamu3uposaHHozo rpoekmuposaHusi (CAD-cucmembl). Bubniuomeka OCCT ekmo4aem 8 cebsi wecmb Mo-
Oyned, Kax0obll u3 KomopbIx umeem ¢hyHKUUOHan 0518 peweHuss onpedenéHHo20 Kpyaa 3aday (susyanusayus
3D-06bekmos, coxpaHeHue 3D-moldenu u 0p.). Modyns Modeling Algorithms codepxxum Habop Kraccos, Komo-
pble obecrnieyusarom yrnpaeneHue Mmoroo2u4ecKUMU U 2eoMempuyeckUMU nammepHamMu U 8birosfiHeHue Hao
Humu psiGa onepayul. Omu aneopummel UCMOMb3YM MEXHOI02UK onucaHusi meepdomeribHbix 3D-06bekmos
Boundary Representation (B-Rep), npumeHsieMyto npakmu4yecKku 60 8Cex pas/iu4YyHbix cospemMeHHbIx CAD-
cucmemax.

Kmroyesble cnoea: CAD-cucmema, npoekmHasi npouedypa, 3D-modenb, Open CASCADE Technology,
npoekmHasi desimesibHOCMb.

The Open CASCADE Technology (OCCT) platform is a set of libraries for 3D solid-modeling comprising
of functions and operations for design of special-purpose software tools of a number of domains, the main
of which are computer-aided design systems (CAD-systems). The OCCT library includes six modules, and each
has a function to solve a special group of tasks (3D-objects rendering, 3D-model saving etc.). The Modeling
Algorithms module includes a set of categories, which provide the topology and geometric patterns management
and a set of operations execution with it. These algorithms use the Boundary Representation (B-Rep) 3D-solid -
objects description technique, applying almost in all various modern CAD-systems.

Keywords: CAD-system, design procedure, 3D-model, Open CASCADE Technology, project activities.

B nacrosiiee Bpemst anekTponHbie 3D-Mozenu Bee yaile npeAcTaBisiFoT cOOO0H MOJIHOLEHHYI0 KOHCTPYK-
TOPCKYIO JOKYMEHTAIIHIO, a MPOILECC UX MOCTPOCHUsI — OT/AENBHBIN 3Tall B COCTaBe KOMIUIEKCHOTO Ipolecca
npoektupoBanus. O6umnre CAD-cucrem, npeiHa3HaYeHHbBIX AUl PEIICHUs 3a]a4 KOHCTPYKTOPCKOTO MPOEKTH-
pOBaHMs BBIBOJMT Ha MEPEAHUI IUaH mpolieMy MHTepoIepadelbHOCTH B Mpoliecce Mepeiadyn MPOeKTHBIX pe-
meHuid. Pemenne naHHOM mpoOieMbl CTaHAAPTHBIMH TOAX0AaMH ¥ U3BECTHBIMH CPEJICTBAMH Ha CETOIHSIIHUN
JIeHb HE TIPEJICTaBIISIETCS] BO3MOXHBIM. B KauecTBe BO3MOXKHOTO pPELICHUs] aBTOPAaMHM ITIPEJICTABIEH MOAXO, OC-
HOBaHHBIH Ha 0000IIEHNH NPOEKTHBIX MPOLEAYP A0 YPOBHSI MaKpOOObeKTa ¢ (PUKCHPOBAHHBIM CEMaHTHYECKUM
cogepkanueM. Ilpomecc 0000mEHMS NPOrpaMMHO peali30BaH € HCMojb3oBaHMeM Iiatdopmel  Open
CASCADE Technology. IlpumeHeHHE CTPYKTYPHO-CEMaHTHYECKOrO MPEICTABICHHS MPOEKTHBIX MPOLEIYD
MO3BOJISIET YaCTUYHO HUBEIMPOBATH MpoOieMy MHTeporepadelbHOCTH 3a cueT npeacrasieHus 3D-reomerpun,
JIMIICHHOH JiepeBa MOCTPOCHHsI B BUIE CHCTEMbI 0000IIEHHBIX MaKPOOOBEKTOB, YIIPOIIasi HOBTOPHOE UCIIOJIB30-
BaHUE MOCIIEIHEN.
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PROJECT PROCEDURES SYSTEM STRUCTURED-SEMANTIC
REPRESENTATION IN COMPLEX ENGINEERING PROCESS

D.E. Tsigankov, A.S. Vanutin

Nowadays, the electronic 3D-models are more frequently represent a full-scale design documentation,
and the process of its building is a separate stage within the integrated design process. The CAD-systems
abundance intended for solution of engineering design tasks puts to the foreground the interoperability issue
during design solutions transfer. The solution of this problem via the known up to date standard process and
familiar tools is not possible. The possible solution is proposed by the authors in form of an approach based on
design procedure generalization up to macro object level with fixed semantic content. The generalization process
is software-implemented using the Open CASCADE Technology platform. The structured-semantic representation
implementation of design procedures permits partially leveling of interoperability problem due to representation
of 3D-geometry, lacking the tree derivation in form of generalized macro objects system, simplifying the reusability
of the last.
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Onucara u anpobuposaHa mMemoduKa, Mo380ssOWast, UCroNb3ys anpuopHble 3HaHUsi 06 aHmeHHoU pelwémke
(nonoxeHus1 u duagpamMmbl HarnpasieHHocmu u3nydamernet), nony4ums ceveHue eé duazpaMmbl HanpasieHHOCMuU
OanbHell 30He Mo pedysibmamam CkaHUPOBaHUsi Ha Oyee OKPYXHOCMU 8 briLKHel 30He.

Knrouesnble cnoea: briuxHee none, uamepeHue duaspamMmbl HarnpasrneHHocmu, [H, ckaHuposaHue no oyee.

The article states the methodology description and validation permitting by implementing a priori knowledge
on antenna array (positions and directional patterns of antenna elements) to obtain the cut of its directional pattern
in far-field zone based on results of arc circle scanning in near field.

Keywords: near field, directional pattern measurement, directional pattern, arc scanning.

OmnucaHa U anpoOUpoBaHa METOUKA, [TO3BOJISIIOIIAS, HCIIOJIb3Ys allpHOPHbIE 3HAHUS 00 aHTEHHOW peléT-
Ke (pacrojoKeHHs W AuarpaMMbl HAIPaBJICHHOCTH HM3Jydarelneif), MOoJyYuTh ceueHHe e IuarpaMMbl Halpas-
JICHHOCTH B JJaJIbHEH 30HE T10 pe3ysbTaTaM CKaHHPOBAHMS Ha Ayre OKpPYKHOCTH B OJrKHEH 30He. MeToanka oc-
HOBBIBACTCSl Ha PEIICHUH IIepeonpeieNIEHHON cucTeMbl ypaBHeHNH. [IceBnooOpaTHas MaTpHna JJ1s 3TOH cucte-
MBI BEIYHCIIETCS HE TI0 PaHee MpeasaraBIelicsl Ipyu Takux n3MepeHnsx Gopmyre, a 0ojee YUCIEHHO YCTOIn-
BBIM MeTOJI0M. OIicaHbl METO/IbI KOMIICHCAIINH 3a/IePKKH MEX/y MOMEHTaMHU MOIyYeHHS yTIIOBBIX KOOPAWHAT
W 3Ha4eHHH 1ot B HUX. [IpoBeJeHbl HaTYypHBIE SKCIEPHUMEHTHI [UIsl IByX/IMala30HHON PEemETKH, y KOTOPOH B
OJTHOM [HaNa3oHe YacTOT PACCTOSHUE MEXAY H3ITydaTeNlssMU yIOBIETBOPSET TPEOOBAHMUIO METOIUKH (TIPEBHI-
mraet 0,6 ITUHBI BOJHBI), @ B IPYrOM — HET; MPUBOAUTCS CpaBHEHHE auarpaMM HampasieHHocTH ([H), momy-
YEeHHBIX M0 OMHChIBaeMoil Metoauke ¢ JIH, paccunTaHHBIME MPHU TeX K€ UCXOTHBIX JAHHBIX TI0 TEOPHH IIUIIHH-
JPUYECKHUX BOJIH, M U3MEPEHHBIMU Ha IJIAHAPHOM CKaHepe OJIMKHero noJs. s BoccTaHOBIEHHBIX KOA(hdHIIH-
€HTOB BO30YKICHNUS H3JTydaTeNie BEIUNCIIEHA TOTPEUTHOCTh METOa M0 aMILTUTYAE U (ase.
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RADIO-TECHNICAL CHARACTERISTICS FIELD EXPRESS
ANALYSIS METHODOLOGY OF PAA

V.V. Shubnikov, M.I. Rivkin

The article states the methodology description and validation permitting by implementing a priori knowledge
on antenna array (positions and directional patterns of antenna elements) to obtain the cut of its directional pat-
tern in far-field zone based on results of arc circle scanning in near field. The methodology is based on solution of
overdetermined system of equations. The pseudoinverse matrix for this system is calculated by not previously
proposed formula during such calculations, but in a numerical robust method. The delay compensation methods
between moments of angular coordinates receiving and filed value in it are described. The full-scale experiments
for dual-band array were conducted, which has distance between exciters in one frequency band, satisfies
the methodology requirement (exceeds 0.6 of wavelength), and in another frequency band — foul; the comparison
of directional patterns (DP), received in a described methodology with DP calculated at the same initial data
according to the cylindrical wave theory, and measured on near field planar scanner is shown. For reconstituted
feeding coefficients of exciters, the method error in amplitude and phase was calculated.
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B pabome paccmampusatomcsi akmyaribHble npobriembl co30aHus U 86HEOPEHUSI 8UpMyaribHbIX 3/1EKMPOH-
HbIX MOMU2OHO8 Ot 3ghghekmuesHol mnpogheccuoHabHOU NMo020moeKU NEMHbIX 3Kunaxel U crieyuasucmos
boegoz0 yrnipasneHusi, a makxe 0b60CHO8aHblI MEHOeHUUU M0 PassUMUK Ccucmembl JIEMHO-maKkmu4eckol
rnodzomoseku asuayuoHHbIx 4acmeli BKC Poccuu Ha ocHo8e 8HEOPEHUST UHHOBAUUOHHbLIX MexHoo02ull 8 UHgpa-
CMPYKMypy «371€KMPOHHbIX MOSIU20HO8Y.

Knrouesbie crioea: 311eKmpOHHbIU 0MU20H, MOOenupo8aHue, xapakmepucmuku, 3agucumMocms, s16MHO-
makmudeckasi nod2zomoska, 3¢hheKmusHoCmMb.

The article examines the current problems of developing and introduction of virtual electronic target ranges
for an effective professional training of flight crews and battle management specialists, and justifies the trends in
flight-tactical training system development of the Russian Aerospace Forces aviation units based on introduction
of innovative technology into «electronic target ranges» infrastructure.

Keywords: electronic polygon modeling, characteristics, dependence, schedule, efficiency.

B pabote paccmaTpuBaroTCsS aKTyaJbHBIE TPOOIEMBI CO3/IaHUS M BHEIAPEHHUS BHPTYAIBHBIX 3JIEKTPOHHBIX
MOJMTOHOB  UIsT 3¢ (eKTUBHOH TPO(PEeCcCHOHANFHOW MOATOTOBKH JIETHBIX JSKHMNAXEH W  CHEIHaINCTOB
00eBOro ympaBleHHS, a TakKe OOOCHOBAaHBI TEHACHIMH II0 Pa3BUTHUIO CHCTEMBI JIETHO-TAKTHYECKOM
MOATOTOBKM aBHanmoHHbIX yacted BKC Poccun Ha ocHOBe BHeIpeHHs MHHOBAIIMOHHBIX TEXHOJIOTHH B MHppa-
CTPYKTYPY «QJIEKTPOHHBIX II0JIUTOHOBY.
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STATE AND DEVELOPMENT TRENDS
OF VIRTUAL AERIAL ELECTRONIC TARGET RANGES

A.D. Filin, V.P. Rachkov, Y.G. Shtrakov, V.T.Yakovlev

The article examines the current problems of developing and introduction of virtual electronic target ranges

for an effective professional training of flight crews and battle management specialists, and justifies the trends in
flight-tactical training system development of the Russian Aerospace Forces aviation units based on introduction
of innovative technology into «electronic target ranges» infrastructure.
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C.B. Akcé&HoB O0KmMOop 80eHHbIX HayK, Mpogeccop

B.K. HoBukoB kaHOuGam 80eHHbIX HayK, doueHm

Paccmampuesaromces 80Mpockbl Ha3HayeHusl, cocmasa, CO8peMEeHH020 COCMOSIHUSI U Mepcriekmue paseép-
mblgaHUsi cucmembl rpomueopakemHol 06opoHbl AEGIS ASHORE Ha egpornelickoM KOHMuUHeHme 8 pamkax
passumusi 2r106asbHOU 3WeETOHUPO8aHHOU MPomMugopakemHoU 0O60POHbI.

Knroyeenlie croea: npomusopakemHas 0bopoHa, npomueopakema, paduosiokayUuoHHas cmaHyus, bannu-
cmuyeckas yerib.

The article states the purpose, composition, current state and prospects issues of European AEGIS
ASHORE missile defense system within the deployment of US global missile defense system.
Keywords: missile defense system, interceptor, firing tests, radar, ballistic target, terminal interception.

Cucrema [TPO AEGIS ASHORE mnpexncrasnsier coboii 6eperoByio BepcHIOo KOpabelbHOH CHCTEMBI IPOTHBOPAKETHON
o6oponsl AEGIS. [lannas cucrema [IPO npennasnauena aas oOHapy»XeHUs, CONPOBOXKICHUS U NepexBaTa 0aIMCTHIECKHX
pakeT MPOTHBHUKA HAa CPEIHEM yYacTKe TPAeKTOpHH MpoTHBOpakeramu cepur SM-3 (B Hactosiee Bpems Block IB, B mep-
criektuBe Block 11A). CIIA miaHupylOT MEpeHeCTH LEHTpP TSHKECTH paboT Mo AallbHEHIeMy HapalllHBaHHIO CBOETO MPOTH-
BOpakeTHOro noteHnuana B EBpory. B ocHoBy apxurektyps! eBpomneiickoii [TPO Oyner 3anoxen kommiekc AEGIS mopcko-
ro u HazemMHoro (6eperooro) 6asuposanus. PykoBoactBo ArentctBa [IPO CIIA paccyuThiBaeT, 4TO TMOCHE 3aBEPIICHHS
MO3TANHON aJanTHBHOI mporpammsl passeptbiBanus ITPO B EBponie EPAA (European Phased Adaptive Approach), na ko-
Topyto orBozuTcs 9 et — ¢ 2009 mo 2020 roasl, komruiekcel [IPO AEGIS ASHORE, pa3sépryTsie B Pymbiann u [lomnbmre,
OyIyT crOCOOHBI 00ECTICUHTh IepexBaT OAIMCTHUECKAX PaKeT cCpenHell MaTbHOCTH Ha CPEJHEM U BOCXOMSIIEM yJacTKax
tpaekropun monéra. O6sekT NSF AEGIS ASHORE B [leBeceny (Pymbranms) B konme 2015 ., 3acTynuB Ha 60eBoe JeXKyp-
CTBO C 3arpykeHHbIMH npoTtuBopakeramu SM-3 Block IB, cran nepebiM sementoM Hazemuoii cucremsl [IPO HATO B Bo-
crounoii EBpone. Ilocne BBoga B ctpoit B Pymbianu o6sexra [IPO MDA u BMC CIIA Havanu coopyXeHHe aHaJIOTHYHOTO
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o0bekra B [lonpire. OxoH4aHHE CTpOUTENBCTBA KoMIUIeKca B [lonbuie mianupyercs Ha 31 nexadpst 2018 roma. B paszBepTsI-
BaHWHM HA CBOCU TEPPUTOPHU HECKONbKUX KoMmiuiekcoB cucteMbl [IPO AEGIS ASHORE mposiBisieT 3aMHTEPECOBaHHOCTh
Snonus. C texuuueckoit Touku 3penuns AEGIS ASHORE moxeT coxpaHsiTh COBMECTUMOCTD C KPbUIATHIMU PAKETaMH U UC-
MOJIB30BaThCs JIUIsl UX 3amycka. Pa3sépreiBas komruiekchl [IPO B HemocpencTBEHHOMN OJIM30CTH OT POCCHICKUX T KHTAi-
ckux rpanni, CIIA mnokaspIBaeT cBOe jKeJlaHHE IOJyIHTh NIPEHMYIIECTBA B THIIOTETUYECKOM OOMEHE PaKeTHO-SIICpHBIMU
yaapamu.
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AEGIS ASHORE MISSILE DEFENSE SYSTEM
CURRENT STATE AND DEPLOYMENT PROSPECTS

G.B. Gurov, S.V. Golubchikov, M.V. Zhestev, V.I. Kolesnichenko, S.V. Aksenov, V.K. Novikov

The AEGIS ASHORE missile defense system is a ground-based version of sea-based AEGIS BMD system.
The missile defense system is intended for detection, tracking and midcourse interception of enemy ballistic
missiles with SM-3 series interceptor missiles (at present — Block IB Mod, in prospect — Block IIA Mod). The US
plans to foster the main efforts for further missile defense potential deployment in Europe. The European missile
defense architecture structure will comprise the ground (ashore) and sea-based complex. The US Missile
Defense Agency (MDA) reckons on that after completion of EPAA (European Phased Adaptive Approach) missile
defense program accounted for 9 years (2009-2020), AEGIS ASHORE complexes in Romania and Poland will be
capable to intercept medium-range ballistic missiles at midcourse and ascent phase.

The AEGIS ASHORE object in Devesellu (Romania) military base has been deployed and operated since
2015, with SM-3 Block IB missiles, that is the first element of ground-based NATO missile defense system
in Eastern Europe.

After deployment of the object in Romania, the MDA and US NAVY started to construct the analog object
in Poland. The completion of the object construction in Poland is planned on December 31, 2018.

The Japan interests in deployment of the AEGIS BMD system on its territory.

From the technical side, the AEGIS BMD system can be fielded with and launch cruise missiles.

The US AEGIS BMD system deployment in close proximity to the Russian and Chinese boundaries
demonstrates a will to score an advantage in hypothetical exchange of nuclear missile strikes.

MocTtynuna 15 oktA6psa 2018 roaa.
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HAYYHbIE PELLEH3UN N OT3bIBblI

8. A. BanuBepam, A. M. Benesues, I. M. Benpepciari

MpuKraaHble METOAbI
OLEeHKU 1 Belbopa
peLleHun
B CTpaTermuyeckmux
3apauax
WHHOBALMOHHOTO
MeHeAKMEeHTa

BanbibepavH B.A., BeneBueB A.M., Bengepckun I'.I1. NMpuknag-
Hble MeTOAbI OLIEHKU U BbIOOpa peLleHnin B cTpaTernyeckmx sagadyax
MHHOBAaLMOHHOro MeHemkmeHTa: MoHorpacma. — M.: UspaTenbcko-
Toprosasi kopnopaums «[awkos n K°», 2017. — 240 c.

PeueH3eHTbI: O-p TexH. HaykK, npocpeccop, 3acnyxeHHbIn aes-
Tenb Hayku n TexHukn P® MaHoB B.B., A-p TexH. Hayk, npodceccop,
3acnyXeHHbI gesTernb Hayku U TexHukn P® Kucenes B.[.

B xHHre paccMOTpPEHO TEKYIIEE COCTOSIHUE METOAOJOTHH OLIEHKU
pelIeHnl B paccMaTpUBAaeMOl 00JIacTH ¥ MPEUIOKEHBI METOJIBI U all-
TOPUTMBI PELICHUS TUIIUYHBIX 337a4 MOAACPKKUA MPUHITHS PELICHUN.
OrnrcaHbl 33J1a4dl CTPATETUYECKOTO aHAIM3a HAIlPaBICHUN MHHOBAITHU-
OHHOT'O Pa3sBUTHA BLICOKOTEXHOJIOTMYHBIX HpCI[HpHS[THﬁ.

[IpencraBnena o0mas xapakTepUCTHKA U OCHOBHBIE 0COOEHHOCTH
METOJOB CTPAaTErMYECKOro aHaiu3a. I310XEeHbl METOIbl OLIEHKHU
W BbIOOpa peIleHH B CTPATErHYEeCKHUX 3aJavyax HHHOBAIMOHHOTO
MEHEJDKMEHTa B YCIOBUAX HEONPEICIEHHOCTH M HEUYETKOCTU HCXOJ-

Holi nH(popmanuu. [TogpoOHO npencTaBaeHbl ONTUMHU3ALMOHHBIE MOAEIH B CTPATETHUECKUX 3a/1a4ax
MHHOBALIMOHHOTO MeHekMeHTa. KHura npeanasHaueHa st pyKOBOAUTENEH Pa3HOrO YPOBHS, 3aHU-
MAIOIIUXCsl BOMpOcaMu OOOCHOBAaHUSI M BBIOOpA PaziMYHOrO poja PEHICHUH NMpH WHHOBAIMOHHOM
Pa3sBUTHHU BBICOKOTEXHOJIOTHYHBIX MPEAIPUATHN 1 BHEAPCHUN HOBBIX TEXHOJIOTUH.

Kuura moxer OBITH MOJIE3HA acmUpaHTaM, MarucTpaHTaM M CTYJIEHTaM COOTBETCTBYIOIIUX
HaIpaBJIeHUI MMOATOTOBKH, a TaK)Ke JINLAM, MHTEPECYIOIIMMCS HOBBIMU HalpaBiICHUSMHU Pa3BUTHS B
HayKe M TeXHUKE.

Katynes A.H., XpamunueB A.A., AronbHukoB C.B. Ludposas
obpabotka 2D cnabokOHTPaCTHbIX M300paxeHUM, opMUPyeMbIX

A.H. Katynes, A.A. Xpamwaes, C.B. AronsHikos

LIMOPOBAA OFPABOTKA
2D CNIABOKOHTPACTHBIX
W30BPAXEHMA, SOPMUPYEMBIX
OIMTUKQ-3NIEKTPOHHBIM MPUBEOPOM

B CNOXHbIX ®OHOBLIX YCOBUAX

@EHAFY)KEHME‘ PACTIO3HABAHWE,
5 COMPOBOMAEHVE
1 AMHAMWYECKWX OBBLEKTOB

ONMTUKO-3JIEKTPOHHbLIM NMPUGOPOM B CIOXHbIX (POHOBbLIX YCIOBUSIX.
OGHapyxeHue, pacno3HaBaHuWe, COMPOBOXAEHWe [UHaAMU4eCKuX
obbekToB. MoHorpacwms. — M.: PaguotexHuka, 2018. — 408 c.

PeueH3eHTbl: A-p. ¢dus.-maT. Hayk, npodp., akagpemuk PAH
A.C. CuroB, pO-p. TexH. Hayk, npod., 3aB. kKadeapon, MITY
um. I.2. Baymana I'.I1. CnykuH.

B KkHHI¢ M37I0)KEHBI HOBBIC ONTUMAIBHBIC METOJBI U ANTOPUTMBI
JUISL STAarioB OOHApPYXXEHHUs, COMPOBOXKICHHUS W PACIO3HABAHUS THIIA
00HAPYKCHHBIX JMHAMUYECKHX OOBEKTOB M0 MX H300paKEHUSIM Ha
JBYMEPHBIX (HDOHOIIETEBBIX KaJpax OMTHKO-3JICKTPOHHBIX MPUOOPOB, a
TaKKe Pe3yJIbTaThl OLIEHKH XapaKTePUCTUK KadecTBa (HyHKIIMOHUPO-
BaHUs aJITOPUTMOB B PealibHBIX YCIIOBUAX. B 1e0M aBTOpaMu pa3BuTa
BelBIeT-(QpaKTaIbHO-KOPPEIIAIMOHHAS TEOPUS W CO3JaHbl HOBBIC
3 PEKTHBHBIC METOJbI M AJITOPUTMBI OOHAPYKESHUS, PACIIO3ZHABAHHS W COMPOBOXKIICHHUS TUHAMUICCKAX
O00BEKTOB B YCIIOBHSIX AlPUOPHON HEONPEACHEHHOCTH OTHOCHUTEIIBHO TEXHHYECKHX, TPACKTOPHBIX
XapaKTePUCTUK 00BEKTOB, XapAKTEPUCTUK ONTUYSCKOTO U3IyUCHUS 00BEKTOB U (JOHOB.

[IpennoxeHHbIE METOMIBI ONEPEKAOT JOCTUTHYTHIH YPOBEHb B U3BECTHHIX paboTax MO OIU3KHM
po0JieMaM OTEYEeCTBEHHBIX U 3apYOEKHBIX aBTOPOB U ONIPEACISAIOT NX HAYYHYIO 3HAYUMOCTbD.

Kuura mnpeaHa3HaueHa Uil CIELUAIKMCTOB, MPOSKTUPYIOIIMX IPOrPAMMHBIE KOMILIECKCHI
00paboTKu MH(POPMAIIMK B ONTHKO-3JIEKTPOHHBIX MH(POPMAIIMOHHBIX CHCTEMaX, a TAKKe CTYICHTOB,
aCIIUPaHTOB H TMpemnojaBaTelieii By30B, 3aHUMAOIIUXCS MPOCKTUPOBAHWEM WH(POPMAIIMOHHBIX
OINTUKO-3JICKTPOHHBIX CUCTEM.
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