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NMPOBJIEMHbIE BOMNPOCHLI MOCTPOEHUA
CUCTEM U CPEACTB BKO

YOK 621.396.6.004

NPUMEHEHUE CTPYKTYPHO-®YHKLMOHAIIbHOA MOGE/N
B METOLE W METOLOUKE OLJEHKM KAYECTBA CUCTEM
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B cmamebe ripedriazaemcs K MpUMEHEHU0 muriogasi oopma CmpyKmypHO-QOYHKUUOHabHOU MOOernu cucmemb!
B80€HHO20 Ha3HauyeHusi, paspabomaHHas 8 aude mabnuupl. OnucaHo rpumeHeHue AaHHoU Modesnu 8 Memode OUEeHKU
Kadecmea cucmeMbl Ha OCHOB8E MOCMPOEHUST U cpasHeHusi «udearnbHol» (6a308ol) u pearbHOU CMPYKIMYpPHO-
pyHKUUOHarnbHbIXx Molenel cucmemsbi. [lpedcmaenieHbl npuMepb! MPUMEHEHUST CMPYKMYpPHO-(bYHKUUOHaIbHOU
Moderu 8 Kayecmae UCMOYHUKa cucmemMamu3upo8aHHbIX UCXOOHbIX OaHHbIX 071 nposedeHus pacyémos 8 Memoou-
Kax oUeHKU Kayecmea U OUEHKU 8ePOSIMHOCMHBIX Xapakmepucmuk CUCMEM.

Knrodeebie cnoea: oueHka, modesib, Memoduka, 8eposimHOCMb, Memod, Kadecmeo, cucmema, Kpumepud,
cmpykmypa, yrpaeneHue, 3¢hgheKmusHOCMb.

The article presents a standard structural-functional model form (designed as a table) for a military system.
It describes the application of this model within the system quality assessment method on the basis of the
comparison between the «ideal» (basic) and the real structural-functional models of the system. Finally, examples
of the application of the structural-functional model as a source of systematized data are provided for the purpose
of making calculations within the methods for the assessment of systems’ quality and their probabilistic characteristics.

Keywords: assessment, model, methodology, probability, method, quality, system, criterion, structure,
management, effectiveness.

O PeKTUBHOCT YIIpaBICHUSI CUCTEMaMH BOSHHOT'O Ha3HA4YeHHUs (Jajiee — CHCTEMaMH) BO MHO-
TOM 3aBUCHUT OT CBOEBPEMEHHBIX M 000CHOBAHHBIX YIIPABICHUECKHUX PEIICHUH, IPUHSTHIX 110 PE3YITh-
TaTaM OLICHKM KauecTBa TEXHUYECKHUX CHUCTEM B HX cocTaBe. B HacTosiee BpeMs HECOBEPILIEHCTBO
METOJIUYECKOT0 armapara OleHKH Ka4eCTBA MPUBOANT K BOSHUKHOBCHHIO aKTyaJIbHON CI1a00CTPYKTY-
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PA3EN: NPOBJIEMHBIE BOMPOCHI MOCTPOEHNA CUCTEM U CPEACTB BKO

PpUpOBaHHOW MPOOIEMBI, 3aKIIIOYAIONICHCS B HEOOXOAMMOCTH pa3pelIeHUs] IPOTUBOPEUNS MEKAY Tpe-
0OBaHMEM K CYIIECTBEHHOMY YMEHBIICHUIO 3aTPaT BPEMEHHU U PECYPCOB HA OLIEHKY KaueCTBa CHCTEM
B TIpOIIecce PKCILTyaTalliil U HeOOX0IUMOCTEI0 cOopa 1 00paboTKu OONMBIIMX 00HEMOB WH(OPMAITUH
0 COCTOSIHUM CHUCTEM, MOTy4aeMOU 13 pa3IMyHbIX HCTOUHHKOB.

OnHuM M3 panMOHAIBHBIX IMyTEH YaCTHYHOI'O PEIHICHHs MPOOJeMbl Ha MPAKTUKE SIBJISETCS MPH-
MEHEHHUE CTPYKTYPHO-(QYHKIIMOHAIBHON MOJENIN CUCTEMBI IIPHU OLIEHKE KauecTBa cucteM. CTpyKTyp-
HO-(YHKUIMOHAJIbHAS MOJENb CHCTEMBbl OIMUCHIBACT YYaCTHE TEXHUUYECKHUX CHCTEM B BBIIOJHCHUU
(GYHKUHMI CHCTEMBI, MX KOJMYECTBO U MOKa3aTeNln KadecTBa, Hanboiee BaxkKHbIE [Isl 00ecTiedeHus 10-
cTIKeHus nenn. [IpumeHeHne cTpykTypHO-(DYHKIIMOHATFHOW MOAENH OyIer obecreduBaTh Tpedye-
MBI YPOBEHb JeTaau3auud (PyHKIMHA CHCTEMBI M ONMCHIBATH €€ CHEIHM(UKY BHE 3aBUCHMOCTH OT
npeaHa3HaYeHUsI.

Peanuzanus naHHOrO mMyTH NpEACTaBlICHa B METOJE OLIEHKM KAauecTBa CHCTEMbl HA OCHOBE IIO-
CTPOEHWSI U CPaBHEHHUS «HIeaTbHON» (0a30BOI) U peallbHOM CTPYKTYPHO-(YHKIIMOHAIBHBIX MOAETEH
cuctemsbl (nanee — Meron). Haznauenne MeTtona: KoMIUIeKCHas OLlEHKA Ka4eCTBa CHCTEM M CHCTEMa-
TU3alMA [OTYyYaeMBIX Pe3yJbTaTOB OIIGHKM KaueCcTBa B MHTEpPECAaX IMOATOTOBKH CBOEBPEMEHHBIX U
000CHOBaHHBIX yIIpaBieHYeCKHX peuieHuil. CymHocTs MeToaa: COCTOMT B KOMIJIEKCHOM CPaBHEHHHU
3HAYCHUH MMOoKa3aTesel KauecTBa, MOIyYCHHBIX B BHJIE CTATUCTUYCCKOW HH(POPMALIUH 13 BHYTPEHHHUX
Y BHEIIHHX MH(OPMAIMOHHBIX PECYPCOB € y4eToM TpeOoBaHMid Kk cucteme. [Ipu atom nHbopmanus
CHCTEMaTH3UPYETCS U MPOBEPAETCSl Ha COOTBETCTBUE TPeOOBaHMSIM B (OpMATM30BAHHBIX TaOIMIIAX
10 Ka)KA0MY BBIOpaHHOMY IOKa3aTeo KauecTsa. JlJsi KpUTHUECKH BaKHBIX 3HAUYCHHUH MOKa3aTesei B
0a30BOI MOJIETH MPEIYCMOTPEHO BBeACHUE KO3 duimeHTa BeTo. Tak Kak B JII000¥ cUCTeMe OOBIYHO
ecTb TpeOOBaHUS K YCTAHOBJICHHBIM IapaMeTpaM, CHHKCHUE WM YBEIWYCHUE KOTOPBIX KaTeropuye-
cku HepomyctuMo. [Ipemiaraemsiii Meton pannoHanbHO NPUMEHATh KakK U OLEHKH KadyecTBa CH-
CTEM B LICJIOM, TaK 1 B MCTOJJUKaX OIICHKHN Ka4€CTBAa TCXHUYCCKUX CUCTECM B UX COCTaBCE.

[IpuBeneHsI pUMEpPHl MPUMEHEHUST CTPYKTYPHO-(PYHKIMOHAILHONW MOJIETI CUCTEMBI B METOMKE
OLIGHKM Ka4ecTBa CUCTEM M B METOAMKE OLICHKH BEPOATHOCTHBIX XapaKTEPUCTUK CUCTEM C UCIOIb30-
BaHMEM IporpaMmsl 1j1st ODBM. B npumepax npuMeHeHne CTpYKTypHO-QYHKIIMOHAILHONW MOJIENHN CO-
CTOUT B INOJTYYCHUHN CUCTCMATU3NPOBAHHBIX NCXOAHBIX JAaHHBIX!

a) IMoKazaTeiell OIleHKH KauyecTBa 1 HOPMHUPOBAHHBIX KO3 (PUIIMEHTOB X BAXKHOCTH;

0) MaKCUMaJIbHO 1 MUHUMAJIBHO JIOITyCTUMBIX 3HAUEHHH 3TUX MOKa3aTeNeH;

B) JICWCTBUTENIbHBIX 3HAUEHUH ITOKa3aTesei, MOJyYeHHBIX B MIPOIECCE IKCIUTyaTallul CUCTEM;

) TpeOyeMOoro KoJIM4ecTBa TEXHUIECKUX CHCTEM B COCTABE CUCTEM BOSHHOIO HAa3HAUCHHMS.

B 3akiroueHnn npuBeneHsl GOPMyIIbl pacdeTa SKOHOMUM BPEMEHH M PECYPCOB, € MIOMOIIBIO KO-
TOPbIX OOOCHOBBIBAETCS, UTO IMPHMEHEHUE pa3pabOTaHHON CTPYKTYypHO-(QYHKIIMOHAIBLHOW MOJICIN
CUCTEMBI CIIOCOOCTBYET YACTUYHOMY PEUICHUIO chopMYIMPOBaHHON MPOOJIEMBI, TaK KaK YMEHBIIAET
3aTpaThl BpEMEHH U PECYPCOB Ha OLICHKY KaueCTBa CHCTEM.
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PA3EJN: NPOBJIEMHBIE BOMPOCHI MOCTPOEHUA CUCTEM U CPEACTB BKO

APPLICATION OF A STRUCTURAL-FUNCTIONAL MODEL
WITHIN THE SYSTEM QUALITY ASSESSMENT METHOD
AND METHODOLOGY

K.Z. Biliatdinov, I.A. Shlyantsev, V.V. Meniailo

Nowadays the successful development and improvement of military systems (hereinafter — systems) primarily
depends on timely and reasoned managerial decisions that are made based on the result of incorporated
technical system effectiveness assessments. Currently, the flaws in existing quality assessment methodologies
lead to the emergence of an acute problem that has no standard solution method — the conflict between
the necessity to considerably decrease the amount of time and resources spent on the assessment of a system’s
quality in the process of its operation and the necessity to gather and analyze big data about the system’s
condition coming from multiple sources.

The article proposes a rational practical solution that can at least partly solve the outlined problem,
i.e. the application of the structural-functional model of a system to assess its quality. This model describes
the roles of technical systems in the fulfillment of a system’s functions, their number, and the quality indicators that
are most important for the accomplishment of the objective. The practical application of the structural-functional model
will provide the required level of specification of a system’s functions and peculiarities irrespective of the system’s
purpose.

The implementation of the proposed approach is based on the method of comparison between the «ideal»
(basic) and the real structural-functional models of a system (hereinafter — the Method). The main aim
of the Method is to comprehensively assess a system’s quality and systematize the results of this assessment
for the purpose of making timely and reasoned managerial decisions. The Method in its essence consists
in the comprehensive comparison of quality indicator values received in the form of statistical data from internal
and external sources of information about the system while taking into account the requirements for this system.
The information is systematized and checked for the compliance with the requirements by each chosen indicator
in standardized tables. The basic model allows for the introduction of the veto index for crucial indicators as any
system usually contains requirements for set parameters the decrease or increase of which is strictly forbidden.
The Method is used most effectively for the purpose of the quality assessment of both a system overall
and technical systems within it.

In addition, the article gives examples of the application of the structural-functional model of a system
in system quality assessment methods and in the assessment methodology for a system’s probabilistic
characteristics with the use of computer programmers.

They highlight the application of the model for the obtainment of the following systematized source data:

a) quality assessment indicators and the standard coefficients of their importance;

b) the maximum and minimum values allowed for these indicators;

¢) actual values of the indicators received during the operation of the systems;

d) the required quantity of technical systems within military systems.

Finally, the article presents formulas for the calculation of time and resource savings that prove that
the proposed structural-functional model can partly solve the above-mentioned problem as it helps decrease
the amount of time and resources spent on system quality assessment.

Moctynuna 30 nioHsa 2020 roaa.

BECTHUK BO3YLUHO-KOCMUYECKO OBOPOHbI N2 3(27), 2020 r.



NPUMEHEHWE CHIN U CPEOCTB BKO

YK 531.814:621.38

AJIFOPUTM OLIEHKU NMOPAXEHUA LIENTN
1PN CTPE/IbBE PAKETHbIM BOOPYXEHUEM
3EHUTHBIX KOMIT/IEKCOB

© ABTOpbI, 2020

B.l'. CnyruH
2r1a8HbIU KOHCMPYKMOP 10 KOMIIIeKcaMm rpomueogo30ywiHOU 060POHbI,
AO «KbB npubopocmpoeHusi um. akademuka A.I". LLlunyHoeay, e. Tyna
A.A. 3y6apeB
3aM. eflagHO20 KOHCMPYKMopa Mo KOMIieKkcam rpomueoso30yWHOU 060POHBbI, HavyaribHUK OmOeseHUs,
AO «KB npubopocmpoeHusi um. akademuka A.l". LLlunyHosay, 2. Tyna
A.5. MexTtues
HavansHuk omodena, AO «Kb npubopocmpoerus um. akademuka A.I". LLlurtyHosa», 2. Tyna
B.B. HacoHoB
HayvanbHuk cekmopa, AO «KB npubopocmpoeHus uMm. akalemuka A.I". LLluriyHosax, . Tyna
B.A. KoBellHUKOB kaHOudam mexHU4YeCKUX Hayk,
sedywul urxeHep, AO «Kb npubopocmpoeHusi um. akademuka A.I". LLlunyHosay, . Tyna
E-mail: kbkedr@tula.net

Ha ocHoee usmeHeHus1 npu3HaKoe conpoeoXOeHUs pakemb! U UErU, @ makke aHanuda OUuHaMUKU napamempos
d8LXKeHUST Ueriu rocsie NpoXoXOeHUsT MOYKU ecmpeyu  pa3pabomaHa Mamemamuyeckasi MOOesb U coomeemcmesy-
rowuti anzopumm uéeHmucbukayuu cumyayuu O1is1 8bISI8IEHUST (haKma rnopakeHUs yesu.

Knrodeenlie cnoea: pakema, uersb, bannucmuka, MoOesiuposaHue, rnpoaHo3.

Based on the change of missile and target tracking cues as well as the analysis of the target's movement
dynamics after passing the point interception a mathematical model and a corresponding situation identification
algorithm for the purpose of establishing the fact of target engagement have been developed.

Keywords: missile, target, ballistics, modelling, prediction.

CoBpeMeHHBIEC 3eHUTHBIE pakeTHO-Iymeuynbie komiuiekesl (3PIIK) npu pabote mymeyHsIM wiu
paKeTHBIM BOOPY>KEHHEM JOJDKHBI 00ecTieYnBaTh MUHUMAJIbHOE BpEMST 00CTYKHUBaHHUS KaXKI0H IIeNH,
0 KOTOPOH BeNETCs CTpenhOa, C ONepaTUBHON BBITAUYEH pH3HAKA TIOPAKEHUS 1IEN. B CBs3H ¢ ATUM
BO3HMKJIa HEOOXOAMMOCTh pazpaboTku u peanuzanuu B 3PIIK anroputma oneHKH HMOpaKeHUs LEeTd
IpU CTpesibOe pakeTHBIM BOOPY)KEHHEM C IMOMOILBIO CPEJCTB MAaTEMaTHUECKOTO M HPOrpaMMHOIO
obecreveHus IeHTpaIbHON BerauciauTenbHou cructeMsl (LIBC).

AJTOPYUTM OLIEHKH MOPaKEHHUS IEeNW MPHU CTPeiah0e MO pa3iMyHBIM THIIAM BO3AYLIHBIX IIEJIei
IIpeoJaraeT HCIoIb30BaHNE KaK MyIIEYHOTO, TaK U PAKETHOTO BOOPYKEHUs. DTO MO3BOJUT B MPO-
necce 00eBoi pabOTHI ONpeNeNuTh (HaKT MOPAKEHHS WM HETIOPAKEHUS el U BhIaTh HH(OopMaIiy-
OHHBII TPU3HAK O MPONODKCHWH WM TPEKpalleHUH CTPEIhObl B IOIyaBTOMAaTHYECKOM DEXHME
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BeJICHUsI OTHS. B aBTOMAaTHYEeCKOM PEXHMME TMOSBISACTCS BO3MOXHOCTH BBIAABaTh M HCIOJIH30BATh
MIPU3HAK JJIS IPEKPAIeHus BeIEHUS OTHsI 110 I B CIydae € MopayKeHusl.

Pabora anroputMa ocHOBaHa Ha aHANM3e WH(POPMAIIUH, TOCTYTAIOIIECH OT CHCTEM COTIPOBOXKICHUS
IEJIU ¥ PaKeThl, M MOCICTYOIIEH 00pab0TKe STHX JNaHHBIX, COTJIACHO MaTEMaTUYeCKON MOJICH pacyéra
WHINKATOPOB ITOPAYKEHHUSI COOTBETCTBEHHO MIPH CTPENT0€ MyIICYHBIM U PAKETHBIM BOOPYKEHHEM.
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TARGET ENGAGEMENT ASSESSMENT ALGORITHM
WHEN SHOOTING AIR DEFENCE MISSILES

V.G. Slugin, A.A. Zubarev, A.Ya. Mekhtiev, V.V. Nasonov, V.A. Koveshnikov

Based on the change of missile and target tracking cues as well as the analysis of the target's movement
dynamics after passing the point interception a mathematical model and a corresponding situation identification
algorithm for the purpose of establishing the fact of target engagement have been developed.

Moctynuna 7 oktabpa 2019 ropa.
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B cmambe npedcmasrneH umnynscHbIl Modynnssmop 0nsi paduonepedaroujezo ycmpoticmea M®OP, ebicoko-
80/1bMHbIE Kackadbl KOMopo2o rnocmpoeHbl Ha IGBT mpa+3ucmopax. [NpedcmasrieHbl cpasHUMeEsbHbIE Xapak-
mepucmuKu rosynpos8ooHUKOB8o20 Modyrnamopa U Modynsmopa Ha ocHose namn TMU. OnucaHbl cxembl
rnocmpoeHusi Modynsimopos8 U MPUHYUMbI ux pabomei.

Knroyeeblie cnoea: 8bICOKOBOIbMHbLIU UMIMYIbCHBIU MOOYAmop, yrnpasieHue KIUuCMpPOHOM, 6Hympu-
8aKyyMHbIU rnpobol, IGBT mpaH3ucmop, «CK8O3HOU» MOK, pacrnpedesieHUe HarpsKeHUsl.

The article presents the description of a high-voltage pulse modulator for the MFR transmitter, the high voltage
channels of which are based on IGBT. Comparative characteristics of semiconductor and GMI tube modulators
are presented. The design schemes and operational principles of these modulators are described.

Keywords: high-voltage pulse modulator, klystron operation, vacuum breakdown, IGBT, «let-through»
current, voltage distribution.

B crarbe npeacraBieH UMITYJIbCHBIM MOIYJISITOP AJISl YIPABJICHUS! KIMCTPOHOM paJHoIepenaro-
uieit annapatypsl MOP.

OnHCHIBAIOTCS YCIOBUSI SKCILTyaTallil H OCOOCHHOCTH paboThl NMITyJILCHOTO MoayIsitopa. [Tpu-
BEJICHO CpPaBHEHHE JOCTOMHCTB M HEJOCTATKOB MMITYJIBCHBIX MOJYJISITOPOB Ha OCHOBE JJIEKTPOBAKY-
YMHBIX U TOJIYIPOBOAHUKOBBIX MPHOOpPOB. PaccMoTpeHsl TpeboBaHMs K TapaMeTpaM MOIYJIHPYIOIIe-
T'0 UMITYJIbCA, OT KOTOPBIX 3aBUCUT KaYECTBO BHIXOJJHOTO CUTHAJIA TIEPEIAIOIIETro YCTPOHCTBA.

Omnpenenensl 3a7a4u, TPeOYIOIUE PEMICHHS TIPU MPOSKTUPOBAHUK UMITYJIbCHBIX MOJYJISITOPOB Ha
MOJYIPOBOAHUKOBBIX npuOopax. [IpuBeaena crpykTypHas cxeMa UMIyJIbcHOro Moayssitopa Ha IGBT
TPaH3UCTOPAX, ONKMCaH NpUHIHMI paboThl. [IpencTaBieHsl OCIMIIOrPaMMBl paciipeaeIeHUs] HalpshKe-
HUSI B BICOKOBOJIBTHBIX KacKaiaX MOJYJISITOpa.

[IpuBeneHo cpaBHEHHE OCHOBHBIX TEXHHMUYECKHX XapaKTEPHUCTHUK UMITYJIbCHBIX MOAYJITOPOB Ha
ocHose Jamn 'MW u Ha ocHoBe IGBT tpansucropos. [lpeacrasnen oOmuii BUI UMITYJIECHOTO MOJTY-
JsTOpA.
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3a cuer npumMeHeHus: ObicTpoaericTByommx |IGBT TpaH3UCTOPOB yAaIoch CHU3UTH MOTpeOsie-
MYIO MOIIHOCTb OT HCTOYHHMKA HANPSDKEHUS CMEIICHHS M YBEJIMUUTH BpeMsI HApaOOTKH MMITYJILCHOTO
MOJYJIATOpa Ha BECh TAPAHTHHUHBIA CPOK CIIykObI anmapatypst MOP.
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A HIGH-VOLTAGE PULSE VMIODULATOR FOR
THE MFR TRANSMITTER

I.N. Lobov, O.K. Berezin

This article presents the description of a high-voltage pulse modulator to operate the MFR transmitter
klystron. The pulse modulator operation conditions and features are described.

The advantages and disadvantages of modulators based on electrovacuum and semiconductor devices are
compared. The requirements are reviewed for pulse modulator characteristics, on which the quality
of the transmitter output signal depends. The semiconductor pulse modulator design tasks to be solved are
defined. The IGBT pulse modulator structure scheme and operational principle are described. Oscillograms
for voltage distribution in the modulator's high-voltage chains are presented. The main characteristics of pulse
modulators based on GMI tubes and IGBT are compared. The overall design of the pulse modulator is presented.
Due to the utilization of fast IGBT it was possible to reduce bias power supply consumption and increase
the operational time of the pulse modulator up to the entire MFR warranty period.

Moctynuna 4 uroHsa 2020 roaa.
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Paccmampusaemcsi 3a0a4a 06HapyXEHUSI KO2EPEHMHbIX Nadvyek WUPOKOMOIOCHbIX cueHanoe e PJIC 063o-
pa. NpednoxeHb! aneopummsl, obecredusaroujue obHapyXXeHUe WUPOKOMOIOCHbIX CUZHAI08, OMPaXEHHbIX om
uenel pasHol npomsikéHHocmu o danbHOCMU C pasHbIM Yyuciom «brnecmsuwux moyvek». lposodumcsi cpasHe-
Hue xapakmepucmuk ObHapyXeHUs U paspeweHusi cuaHaios, moYHOCMU u3mepeHusi danbHOCmuU npu Ucrosb-
308aHUU WUPOKOIMOMOCHBIX U Y3KOMOMIOCHbIX Ccu2Hanos. B kadecmee npumepa OOMOMHUMENbHBIX B803MOX-
Hocmel, C8513aHHbIX C MPUMEHEHUeM WUPOKOMOOCHbIX CU2Hasos, npueodumcs an2opumm pacrosHasaHusi
Knacca uesnu o eé paduarnbHoMy pa3mepy no dasbHOCmuU.

Knroyesnble cnosa: obHapyxeHue, pa3peweHue, cueHarl, WUPOKOMOIOCHbIU, «brecmsiwjue moykuy, rnopoe,
rnomepu obHapyxeHusi, KoeepeHmHas nayka, PJIC o63opa.

The issue of wideband signal coherent packet detection with regards to surveillance radars is considered.
Algorithms are proposed to ensure the detection of wideband signals reflected from targets with different lengths
of range and varying numbers of «brilliant points». A comparison of signal detection and resolution characteristics
as well as that of range measurement accuracy when using wideband and narrowband signals is performed.
As an example of additional capabilities connected with the use wideband signals an algorithm for target rank
recognition based on its radial range size is given.

Keywords: detection, resolution, signal, wideband, «brilliant points», threshold, detection loss, coherent
packet, surveillance radar.

PaccmarpuBaeTcs 3agaua 0OHapy>KEHUS] KOTEPEHTHBIX MA4YeK IIHMPOKONOJIOCHBIX curHanos B PJIC
0030pa. [IpeanoxeHbl arOpUTMBI, 00eCTIEYHBAIONIHE OOHAPYKEHHE KOTEPEHTHBIX MaueK MHUPOKOIO-
JIOCHBIX CHUTHAJIOB, OTPAXKEHHBIX OT LeJIel pa3HOM MPOTSHKEHHOCTU 1O JAIBHOCTH C Pa3HBIM YHCIOM
«OnecTsux Toyek». [lokazaHo, 4TO MpK HEM3BECTHOM NMPOTSHKEHHOCTH T10 TAIBHOCTH OOHAPYKUTENh

o M__ +1
ey npeactasisgetr coboit KH, B kax1oM 4aCTOTHOM KaHaJie KOTOPOTO PeaIn30BaH ( max % — Ka-

HanpHBI HH kBagpaToB orubarorieii B CKOIB3SIMX 1O JATLHOCTH OKHaX, B KaxaoM kaHaie HH ecTs
MUKOBBIM JETEKTOpP M IMOPOrOBOE YCTPOWCTBO, BBIXOIBI IOPOTOBBIX YCTPOWCTB OOBEIUHEHBI IIO
«AJIN». I1o cpaBHEHUIO C y3KOIOJIOCHBIMU HUCIIOIB30BAHUE IIUPOKOIIOJIOCHBIX CUTHAJIOB IIPUBOJIUT K
OTIpeJIeJIEHHBIM TOTEPSIM OOHAPYKEHUS MPOTSKEHHBIX 10 JabHOCTH 1ejel ¢ nmoporosoit JIIP. Bme-
CTE C TeM XapaKTEPUCTHKH OOHAPYKEHHUS IIMPOKOIIOJOCHBIX CUTHAJIOB HE TaK 3aTSAHYTHI, KaK B CiIydyae
Y3KOMOJIOCHBIX CHTHAJIOB, M3-32 MEHbIIEH MHTEPPEPEHIINA CUTHAIOB, OTPAKEHHBIX OT «OJIECTSIINX
TOYEK» 11eNu. MI3MeHeHre MI0THOCTH «OJIeCTANX TOUEK», paKypca IeNId U CBA3aHHBIE C 3TUM (IIIOK-
tyauun OIIP He NmpHBOAST K Ka4eCTBEHHBIM M3MEHEHMSM — MPUMEHEHHUE Y3KOIOJOCHBIX CUTHAJIOB
OTIPaBIAHO TOJIFKO MPH MEPBUYHOM OOHAPYKEHHH MaJOpa3MEPHBIX IIeJIei, Ha dTare COMPOBOXKICHUS
Y TIpu 00HApYKEHUH KPYIMHOPAa3MEPHBIX IeJe MPeanoYTHTEIbHEeH NCIOIb30BaTh IMPOKOIIOIOCHBIE
CUTHAJIBI.

[IpuMeHeHne MIMPOKOMONIOCHBIX CHUTHAJIOB O0ECHEYMBAET IOBBIIIEHHE TOYHOCTH H3MEPEHUS
JATBHOCTH MaJIOPa3MEPHBIX IIeJIeil M yBeNWYeHHWE pa3pemieHus Henel 1Mo JalbHOCTH 10 BEIWYUHEI,
COOTBETCTBYIOLIEH J€BUAIMM 9acTOTHl curHana — 1,5M npu Af =100MI'n, 4TO CyIIECTBEHHO MPEBBI-
aeT XapaKTepUCTUKH pa3pemnieHus mneneid B cymectBytonux PJIC. B kadecTBe mpumMepa TOTOTHU-
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TEIBHBIX BO3MOXXHOCTEH, CBA3aHHBIX C MPUMEHEHUEM ITUPOKOTOIOCHBIX CUTHAJIOB, IIPUBOJUTCS aJl-
TOPUTM paclo3HaBaHMA KJIacca IIeNd M0 €€ paJnalbHOMy pa3Mepy mo nampHOCTH. [lokazaHo, 4To B
JTAHHOM aJTOpUTME OOeCTeYMBAaeTCS JOCTAaTOYHO YBEPEHHOE paclo3HaBaHWE 3-X KIIACCOB IeNel ¢
pasHBIM paKypcOM Ha 3Tarne NePBUYHOTO OOHapyxeHus. Ha arame compoBOXKIACHUS MPH MPUOITHKE-
Hun 1eneit k PJIC pacroznaBanme Ki1accoB Ieiel CTAHOBHTCS TMOYTH O€30IIMOOYHBIM, YTO TaKKeE
MTOATBEPKIACT MEIeCO00Pa3HOCTh MPUMEHEHHUS MITUPOKOITOIOCHBIX cUTHAIOB B PJIC 0630pa.
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THE DETECTION ALGORITHMS OF WIDEBAND SIGNALS
COHERENT PACKETS IN SURVEILLANCE RADARS

I.F. Lozovskiy

The issue of wideband signal coherent packet detection with regards to surveillance radars is considered.
Algorithms are proposed to ensure the detection of wideband signals reflected from targets with different lengths
of range and varying numbers of «brilliant points». It is shown that, when the length of range is unknown,
the target detector is a coherent storage, which has the (Mmax +1)/2 — channel uncoherent storage of square
envelope in sliding-range windows in every frequency channel; there is a peak detector and a threshold device in
every channel of the uncoherent storage; the outputs of the threshold devices are joined by «OR». In comparison
with narrowband signals, the use of wideband signals leads to some detection loss for long-range targets with
a threshold RCS. However, the reading of wideband signals detection characteristics is not as delayed as
in the case of narrowband signals because of lower interference form signals reflected from the target’s «brilliant
points». The variation in the density of the «brilliant points», target angle, and RCS fluctuations connected
with it do not result in qualitative change — the use of narrowband signals is justified only for primary detection
of small-size targets; at the stages of tracking and large-size target detection the use of wideband signals is
preferable.

The use of wideband signals ensured improved range measurement accuracy for small-size targets and
increased target range resolution up to the value corresponding to the signal frequency deviation — 1.5 m with
Af = 100 MHz, which greatly surpasses the target resolution characteristics for existing radars. As an example of
additional capabilities connected with the use of wideband signals, an algorithm for target class recognition based
on its radial range size is given. It is shown that this algorithm ensures a sufficiently accurate recognition of three
target classes with different angles at the stage of primary detection. At the tracking stage, as targets approach
the radar, target class recognition becomes almost error-proof, which also confirms the viability of wideband
signal application for surveillance radars.

MocTtynuna 20 ceHTA6psa 2019 ropa.
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B cmambe paccmampusaemcsi MpUMeHeHUe CEEPXMOHKUX MemasiiudecKux Mpo8OSIOK 8 KOHCMPYKUUU
nosnsipu3ayuUoOHHo20 unbmpa, Uucnonb3yemMo2o e aHmeHHax CBY. CeepxmoHkue npogosioku obnadaom
noeanowarouwum aggekmom, ymo 0Oaém psd HO8bIX MPEeUMyulecme [0 CPasHeHUr ¢ mpaduyuoHHbIMU
nonsipu3ayuoHHbIMU  ¢hunbmpamu. [MpedcmaeneHbl Mamepuasbl  3M€KMPOMasHUMHO20  MOOeUupo8aHuUst
U aKcrepumeHmarbHble daHHble, nodmeepxdaroujue 803MOXHOCMb peasiuzayuu npednazaemMoao peweHus.

Knroyeeble crioea. aHmeHHa, Mosspu3ayUoOHHas Xxapakmepucmuka, paduosiokalyuoHHas 3aMemHOCMb,
MonsipU3ayUOHHBIL (oubMp, NOMexo3auUuEHHOCMb, Mo2IoUWeHUe 3/IeKMPUYeCKO20 MoJis.

The utilization of sub-micron metallic wires in the structure of the polarizing filter used in ultra-high-frequency
antennas is considered. The sub-micron wires exhibit an absorptive effect and, thus, a number of new
advantages in comparison with the conventional polarizing filter arise. Electromagnetic modeling materials
and experimental data supporting the possibility to implement the suggested solution are presented.

Keywords: antenna, polarization characteristic, radar observability, polarizing filter, interference protection,
electric field absorption.

[NonsipuzanoHHbie GUIBTPBL B BUIE CTPYKTYPHI MapaljIebHBIX METaJUIMYECKUX MPOBOJIOK HC-
TIOJIB3YIOTCS B PSZIC aHTEHHBIX YCTPOWCTB. DTO 00ECIEUMBACT MOJISPU3AUOHHYIO CENICKIIUI0 CUTHA-
JIOB U TIpeoOpa30oBaHHE KPYrOBOH MOJSPU3ALMU B JIMHEHHYIO JTF000r0 HakyioHa (mpu oOecreueHuun
BpauieHus: GuIbTpa BOKPYT cBoel ocu), HO rpu 3ToM KCBH Takoii aHTeHHBI CylIeCTBEHHO BO3pacTa-
et. [IpenaraeMbiM pelieHHEM B KOHCTPYKIIMHU MOJSPU3AIMOHHOTO (QUIIBTpa SBISIETCS MPUMEHEHHE
CBEPXTOHKHX METAIUTMYECKUX ITPOBOJIOK, YTO MPUAAET (PUIBTPY MOTIIONIAIONIHE CBOHCTRA.

B citydae ycTaHOBKH B pacKpbIB aHTEHHBI KPYTOBOH MOJISIPU3ALUH MOJSPU3ALHOHHOTO QUiIbTpa B
BUJI€ CTPYKTYPBI U3 CBEPXTOHKUX MPOBOJIOK, yBennuenue KCBH Oyner 3HaunTenbHO MEHBIIIE, 3a CUET
3¢ exra mornomeHns MEKTPHUECKOTO OIS OPTOTOHATHHOHN MOJISPU3ALINH.

JIONOMHUTENBHBIM PEUMYILECTBOM HOIAPU3ALUOHHOTO (DUIBTPA B BUAE CTPYKTYPHI U3 CBEPX-
TOHKHX TPOBOJIOK B KOHCTPYKLHSX aHTEHH SBIISICTCS YMEHBIICHHE PAJAHOJIOKALMOHHONW 3aMETHOCTH
npu 00Jy4EeHHH pacKpbhiBa aHTCHHBI CUTHAJIOM OPTOTOHAIBHOW (OTHOCHTEIBHO pabodei) molsipusa-
IIUH, 32 CYET MOTJIOMICHUS IIEKTPHUECKOTO MO OPTOTOHATIBHOHN MOJISPU3ALINH.

B craree mpencraBieHsl MaTepUanbl 3JIEKTPOMArHUTHOIO MOJEIHMPOBAHMS M IKCIIEPHUMEHTAIb-
HBIE JJAHHBIE, MTOITBEPKAAIOIINE BO3MOXKHOCTh PEaTH3alliy PeyIaraéMoro peieHusl.
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USING A POLARIZING FILTER IN THE FORM
OF A SUB-MICRON WIRE STRUCTURE IN ANTENNA DESIGNS

L.M. Minokin, N.N. Aldoshin, V.V. Sgibnev, D.A. Makurin

Polarizing filters that have the structure of parallel metallic wires are used in a number of aerial arrays.
This ensures the polarizing signal selection and the conversion from rotary to any linear tilt polarization (with
the filter rotating around its axis), but at the same time the voltage standing-wave ratio (VSWR) for this antenna
increases significantly. The suggested solution in terms of the structure of the polarizing filter is the utilization
of sub-micron metallic wires; this way the filter will gain absorptive properties.

In case the polarizing filter in the form of sub-micron wires structure is mounted into the aperture
of the rotary polarized antenna, the VSWR increase will be considerably lower due to the orthogonal polarization
electric field absorption effect.

The extra advantage of the polarizing filter having the structure of sub-micron wires in antenna designs
is radar observability reduction during the irradiation of the antenna aperture by orthogonal (relatively operating)
polarization signal due to orthogonal polarization electric field absorption.

The article presents electromagnetic modeling materials and experimental data supporting the possibility
to implement the suggested solution.

Moctynuna 10 nronsa 2020 roaa.
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Paccmampusaemcs enusiHue amnnumyOHbIX U ¢pa308bix uckaxkeHul 8 PJIC Ha cxamblil WuUpOKONOI0CHbIU
U ceepxwiupokononocHsil JTYM cueHan. lNMpueedeHsl pe3yrnbmamsl NPUMeHeHUsI Memoda KoMeHcayuu UcKaxe-
HUU K pearnbHbIM cuzHanam. [ns aHanusa aghghekmueHOCMU KOMMIeHcauuu UcKaxeHul rpu Hanuyuu dornre-
POBCKO20 CMEWEHUsT Yacmombl UCKaxeHusi npedcmasristomesi 8 eude MHoXecmea 2apMOHUK Orisi ¢ha308020
u amnnumyoHo20 criekmpos. [MpedcmaeneHbl pe3yrbmambi YUCHEHHO20 MOOEeNUpPo8aHUsi cxxamusi cueHaioe
C pasosbiMU UCKaXXeHUsIMU Ol pasnuyHbIX 3HavYeHul Oesuauyuu rpu Hanau4uu OOormnIepo8cKo20 CMeWeHUs
yacmomeil.

Knrodeenie cnoga: obpabomka cuzHanos, nuHeliHas YacmomHasi MoOynsayusi, cxxamslli cuzHars, coaaco-
8aHHbIl unbmp, amnaumyOoHbie U ¢ha308ble UCKaxeHUsi, O0rniepo8ckoe cMeweHUe 4acmomal, ypoeeHb 60Ko-
8bIX J1eNecmKos, momepu Ha paccoanacosaHue.

Effect of amplitude and phase distortions on compressed wideband and ultra-wideband LFM radar signal
is considered. Results of application of distortion compensation technique are presented. For analysis
of effectiveness of compensation in the presence of Doppler frequency shift, distortions are represented as
a set of harmonics in phase and amplitude spectra. Simulation results of signal compression with phase
distortions are presented for different values of deviations when Doppler frequency shift is available.

Keywords: signal processing, linear frequency modulation, compressed signal, matched filter, amplitude
and phase distortions, Doppler frequency shift, side lobe level, mismatch loss.

PaccmarpuBaeTcs BIUSHUE aMILTUTYIHBIX M (pa30BbIX UCKKEHHUH Ha CKATBHIA HIMPOKOTIOJIOCHBIN
U cBepxumpokononocHsii JIUM curHan. Apantupys XapaKTepUCTHKH (UIIBTpa CXKATHUS IMOJI MCKa-
>k€HHBIN cniekTp JIYM curnana, MOXKHO HOJYyYUTh HEUCKaXEHHBIM cxaTblii JIUM curnan, cooTBeT-
CTBYIOIIMK BecoBoll (yHKUuuM ¢mibTpa. B mporecce MonennpoBaHus MpeiaraéMoro aganTUBHOIO
croco0a KOMIICHCAIIMH MCKaKEHHMH ObLIa MpoBepeHa BO3MOXHOCTD MTOJTAITHOW KOMIICHCAIIMU - BHA-
yaje (a30BbIX NCKAKEHUH, a 3aTeM aMIUIUTYTHBIX HCKakeHUH. [IpuBeieHbl pe3yabTaThl MPUMEHEHUS
METO/1a KOMITEHCAIH NCKAXEHUH K PEAIbHbIM CUTHAJIAM.

Hnst ananu3a 3pGEeKTHBHOCTH KOMITCHCAIIMN UCKAXKEHUH TP HAJIMYUH JIONIIIEPOBCKOTO CMeTle-
HUSI 4aCTOTBl HCKaXCHUS MTPEJCTABISIFOTCS B BUJIE MHOYKECTBA TAPMOHUK JUIs (pa30BOTO U aMILTUTY/I-
HOrO cHeKTpoB. lIpencTaBneHsl pe3yabTaThl YUCICHHOIO MOAEIMPOBAHUS CXKATUSI CUTHAJIOB C (a3o-
BBIMM MCKQXEHHMSIMH AJI pa3IMYHBIX 3HAYEHUH JE€BUALMM NPH HAIMYMH JONIUIEPOBCKOTO CMELIEHMUS
yacToThl. [lokazano, 9ro it mupokonoiaocHsx JIUM curnanos ¢ gesuanueit 6oxee 10 MI ' qomrie-
poBckoe cMerieHre 9actoTsl 160 MI' 1 MeHee He yXyamaeT CTpyKTypy CKaToro CUTHaja MpU HaJIH-
yur (a30BbIX HCKAKEHWH CO 3HAYMTENIILHOW aMIUIMUTYJOH NPH KOMIIEHCAlMH 3THUX HCKaKEHHH B
bunbTpe cxKaTusl.
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COMENSATION OF AMPLITUDE AND PHASE DISTORTIONS
IN RADAR LFM SIGNAL USING DIGITAL PROCESSING

V.S. Okoneshnikov, K.K. Sevostiyanov

Effect of amplitude and phase distortions on compressed wideband and ultra-wideband LFM radar signal
is considered. It is possible to obtain undistorted compressed LFM signal corresponding to filter weighting function
provided that the adaptation filter parameters to distorted spectrum of LFM signal was carried out. The feasibility
of stepwise compensation of distortions (phase and amplitude) has been tested using numerical simulation.
Results of the use of suggested method to processing real signals are presented.

Phase and amplitude distortions are represented as a set of harmonics in phase and amplitude spectra
for the purpose of analysis the effectiveness of distortion compensation in the presence of Doppler frequency
shift. Numerical simulation results of compressing signals with phase distortions and various frequency deviations
in the presence on Doppler frequency shift are presented. It has been shown that for wideband signals
with deviation more than 10 MHz Doppler frequency shift less than 160 MHz does not degrade compressed signal
in the presence of significant magnitude of phase distortion when phase distortion compensation in compression
filter is provided.

MocTtynuna 22 aHuBapsa 2020 roaa.
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B cmambe paccmompeH 8ornpoc u32omossieHusi uienel ces3u HarnpasneHHbix omeemeaumernel Mmemodom
nasepHol pesku. lNpusedeHo cpasHeHUEe MEXHOI02UU U320mO8IIeHUsT la3epHOoU pe3ku U wmamnogaHusi. Takxe
rpusedeHb! CpasHUMEsbHbIE PE3YSIbmambl 37IEKMPUYECKUX napamempos pasfudyHbIX mexHosoeuli uzzomosrie-
HUSI MPUMEHEeHUs MamemMamu4eckoll U UMUmayuoHHO20 aHanu3a.

Knroyeenle crnoea: obpabomka, nasepHbili UeHmp, HanpaeneHHbIl omeemeumerib, Wesu Cesi3U, 80/IHO8O-
Obl, MameMamuyeckoe MoOernuposaHuUe, MexHoI02U4YHOCMb u3zomoseseHusi, HFSS.

The article deals with the issue of manufacturing coupling slits of directional couplers by laser cutting.
A comparison of laser cutting and stamping manufacturing technologies is presented. The results of electrical pa-
rameter comparison by means of mathematical and simulation analyses for various manufacturing technologies
are also included.

Keywords: machining, laser centre, directional coupler, coupling slits, waveguides, mathematical modelling,
manufacturability, HFSS.

C HenaBHero Bpemenu nepen AO «YM3» BcTana 3aaua U3rOTOBJICHHS LIENEBbIX CTEHOK. J[aHHBIE
CTEHKH UMEIOT BBICOKHE TPeOOBAaHUS K TOYHOCTH M3TOTOBJIICHHS, a JIOOBIE MOTPENTHOCTH MOTYT Hera-
THBHO OTPa3UThCA Ha HACTPOHKE KOHEYHOTO M37enus. B cBs3M ¢ OOJBIION HOMEHKIATYPOU NaHHBIX Je-
Taynel ObUT popaboTaH BOMPOC M3TOTOBIEHHS C MIPUMEHEHHUEM JIa3€PHOTO IIEHTPA, YTO TO3BOJISIIO BhI-
MOJIHUTEL PadOTy B CXKAThIe CPOKH, HE CHMKAs TIOKA3aTelId KauecTBa. I3roToBICHHUE ETalIe METOIOM
JIa3ePHOM PE3KH ITO3BOJIUIIO MTOBBICHTH KAYECTBO KaK CaMOW CTEHKH, TAaK M KOHEYHOH COOPKH.

Taxxe OpUTa TIpOBe/IeHA paboTa MO MOJISIUPOBAHUIO HANIPABICHHBIX OTBETBUTEIEH B CIICIIUAITH-
supoBaHHOM makeTe nporpamm Ansoft HFSS (High Frequency Structural Simulator), mo pesynbratam
KOTOPOTO OBLIM CJIeIaHbl CIEIYIONINE BBIBOJBI: JIEMEHT CBSI3U CO CKPYTJIEHHBIMH KOHIIAMH HMEET
KOA(PPUITMEHT OTPaXKEHUsI XY>KE TI0 CPAaBHEHHIO C MPSMOYTOJIEHBIM 3JIeMeHTOM. Eciii paccMatpuBarh
AJIEMEHTBl CO CKPYIJICHHBIMH KOHIAMH, HO Pa3HOM IUIOLIAAblO, TO Pa3HULA B MOKa3aHUSIX YPOBHS
CHMTI'Hajla HE 3HAYMUTEJIbHA.

JIMTEPATYPA

1. lpuropbsHy A.T., Cokonor A.A. lasepHas pe3ka MeTannoB. YuyebHoe nocobue ans By3oB / nog ped. A.l. puropbsiHua. —
M.: Beicwas wkona, 1988. — 127 c.: un.

2. Xyk M.IO., MonoukoB 0.B. MNpoekTnpoBaHne aHTeHHO-bMaepHbIX ycTponcts — M.J1.: QHeprus, 1966. — 648 c.: un.

3. KouepxeBckui I".H. n ap. AHTeHHO-dUaepHble ycTpoicTBa: YUYebHuk ansi By3os. — M.: Paguo u cBssb, 1989. — 352 c.: un.

BECTHUK BO3YLUHO-KOCMUYECKOW OBOPOHbI N2 3(27), 2020 r.



PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX U TEXHOJIOTMYECKUX PABOT

USING A 3D LASER CENTRE TO MANUFACTURE COUPLING
SLITS IN SHEET METAL PARTS

D.Z. Sadikova, S.A. Feyskhanov, S.I. Pokhvalov

Since recently JSC «UMZ» has been tasked with the manufacturing of slotted walls. This process is
connected with high manufacture accuracy requirements and any deviations can negatively affect the configura-
tion of the final product. Due to the wide range of these parts, the possibility of manufacturing them with the use
of a laser centre was explored, which made it possible to perform the work on a tight schedule without any loss
of quality. Manufacturing the parts by laser cutting has improved the quality of both the wall itself and the final
assembly. In addition, directional coupler modelling was performed with the help of a specialized software
package called Ansoft HFSS (High Frequency Structural Simulator), which brought the researchers to the following
conclusion: a coupling element with rounded ends has a worse reflection coefficient in comparison with
a rectangular element. If we consider elements with rounded ends, but with varying areas, the difference in their
signal strength readings is minor.

Moctynuna 2 uroHs 2020 roaa.
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PaccmompeH modughuyuposaHHbIli Memod DEA, 8 KOmopom Yacmu4HO ycmpaHeHbl Hedocmamku Kraccu-
yeckozo memoda DEA, ¢ uesibro co30aHusi yHU8epcaribHbIX nymel OUeHKU pe3yibmamueHOCMU U 9KOHOMUYHO-
cmu cucmem 80€HHO20 Ha3HadyeHusi. Ha ocHose memoda DEA paspabomaHa memoduka oueHKU 3¢hgheKmueHo-
cmu u npoepamma 0ns OBM «AHanus u oueHka aghgbekmusHocmu cucmemy. OnucaHa rnocriedosameribHOCMb
Oelicmeull (kpamkul an2opumm rpozpamMmbl) U npueedeHb! NPUMepPbl pacy€émos npu oueHKe aghghekmusHocmu
cucmem, 8KoYas agpeauposaHue 3ampadyeHHbIX PECYpCcos.

Knroyeeble crnoea: aHanus, memooduka, modughuyuposaHHbii memod DEA, oueHka, aghghekmusHocmb,
cucmema.

The article describes the modified DEA method, which is free of drawbacks of the orthodox DEA method
and, thus, allows for the creation of universal ways of assessing the effectiveness and efficiency of military
systems. Based on the DEA method a methodology of system effectiveness assessment and a computer
programme «Analysis and assessment of systems’ effectiveness», whose algorithm is described in the article,
were created. In addition, the paper contains examples of system effectiveness assessment calculations,
including the aggregation of spent resources.

Keywords: analysis, methodology, modified DEA method, assessment, effectiveness, system.

B COBPCMCHHBIX YCJIIOBUAX YCICHIHOC PA3BUTUC U COBCPHICHCTBOBAHNUE CUCTCM BOCHHOI'O Ha3HaA-
YCHUA (z[aﬂee — CI/ICTCM) B 3HAYHMTEIHLHOU CTENECHH 3aBHUCHT OT CBOCBPCMCHHBIX YIIPABJICHUYCCKUX PEC-
[IeHUH, TPUHSTHIX TI0 Pe3ybTaTaM OIeHKH 3 (EeKTUBHOCTH cucTeM. B kauecTBe 0 JHOTO M3 HaIpaB-
JICHUH COBEPIICHCTBOBAHMS METOJUYECKOTO armmapara oneHKd 3(p(QeKTHBHOCTH B CTaThe paccMaTpH-
BAeTCA METO/AMKA OLEHKH 3P (GEKTUBHOCTU CHCTEM U Iporpamma i1t OBM «AHanu3 u oueHka 3¢ dex-
TUBHOCTH CHCTEM», CO3JaHHBIC Ha OCHOBC MO,I[I/I(I)I/II_II/IpOBaHHOFO METOAA «Data Envelopment
Analysis» (DEA).

B MOI[I/I(l)I/ILII/IPOBaHHOM METOAC DEA yactnuHO YCTPAHCHBI HCAOCTATKU KJIACCUYCCKOTO METOJa
DEA ¢ O EIbIO obecrieyeHus MMPUHATHUA CBOCBPCMCHHBIX U Haunboee paOHAJIbHBIX YIIPAaBJICHYCCKUX
peIHeHI/Iﬁ o pe3yjbTaTaM OLCHKU PE3YJIbTATUBHOCTH M S3KOHOMHWYHOCTU CHUCTEM. B nmpeajraracMaix
METOJC U METOAMKE O3TO BbIPAXKACTCA:
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- B IpUMCHEHUM 0a30BbIX KOJIMYSCTBCHHBIX 3HAUCHUM JIUIsl pe3yJIbTaTa U 3aTPauyeHHBIX PECYpPCOB,
a TaKkXKe B yCTaHOBIIEHWH TIPEeNbHBIX 3HAYSHHUN ITOKa3aTeNel, CHIDKEHNE WIIH TTPEBBIIIIEHNE KOTOPBIX
JUTSL OTICHUBAEMO CHCTEMBI HEJIOITYCTHMO;

- B IAPHOM CPaBHCHHMH KOJMUYECTBECHHBIX 3HAUCHUI BCEX 3aTPaueHHBIX PECYPCOB U KOJIMUYECTBCH-
HBIX 3HAYEHUH JOCTUTHYTOTO PE3yNbTaTa;

- B pacyere KOPPEISIHOHHON 3aBHCHMOCTH IJIS BBISBICHUS MPHYUHHO-CIEACTBEHHBIX CBS3EH
MEXJTy CPaBHUBACMBIMU IEPEMCHHBIMH, a TAK)KE B CUCTEMAaTU3aI[UH MTOJIYICHHBIX 3HAUCHUM;

- B COCTaBJICHUH peiTHHTa 3 (HEKTUBHOCTH CUCTEM.

B crarbe onuchIBaeTCs NOCIEA0BATEIBHOCTD JCHCTBUI IPU BBHITOIHEHUHN METOOUKH. [IpuBeneHsl
Hambosiee BOCTpeOOBaHHBIE MPUMEPHI MPUMEHEHHS METOAWKH W TporpaMmbl aisi DOBM npu orenke
3¢ ekTuBHOCTH cuCTeM M (MJIM) OICHUBACMBIX TEPUOJIOB BPEMECHH (DYHKIIMOHUPOBAHHS OJTHOW CH-
cTeMbl. B MeToanKe mpeaycMOTpeHa BO3MOXKHOCTH arperupoBaHusi (00OOIIeHUsI CBECHHUHA O 3aTpa-
YeHHBIX pecypcax Ha BXoje cuctembl). [IpuBeneHHBIH TpUMep arpernpoBaHUS MPOUCXOAHUT IIYTEM
CYMMHPOBAHUS CTOUMOCTHU BCeX (DAKTUYCCKH 3aTPAYCHHBIX PECYPCOB IO KaXKOW CUCTEME.

OCHOBHO# MONOXHUTENBHBIN 3()(PEKT, JOCTUTHYTHIM OT BHEIPECHUS MpPEIaracMOd METOJAMKH U
nporpammsl it DBM — 3To yHHBEpPCAIBHOCTb, TOHATHOCTD W HATJISAHOCTH PE3YJIBTATOB, 8 TAKKE CO-
KpallleHUEe BPEMEHH M PECYPCOB Ha OLEHKY 3(P(PEKTUBHOCTH U MOBBIIICHHE 000CHOBAHHOCTH YIIpPaB-
JICHYCCKHUX peHlCHI/Iﬁ 3a CYCT BO3MOXXHOCTU CPABHCHHUSA U Tpe6yeM01‘/'1 AcTaln3alru U3pacxXoa0BaHHbIX
PECYPCOB TIPH aHAIIN3E U OlleHKE YPPEKTUBHOCTH CHCTEM.
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SYSTEM EFFECTIVENESS ASSESSMENT
METHODOLOGY BASED ON A MODIFIED DEA METHOD

K.Z. Biliatdinov, V.V. Meniailo

Nowadays the successful development and improvement of military systems (hereinafter — systems) primarily
depends on timely managerial decisions that are made based on the results of system effectiveness assessments.
The article proposes to use the methodology of system effectiveness assessment and a computer programme
«Analysis and assessment of systems’ effectiveness», which is based on the modified DEA method, as a means
of effectiveness assessment methodology improvement.

The modified DEA method is free of drawbacks of the orthodox DEA method. This update allows for the making
of timely and most rational managerial decisions based on the assessment of the effectiveness and efficiency
of systems. The proposed methodology and methods reflect this improvement in:

— the application of basic quantitative values for the result and the spent resources as well as the setting of limiting
values for indices, the increase or decrease of which is inadmissible for the system being assessed,;

— the paired comparison of quantitative values of all spent resources and the achieved result;

—the calculation of correlation dependence for the purpose of identifying the cause and effect relations between
the compared variables as well as systematising the identified values;

— the creation of a system effectiveness rating.
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The article describes the algorithm of the methodology and gives the most topical examples of the applica-
tion of the methodology and the computer programme when assessing systems’ effectiveness and (or) periods
of systems’ functioning. The methodology provides the possibility of aggregation. The example of aggregation
presented in the article is a sum of the cost of all resources spent for each system.

The main positive effect from the application of the methodology and the computer programme is universality,
comprehensibility, and ostensiveness of the results, together with lower amount of time and resources needed for effec-
tiveness assessment and improved managerial decision reasoning. This is achieved through the possibility to compare
and specify in detail the spent resources during the analysis and assessment of systems’ effectiveness.

Moctynuna 30 uioHsa 2020 roaa.
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[TOCTPOEHUE NH®OPMALMOHHO-AHATTUTUYECKOU
CUCTEMbI MOAAEPXKHN NPUHSATUS PELLIEHWA
PYKOBOZAALLUM COCTABOM INPELINPUATUA OTIK
HA BA3E KOHLIETLUN BUSINESS INTELLIGENCE

© ABTOpbI, 2020

N.B. Kapenbckun
HavanbHUKk omoena, OO0 «Anma3s — AHmel yrnpasreH4ecKoe KOHCyibmupogaHuey, 2. Mockea
E-mail: i.karelskiy@yandex.ru
B.M. AngowunH dokmop mexHU4ecKux Hayk, npogeccop,
3am. HavanbHuka yeHmpa, lNAO «HIO «Anma3sy, e. Mockea

PaccmMompeH orbim nocmpoeHusi UHGhopMaUyUOHHO-aHanumu4yeckol cucmembl 06pabomku u aHanu3a 0aHHbIX
C npumeHeHueM KoHuenuuu Business Intelligence e uensix no00epKku npuHAMuUs peweHul pykosoocmeom UHmespu-
poBaHHOU CMPYKMypbl KpPyrnHo20 XosiduHea. B kadecmee ucmoyHuka UHGbopMauuu UCrOfb3yHMmcs OmMYEémHbie
¢opmsi NMacropma npednpusmus, npedcmaesrnsgeMbie 8 hedeparibHble op2aHb! UCTOIHUMEbHOU 8rnacmu.

Knroyeenble cnoea: 6usHec-aHanu3 0aHHbIX, xpaHunuuie OaHHbIX, Business Intelligence, Bl, ETL, DWH, MS
Excel, lNMacrnopm npednpusimusi, npou3eodcmeeHHO-MeXHOM02UYeCKUe 803MOXHOCMU.

The experience of building an information-analytical system for processing and analyzing data using the Business
Intelligence concept in order to support decision-making by the management of an integrated structure of a large
holding is considered. Reporting forms of an Enterprise Passport submitted to the federal executive bodies are used
as a source of information.

Keywords: business analysis, data warehouse, Business intelligence, Bl, ETL, DWH, MS Excel, «Enterprise
Passport» report bundle, engineering and manufacturing possibilities.

PaccmarpuBaeTcs OmbIT pa3pabOTKM M BHEAPEHHS HH(OPMAIMOHHO-aHAIUTHYECKOH CHUCTEMBI
cbopa, 00pabOTKHM M BH3yalW3allMU YNPABICHYECKOM WH(POpPMalUKM NpeAHA3HAYEHHOW Ul Lelneit
MOJ/ICP’KKU TIPUHATHUS YIIPABIEHYECKUX PEHICHUH.

[IpuBoauTCS KOHIlENTyalbHas cXema pa3pabOTaHHOTO pelleHWs, BKIoYaromas B ceds ETL-
MoOdynb cOopa U 00paboTKu BXoaHOM mHpopMarmu B ¢popmate MS Excel, DWH-mo0yne xpanenus
HHPOPMAITMK ¢ TPOXOXKJAECHHEM 00OpabaTsiBaeMol WH(pOpMAIK depe3 pasiudnbie craanu (Stages)
06pabOTKH JaHHBIX (OT YPOBHS CHIPBIX JTAHHBIX K sumpunam oanusix), Bl-nooyis 00paboTku 1 BU3Y-
aITM3alliy JaHHBIX, COCTOSIINI 13 ObIcTpoaeicTByomel anamutrudeckoir CYB]I in-memory u mosib-
30BaTEIbCKON TMOACHUCTEMbI BU3YyallM3alliil WH(GOPMALIMH JIJIsl BBIBOJIA WHPOPMAIIMH HA KOPIIOPATHB-
HBII Web-mropTai.

[IpencraBieHo omucaHue MpUMeEpa pealn3aludd METoIa Ul HMCIOJIb30BAHUS B JIEATEIBLHOCTH
NOJpa3eNICHNs, OCYIIECTBISIONIET0 MOHUTOPHHI MPOU3BOACTBEHHO-TEXHOJIOTHYECKOr0 000py10Ba-
HUSI IPOU3BOJICTBEHHOTO IpOoIlecca JIOUEPHUX KOMITAHWH XOJITUHTa Ha OCHOBE 00pa0OTKH JIaHHBIX OT-
yetHOCTH «IlacopT npeanpusTus».

Pemenue ynosnerBopsier TpeboBaHusM [IpaButensctBa Poccuiickoit denepanum kK ©MIoprosa-
MEIIEHHIO ucronb3yemoro Ha npennpusatisx OIK nporpamMmmHoro obecneueHus.

[TpoBeneH aHanM3 W MPEUIOKEHBI BAPUAHTHI PEIICHHS BBISBICHHBIX MMPOOJIEM MPH peau3aliu
MPOEKTA.

OrneHeHa NPUMEHUMOCTD MPEIOKEHHOI0 METO/1a K TUIIOBBIM 3a1adam cOopa, 00paboTku 1 aHa-
nu3a nHpopmaIuu.
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THE CREATION OF AN INFORMATION-ANALYTICAL DECISION
SUPPORT SYSTEM FOR THE MANAGEMENT
OF A DEFENSE INDUSTRY ENTERPRISE BASED
ON THE BUSINESS INTELLIGENCE CONCEPT

I.V. Karelskiy, V.M. Aldoshin

The experience of the development and implementation of an information-analytical system for the collec-
tion, processing and visualization of management information intended to support management decision-making
is considered. The conceptual scheme of the developed solution is presented, which includes an ETL module
for collecting and processing input information in the MS Excel format, a DWH module for storing information
with the processed information passing through various stages of data processing (from the raw data level to data
marts), as well as a Bl data processing and visualization module consisting of a high-speed analytical in-memory
DBMS and a user information visualization subsystem for outputting information to the corporate web portal.

The description is given of a method implementation example when it is applied by the unit that monitors
the production and technological equipment utilized in the production process at the subsidiaries of a holding
based on the processing of the «Company passport» reporting data.

The solution meets the requirements of the Government of the Russian Federation for import substitution
of software used at the enterprises of the defense industry complex.

The analysis is carried out and options for solving the identified problems in the implementation
of the project are proposed. The applicability of the proposed method to typical tasks of collecting, processing
and analyzing information is evaluated.

MocTtynuna 20 nrona 2020 ropa.
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METOLbI NPEACTABIIEHWA W OBPABOTKU MHO®OPMALIUY,
OCHOBAHHbBIE HA COBPEMEHHBIX LOCTUXXEHUAX
B OBJIACTU KOHCTPYKTUBHOU TEOPUN KOHEYHBIX 10/1EN
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Cmambs nocssaweHa paspabomke HosbIX MPUKIIadHbIX meopul, obecrneyusarowjux 803MOXHOCb NPUBIEYeHUSsI
K peweHuto rpobrieMHbIX 8orpocos obecriedeHus: NEMHbIX UCbIMaHul MepcrneKkmueHbIX 0bpa3yo8 800pYKEHUS,
crieyuarnsHol u 8oeHHoU mexHuku (BBCT), KOHCMpPYKMUBHbIX MamemMamu4yecKkux meoputi nepedayu UH¢popmayuu u
obpabomku OaHHbIX. [TokasaHO, Ymo UX UCMOb308aHUe r1038osiiem Halmu rnpuemsiemoe paspeweHue 605buo2o
qucra cywecmsyrouux rnpobrem, Komopsie cesisaHbl ¢ 06pabomkol U rosbilueHUeM rokazamersieli docmosepHocmu
rony4aemou uamepumeribHoU UHgopMayuu.

Knro4deenle cnioea: nomexa, menemempus, pedcmasneHue 0aHHbIX obpazamu-ocmamkamu, SKOHOMHOE 10-
mexoycmoliyugoe KoduposaHue, bodxem paduokaHasa, 8blHuc/UmerbHbie 0cobeHHocmu cucmem obpabomku u3-
mMepumeribHoU UHghopMauuu.

The article is devoted to the development of new applied theories that provide the possibility of involving construc-
tive mathematical theories of information transfer and data processing in solving problematic issues
of flight-testing for promising models of weapons as well as special-purpose and military equipment. It is shown
that their use makes it possible to find an acceptable solution to a large number of existing problems that are associated
with processing and increasing the reliability of the received measurement information.

Keywords: interference, telemetry, representation of data by leftovers, economical noise-resistant coding, radio
channel budget, computational features of measurement information processing systems.

CraTpst mocBsiieHa npoOneme mnoblmieHUA 3((eKTUBHOCTH mepenaun U oO6pabOTKU H3MEpH-
TenbHOW mH(popManuu. [lokazaHo, YTO OHA HE MOXKET HAaWTH MPUEMIIEMOTO pelleHa HAa OCHOBE HC-
MOJIb30BAHUS TPAJUIIMOHHBIX METOAOB IPE/ICTaBICHUS JaHHBIX, CUTHAJIOB M CTPYKTYPHO-KOJIOBBIX
KOHCTPYKIUIL.

B crnoxuBIIMXCS yCIOBUSX TOCTHKEHUE MPUHLMINAIBHO HOBBIX PE3YyJIbTAaTOB CBS3aHO, MPEXkKAE
BCETO, C Pa3paboTKON HOBBIX MPUKIIATHBIX TEOPUH, 00ECTIEUMBAIOIINX BO3MOXXHOCTh TIPUBIICUCHHUS K
PELICHNIO TPOOJIEMHBIX BOIPOCOB PAa3BUTHUS CUCTEM M3MEPEHHH, Iepeaayn, coopa 1 00OpabOTKH KOH-
CTPYKTHBHBIX MAaTEMaTHUECKUX TEOPHU nepeaayn nHPpopMauu 1 00paboTKN JaHHBIX.

B nmnane pa3paboTKu MHTEHCHBHOTO ITYTH Pa3BUTHS MOJIMTOHHBIX M3MEPUTENBHBIX KOMIUIEKCOB
(ITMK) ompenenena HEOOXOIMMOCTh NMPHUBJICYEHHS] HOBBIX PE3€PBOB, OCHOBY KOTOPBIX COCTaBISET
pacLIMpeHHOE HCIOIb30BaHUE TMPH Iepenade W o0paboTke MH(OpMAMK HETPAIWLMOHHOTO Mpea-
CTaBJICHUS JAaHHBIX B CUCTEME O0CcTaTOYHBIX KitaccoB (COK).

JIUTEPATYPA

Kykywkun C.C. Teopus koHeuHbIX nornew u nHdopmatuka: Tom 1. «MeToapl 1 anropuTMbl, KNaccudeckue 1 HeTpaguLUMOHHbIE,
OCHOBaHHbIE Ha UCMOMb30BaHUM KOHCTPYKTUBHOW Teopembl 06 octaTkax». — M.: MO P®, 2003 — 284 c.

KnyT [1. VickyccTtBo nporpammumpoBaHus ans SBM: Tom 2. MNonyyncnenHsle anroputmel. — M.: Mup, 1977. — 724 c.

Akywckun U.A., Oanukun [OI.U1. MawvHHas apudmeTuka B ocTaToqHbIX krnaccax. — M.: Cos. Pagno, 1968. — 140 c.

Iuan P., Hupeppawtep I". KoHeuHble nons. B 2-x Tomax. MNep ¢ aHrn. — M.: Mup, 1988. — 882 c.

KykywkuH C.C., TnagkoB WU.A., YannuHckun B.C. MeToabl 1 MHOPMaLIMOHHbIE TEXHONMOMMM KOHTPOISt COCTOSIHUSI ANHA-
Muyeckunx cuctem. — M.: MuHoGopoHbl Poccuu, 2008. — 328 c.

=

arwN

BECTHUK BO3YLUHO-KOCMUYECKO OBOPOHbI N2 3(27), 2020 r.



PA3[ES: MPUKNAQHBIE 3AAAYN MPUMEHEHUS MIHOOPMALIMOHHBIX TEXHONOMMIA

INFORMATION REPRESENTATION AND PROCESSING
METHODS BASED ON MODERN ACHIEVEMENTS
IN THE DOMAIN OF THE CONSTRUCTIVE FINITE FIELD THEORY

G.V. Svetlov, S.S. Kukushkin

The article is devoted to the problem of increasing the efficiency of measurement information transmission
and processing. It is shown that there can be no acceptable solution to this problem based on the use of tradition-
al methods of data, signal, and structural code design representation. In the current conditions the achievement of
fundamentally new results is primarily associated with the development of new applied theories that provide
the possibility of involving constructive information transmission and data processing mathematical theories
for solving problematic issues of measurement system development as well as data transmission, collection
and processing. In terms of developing an intensive path for the development of on-site measurement facilities,
the need to integrate innovations, which are based on the expanded use of non-traditional data representation
in the system of residual classes in the course of information transmission and processing, is identified.

Moctynuna 19 mapTa 2020 ropa.
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Asmopb! pa3susalom MemoOUKy KOHCIMPYKMUBHO-QOYHKUUOHAIbHO20 POEKMUPOBaHUs], Harnpas/ieHHyH
Ha obecrieyeHue MoOuguUUPyeMocmu MPOeKMHbIX peweHul 8 sude 3D-modenieli Ha amarie KOHCIMPyuposaHusi
8 CAlP. Tekywel uernblo cmasumcsi 803MOXHOCMb KOHGbu2ypuposaHusi KOHCMPYKUuU paspabambigeaemozo
u3lesusi Ha ocHoge MOOY IbHO20 MPUHUUIA M0 3HAYEHUsIM DYHKUUOHaIIbHLIX napamempos, roslydaeMbix Ha amarie
3CKU3HO20 MPOeKmMuUposaHusi — Kak Ha yposHe Oemariell, maK U Ha ypOsHe Y3108 (Co0poYHbIX eQUHUL).

Knroyeesnbie crosa: 3D-modesib, 3CKU3HOE MPOeKmuUposaHue, rnosmopHoe ucronb3oeaHue, CAlP, moduguka-
yusi, depeso nocmpoeHusi, CAD, npoekmHoe peweHue, CAE, cemaHmuyeckoe rnodobue.

The authors continue to develop the methodology of constructive and functional design. This technique is aimed
at ensuring the modifiability of design solutions in the form of 3D-models at the construction stage in a CAD-system.
The new goal is to achieve the ability to configure the construction of the product being developed. This configuration
is implemented on the grounds of the modular principle based on the values of functional parameters.
These parameters are determined at the stage of preliminary design both in terms of parts and assembly units.

Keywords: 3D-model, conceptual design, reuse, CAD, modification, creation tree, CAD, design solution, CAE,
semantic content.

B craTthe paccMaTpuBaIOTCS BONPOCH aBTOMATHU3aIlUK MPOSKTHOW JIESITENBHOCTH B 33/a4ax Gop-
MHUPOBaHHUS HOBOTO M MOAM(MUKALIMH NOJIYYEHHOTO paHee (T.e. IOBTOPHOTO MCIIOIb30BAHMUS) MPOCKT-
HOI'O peLleHHs B BHIE 3JIEKTPOHHOW 3D-Monenu. ABTOpHI pa3BUBAIOT METOIUKY KOHCTPYKTHBHO-
(YHKIIMOHAILHOTO MTPOSKTHPOBAHMS, M3HAYAIBHO HAMpPaBICHHYIO Ha o0ecreueHrne Moan(GUIpyemMo-
CTH IIPOEKTHBIX PEUIEHUH Ha 3Tanax 3CKU3HOTO M KOHCTPYKTOpcKoro npoektupoBanus B CAIIP. Pac-
cMmaTpuBaeTcs npeacrasieHue 3D-monenu B BHIAE CUCTEMBl CEMAHTHUECKHMX MaKpO3JIEMEHTOB Teo-
METpPHH, COOTBETCTBYIOIIEE MOIYILHOMY IIPHHIIAITY.

Lenbio cTaBuTCS KOH(PUTYpPHUPOBAHHE KOHCTPYKIIMU pa3padaThbiBAEMOr0O M3/IEHsS Ha OCHOBE MO-
IYJBHOTO MPHUHIHIA [0 3HAYEeHUSIM (DYHKIMOHAIBHBIX MMapaMeTPOB, MOTYYaeMbIX Ha 3Tarle 3CKU3HOTO
MPOEKTUPOBaHUS. J[eTambHO OMMCHIBAETCS MPOIECC CO3/AHUS CEMAHTHYECKOTO0 MaKpO3JEeMEHTa I'eo-
MeTpun. Ocoboe BHUMaHHUE yAeIsAeTCsS aBToMaTH3aluu (GopMupoBaHus U MOAU(DUKALUKA COOPOUHOMN
3D-monenu. OOo3Ha4YeHbI HAampaBieHUS AaJbHEHIIETO PAa3BUTHUS TEXHOJOTMH KOHCTPYKTHBHO-
(GYHKIMOHAIBHOTO TIpeICTaBlIeHNs NPOeKTHBIX pemennid B CAIIP.
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CONSTRUCTIVE & FUNCTIONAL VARIABILITY
OF DESIGN SOLUTIONS AT THE CONCEPTUAL DESIGN STAGE
IN CAE /CAD SYSTEMS

D.E. Tsygankov, G.R. Shaikheeva

The article deals with the automation of design activities in the tasks of forming a new and modifying
a previously obtained (i.e. reuse) design solution in the form of an electronic 3D model. The authors continue
to develop the methodology of constructive-functional design, initially aimed at ensuring the modifiability of design
solutions at the stages of preliminary design in a CAD system. In addition, the representation of a 3D model
in the form of semantic macro-elements of a geometry system, corresponding to the modular principle,
is considered. The purpose is to configure the design of the product being developed on the grounds
of the modular principle based on the values of the functional parameters obtained at the preliminary design
stage. The process of creating a semantic geometry macro-element is described in detail. A particular attention is
paid to the automation of assembly 3D model formation and modification. The directions for further development
of the technology for the constructive-functional presentation of design solutions in CAE/CAD systems are
indicated.

Moctynuna 1 uronsa 2020 roaa.
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Paccmampugaromcsi 80MpoCkl Ha3HayeHus, cocmaea, CO8PEMEHHO20 COCMOSIHUSI U NepCrekmus pasgumusi
UHgbopmauuoHHol cucmembi MPO CLLUA KocMUYecKo20, MOPCKO20 U Ha3eMHO20 repedoso2o basuposaHusi 8 paMKax
passumusi 2r106asbHOl AUETOHUPOB8aHHOU MPomMuUopaKkemHol 060POHbI.

Knrodeenble croea: rpomusopaxkemHasi 060poHa, paduosiokayuoHHasi cmaHyusi, Gannucmudeckasi uesib, paH-
Hee 0BHapykeHUe, KoCMUYecKul arnapam.

The article touches upon the issues of the purpose, components, modern state and development prospects
of the information system of the United States national missile defense (NMD) of forward space, sea and land
deployment within the framework of global layered missile defense development.

Keywords: missile defense, radar, ballistic target, early detection, spacecratft.

B nacrosmee Bpemst CILIA co3m1ar0T B peayin3yioT MIOOATBHYIO AIIETIOHUPOBAHHYIO TIPOTHBOPA-
KETHYI0 000pOHY, OJIHOW M3 COCTABIISIONINX KOTOPOM sBIsieTcs nHpopMaimonHas cucrema [TPO koc-
MHYECKOT0, BO3AYIIHOT0, HA36MHOTO U MOPCKOTO 0a3MpOBaHHUSL.

B crarse paccmaTrpuBaeTcsi HCTOPHUS CO3AaHUS, COBPEMEHHOE COCTOSIHUE U MEPCIIEKTHBHI Pa3BU-
THSI KOCMUYECKUX CUCTEM paHHero oOHapyxeHus crapra Oammucrudeckux paker: SBIRS/DSP, STSS;
cucteM HazeMHbIX PJIC mepenoBoro Ga3zupoBaHusi OOHApYKEHUSI U PACIIO3HABAHHUSA OaJUIMCTHYECKUX
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paket 1 ux 6oeBbix 01okoB — PJIC TPY-2; cucteMsl panHero oOHapyKeHHUs MyCKOB OaTUCTUIECKUX
paket [TPO CIIIA mopckoro 6asupoBanns — mHOTodyHKIHOHaNEHOU PJIC SBX, PJIC AN/SPY-1 cu-
creMbl [IPO AEGIS, mpuBiekaeMbIX sl BBITTOJHCHHS 3a1ad MHPOPMAIMOHHOTO OOCCIICUCHHS CH-
cremsl [TPO CIIIA.

PaccmaTprBaembie HH(pOpPMAIMOHHBIE CHCTEMBI TIO3BOJISIIOT 00eCIedrnBaTh paHHee 0OHAPYKEHHUE

cTapra 0aITHCTUYECKUX pakeT, OOHApyKEHHE W PacIo3HABaHUE OAJUTMCTHYECKUX PAKeT U UX O0EBBIX
0JI0KOB Ha (POHE JIOKHBIX LIENIeH U ACHCTBUS PauoNoOMeX, IIPULICINBAHUE U HaBelaeHue opyxkus [1PO,
OIIeHHBaTh (P(EKTUBHOCTU €r0 MPUMEHEHHUS B MHTEpecax WHPOPMAIIMOHHOW TOJICPKKU CTpATETH-
geckoit 1 pernoHanbHOM cuctem [1PO CILIA u ux COIO3HHUKOB.

10.
. B.A. Bacunbes, C.B. lNony6uukoB. Co3fgaHve u pa3sepTbiBaHWe NpoTuBopakeTHol ob6opoHbl CLUA v nepcnektuBbl e€ pas-

12.

13.

14.

15.

16.

17.
18.
19.

20.
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MODERN STATE AND DEVELOPMENT PROSPECTS
OF THE EARLY BALLISTIC MISSILE LAUNCH DETECTION
SYSTEM NATIONAL MISSILE DEFENSE OF FORWARD SPACE,
SEA AND LAND DEPLOYMENT

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

Currently the USA are creating and implementing a global layered missile defense, one of the components
of which is the NMD information system of space, air, sea and land deployment.

The article presents the origins, modern state and development prospects of space-based early ballistic
missile launch detection systems: SBIRS/DSP, STSS; forward ground-based detection and recognition radar
systems for ballistic missiles and their warheads — TPY-2; sea-based United States NMD early ballistic
missile launch detection systems — multi-purpose SBX radars and the AN/SPY-1 radar of the NMD AEGIS system
employed to perform information management tasks for the United States NMD.

The information systems under consideration allow for early ballistic missile launch detection, the detection
and recognition of ballistic missiles and their warheads against decoy targets and radio jamming, and NMD
weapon aiming and targeting as well as to evaluate the efficiency of its use in the interest of providing information
support to strategic and local NMD systems of the United States and their allies.

MocTtynuna 5 aBrycta 2020 roaa.
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OPrAHU3ALNOHHAS U TEXHOJTOMMYECKAA CYLUHOCTb
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BbisisrieHue nepedog8o2o MuUpo8o2o orbima 8 80eHHOM Oerie, e2o 0bobweHUe U pacrpocmpaHeHUe Ha B0€HHYH
opzaHu3ayuto cobcmeeHHo20 2ocydapcmea s8/159emcsi IPedMemomM HayUuoHaIbHOU 80eHHOU Hayku. [Jo Hacmosiuwe20
spemeHu [1], xoms yxe npowrio dsaduamb Jfiem, 8 0mMmeYecmeeHHOU 80eHHOU HayKe Omcymcmeyem KOHCOMUOUpo-
8aHHOe MoHUMaHue cyuHocmu KoHuenuyuu «Network Centric Warfare (NCW)» (CemeueHmpudeckasi 6oliHa)
mpaH+cghopmayuu 8oopyxéHHbIx curn (BC) CLLA e uHgbopmayuoHHyto 3py [2]. B cmambe Ha ocHoge cucmemorioauu
U UHHOBAUUOHHOU 3KOHOMUKU KaK €€ cO8peMEHHO20 MEXHO02UYECKO20 HarpaessieHus, npedcmasiieHo cucmeMHoe
8udeHUe CyWHOCMU KOHUEMNUUU, KOmopoe, M0 MHEHUIO asimopos, SI8siemcs npasMamuyecku COCMOSIMesIbHbIM.
CodepraHue cmambU HOcUm OUCKYCCUOHHbIU Xapakmep.

Knroyeenle cnoea: cucmemorioeusi, UHHO8AUUOHHasi 9KOHOMUKA, UHHOBAUUOHHOE B80EHHOEe UCKYCCMmeo,
8bICOKUE MEeXHO/02uU, yrpasreHue, mexHoroeaus ynpasneHus, boeeas cucmema, caMoopaaHu3ayusi, camo-
CUHXPOHU3ayUusl.

The identification of advanced global experience in military affairs, its summation and relay to the armed forces
of a particular state has long since been a subject of the national military science. Even now, although twenty years
have already passed, the military science of our country lacks a consolidated understanding of the essence
of the Network Centric Warfare (NCW) transformation of the US Armed Forces in the information era. They article
presents on the basis of system science and innovative economics as its modern technological branch a systemic
vision of the essence of the NCW concept, which, according to the authors, is pragmatically sound.

Keywords: system science, innovative economics, innovatory military art, high technology, management,
management technology, combat systems, self-organization, self-synchronization.

Hacrosmas craTes ABisieTcsl pe3yabTaToOM MOMBITKA aBTOPOB MOMYYUTh MParMaTHYECKH COCTOSA-
TENIbHOE CHUCTEMHOE BHUjCHHE unHosayuonnou cymHoctn konuenimu «Network Centric Warfare
(NCW)» (CerenienTprueckasi BoiHa), KaKk nepeOUCMOYHUKA, TaK U 6MOpOU Yacmuy HAIUOHAIBHOTO
HayuHoro 3azxena (HH3), roe uccnenyemblii aMepuKaHCKUA HOPMAMUGHLIL aKm OTEYECTBEHHBIMU
aHAJIMTHKAMU O3HauYaeTCs Kak «YIpaBiicHUE BelcHHEM OOCBBIX JEHCTBHI B €IUHOM HH(pOpPMAIMOH-
HOM IIPOCTPAHCTBE.
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UNDERSTANDING THE ORGANIZATIONAL

AND TECHNOLOGICAL ESSENCE OF THE TRANSFORMATION

OF THE UNITED STATES ARMED FORCES
IN THE INFORMATION ERA

E.G. Lazarevich, S.K. Kolganov, I.A. Lentskevich

They article presents on the basis of system science and innovative economics as its modern technological

direction a systemic vision of the essence of the NCW concept, which, according to the authors, is pragmatically
sound.

Moctynuna 6 urona 2020 ropa.
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HAYYHbIE PELLEH3U N OT3bIBblI

HenaptoBu4 H.3., NopeBu4 6.H. BMDS - cucrtema npotu-
i BOopakeTHOM o6opoHbl CLUA. AHanu3 u mogenupoBaHue. — M.:
MAO «HIMO «Anmas», 2020. — 352 c.: un.

4 .. PeueH3eHTbI: AO-p TexH. HayK, npocpeccop O.H0. AkceHoB;
. ]| ‘. A-p TexH. Hayk K.1O. MNaspunos.
H X A

_ B pabore Brimonnen ananus cucremsl [IPO CLLA, paccmatpu-
= & | BaeMOM KaK COBOKYNHOCTb B3aUMOCBSI3aHHBIX pPa3HOYPOBHEBBIX
| MH(POPMALIMOHHBIX, OTHEBBIX M YHPABJISIIOIIUX CPEICTB (JIEMEHTOB
cucTteMsbl). B cucteMaTH3sMpOBaHHOM BHJE, B IUHAMHUKE DPa3BUTUS
MIPEJICTaBIEHbl TEXHUUYECKHE M 3KOHOMHUYECKHE XapaKTEepPUCTUKU
aneMeHToB cucteMsl [1PO.

BMDS

CUCTEMA NMPOTUBOPAKETHOW
OBOPOHI GLUIA BrimmoniHeH KMHEMAaTHYECKHHA aHAJIM3 BO3MOXKHOCTEH CHCTEMBI

AHANNE M MOAENNPOBAHWE

IMPO CHIA mo mepexBaTy OaJUIMCTHUECKHX PAKET, a TAKKE MPOH3-
BeJleHa OIIEHKa BHUIUMOCTH U TpPaeKTOPHBIX I1apaMeTpoB Ienei
B 30He neiictBust PJIC TIPO. Jlns atoro pa3paboTaHBl aHAIUTH-
YecKHe MOZCTH ABIKCHUS pakeT (Leyiel U MepexBaTIuKoB) U MoJe-
1 (YHKIMOHUPOBAHHS PAJAUOIOKAIIMOHHBIX cpeAcTB cucteMbl [1PO, npoaHaan3npoBaHbl XapaKTepPUCTH-
ku Hambonee coBpemenHoi MBP CesepHoit Kopen «XBacoH-15» u mpoBeneHa oOrieHKa BO3MOXKHOCTEH
rpyrmmpoBku [IPO CIIIA, pa3sépHyToi Ha 3amagHOM HAMpaBIeHUH, IO JIOKAITMOHHOMY HaOJIOJICHUIO
paket «XBacoH-15» 1 uX mepexBaTy ¢ ucnonb3oBanueM cucreM GMD u Aegis BMD.

[Ipennaraemas MoHoOrpadus B HACTOSAIIEC BPeMs SIBJISETCS SIMHCTBEHHOW B Poccum paboToii,
B KOTOPOH BBIIIOJIHEH JOCTATOYHO JETaJbHBIN aHaIu3 MpoTHBOpakeTHOH o0oponsl CIIA kak TexHH-
YECKOH CHCTEMBI, C YYE€TOM COBOKYITHOCTH BCEX 00pa3yIOINX €€ 3JIEMEHTOB M UX B3aUMOCBSI3EH.

Hacrosmas pabora npeacraBiseT co0oi TOMOTHEHHOE H OTKOPPEKTUPOBAHHOE, C YUETOM IOSIB-
JIeHWs1 HOBBIX JaHHbBIX, u3gaHue MoHorpadum 2018 roga «Cucrema NpOTHBOPAaKETHOH OOOPOHBI
CIIIA. Aranu3 1 MOJEIHPOBAaHUEY.

Hcnonp3oBaHHBIE MaTepHalbl aKTyalIbHBI 10 cOCTOSHUIO Ha Havaio 2020 rofa.

Marepuansl paboTbl MOTYT NPEACTABIATh UHTEPEC IJIS1 CIIEUAIMCTOB, PadOTAOIIMX B 00JacTu
aHaJn3a U MOJCITMPOBAHUS IPOTUBOPAKETHONH 0OOPOHBI.
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