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lNpoepecc, docmueHymbIl 8 coseplieHCME8o8aHUU 8bICOKOMOYHO20 opyxusi (BTO), Hasodsweaocs Ha paduous-
JydeHUe, a makxe rpUMeHeHUe 8 B0EHHOM camonémocmpoeHuu Stealth-mexHonoaul npusenu K cHUXeHuto 6oesol
ycmouiyusocmu cucmem [1BO, nocmpoeHHbIx Ha mpaduyuoHHOU akmueHol paduonokayuu. AHamu3 60EeHHbIX
KOHGhrIUKMO8 U 80UH rocnedHuUx decsmunemuti rokadan meHOeHUUI K M08bILEHUID Momepb akmueHbIX cpedcme
paduosiokayuu, cocmasrisiiouux 0CHO8Yy UHGhopMauUuoHHo20 obecrieyeHusi cucmembi NBO, 3a c4ém npumMeHeHUsi rno
Hum BTO. B cesa3u ¢ amum, akmyanu3uposasack 3adaya rnosbIleHUs Xusydyecmu u, kak criedcmeue, 6oegol ycmou-
yueocmu rodcucmemMbi UHGopMayuoHHo20 obecriedeHusi cucmemsbi [1BO. OOHUM U3 8apuaHmMo8, PeWeHUsT yKa3aH-
HoU 3adayu s18r19emcsi npuMeHeHuUe paduosioKaUyUOHHbIX cucmem, pabomarowux Ha MpUHYUNax akmueHO-naccugHou
paduoriokayuu, ¢ KoornepupyembIMuU Ul HEKOONepUpPyeMbIMU UCmoYHUKamu nodceema. Lenbro pabomsi sisnisemcsi
uccriedogaHue COCMOSIHUS U Mepcriekmues passumusi paduoioKayUOHHBIX CUCMEM, UCMOMb3YUWUX Corymcmsyuue
ucmoyHuUKU rnodceema 6030yWHbIX 06bekmos, paspabambieaeMbix 8e0yLUMU MPOMbILUNIEHHBIMU KOMMaHUSIMU.
B cmambe npedcmasrieHb! pe3yibmamsl aHanu3a rnoHsSmuliHo20 arnnapama, Ucrosib3yemMo20 8 akmueHO-naccusHol
nokayuu. posedéH aHanu3 xapakmepucmuK Cyuwecmsyrouux obpa3yos aKmueHO-NacCusHbIX paduoroKayUOHHbIX
cucmem, paspabambigaeMbix 8€0yUIUMU MPOMBILUIEHHBIMU KOMIaHUSIMU, U MPUHUUMNOE MPUMEHEHUS, 8blIsi8NIeHbI
obuwue meHOeHyuU ux nocmpoeHus. OnpedesieHb! NPUOPUMeEMHbIe HanpasieHus1 uccriedoeaHull 8 obrracmu akmueHo-
raccusHoU loKayuu 8 yCrioguUsIX COBPEMEHHBIX 803MOXHOCMel cpedcme 8030yUIHO20 HarnadeHUsl.

Knroyeenle croea: akmusHas paduoriokayus, naccusHasi paduosiokayusi, akmugeHO-raccueHasi paduosiokayus,
Kooriepupyembili UCMOYHUK nodceema, HeKoonepupyembIli UCMOYHUK nodceema, NOHAMUUHbIU annapam.

The progress achieved in the improvement of precision-guided munition (PGM) guided by radio emission
as well as the use of Stealth technologies in military aircraft construction have led to a decrease in the combat stability
of air defense systems that are based on conventional active radars. The analysis of military conflicts and wars
in recent decades has shown a tendency towards an increase in the loss of active radar assets, which form
the basis of information support for an air defense system, due to the use of PGM against them. In this regard,
the task of increasing the survivability and, as a consequence, the combat stability of the information support

BECTHUK BO3YLUHO-KOCMUYECKOW OBOPOHbI N2 4(28), 2020 r.



PA3EN: NPUMEHEHUE CU1 U CPEACTB BKO

subsystem of an air defense system has become more relevant. One of the options for solving this problem is the
use of radar systems operating on the principles of active/passive radar systems with cooperative or non-
cooperative illumination sources. The aim of the work is to study the state and development prospects of radar
systems that use accompanying sources of illumination of air objects and are developed by leading industrial
companies. The article presents the results of the analysis of a conceptual framework related to
active/passive radar system operation. An analysis of the characteristics of the existing models of active/passive
radar systems developed by leading industrial companies as well as the principles of application is presented;
general trends of their construction are revealed. Priority areas of research in the field of active/passive radar
system operation in the conditions of modern capabilities of air attack weapons have been determined.

Keywords: active radar, passive radar, active/passive radar, cooperative illumination source, non-cooperative
illumination source, conceptual framework.

OnHO U3 NepCNEeKTUBHBIX HANIPABICHUN Pa3BUTUS PAJHOIOKAIIOHHBIX CUCTEM CBSA3aHO C UCIOJIb30BAHUEM
noJsiell pagMoJIOKAIIIOHHOTO IOJICBETa, CO3/1aBacMBIX COIYTCTBYIOIIMMH (KOONEPHPYEMBIMH M HEKOOIEpHpYe-
MBIMH) UCTOYHUKAMU H3IIy4YeHUs, 151 OOHApY)KEHHS M ONpPEJEIICHUS] MECTOIIOJIOKEHUST BO3AYIIHBIX OOBEKTOB.
HHTepec k TakuM cucTeMaM 00yCIIOBIIEH PSIOM UX MOJIOKUTEIbHBIX CBOMCTB, OCHOBHBIMU U3 KOTOPBIX SIBJISIOT-
Csl: TIOBBILIEHUE CKPBITHOCTH PabOTHI, BO3MOXKHOCTh OOHAPY)KECHHSI HEH3TYyUJarONINX LeJIeH, OTCYTCTBHEM HEO00-
XOANMOCTH COTJIIACOBAHHS PEXKUMOB pabOTHI C MO3HUIUH 3JIEKTPOMArHUTHON COBMECTUMOCTH H T.II.

Ananms myOnuKanuil B yKa3aHHOW MpeAMETHON 00JIacTH TTOKa3all HaJudue HHTepeca OTCYECTBEHHBIX U 3a-
PYOeXHBIX HccieqoBaTeIel 1 KOMIIAHUH B pa3pabdOTKe TakWX cUcTeM. Llenbro cTaThy ABIAETCS MCCIECAOBAaHUE
COCTOSIHMSI M TIEPCTICKTHB Pa3BHUTHSA PAANOJIOKALMOHHBIX CHCTEM, HCHONB3YIOMNX COIMYTCTBYIOIINE HCTOYHUKH
MOZICBETa BO3AYIIHBIX OOBEKTOB, pPa3padaThBAEMBIX BEAYIIMMH IIPOMBIIUICHHBIMH KOMIaHUsIMH. PaboTa BHI-
MOJIHEHA B TPH dTara.

Ha nepBoM paccMOTpeH NMOHATUHHBIN anmapaT JUIs yTOUHEHHUsS] CEMAHTUKU M MOBBIIICHUS PEJICBAHTHOCTH
3aIpoCcoB MpY HHPOPMAIIIOHHOM TIOHCKE.

Ha BTOpOM ompenesneHsl cyliecTByooIre o0pasibl 3apyOeKHBIX M OTEYECTBEHHBIX aKTHBHO-TIACCHBHBIX
PafnOTIOKAMOHHBIX CHCTEM.

Ha tperbeM npoaHaIu3upoBaHbl TEHJCHIUH Pa3BUTHUsI aKTHBHO-TIACCUBHBIX CHCTEM BEIYIIHX 3apyOeiKHBIX
BOEHHO-TIPOMBIIUICHHBIX KOMITAHHH.
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ANALYSIS OF STATE AND PROSPECTS OF DEVELOPMENT
OF ACTIVE/PASSIVE RADAR SYSTEMS BY FOREIGN
AND DOMESTIC MILITARY-INDUSTRIAL COMPANIES

N.A. Leshko, D.M. Petrochenkov, A.V. Timochenko

One promising area of radar system development is the use of radar illumination fields created by accompa-
nying (cooperative and non-cooperative) radiation sources in order to detect and locate air objects. The interest
shown in these systems is motivated by several their positive features. The most important of them are increased
security, nhon-radiating target detection capability, absence of need to match operation modes in terms of electro-
magnetic compatibility, etc. The analysis of literature in this domain has shown that domestic and foreign
researchers and companies are indeed interested in the development of these systems. The aim of the article
is to study the state and development prospects of radar systems that use accompanying air object illumination
sources and are developed by leading industrial companies. The study has been performed in three stages.

The first stage was conceptual framework research with the aim of clarifying the semantics and increasing
the relevance of queries during searches of information. The second stage was matching foreign and domestic
active/passive radar systems. The third stage was the analysis of active/passive radar system development
trends for leading foreign military-industrial companies.
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CohopmyrnuposaHa npobrieva 8 obrnacmu mnoebiweHUsT 3aghghekmueHocmuU  yripasreHusi 3Kcrsyamayueu
U mexHU4YeCcKo20 obecriedeHusi cucmem 80eHHO20 HasHadeHUsl. [pednazaemcs u 060CHo8bIsaemcs pewieHue 3mol
npobnembl 3a CHYEM CHUXEHUSI 8PEeMEeHU MPUHSMUST YNpasrieHYecKux peweHul nymém co30aHusi U npuMeHeHUs
yHusepcasbHoU Memodosio2uU OUEHKU Kadecmea MmexHUYECKUX cucmem (06pa3uos 800pYKEHUSI U 80EHHOU MeXHU-
KU), 8x005sIL4UX 8 cOCMas COBPEMEHHbIX CUCMEM 80€HHO20 HazHadyeHus.. MpedcmaesneHbl HanpasieHue npuMeHeHUs
Memod0orio2uU Kak UHMespayUuoOHHO20 pe3epea rnosbiueHUs1 3ghgheKmusHOCMU yripassieHusi, cocmas mMemodoosio2uu
8 8ude COBOKYrnHOCMU MPUHUUMNos, Memodos, criocoba, modersiel, Memoduk u npoepamm Onst OBM, a marke cxema
pa3pabomku U 83aUMOCES3U MEeopPemuUYecKUx OCHO8 U rpakmuyeckoll Yyacmu mMmemodorioauu 8 UHMepecax peleHust
daHHol rpobriemMbl.

Knroueenle cnoea: npobnema, Memodosioaus, Kayecmeo, cucmema, ynpasrieHue, sKkcrilyamauyusi, aghghekmus-
HoCcmk.

The article states a problem of the improvement of the efficiency of technical system operation management
and technical military system support. It is proposed to solve this problem by decreasing the time of managerial
decision-making thanks to the creation and application of a universal quality assessment methodology
for technical systems (weapons, military equipment, hardware, and vehicles) which are part of contemporary
military systems. Then the article describes an area of application of this methodology as integrational reserves
of management efficiency increase; in addition, it presents the methodology as a combination of principles, methods,
models, techniques and software. Finally, the authors outline a diagram of the development and interdependence
of the theoretical grounds and the practical part of the methodology in order to solve the stated problem.

Keywords: problem, methodology, quality, system, management, operation, efficiency.

Baxnoe 3Hadenue B nene oOecrieueHHss 0OOPOHBI, 0E30MACHOCTH M YCTOIYMBOTO YIPAaBJIEHUs TOCynap-
CTBOM B BOGHHOE BpeMs M B UPE3BBIYANHBIX CHTYallMsIX MHPHOTO BpeMEHH mMmeeT 3(h(HEeKTHBHOE yIpaBiIeHUE
JKCIUTyaTalel 1 TEXHUIECKNM 00ecIiedeHHEM pa3InuHbIX TeXHHIecKnX cucteM (nanee — TC), BXOAAHUX B CO-
CTaB COBPEMEHHBIX CUCTEM BOCHHOTO HazHaueHwus (nanee — CBH). CeronHs MOXHO 000CHOBaHHO CHOPMYIUPO-
BaTh aKTyaJbHYIO IpoOJieMy B 00JIacTH MOBBIMEHUS 3QPEeKTUBHOCTH ynpasieHus skciutyaranueit 1 TO CBH,
COCTOSIIYI0 B HEOOXOIUMOCTH Pa3pelIeHUs] IPOTHBOPEUHS MEXIY TPeOOBAHUSAMH K CYIIECTBEHHOMY CHHKE-
HHIO Pacxojia pecypcoB M BPEMEHH Ha MPUHSITHE YIPABICHYECKHX PELICHHUH 10 pe3yabTaTaM OIEHKH KadecTBa
TC B mporiecce 3KCIUTyaTalliil ¥ BBIOJHEHUEM O0S3aTEFHOTO YCIOBHSA IO PAIlMOHAIBHOMY HCIIOJIB30BaHHIO
Jutst onleHKH kKadectBa TC Ooipmmx 00bEMOB pa3sHOOOpa3HOH MH(MOPMALNH, [TOTYYaeMOH B Ipolecce SKCILTya-
TaIX U3 PA3TMYHBIX HCTOYHHUKOB.
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CoopmynupoBaHHas npobiieMa OTpakaeT HECOOTBETCTBHE MEXKAY TPEOYEMbIM M CYILECTBYIOLIUM COCTOS-
HHMEM JIeJl B HCCIIeAyeMol MpeaMeTHoH obnactu. Kpome Toro, n3inokeHHbIH B cTaThe MaTepual 000CHOBBIBACT
HaJIM4Xe IBYX Ba)KHEHIINX CBOMCTB IPOOIIEMBI:

1. AKTyanpbHOCTh — HEOOXOJMMOCTh CKOPEHIIEro penIeHus! MpoOIeMbl 00yCIaBINBAECTCSI COBPEMEHHBIMHU
TpeOOBaHUAMH B cepe COBEPIICHCTBOBAHMS U pa3BUTH pa3nunaabix CBH.

2. 3HaYMMOCTD — OT PEIIeHHUs POOIEMBI 3aBUCUT 000POHOCTIOCOOHOCTE U 0€301TaCHOCTh TOCYIapCTBa.

Pemenvie BhIICHa3BaHHON aKTyaJIbHOW NMPOOJIEMBI BOZMOXHO IMYTEM CO3AaHMA M NPUMEHEHUS METOMI0JIO-
rum oreHkH kadecTBa TC (mayee — METOIOIOTHS).

[Tpu 3TOM € IPaKTUYECKON TOUYKH 3PEHHsI PELICHUs BBIIICHa3BaHHOM MPOOIeMBbl JaHHas METOA0JIOTHS Oy-
JIeT IPE/ICTABIATh COO0M OpraHM30BaHHYIO0 COBOKYITHOCThH IIPHHITUIIOB, METOAOB, CIIOCO0a, MO, METOIUK U
nporpamm st 9BM, a ¢ Teopernueckoll — ydeHue 00 OpraHU3aluy JESTeIbHOCTH B 00JIaCTH METOJ0JIOTHY e-
CKOT'0, MaTeMaTHYECKOI0 U MPOrpaMMHOT0 obecrieyeHus oleHKH kadecTBa TC, BXOISIIMX B COCTaB UCCIELye-
Mbix CBH.

OCHOBHO MOJIOKUTENBHBINA d(PQEKT OT pa3pabOTKH ¥ BHEAPEHHS METOJOJIOTHHU JOJDKEH 3aKIIF0YaThesl B pe-
IICHUH TIPOOJIEMBI NCCIIEA0OBAHMS M COCTOSITh B CYIIECTBEHHOM CHIDKEHHH 3aTPAT BPEMEHU U PECYPCOB Ha OLIEHKY
kadectBa TC B mpornecce 3kcutyaranui. Kak cinencrsue, NpIMEHEHHE METOONIOTMH JODKHO MPUBECTH K CYIIIE-
CTBEHHOMY COKPAIIIEHHUIO BPEMEHHU MPUHSATHS CBOEBPEMEHHBIX 1 00OCHOBAaHHBIX YIIPABICHUECKUX PEIICHHUH.
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ON TECHNICAL SYSTEM OPERATION MANAGEMENT
EFFICIENCY IMPROVEMENT

K.Z. Biliatdinov, |.V. Shlyantsev, V.V. Meniailo

Efficient management of operation and technical support of various technical systems (hereinafter, TS)
within contemporary military systems (hereinafter, MS) is of primary importance for the defence, safety and
sustainable governing of a state in times of wart and emergency. Nowadays, it is possible to fully outline a topical
problem in the sphere of the improvement of management efficiency and military system technical support, which
lies in the necessity to find in the course of operation a balance between the requirements for a sizeable decrease
in time and resources needed for logical managerial decision-making and meeting the obligatory condition for effi-
cient use of big volumes of various data coming from multiple sources for the purpose of TS quality assessment.

The outlined problem highlights a discrepancy between the required and the existing states of this domain
and is characterized by the following:

1. Topicality — the necessity to solve the problem is conditioned by the current requirements in the sphere
of improvement and development of MS.

2. Practical importance — the safety and defence capability of a state depend on the solution of this problem.

To solve the problem the authors propose to apply a specially developed methodology of TS quality
assessment. This methodology presents an organized practical aggregate of principles, methods, models,
techniques and software, as well as a theoretical study of the organization of methodological, mathematical and
software support of TS quality assessment within MS.

The main positive effect of the development and application of this methodology is a considerable decrease
in the time and resources needed for TS quality assessment during its operation. As a result, the application
of the methodology will lead to a significantly lower time needed for logical managerial decision-making.

Moctynuna 24 nionsa 2020 roaa.

BECTHUK BO3YLUHO-KOCMUYECKOW OBOPOHbI N2 4(28), 2020 r.



PA3EN: NPUMEHEHUE CU1 U CPEACTB BKO

YK 623.41

BUPTYAJIbHAS SJIEKTPOHHAST KOMIIOHEHTHAS BA3A
KAK MUHCTPYMEHT 4114 YTIPABIIEHWA XXU3HEHHBIM LAKIIOM
BOOPYXEHUA, BOEHHOU U CIIELIMATIBHOU TEXHUKN

© ABTop, 2020

C.K. KonraHoB 3acsnyxeHHbil 80eHHbIU crieyuanucm P®, dokmop mexHuYecKux Hayk, npogeccop,
sedywull Hay4Hbil compyOHuk, AO «LJHUW skoHOoMUKu, uHgbopMamuku u cucmem yrnpaesneHusi», e. Mockea
E-mail: ksk47@mail.ru

B cmambe paccmampugaromesi mymu 380/110UUOHHO20 MPOOIeHUS KU3HEHHO20 UUKiia paduos/1eKmpoHHOU
annapamypbl 06pa3yo8 800pyXKeHUs, 80eHHOU U crieyuarnsHol mexHuku (BBCT)Ha ocHoge KoHuenuuu supmy-
arnbHoU 31eKmMpOHHOU KOMMIoHeHmMHoU 6a3bl, obecrneyusarouweli Memooudyeckoe U MpospamMMHO-annapamHoe
eduHCMBo rpouyecca nPoeKkmuUpPosaHusi paduoanekmpoHHoU annapamypbl. CodepxaHue cmambu Hocum
OUCKYCCUOHHBIU Xapakmep.

Knroyeeble crnoea: paduosnekmpoHHas annapamypa, KOMIoHeHmMHasi 6a3a, obpasubl 800PYXXeHUs, 80eHHOU
U crieyuaribHOU MEeXHUKU, XU3HEHHbIU YUK, Xugydecms, HadExXHOCMb, UHGOpMayUoHHass 6e30rnacHocmb.

The article describes evolutionary ways of expanding the life cycle of radio electronic hardware installed
in military weapons, equipment and vehicles based on a virtual electronic component base concept that provides
methodical and programme-hardware consistency of radio electronic hardware design process. The content
of the article is aimed at prompting discussion.

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

OnHO¥ U3 OCHOB JJIS pelIeHus 3aqad aHanm3a xku3HeHHoro mukia BBCT moryt cunyxute CALS (UIIN)-
TEXHOJIOTHH, pacCMaTpHBacMble KaK CHCTEMa B3aMMOYBS3aHHBIX NPUHIHUIIOB M TEXHOJIOTHH MH(OPMAITMOHHON
MOJJIEP>KKM JKU3HEHHOTO nukia obopasnoB BBCT Ha Bcex ero craausix, OCHOBaHHAsl Ha WMCIIOJIb30BAHUM MHTE-
TpUPOBAaHHOM MH(OPMALIMOHHOI Ccpeabl, 1 00ecTIeYNBaOIas:

— enuHOOOpa3ue Croco0OB yMpaBJIEHHUsS MPOIECCAaMU M B3aMMOJAEHCTBHE BCEX YYaCTHHUKOB (3aKa3uHMKOB
MPOAYKINH, TTOCTABIIUKOB U IPOU3BOJUTENEH IPOLYKIINH, KCILTyaTallHOHHOTO ¥ PEMOHTHOTO IIEpCOHAIIA);

— peaym3aruio TpeboBanuil cucteMsl MexayHapoaHsix (ISO, AECMA u 1p.) U OTEeUeCTBEHHBIX CTaHIap-
toB (ECKI, ECT/] u np.), permaMeHTHPYIOIMX NpaBHia B3aMMOAEHCTBHS IIPEUMYLIECTBEHHO MOCPEICTBOM
AIIEKTPOHHOTO 0OMEHa TaHHBIMH.
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VITUAL ELECTRONIC COMPONENT BASE AS AN INSTUMENT
OF ARMAMENT, MILITARY AND SPECIALIZED EQUIPMENT
LIFE CYCLE MANAGEMENT

S.K. Kolganov

One basic platform for solving tasks related to the analysis of the life cycle of armaments, military and
specialized equipment may be CALS technology. It is defined as a system of interconnected principles
and technology for AMSE life cycle information support at all its stages that is based on the use of integrated
information environment and that ensures:

—the uniformity of process management techniques and the cooperation of all participants (customers,
suppliers, manufacturers, maintenance and repair personnel);

—the compliance with the requirements of standard foreign (ISO, AECMA, etc.) and domestic (ECK[
(USDD), ECTO (USTD), etc.) systems that generally regulate the cooperation by means of electronic data
interchange.

Moctynuna 24 aBrycta 2020 ropa.

BECTHUK BO3YLUHO-KOCMUYECKOW OBOPOHbI N2 4(28), 2020 r.



PA3EN: NPUMEHEHUE CU1 U CPEACTB BKO

YK 621.396.6.029.64

MNEPCIIEKTUBbI NIPUMEHEHUA
MAJIO3AMETHbBIX BECITUNIOTHbIX
PAOUOTEXHUYECKUX KOMITIIEKCOB B UHTEPECAX PA3BELIKH
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Ha ocHose aHanusa 3aday pasgedbigamesibHO-UHGOPMaUyUOHHO20 obecriedeHusi 8030YWHO-KOCMUYECKOU
060poHbI 060CHOB8aHbI nompebHocmu ycuneHusi pyHKyul pa3eedKku U KOHmMposis 8030yWHO20 npocmpaHcmea
3a c4Yém MpuMeHeHUs1 padUuoMmexHUYECKUX KOMIIIIEKCo8 Ha becrunomHbix iemamesibHblx annapamax. Onpede-
JIeHbl NPUHYUrbI TOCMPOEHUS U NMPpUMeHEeHUs1 pasgedbigameribHbIX cpedcmes, a makxe ypoeHU paduosiokayUuoH-
HoU 3amemHocmu ux Hocumenel 0Ons docmuxeHuss 6oesoli ycmoliyugocmu rpoyecca 00bbigaHUsI OaHHbIX
0 cucmemax yrnpasneHusi U HagedeHUsi 8bICOKOMOYHO20 OPYXKUS MPOMUBHUKA.

Knrouesnle crnoea: cucmema pa3gedku U KOHMPOJIsi 8030YWHO20 npocmpaHcmea, 6ecrnunomHbil paduo-
mexHUYeckuli KOMINEeKC, cucmeMbl YrpaseneHuss U HaseldeHUs 6bICOKOMOYHO20 OpyXus, 3ghghekmueHas
nnowadb paccesiHusi obbekma.

Based on the analysis of the tasks of reconnaissance and information support of aerospace defence
systems a need to broaden the functions of reconnaissance and airspace control facilities through the use of radio
complexes on unmanned aircraft is justified. The principles of the construction and use of reconnaissance means
as well as the levels of radar visibility of their carriers are defined in order to achieve combat stability
of the process of obtaining data on the enemy’s high-precision weapon control and guidance systems.

Keywords: of airspace reconnaissance and control system, unmanned radio complex, high-precision
weapon control and guidance system, object’s radar cross-section.

Ha ocHoBe aHanu3a 3a7a4 pa3Be/bIBaTeIbHO-UH()OPMAIIMOHHOTO OOECIeUeH s BO3AYIIHO-KOCMUYECKOM
000pOHBI 000CHOBAHBI MOTPEOHOCTH ycuiieHus QYHKIMA Pa3BeJKH U KOHTPOJIS BO3IYUIHOTO MPOCTPAHCTBA 32
CYET MPUMEHEHHUS PAMOTEXHUYECKUX KOMIUIEKCOB HA OCCITUIIOTHBIX JIeTATEIbHBIX ammaparax. [lepcrieKTHBbI
NPUMEHECHUsT OSCIHIOTHBIX PaJHOTEXHHUYCCKIX KOMIUICKCOB CBSI3aHBI C aHAJIH30M OOEBOTO COCTaBa CHII MPO-
TUBHUKA M XapaKTepa UX JeATeIbHOCTH, BCKPHITHEM (DakTa MaCCOBOTO B3JIeTa CPEIICTB BO3IYIITHOTO HAITaCHHUS,
0oOHapy>KEHHEM ¥ COIMPOBOKICHUEM BO3AYIIHBIX [EJICH MO pe3ysibTaTaM IpUeMa U aHaIu3a H3ITydeHHid 0opTo-
BbBIX PaIUO3JICKTPOHHBIX CPEIACTB.

Heo6xonnMocTs OCHAIIEHHSI CHCTEMBI Pa3BEAKH M KOHTPOJS BO3IYIIHOTO IPOCTPAHCTBA OSCIMIOTHBIMHU
PaauOTEXHUYCCKUMHA KOMILJICKCaMU o6ycn03neHa HCEIIOJIHBIM COOTBETCTBUEM pa3BEaAbIBATECIIBHO -
MHPOPMALMOHHOTO 00eCTIeueHHsI BO3TyIITHO-KOCMUYeCKO 000POHBI COBPEMEHHBIM TPEOOBAHUSAM BBUAY OTCYT-
CTBUSA aBTOMaTI/ISI/IpOBaHHOI\/’I CHUCTEMBI Pa3BEIKH, l'lOCTpOGHHOI\/’I B COOTBETCTBUM C NPHUHIUIIAMHA KOMILIEKCHOM
00paboTKN pa3HOPOIHBIX TaHHBIX.

JJis MOCTHKEHUS MOJTHOTH pa3BedbIBAaTeIbHO-HH(DOPMAIIIOHHOTO 00eCIeUeHHsI BO3AYIIIHO-KOCMIYECKON
00OpOHBI HEMOCPEACTBEHHBIE 3a/1a4H OCCIMIIOTHBIX PAJUOTEXHUYCCKIX KOMIUIEKCOB MOTYT OBITh OOBEIMHCHBI
B TPH IPYIIIIbL:
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1) KOHTPOJIP BO3AYIIHOTO MPOCTPAHCTBA C pyOekaMu BbIAAYM MH(POPMAIIMK HA MAJbIX, CPEIHUX U 0OJb-
IIMX BBICOTaX B 30HAX OTBETCTBCHHOCTHU BOWCK (CHII) BO3AYIIHO-KOCMHUYECKONH O0OPOHBI;

2) KOHTPOJH BO3AYIIHOTO MPOCTPAHCTBA B paifoHAaX MUCIIOKANNH, Oa3MpOBaHHSA WJIN TATPYIHPOBAHH
CPEICTB BO3AYIIHOTO HATIACHHUS IPOTHBHUKA;

3) pa3Benka OAJUIMCTHYECKUX W ad3POJMHAMHYECKUX IENeld CO CBOCBPEMEHHOH BBIIadeil KOOpIMHATHO-
TPacCOBOH W MPHU3HAKOBOW MH(POPMAIINH O HUX B CHCTEMBI YIIPABIICHHUS U MOPAXKCHUS BO3IYIITHO-KOCMHUYECKOH
00OpOHBL.

OmnpeneneHbl IPUHINIB TOCTPOSHHS U IPUMEHEHHUS Pa3BeIbIBATEIILHBIX CPE/ICTB, a TAKXKE YPOBHHU PagHO-
JIOKAIIMOHHOW 3aMETHOCTH UX HOCHTEJICH I JOCTHKCHUS OOCBOW YCTOMYHMBOCTH TpoIiecca TOOBIBaHUS TaHHBIX
0 cUCTeMax YIpaBJIeHHUs U HaBeIEHUS! BBICOKOTOYHOIO OpYyKus NMpoTuBHUKA. [loka3aHo, 4TO co3aHue mMano3a-
METHBIX KOMIUICKCOB TpeOyeT MpUIaHus X KOPIycaM MajoOTpaKaroImuxX (JOpM 3a CYCT UCKIIIOUYCHHS IBYX- U
TPEXTPaHHBIX KOHCTPYKUUH C MPSMBIMH YTJIaMU IPU BEPIIMHAX U COKPAILEHUS YKCiIa BHEIIHEr0 000py10BaHMUs,
a TaKkKe HAHECEHHsI Ha TOBEPXHOCTH PAJAMONOTIIONIAIOIIMX MAaTepUANIOB, YaCTOTHO-TOISPU3ALIMOHHBIX CEJEK-
THUBHBIX U YTIPaBJISIEMbIX MOKPBITUH.

BcnencTBre Manoi 3aMETHOCTH PaJUOTEXHUYECKUX KOMIUICKCOB CTaHOBHTCS BO3MOJKHBIM BEICHHE pas-
BEIKH PaIHOdJICKTPOHHBIX OOBEKTOB MPH OappaKUPOBAHWU HAJl TEPPUTOpPHEH MPOTHBHUKA B 30HAX MPOTHBO-
JIEHCTBUS 3€HUTHO-PAKETHBIX KOMIUIEKCOB M UCTPEOUTEIIFHON aBHALINH.
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PROSPECTS OF STEALTHY UNMANNED RADIO COMPLEX USE
IN THE INTEREST OF AIRSPACE RECONNAISSANCE
AND CONTROL

A.L. Pereverzev, O.E. Razinkova, A.V. Tymoshenko

Based on the analysis of the tasks of reconnaissance and information support of aerospace defence a need
to broaden the functions of reconnaissance and airspace control facilities through the use of radio complexes
on unmanned aircraft is justified. The prospects of unmanned radio system use are connected with the analysis of
the combat strength of enemy forces and the nature of their activities, the discovery of the fact of mass air threat
take-off, as well as the detection and tracking of air targets based on the results of the reception and analysis
of radiation from on-board electronic equipment.

The need to equip airspace reconnaissance and control systems with unmanned radio complexes
is conditioned by the incomplete compliance of reconnaissance and information support of aerospace defence
with modern requirements due to the lack of an automated reconnaissance system designed in accordance
with the principles of integrated processing of heterogeneous data.

In order to achieve the completeness of reconnaissance and information support of aerospace defence,
the immediate tasks of unmanned radio complexes can be combined into three groups:

1) airspace control with lines of information output at low, medium and high altitudes in areas of response-
bility of aerospace defence forces (troops);
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2) airspace control in areas of deployment, stationing or patrolling of aerial weapons of the enemy;

3) reconnaissance of ballistic and aerodynamic targets with timely issuance of co-ordinate & track and sign
information about them to the systems of control and destruction of aerospace defence.

The principles of the construction and use of reconnaissance means as well as the levels of radar visibility
of their carriers are defined in order to achieve combat stability of the process of obtaining data on the enemy’s
high-precision weapon control and guidance systems. It is shown that the creation of stealth complexes requires
giving their bodies shapes with low reflection coefficients by eliminating two- and trihedral structures with right
angles at vertices and by reducing the number of external equipment items, as well as by applying radio-
absorbing materials, frequency-polarization selective and controlled coatings on the surface.

Due to the low visibility of radio-technical systems, it becomes possible to conduct reconnaissance
of electronic objects when patrolling enemy territory in opposition zones of anti-aircraft missile systems and fighter
aircraft.

Moctynuna 27 aBrycta 2020 roaa.
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WCCNEOQOBAHWNA B COEPE NMPOEKTHO-
KOHCTPYKTOPCKUX U TEXHONOMMYECKUX PABOT

VIK 621.396

[TOCTPOEHUE QUCCEPTALIMU
HA COUCKAHUE YYEHOU CTEINEHU (TEXHUWYECKUE HAYKH)
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lposedeHo 0b0CcHOBaHUE 102UHECKOU 83aUMOCBS3U CMPYKMYPHbIX anemMeHmos duccepmauuu, obnadaro-
weli 3aKOHYEHHOCMbIO U 8HYMpPEeHHUM eOuHCmeoM. Briepebie npedroxeHa epaghuyeckasi fioeuyeckasi 83aumo-
c8s13b CMPYKMYypPHbIX 35ieMeHmo8 duccepmauyuu.

Cmamebs HanucaHa 8 ¢hopme 06CYyXOeHUsT «MoYeMy mak, a He uHade», 4mo criocobcmeyem nyqwemy
MOHUMaHUI U MpasusibHOMY HarnucaHuo couckamensiMu Hay4YHbIx cmerneHel coomeemcmesyouux pasdesnos
duccepmauyudi.

Knrouesble cnoea: Ouccepmauyusi, uccnedosaHue, CMPYyKmMypHble 3reMeHmbl, 2pachuko-roaudeckas
cxema 83aumMocesi3u.

A logical interdependence between structural elements of a thesis, which are characterised by finality
and cohesion, has been studied. For the first time a graphic logical interdependence between structural elements
of a thesis has been proposed.

The article has a «why-this-way-and-not-another» discussion format, which contributes to better understanding
on the part of academic degree pursuers and helps write corresponding sections of a thesis in a proper way.

Keywords: thesis, research, structural elements, graphic-logical interdependence diagram.

[ToaroToBKa CHEIMATMCTOB BBICIIEH KBATHU(DHUKAINN SBISAETCS OJHOW M3 BaXKHEHIIMX 3a/a4 TOCYAapCcTBa
U pernaMmeHTupyercs dexepansHbIM 3aKOHOM [1].

[pucoenunenue Poccun B 2003 rony k boioHckoMy mporieccy 03Hauao, 4To Beiciiee o0pa3zoBaHue Oyaer
JIBYXCTYIIEHYATBIM, a BBIITyCKHbIE KBaIN(HKAMOHHbIE pabOThl OaKalaBpOB M MAarucTPOB OYAyT BBHIOJIHATHCS B
BUJI€ JUCCEPTALUM.

UYucino OakanaBpoB, BEIITyCKaeMbIX B Poccuu exxeroHo, npeBblmaeT NOJIMWIIHOHA, a BMECTE C Marucrpa-
MU — OKOJIO MUJJTMOHA.

310 Ha JBa MOpsAAKa OOJIbIE, YEM YMCIIO 3aIMT Ha COMCKaHWE YYEHBIX cTeneHei B Poccuu, 1o JaHHBIM
BAK.

Koneuno xe, opopmiieHne auccepranii Ha COUCKaHUe YIEHBIX CTETICHEN perJaMeHTHpyeTcs 0oee KECT-
KAMH TPeOOBAaHUSIMH COOTBETCTBYIONINX HOPMAaTHBHBIX TOKyMEHTOB. Ho B TpEX yka3aHHBIX CIy4asx €CTh COB-
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najarome TpeOOBaHMs, TaKk Kak B TPEX clydyasx 3alluIiaroTcs auccepranmu. CleaoBaTenbHO, y4eOHO-
METOJMYCCKIE PEKOMEH IAIMH JIOJDKHBI OXBATHIBATH BCE TPH CTYIICHH ... MIOBBIIICHUS KBATA(DUKAIHH.

B Hacrosimeli cTatbe, mpemaraeéMoi B KauecTBE HAyYHO-METOAHYECKOTO TIOCOOUS I COMCKATEeNeH yué-
HBIX CTETCHEH 10 TeXHWYECKHM HayKaM, NMPOBEACH aHAJUTHYCCKUH 0030p Hamboiee 4acTO BCTPEUAIOIIMXCS
OIMMOOK, IMEIOIINX MECTO NMPH HANMCAHWH TUCCEpTalluii U aBTopedepaToB, B 0COOCHHOCTH €€ 00s3aTebHBIX
pa3zenoB. AHalu3 MPOBEAEH Ha OCHOBAHHUH Oo0Jiee YeM JIECSTHIICTHETO OIBITa YCIENTHON paboThl ABYX IHCCEp-
TAI[IOHHBIX COBETOB IT0 TEXHUYECKAM HAayKaM U TPEM CIIEIIHAIFHOCTSM B KXKIOM H3 HUX.

MarepranioM 18 aHadW3a SBISUIMCH, C OJHOH CTOPOHBI, «HE CIOUTBIC» JAUCCEPTAIlH, KOTOPHIC
npoxoaun 1oBAKosckyro nponenypy Ha nByx kadenpax [TAO «HITO «Anmas», a Takke AUCCepTaLNH, TIPOXO-
quBiire 3amuty. CoTpyaHuKaMu kadeap sBISUTMCh OTACTBHBIC WICHBI 000MX TUCCEPTAIMOHHBIX COBETOB, HEKO-
TOPBIC U3 HUX SBJIAIOTCS PYKOBOJUTEIISIMU U WICHAMH SKCIEPTHBIX coBeTOB BAK.

[pemnaraercst rpaduKo-IOrHIEcKas CTPYKTypa AUCCEPTaIrii, 00IaIA0NIINX BHYTPSHHAM SIUHCTBOM, KOTOpast
He npotuBopeunt deepanbHOMY 3aKoHY «O HAyKe U 20CyOapCmeeHHOU HayuHo-mexHuueckot nomumuxey [1], «llo-
JIOJICEHUIO 0 npucysicoeHuu yuénvix cmenenetl...» [2, 3], Homenknatype u [lacnopram cnerpansHoctei [4], «/lono-
arcenuto o coeeme...» [5] u tpebosanmsim 'OCTa [6].
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STRUCTURING THESIS IN PURSUIT OF ACADEMIC DEGREE
(IN TECHNICAL SCIENCES)

G.P. Benderskiy, Y.I. Malashko

A logical interdependence between structural elements of a thesis, which are characterised by finality
and cohesion, has been studied. For the first time a graphic logical interdependence between structural elements
of a thesis has been proposed.

The article has a «why-this-way-and-not-another» discussion format, which contributes to better understanding
on the part of academic degree pursuers and helps write corresponding sections of a thesis in a proper way.

MocTtynuna 20 oktA6psa 2020 roaa.
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B cmambe npedcmasneHo onucaHue cmeHOa modesnuposaHusi ghoHouenesol obcmaHosku (®LO) ons na-
bopamopHoli ompabomku anzopummos criekmpasnbHOU cenekyuu OnmuKo-31eKmpOoHHbIX npubopos (O3r)
KOCMUYECKO20 Ha3Ha4YeHUsl, OCHOB8aHHOU Ha U3MepeHUU omHoweHul 3Hepaemuyeckol sipkocmu Habrrodaembix
06BbeKmMo8 8 pas3nuyHbIX criekmparbHbiXx Ouana3oHax. CmeHO no38oriiem MUHUMU3UPOB8amb 8/1USTHUE (hOHOB020
U3/lyqeHusi Ha cuegHamypbl UMumupyeMbix 06beKmos 3a c4ém ¢hopMuUpPO8aHUsI HE3a8UCUMbIX MOMOKO8 U3rly4e-
HUST om umMumamopoe 0b6bLeKmMos U HuUsKomemmrepamypHo2o ¢hoHa. Omcymcecmeue SIUH308bIX 37eMEHMO8
8 onmuyeckoli cxeme cmeHda ro3eosissiem nposooums pabomy 6 WUPOKOM criekmparsibHOM duarna3soHe.

Knrouyesnble cnoea: orimuKko-3fiekmpoHHble nMpubopsi, choHoyenesass obcmaHoeka, criekmparsibHasi cesek-
Yusi, UHgbpakpacHble uMumamopbl, cmeHO, Modeslb YEPHO20 meria, U3MEPEHUS].

The article describes a background and target situation simulator used for the refinement of laboratory
spectral selection algorithm for space electrooptical devices based on the measurement of radiance ratios
for observed objects in various spectral ranges. The simulator makes it possible to minimise the impact
of background radiation on the signatures of imitated objects by means of the formation of independent radiation
sources from object imitators and low-temperature background. The absence of lens elements in the optic
diagram of the simulator enables it to operate in a wide spectral range.

Keywords: electrooptical devices, background and target situation, spectral selection, infrared imitators,
simulator, black body, measurement.

Paccmorpena cxema ycrpoticta cterna mogenuposanus OO mist mabopatopHON 0TPaOOTKH aNTOPUTMOB
cnekrpansHoi cenekunu ODII. [MpuBenéH nmopsamok onpeaeneHus: TeOMETPOONITHYECKNX XapaKTEPUCTHK CTEH A
B 3aBHCHUMOCTH OT napameTpoB ucneityemoro OJI1. ITokazaHbl pe3ynbTaThl MaTEMaTHIECKOTO M (U3MIECKOTO
moaenupoBanust OLO.
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THE DEVICE FOR LABORATORY WORKING OFF
OF ALGORITHMS OF SPECTRAL SELECTION

I.V. Bogdanov, A.N. Velichko, A.V. Stepovoy, A.V. Tsaptsov
The diagram of a background and target situation simulator for the refinement of laboratory spectral selec-
tion algorithms for electrooptical devices is considered. The order of the determination of geometrical and optical
characteristics of the simulator depending on the parameters of tested electrooptical devices is given. The results
of the mathematical and physical modelling of a background and target situation are presented.

Moctynuna 27 nronsa 2020 roaa.
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B cmambe paccmampuearomcsi 80rpocki 8blbopa, a makxe Mamemamu4yecko2o ModesuposaHusi cucmeMsb!
obecrieyeHuUs1 MensiosbiX PEXUMO8 rpu pa3pabomke U NpoekmuposaHuU 2epMemuyHbIx manozabapumHeix PJIC
8 yCr108USIX 3KCMIyamauyuu rnpu nosbiWeHHoU memnepamype okpyxarouiel cpedbi. [NposedéH cpasHUMebHbIl
aHanu3 cucmem obecrieyeHuUsi MerosbiX PexumMos u 060cHo8aH 8bI60p cucmemMbl C MPUMEHEeHUEM MmernsoebIx
mpy6 (TT). Obo3HaveHa wupoma rnpumeHeHus TT Ona oxnaxo0eHuss mennoHagpyxeHHbIx POA. NpedcmasneHsi
OCHOBHbIe pacyémbl U 3KCrepuMeHmaribHble 0aHHble cucmeMbl 06eCcredeHUsT MEnIoebiX PEXUMO8 CO8PEMEH-
HbIX 2epMemuYHbIx Mano2abapumHsix PJIC.

Knrouyeenle crioea: cucmema obecrieyeHuUs mensnosbix pexumos paboms! PJIC, cucmema asmomMamusupo-
8aHHO20 MPOEKMUPOBAHUS, 8bICOKasi HA0EXHOCMb, MenIomexHuU4YecKkuli pacdém, mennosbie mpybkl, ucnapu-
mersib, KOHOeHcamop, 8eHMuIsIMop, paduamop.

The article deals with the selection and mathematical modeling of the system for providing thermal modes
in the development and design of sealed small-size radars in operating conditions at high ambient temperature.
A comparative analysis of systems for providing thermal modes and justified the choice of a system with the use
of heat pipes. Indicated the breadth of application of heat pipes to cool the heat-loaded electronic equipment.
The main calculations and experimental data of the system for providing thermal conditions of modern sealed
small-sized radars presented.

Keywords: system for providing thermal modes of radar operation, computer-aided design system, high
reliability, heat engineering calculation, heat pipes, evaporator, condenser, fan, radiator.

B craThe paccMaTpuBaOTCS BOIPOCH BEIOOPA, a TaKKe€ MaTEMAaTHYECKOTO MOJIEIUPOBAHHS CHCTEMBI 00ec-
MeYeHNsI TeIUIOBBIX PEXKUMOB TPH pa3paboTKe U MPOSKTUPOBAHUH repMeTHYHBIX Majorabaputasix PJIC B ycio-
BUSIX 3KCIUTyaTallidl TPH HOBBILIIEHHOH TeMrepaType oKpyskatoeil cpeapl. [IpoBeneH cpaBHUTENbHBINH aHAIN3
cHcTeM 0OecTedeHHsl TEIUIOBBIX PEXKUMOB U 000CHOBAH BBIOOpP CHCTEMBI C IpUMeHeHneM TerioBIxX Tpyo (TT).
O6o3HaveHa mupora npuMeHenust TT st oxnaxaeHus TermioHarpyxenHsix POA. IIpencraBneHa TexHu4eckas
peanuzanys CUCTEMbl 00eCIIeYeHHsI TEIUIOBBIX PEKMMOB OCHOBHBIX 3JIeMEeHTOB Majoradaputaeix PJIC ¢ kommo-
HOBKOMW BBICOKOH tutoTHOCTH. OT™MeueHo, uto ¢usnuecku TT sSBISIOTCS MHOTOKOMITOHEHTHBIMHM CUCTEMaMH, YTO
HaKJIa/IBIBAET OIPEAEIEHHbBIC TPEeOOBAHUS ISl IPOBEJICHNSI KOPPEKTHBIX TEIJIOTEXHUYECKHX PacyeToB C IMOMO-
IIBI0 KOMITBIOTEPHOTO MOJEIMPOBAaHUS. BBIABICHBI CIIOKHOCTH TPOBEICHHS ITOJOOHBIX PAacdeTOB OONBIIUH-
ctBoM coBpeMeHHBIX CAIIP. YcTaHOBIIEHO, 9TO NPH MPOBEICHUH MOZOOHBIX PACYETOB HEM30EKHO BO3HUKACT
npobiema OONIPIIMX BPEMEHHBIX 3aTpar, a TakKe HE0OXOIUMOCTh HATWYHS OOIBIIOT0 KONWYECTBA CHCTEMHBIX
pecypcoB. B cratse paccMoTpeHa BO3MOKHOCTb ITPUMEHEHHS MPUHIINIA YKBUBAIIEHTHOTO Iepexo/ia IpHu MpoBe-
JIeHUH TerutoTexHmdeckux pacdetoB TT. Co3maH ynpoIIeHHBIH MaKeT CHCTEMBI 00ecTieueH s TeTUIOBBIX PeXH-
MoB ¢ mpumeHenneM TT. IlpencTaBieHsl OCHOBHBIE pacyeThl U SKCIIEpUMEHTANbHBIEC TaHHBIE CHCTEMBI 00ecrie-
YEeHUsI TETJIOBBIX PEXMMOB COBPEMEHHBIX T€pMETHYHBIX ManorabaputHsix PJIC.
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METHOD OF MATHEMATICAL MODELING
OF THERMAL CONDITIONSMODERN SEALED
SMALL-SIZED RADAR STATIONS

A.V. Vargasov, P.A. Kosheev, D.N. Repnev

The article deals with the selection and mathematical modeling of the system for providing thermal modes
in the development and design of sealed small-size radars in operating conditions at high ambient temperature.
A comparative analysis of systems for providing thermal modes and justified the choice of a system with the use
of heat pipes (TT). Indicated the breadth of application of TT to cool the heat-loaded electronic equipment.
The technical implementation of the system for providing thermal conditions for the main elements of small-sized
radars with a high-density layout is presented. It is noted that physically TT are multicomponent systems, which
imposes certain requirements for correct thermal calculations using computer modeling. The difficulties
of performing such calculations by the majority of modern CAD systems are revealed. It is established that when
performing such calculations, the problem of large time expenditures inevitably arises, as well as the need for
a large number of system resources. The article considers the possibility of applying the principle of equivalent
transition during thermal engineering calculations of TT. A simplified layout of the system for providing thermal
modes with the use of TT was created. The main calculations and experimental data of the system for providing
thermal conditions of modern sealed small-sized radars presented.

Moctynuna 1 okTa6pa 2020 ropa.
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B OdaHHOU cmambe paccmompeHa cxema Kanubposku u ¢hasuposaHusi MHO20KaHalbHOU yughposol
aHmeHHoU pewémku. Cmambs co0epXxum meopemudeckue 8bIKiiadKu, onuchisaowue nPUHYUNbI U aneopummsl
U3MepeHUs1 OMHocUmMenbHbIX KoaghhuyueHmos rnepedadu NPUEMHbBIX KaHa/l08 Ha OCHOBE KOPPessiyuOHHOU
Mampuubl, USMePeHUsT OMHOCUMesbHbIX KoaghghuyueHmos nepedadu mpakmoe CxeMbl KanubpoeKku, a makxe
anesopumm ¢hasuposaHusi MHo20KaHabHO20 nepedaroujeco ycmpolcmea.

Knrodeenie crnioea: kanubposka, cxema kKanubpoeku, koaghguyueHm nepedayu, ¢hazuposaHue repedaro-
wezo ycmpoticmea, 6510k 8800a KOHMPOIILHO20 CU2Haa.

This piece discusses the calibration and phasing pattern for a multichannel digital antenna array. The article
contains theoretical calculations describing the principles and algorithms for measuring the relative transmission
coefficients of receiving channels based on a correlation matrix, relative calibration pattern path transmission
coefficients, as well as a multichannel transmitter phasing algorithm.

Keywords: calibration, calibration pattern, transmission coefficient, transmitter phasing, pilot signal input unit.

B craThe U3I0XKEHBI TEOPETHYESCKIE BEIKIIAIKHI, ONCHIBAIOIINE IIPHHIIUAIIB U AITOPUTMBI U3MEPEHUS OTHO-
CHUTCJIBbHBIX KOS(I)(I)I/IHI/ICHTOB nepeaayu npueMHbIX KaHaJIOB Ha OCHOBE KOppeHﬂHI/IOHHOﬁ MaTpulbl, ITPUBCICHBI
M3MEPEHHUs] OTHOCUTENBHBIX KOA(P(QUIMEHTOB Mepeiayl TPAKTOB CXeMbl KaJIMOPOBKH, a TaKke alnroputM dasu-
POBaHMsSI MHOTOKaHAJILHOTO TMEpeaaIero yctpoicTna. [Ipemioxena HoBast cxemMa KanuOpOBKH U (pasupoBaHuUs
MHOT'OKaHaJNIbHOW HH(POBOM aHTEHHOH pemeTkd. OTMEUYEHO, YTO B Ciydae pPa3paboOTKH MHOTOKaHAJIBHBIX
YCTPONCTB MpUEMa U Mepeaadn BCeria BO3HUKAeT BOIPOC 00 n3MepeHnn K03 PUIIMeHTOB epeaun STHX KaHa-
JIOB C IIETIBIO MOCTEIYIONIETO yYeTa UX 3Ha4eHUH B paboTe YCTPOMCTB B IETIOM JUIS HCKIIIOUCHHS OIMIHUOOK, CBS-
3aHHBIX C MX HE3HAHUCM.
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USING RESULTS OF DIGITAL RECEIVING ANTENNA ARRAY
TRANSMISSION COEFFICIENT CALIBRATION
FOR MULTICHANNEL TRANSMITTER PHASING

A.lL. Danilenko, S.A. Uryupin

The article shares theoretical calculations that describe the principles and algorithms of relative receiving
channel transmission coefficient measurement based on a correlation matrix, provides relative calibration pattern
path transmission coefficient computations, as well as a multichannel transmitter phasing algorithm.

It also proposes a new pattern of multichannel digital antenna array calibration and phasing. It is noted that,
when multichannel receiving and transmitting devices are being developed, there is always an issue of measuring
transmission coefficients for these channels in order to subsequently consider their values during the general
operation of these devices with the air of eliminating errors caused by being unaware of them.

MocTtynuna 2 okta6psa 2020 ropa.
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lpusedeHbl pe3ynbmambl 3MeKmMpPOOUHaMU4YecKko2o MooesuposaHusi aremeHmos 4-nopmosozo CBY
mpakma Ouana3oHos Yacmom npuema 11.7-12.75 [Ty u nepedayqu 17.3-18.4 [Ty, pabomarouje2o Ha Kpy208oU
ronsipusayuu. PaccmompeHs! criedyrouue sreMeHmsl mpakma: obrlydamernb, rnosispu3amop, 5-rnopmosesbill cenex-
mop nonsapu3ayuu u YacmommHabil Ouriiekcep. B pabodux duanazoHax yacmom KCB obnyyamens He 6onee 1.2,
ronsipusamopa — He bonee 1.2, cenekmopa — He bonee 1.3, koaghchuyueHm annunmuyHocmu — He bornee 1.1,
a cenekmop umeem ypogeHsb MosspusayuoHHoU pa3esasku He bonee 60 0b. B nonocax npornyckaHusi KCB durninekcepa
nexxum Huxe 1.2, a passsiska mexdy Yacmomamu ripuéma u nepedayu npesbiwaem 70 0b. [NpusedeHbi epachuku
4acmomHbIX Xxapakmepucmuk.

Knroyeenle crioga: criymHuUKogasi ces3b, 4acmombl rpuéma, Yacmomai nepedayu, 351eKmpoOuHaMu4ecKoe
moOenupoegaHue, Monspu3ayuoHHbIl cenekmop, YacmomHdbil dunnekcep, CBY mpakm.

The results of an electromagnetic simulation of the elements of a circularly-polarised 4-port microwave path
within 11.7-12.75 GHz downlink and 17.3-18.4 GHz uplink frequency bands are presented. This article describes
the following elements of the path: feed, polarizer, 5-port polarization selector and frequency diplexer. In operating
frequency ranges, the VSWR of the feed does not exceed 1.2, the polarizer’s stays below or equals 1.2,
the selector’s never reaches 1.3, the ellipticity coefficient is no more than 1.1, and the selector’s maximum
polarization isolation level is 60 dB. In passbands the diplexer’s VSWR is below 1.2, while the isolation between
the uplink and downlink frequencies exceeds 70 dB. Frequency response graphs are provided.

Keywords: satellite communication, downlink, uplink, electromagnetic simulation, orthomode transducer,
polarization selector, frequency diplexer, antenna feed.

[IpencraBneHsl pe3yibTaThl 3JIEKTPOJMHAMUYECKOTO MOJCTHUPOBAHMSA 3JeMeHToB 4-moptoBoro CBUY-
TpakTa ¢ rnojocamu padounx vactot npuéma 11.7-12.75 I'Tu u nepenayu 17.3-18.4 I'T, paboTtaromux Ha Kpy-
TOBOH TmoJsipu3anyu. B 3Tol cTaTthe paccMaTpUBAIOTCS CIEAYIONINE 3JIEMEHTHI TPakTa: 00JIydaTellb, MoIsIpHu3a-
TOP, S-TIOPTOBBIH CENIEKTOP MOJSPU3ALNHT U YaCTOTHBIH AuIuiekcep. OOrydares npecTaBiseT co0oi Koppuru-
POBaHHBII PYIOp C COMNIACYIOLIEH CTyneHbKoH. [Tonsipru3aTop BBIIOIHEH HA OCHOBE KBaJAPaTHOTO BOJHOBOJA C
nradparMamMu. KoHCTpyKIMS IIMPOKOIIOIIOCHOTO CEJIEKTOPA IOJISIPU3allii OCHOBAaHA Ha TYPHHKETHOM Iepexo-
ne. O6mydatens obecnieunBaet koaddurment ycunenus 10.8 nb, npu atom yposens KCBH ne npesbimaer 1.2.
Koadpunment smmnrtuarocty nosspusaropa coctaiseT 1.08. Cenexkrop obecneunBaer odenp Hu3knii KCBH
Ha BeIxozax (amxe 1.15) ¢ paspsskoii 6omee 60 nb. YacTOTHBIN JUIIIEKCEp COCTOUT M3 TpeX 3neMeHToB. llep-
BBII — 3TO MPEIBAPUTENILHBIN YaCTOTHBINA AMIIEKCEP HA OCHOBE TPOWHHUKA B INIOCKOCTH E, B KOTOPOM HCIOJIb-
3YIOTCSI PE30HAHCHBIE auadparMbl JUIA Pa3Bs3KHA COOTBETCTBYIONIUX YacTOT ¢ ypoBHeM 3aryxaHus 20-25 nb.
BTopoii a1eMeHT - 3T0 GIIBTP HIKHUX YacTOT HAa KOPOTKO3aMKHYTHIX IUIeH(ax ¢ eMKOCTHOM auadparMoit mis
cornacoBanus. OH umeer KCBH ke 1.1 u m3onsanuto Beimie 65 nb. Tpetuit aneMeHT — QUIBTP BEpXHUX Ya-
CTOT Ha OCHOBE 3alpe/IeNbHOr0 BoJHOBOAa. YpoBeHb KCB obecnieuen Hike 1,1, a ypoBeHs pa3Bsa3ku Bblme 50
nb. OTH 31eMeHThl ObUTH 00BEJMHEHBI C UCTIOIb30BAHUEM HACTPANBAEMBIX MPSIMOYTOJBHBIX Y4aCTKOB BOJIHOBO-
Jia, 9TOOBI M30eKaTh CUH(A3HbIX IMKOB B COOTBETCTBYIOIMINX NosiocaX. OKoHYaTeNbHast KOHCTPYKIMS YaCTOTHO-
ro aurutekcepa uMeer KCB Hmxe 1.2 1 ypoBHHM pa3Bsi3ku Hioke -70 n1b B 06enx nosocax 3arpaxieHus, 4To co-
OTBETCTBYET TPEOOBAHUSIM.
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ELECTROMAGNETIC SIMULATION OF SATELLITE
COMMUNICATION STATION PATH ELEMENTS

A.D. Drize, K.N. Klimov

The results of an electromagnetic simulation of the elements of a circularly-polarised 4-port microwave path
within 11.7-12.75 GHz downlink and 17.3-18.4 GHz uplink frequency bands are presented. This article describes
the following elements of the path: feed, polarizer, 5-port polarization selector and frequency diplexer. The feed is
a corrected horn with a matching step. The polarizer is designed on the basis of a square waveguide with irises.
The design of the broadband selector is based on a turnstile transducer. The feed provides a gain of 10.8 dB
while the VSWR level does not exceed 1.2. The polarizer ellipticity coefficient is 1.08. The selector provides a very
low VSWR at its outlets (below 1.15) with an isolation of more than 60 dB. The frequency diplexer consists of
three elements. The first is a preliminary frequency diplexer based on a tee in the E plane, which uses resonant
irises to isolate the corresponding frequencies with an attenuation level of 20-25 dB. The second element is a low-
pass filter based on short-circuited stubs with capacitive irises for matching. It has a VSWR of no more than 1.1
and an isolation above 65 dB. The third element is a high-pass filter based on an evanescent waveguide. The
VSWR level is made sure to be below 1.1, and the isolation level is above 50 dB. These elements were combined
using custom rectangular waveguide sections to avoid common-mode peaks in the respective bands. The final
design of the frequency diplexer has a VSWR below 1.2 and isolation levels below -70 dB in both stopbands,
which meets the requirements.

Noctynuna 21 ceHTA6psa 2020 roaa.
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TEOPETUYECKUE OCHOBbI OLIEHWBAHUA ITO/THOTbI
M JOCTOBEPHOCTH 10/TYHEHHOU
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Cmambs nocesiwieHa pa3pabomke HOBbIX MPUKIaOHbIX Mmeopuli, coCmasssruux OCHo8y paspabomku
UHHOBAUUOHHbIX mexHonoauli obpabomku uamepumesnbHOU UHGhopMayuu, Moy4YeHHOU 8 YCrio8usiX OMEX.
OHa opueHmuposaHa Ha pa3pabomKy meopemu4eckux OCHO8, MO38ONSWUX OUeHUMb nosiHomy u docmosep-
HOoCcmb U3MepumesnbHOU UHGopMayuu 8 ycrosusix eé uckaxeHull. [lonydyeHHble pesyrbmambl 03605m
paspabomamp npuknadHble Mamemamuyeckue Memoobl, M0380MAWUe yyecmb npu rnepedadye u obpabomke
usmepumenbHol UHopmayuu eé creyuguyeckue ocobeHHocmu. B ux yucne npedcmasrieHue OaHHbIX
obpasamu-ocmamkamu, ro3eosnsowee obHapyxueamb U Ucrpaensms OWUGKU U3MepeHUl, 8bi38aHHbIE
nepedayeli usmepumensHoOU UHGhopMayuU o KaHaam ¢ nomexamu.

Knroyesbie cnosa: rnomexa, 3awymnérHbll KaHan, menemempusi, ripedcmasneHue OaHHbIX obpa3amu-
ocmamkamu, 3KOHOMHOe romexoycmouidueoe kKoduposaHue, brdxem paduokaHana, 8bI4UCIUMEesibHbIe
ocobeHHocmu cucmem 0bpabomku usmepumensHoU UHghopmayuu.

The article is devoted to the development of new applied theories that form the basis for the development
of innovative technologies for processing measurement information obtained under interference conditions.
It focuses on the development of theoretical foundations to assess the completeness and reliability of measure-
ment information in terms of its distortion. The results make it possible to develop applied mathematical methods
that allow for the consideration of measurement information specific features when transmitting and processing it.
This includes the representation of data as images by leftovers, which enables us to detect and correct
measurement errors caused by the transmission of measurement information over noisy channels.

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

Cratps TOCBsiIIIeHa Tpo0OJieMe MOBBIIIEHN 3((GEKTUBHOCTH Tiepeadn U 00pabOTKH M3MEPUTENBHON WH-
topmarmu. IToxazaHo, 4To OHA HE MOXET HAaWTH MPUEMIIEMOT0 pelieHa Ha OCHOBE MCIOJIb30BAaHHUS TPAAUIIHOH-
HBIX METOJIOB NPECTABICHUS TaHHBIX, CHTHAJIOB U CTPYKTYPHO-KOJOBBIX KOHCTPYKLHUH. B croxkuBmuxcs ycio-
BUSIX JIOCTIKCHHE NMPHHIIUINAIBLHO HOBBIX PE3YNIbTAaTOB CBS3aHO, IPEXKJE BCEro, C pa3pabOTKOW HOBBIX MPH-
KJIAJIHBIX TEOPHH, 00eCIIeYnBAIOIINX BO3MOXHOCTD MPHUBJICYCHHUS K PEIICHUIO MPOOIEMHBIX BOIIPOCOB Pa3BUTHS
CHCTEM H3MepeHui, mepenadn, cbopa u 00pabOTKM KOHCTPYKTHBHBIX MAaTEMaTHUECKUX TEOpUH mepemadu MH-
¢opmary 1 006paboTKM aHHEIX. Ha OCHOBE BBIIIOJIHEHHOTO TEOPETUYECKOT0 OOOCHOBAaHMS, OTHOCSIIErocs K
OLICHWBAHMIO TIOJHOTHI M JJOCTOBEPHOCTH IOJIyYEHHOH W3MEpHUTENILHON HMH(pOpMaIuK, pa3padoTaH psj NpH-
KJIaJHBIX MaTeMaTHYeCKHX TEOPHUH, COCTABIIOMINX OCHOBY HAayYHO-METOJMUYECKOTO OOECHeUeHHs] COBEPIICH-
CTBOBAHUS CYIIECTBYIOLIETO IOJUTOHHOTO M3MepurenbHoro kommuiekca (ITMK). Onpenenena HeoOXoauMOCTb
MPUBIEUCHNS HOBBIX PE3€PBOB, OCHOBY KOTOPBIX COCTABISIET PACHIMPEHHOE UCIIOJIb30BaHME IpU Nepegade u
00paboTke MH(POPMAIMH HETPAAUIIMOHHOTO NPECTABICHHS JaHHBIX B cUCTeMe ocTaTouHbIX kiaccoB (COK).
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THEORETICAL BASIS FOR EVALUATING COMPLETENESS
AND RELIABILITY OF RECEIVED MEASUREMENT
INFORMATION

G.V. Svetlov, S.S. Kukuschkin

The article is devoted to the problem of improving the efficiency of measurement information transmission
and processing. It demonstrates that there cannot be an acceptable solution based on the use of conventional
methods of data representation, signals, and structural-code constructions. Under the current conditions,
the achievement of fundamentally new results is primarily associated with the formulation of new applied theories
that provide the opportunity to involve constructive mathematical theories on information exchange and data
processing in solving relevant issues of measurement, transmission, collection and processing system
development. A number of applied mathematical theories that form the basis of scientific and methodological
support for improving the existing polygon measuring complex have been developed on the basis of theoretical
justification related to the assessment of the completeness and reliability of received measurement information.
A need to think outside the box is stated, and the potential of this approach is grounded in the expanded use
of non-traditional data representation in the system of residual classes during the transmission and processing
of information.

MocTtynuna 23 ceHTAGps 2020 ropa.
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lMpedcmasneHHasi MemoOuKa OUEHKU 8epOsIMHOCMU C80e8PEMEHHO20 OOCMUXEHUS Uernu (hyHKUUOHUPO-
8aHUS cuCmMeMbl OCHO8aHa Ha payUoHasIbHOM UCMOIbL308aHUU UHMeepasibHo20 ypasHeHusi Bonbsmeppa emopo-
20 poda 8mopoeo rnopsdka, YmMo Ha fpakmuke No3eossiem y4umbieams PasfiuyHble ycrnosusi (hyHKUUOHUpPO8a-
HUSI cucmeM 80eHHO20 HasHadeHus. TMpu amom paccmampueaemasi Memoouka rpedrnonazaem payuoHasbHoe
ucrionb3oeaHue UHopMayuu, Mosyd4eHHOU 8 rnpouecce IKcryamauyuu CcucmeM B0€HHO20 Ha3HaYeHUs.
[na amol yenu cosdaHa npozpamma 0nsi IBM «Pacuém eeposimHocmu ceoespeMeHHo20 OOCMUXKEHUS Uesu
PYyHKUUOHUPOBaHUSI cucmeMbl 8 Heb1a2onpusimHbIX yCrI08USIX 8 3a8UCUMOCMU OmM 8peMeHU NPUHAMuUs u dose-
OeHusi yrpasnieH4YecKux peweHull 8 UHhoOpMayUOHHOM yukre yrpaeneHus». [NpusedeHbl cxema paspabomku
u rnpumeHeHus1 MemoOuK, 6a3oeble YOPMYyIibI U yYCII08US MPaKMU4YeCKO20 MPUMEHEHUS.

Knrodeenle cnoea: anzopumm, memoduka, OUeHKa, 8peMsi, 8epOsIMHOCMb, CUCMeMa, Ka4ecmeo, Ueslb,
ynpasneHue, aKcriyamauusi, 3¢o¢hekmueHoCcmb.

The article presents a timely system functioning goal achievement probability assessment methodology
based on the Volterra integral equation of the second kind, which makes it possible to take into account various
conditions of military system functioning. This methodology implies efficient use of information received
in the process of military system operation. For this purpose, a computer programme titled «Timely system
functioning goal achievement probability calculation in unfavorable conditions depending on the time of making
and implementing of managerial decisions in the information management cycle» has been created. The article
describes how the methodology has been developed and applied, as well as its basic formulas and the conditions
of its practical application.

Keywords: algorithm, methodology, assessment, time, probability, quality, goal, management, operation,
effectiveness, system.

B Hacrosiiee BpeMst 0HON M3 BayKHEHIINX 3a7a4 B cepe MoBhIIIeHUs 3G QEeKTHBHOCTH yIpaBIeHHs SKC-
IUTyaTallie CUCTEM BOEHHOTO Ha3HAueHHMs (ajnee — CHCTEM) M NPUHSATHH CBOEBPEMEHHBIX M 0OOCHOBAHHBIX
YIPaBIEHUYECKUX PEIICHUH MO MOAAEPKAHHUI0 CUCTEM B FOTOBHOCTH K NPUMEHEHUIO SIBJISIETCS HCIOJIb30BaHHE
PE3yJIbTATOB PAacUeTOB KOJINYECTBEHHBIX 3HAYECHUI BEPOSTHOCTHO-BPEMEHHBIX XapakTepucTHK (naiee — BBX),
Ha OCHOBE MH(OPMAIMH, ITOJTYIEHHOH B IPOLECCE HKCIITyaTal[Mi STHX CUCTEM.

PanmoHanbHBIM My TEM peleHus TaHHOW 3a/1a4yu SBIsieTcs pa3paboTKa U MPUMEHEHHUE TpejiaraeMoi Me-
TOJIMKN OIIEHKH BEPOSITHOCTH CBOEBPEMEHHOTO JOCTIDKECHHUS IeN (yHKIHOHHUPOBAHUS CHCTEMBI COBMECTHO C
nporpamMmoii st O9BM «PacueT BepOSTHOCTH CBOEBPEMEHHOTO TOCTIDKEHHS LelH (yHKIMOHUPOBAHUS CHUCTE-
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MBI B HEOJIarONPHUATHBIX YCIOBUSIX B 3aBUCHMOCTH OT BPEMEHHM IIPUHSATHS U JIOBEJCHUS YIPABICHYECKHUX pele-
HUH B MHOPMAIIMOHHOM LIMKJIE YIpaBlieHus (nayiee — MeTtoanka u mporpamma st 9BM). Meroauka ocHoBa-
Ha Ha Hay4HbIX paborax [.1. A3apoBa B obiacTu MpuMeHEHHS HHTETPATFHOTO ypaBHEHHS BomsTeppa BTOpOro
poza BToporo nopsjaka npu pacuerax BBX cucremsl cBs3u.

Hasnauenne MeTonuKH: pacdeT BEPOSITHOCTH CBOEBPEMEHHOTO JOCTIDKEHHS LENH (YHKIMOHUPOBAHUS
CHCTEMBI B 3aBUCHMOCTH OT BPEMEHH 0€30TKa3HOTO (pyHKIMOHHPOBAHMS CHCTEMBI, PE3EPBHOTO BPEMEHH U TIpe-
JETTbHO BO3MOXKHOTO YHCIIA OTKA30B (HEHCIIPAaBHOCTEH) SJIEMEHTOB B COCTABE CHCTEMBI.

Paspaborannsie Mertoamka u nporpamma st OBM (peamm3syromas naHHy!0o MeTOANKY) MOTYT OBITH HC-
TMOJIB30BaHBI JJIsi 0OOCHOBAHUS YNPABICHYECKUX pEIICHUH NpH oOecreYeHHH OINEPaTHBHOCTH YIPABICHHUS B
cdepe YyCTOHIUBOCTU CHCTEMBI.

B nporpamme s 9BM npumensiercs s3bIk mporpammupoBanusi: CH.

OCHOBHOM TOJIOXUTEIBHBINA 3P(EKT: CyIeCTBEHHOE COKpAIlleHNEe BPEMEHH OLICHKH BEPOSITHOCTH JOCTH-
JKSHUS 1eNM (QyHKIMOHMPOBAHHS CHUCTEMBl B HEOJIArONPUSITHBIX YCIOBHAX, SICHBIH (PU3NYECKUI CMBICT BBOIM-
MBIX MEPEMEHHBIX M BO3MOXKHOCTh aHaJM3a 3aBHCUMOCTU YBEJIMYEHHSI BEPOATHOCTH JOCTIIKEHHUS LM CHCTe-
MOH NP yMEHBUICHUN BPEMEHN IPHHATHS PALMOHATIBHBIX YIIPABICHIECKUX PEIICHUH 3a cUeT MpuMeHeHust Me-
TOIMKH ¥ TIporpamMMsl it OBM.

JIUTEPATYPA

1. Asapos I.WN. TeopeTnyeckne o0CHOBbI aHanu3a onepaTMBHOCTY Nepedadn MHOpPMaLuM B CMCTeMax yrnpaBiieHNs U CBA3K:
MoHorpacdus // Akagemusi TTIC MHYC P®. — Mocksa, 2012. — 80 c.

2. BbunatauHos K.3. Pac4ét BeposiTHOCTM CBOEBPEMEHHOIO AOCTWKEHNS Lenn PyHKLUMOHMPOBaHNA cuctemsl B Hebnaronpu-
ATHBIX YCMOBUAX B 3aBUCMMOCTN OT BPEMEHW NPUHATUS U [OBEAEHNS YNpaBieHYeCKUX peLleHnin B UHPOPMALMOHHOM LinK-
ne ynpaenenus // CBMOeTeNnbLCTBO O rocyAapCTBEHHOW perncTpaumm nporpamm ana 3BM Ne 2019661734, nata rocyaap-
CTBEHHOW pernctpaumm 06.09.2019.

3. KysHeuoB [1.®. YucneHHoe mMopenupoBaHne CTOXacTUYecknx anddepeHumnanbHbiX YPaBHEHUA U CTOXaCTUHECKUX UHTe-
rpanos. — Cl16.: Hayka, 1999. — 459 c.

4. INarytuH M.B. HarnsgHas matemaTtudeckasi ctatuctuka. — M.: M-uenTp, 2015. — 475 c.

5. ManteneeB A.B. MeTtoabl onTumm3aunm B npumepax v 3agadax: y4eb. nocobve. — M.: Beiclias wkona, 2002. — 544 c.

SYSTEM FUNCTIONING GOAL ACHIEVEMENT PROBABILITY
ASSESSMENT METHODOLOGY

K.Z. Biliatdinov, V.V. Meniailo

Nowadays one of the most significant tasks in the sphere of military system (hereinafter, system) operation
management efficiency improvement and timely, logical managerial decision-making aimed at keeping systems
in operational readiness is the use of the calculations of the values of probabilistic and temporal characteristics
(hereinafter, PTC) based on data obtained in the process of system operation.

A logical way to achieve this task the creation and application of a timely system functioning goal achievement
probability assessment methodology with the help of software called «Timely system functioning goal achievement
probability calculation in unfavorable conditions depending on the time of making and implementing of managerial
decisions in the information management cycle» (hereinafter, Methodology and Software). The Methodology has been
developed based on the works of G.l. Azarov on the application of the Volterra integral equation of the second kind
when calculating the PTC of communications systems.

Methodology Purpose: timely system functioning goal achievement probability assessment depending
on its trouble-free performance time, buffer time and the maximum possible number of element failures (defects)
within a system.

The developed Methodology and Software can be used to justify managerial decisions when ensuring
management efficiency in the sphere of system stability.

Software uses the C# programming language.

The main positive effect: considerable decrease in the time of system functioning goal achievement probability
assessment in unfavorable conditions, clear physical meaning of introduced variables, and the possibility to analyse
the correlation between the increase in the system goal achievement probability and the decrease in the time spent
on logical managerial decision-making thanks to the employment of Methodology and Software.

Moctynuna 24 nronsa 2020 roaa.

BECTHUK BO3YLUHO-KOCMUYECKO OBOPOHbI N2 4(28), 2020 r.



PA3[ES: NMPUKNAQHBIE 3AAA4YU MPUMEHEHMSI NHOOPMALIMOHHBIX TEXHONTOTMiA

YK 621.396

UCIMONb30BAHNE NHOWBALYANbHbIX
QR-KOHOB COTPYHUKOB MPELMPUSITUN
MPY ®OPMUPOBAHWY TBOPYECKUX KOJITEKTUBOB
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A.A. XXunsieB doKmop mexHUYeCcKuUX HaykK, npogheccop,
3am. HavarnbHuka omodena, [NAO «HIO «Anma3s», e. Mockea
E-mail: info@raspletin.com

Ob6ocHosbigaemcs yenecoobpa3Hocmpb UCNOIb308aHuUsi UHOUBUAyarnbHbIXx QR-k0008 compyOHUKO8 rnpeo-
npusmud npu ¢hopMuUpPOBaHUU MBOPHECKUX KOJIIekmugos Orsi pa3pabomku UHHOB8aUUOHHbIX 06pa3y08 mexHUKU
Ha npednpusimusix 060pPOHHO-POMbIUIEHHO20 KOMIIEeKca.

Knroyesnle cnoea: uHHog8auuu 6 obriacmu 800pyXeHUl U 80eHHOU mexHUKU, 6a3a daHHbIX M0 8bIMyCKaeMbIM
uslenusim, uHOusudyarnbHbil QR-k00 compydHuKa, creyughuka pa3pabomku, rnMPogeccuoHabHas Keanughuxkayus,
pomauusi compyOHUKO8, asmoMamusuposaHHasi Modbopka nepcoHara.

The value of using individual QR codes of enterprise employees in the formation of creative teams for
the development of innovative models of equipment at military-industrial complex enterprises is justified.

Keywords: innovations in field of weapons and military equipment, database of manufactured products
at concern's enterprises, individual QR code of employee, development specifics, professional qualifications,
employee rotation, automated recruitment.

Vcnonp3oBanue MHAUBUIYaTbHBIX QR-KO0B COTPYAHUKOB NPEANPUATHI TO3BOJIAET ONTHMHU3UPOBATE CO-
CTaB TBOPYECKOTO KOJIJIEKTHBA B 3aBHCHMOCTH OT TEMAaTHKH BEAYyLIEHCs: pa3pabOTKU U CTaJiM €€ MPOBEACHHUS.
Conepxamuecs B HHAUBHIyaIbHBIX QR-Komax cBenenust 00 ypoBHe 6a30BOro oOpa3oBaHMs, HOBBIMICHHS KBa-
TMUKAMK ¥ TIPOXOKAEHHS JONOJIHUTENbHOr0 o0ydenus, yuactuss B HOKP moszBosstior GecnpucTpacTHO
OLICHNUTH KBAJIM(UKAIMIO KOHKPETHOTO COTPYIHUKA, €0 HABBIKM M OIIBIT paOOTHI IJIsl TPUBJICYEHUS K y4acTHIO B
(hopMHPYEMOM KOJIIEKTHBE.
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USING INDIVIDUAL EMPLOYEE QR CODES
IN THE FORMATION OF CREATIVE TEAMS

A.A. Zhiliaev

The use of individual QR codes of employees of enterprises makes it possible to optimize the creative team
depending on the subject of ongoing development and the stage of its implementation. The information contained
in individual QR codes about the level of basic education, advanced training and additional training as well
as participation in R&D allows the employer to impartially assess the qualifications of a particular employee,
their skills and work experience in order to recruit them to the team that is being formed.

MocTtynuna 23 ceHTA6psa 2020 ropa.
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Cmames riocesiuweHa smarnam npoekmuposaHusi 8 pa3pabamsigaeMoli ome4yecmeeHHOU cucmeme agmomamu-
3uposaHHo20 npoekmuposaHusi (CATP) paduornokayuoHHbix cmaHuuti (PJ1C), komnnexkcos u cucmem. Npedcmasrie-
Ha KoHuenyus poekmuposaHusi 8 CATIP, exroqatowass mpu yposHsi npedcmaesnerusi PIIC: cucmemHbil, ¢hyHKUUO-
HarbHbIU U CMPYKMYpPHO-KOHCMPYKMuUeHbIU. PaccmompeH uHcmpymeHmaputi CATP. OnucaH mapuwpym rpoekmu-
posaHusi PJIC, cocmosiwuti us criedyrouux OCHOBHbIX amarios: amar npedsapumesisHol oueHKu rnapamempos PJIC,
aman uUMumauyuUoHHO20 MOOeTUPO8aHUs], amarl MexXHUKO-9KOHOMUYECK020 aHanusa eapuaHma PJIC, aman onmumu-
3ayuu. lNokazaHo, YmMo OCHOBHbIM pe3yribmamom rpoekmuposaHusi 8 CAlIP sensemcs MHOXecmeo eapuaHmos
PJIC, onmumaribHbIX o Kpumeputo 8uda «3¢hgheKmu8HOCMb-CIMOUMOCIIbY.

Knroyeeble crnioea: cucmema asmomMamu3upo8aHHO20 MPOEKMUpPOoBaHuUs, pPaduOIOKaUUOHHas CmaHyus,
umMumayuoHHoe modernuposaHue, ModesiuposaHue boeeabix delicmeull, OUCKPemHO-cobbimuliHoe ModesiuposaHue,
rowazoeoe MoOeruposaHue.

The article studies design stages of a domestically-developed computer-aided design (CAD) system for radars,
complexes and systems. A CAD concept is presented, which includes three levels of radar presentation: systemic,
functional and structural-constructive. A CAD toolkit is studied. A radar design flow is described, which consists
of the following main stages: preliminary radar parameter estimation stage, simulation modelling stage, technical
and economic radar modification analysis stage, and optimization stage. It is shown that the main result of CAD design
is the variety of radar modifications that are optimal in terms of cost-effectiveness.

Keywords: computer-aided design system, radar, simulation modelling, combat simulation, discrete-event
simulation, step-by-step simulation.

Cratbs TOCBSIIIIEHA 3TalaM IPOEKTHPOBAHMS B pa3padaThiBaeMOil OTEYECTBEHHON CUCTEME aBTOMAaTH3HPO-
BanHoro npoektupoBanus (CAIIP) pagnonokaunonnsix cranuuit (PJIC), komruiekcoB u cucreM. OTINYNTENb-
HOU ocoOeHHOCThIO pa3pabareiBaemoii CAIIP sBisieTcs Hanwure BO3MOXKHOCTEH ONMTHMH3AIMH TEXHHYECKUX
napameTpoB PJIC no kpurepuro Buaa «3¢p¢HeKTHUBHOCTH-CTOMMOCTE)» B YCJIOBHSIX KOHKPETHBIX CIICHAPHEB BO3-
JYITHO-KOCMHYECKOTO HATaIeHUsI B 0O0POHBI, YTO MO3BOJISIET yOSAUTEIEHO 000CHOBATh OOJIMK HEPCIIEKTUBHBIX
PaINoOIOKAMOHHBIX CHCTEM (KOMIUIEKCOB, CTAHIINI) BO B3aUMOCBSI3H C UX IIEJIEBBIM Ha3HAUEHUEM.

B pabote mpencTaBieHa KOHIIETIUS MPOSKTUPOBAHMNS, BKIIOYAIOIIAS TPH YPOBHS: CUCTEMHBIH, (DYHKITHO-
HaJIbHBIA U CTPYKTYpPHO-KOHCTPYKTUBHBIN. CHCTEMHBIH ypOBeHb BKIIIOUaeT B cebst pasmemenue PJIC, kak 00b-
€KTa CLIEHapus MOJEIMPOBAHMs, HA KapTaX MECTHOCTH, a TaKK€ KOMIIOHEHTOB PaJHOJIOKAlIMOHHBIX KOMIIIEK-
COB, IIeJIel W MaplIpyTOB MX JBW)KEHHS, UCTOYHHMKOB IIOMEX C 3aJaHueM HX TunoB. Ha ¢yHKIMOHaIHHOM
ypoBHe PJIC mpezcraBisiercss B Buae Habopa (YHKIMOHAIBHO 3aBEPIICHHBIX KOMIIOHEHTOB, ITO3BOJISIONIMX
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NPOBOJIUTH MOJICJIMPOBaHUE (POPMUPOBAHUSL, TPOXOXKAEHHU U 00padoTku curnana B PJIC (hopmupoBanue cur-
Halla, IepelaTuuK, aHTEeHHa, Cpe/ia paclpoCcTpaHeH s, MPUEMHUK, AuarpaMmmoobpasosanue, LIOC, [IOU, BOU,
TOMU, ympasnerne pexrmamu padotst PJIC).

Ha cTpyKTypHO-KOHCTPYKTHBHOM YPOBHE IMPOM3BOAHTCS co3zmanue (coopka) cTpykrypsl PJIC U3 roToBBIX
KOHCTPYKTHBHBIX y3JIOB (aHTEHHBIEC PELIETKH, IPUEMO-TIEPEAAIOIINE MOTYIIH, T€HEPATOPHI, BBIYUCIUTENH H T.1II.,
TaK)Ke MX COCTaBHBIC YaCTH) — MOJIENICH peabHO CYIIECTBYIOIUX 00pa3IoB, TM00 CO3IaHHBIX MOAEIEH HOBBIX
anmapatHeix komroreHToB PJIC. MapmpyT npoekrupoBanus PJIC B pa3pabarsiBaemoit CAIIP, coctout u3 cie-
JOYIOIINX OCHOBHBIX 3TanoB. CHauasia CiexyeT 3Tall NpeIBapuTeNbHON omeHkn nmapamerpos PJIC, TpeOGyeMbix
Juist obecTieueH s 3aJaHHbIX XapakTepucTHK. Ha gaHHOM aTare MOIyib MpeaBapUTeNbHON OLCHKH MapaMeTpoB
PJIC momy4aer B KauecTBE BXOAHBIX JAHHBIX YHCJICHHBIC 3HAYCHUS! XapaKTEPHCTHK, KOTOPHIC JOJDKHBI OBITH
obecrieueHbl U BEIYUCIIIET TpeOyeMble JJIsl STOTO 3HAUSHHUS ITapaMeTpOoB.

Ha sTane nMHTanMOHHOTO MOJEIMPOBaHHS Pa3pabOTYHK 3aJaeT CLEHApUil UMUTALIMOHHOTO KCIIEPUMEH-
Ta: cocras, pa3merieHue U Tubl PJIC, XapakTeprCTHKY 30HIUPYIONIMX CUTHAJIOB U PEXUM paboThl, COCTaB, TH-
Bl ¥ TPA€KTOPHBIE XapaKTEPUCTUKH LeNeH, TUIBI U pa3MelleHue (IapaMeTpsl IBUKEHUS) HCTOYHUKOB ITOMEX,
BBIJICIISIET 3HAYUMBIE KpUTEPHHU 3(D(EKTHBHOCTH U 3aIIyCKaeT MOACINPOBAHUE.

Ha ocHoBe aHanmu3a pe3yibTaToOB 3KCIIEPUMEHTa OIECHUBAETCS 3((EKTUBHOCTD BBIMOIHEHUS TPEOOBAaHHUH
0 peanm3aiuy neneBoi Gpynkmm moneupyemoii PJIC. [lanee cregyeT sTan TEXHUKO-3KOHOMUYECKOTO aHAJIH-
3a BapuaHTa (pemenuns) PJIC, roe mporcxoauT OpueHTHPOBOYHBIN pacdeT SKoHOMUYecknX mokazateneit PJIC Ha
ocHoBe CTpyKTyphl PJIC u ¢ y4eToM 3HaueHMI TEXHHYECKUX NapaMeTpoB cocTaBHbIX dactedd PJIC. B koHue
MPOBOAUTCS 3TAIl ONTUMHU3ALMH, HA KOTOPOM IJISI K&KIOTO paloHansHOro Bapuanra (pemenus) PJIC momyuqa-
I0TCS COOTBETCTBYIOLIHME 3HAUEHHS MoKa3arteleil 3 (heKTHBHOCTH — MO pe3yNbTaTraM 3Tara UMHTAIlMOHHOTO MO-
JISNIUPOBaHMA, 1 CTOUMOCTH — 110 pe3yJIbTaTaM 3Tama OLleHKH CTOUMOCTH.

VIMEHHO 5TO MHOKECTBO U SIBJISIETCSI OCHOBHBIM pe3yibTaToM npoektupoBanus B CAIIP. Takum oOpazom,
paspadateiBaemas CAIIP mpenocraBiseT MpoeKTUPOBIIMKY MHCTPYMEHT (GopmupoBanus obnuka PJIC nox 3a-
JIAaHHBIE TAKTHYECKHUEe TPeOOBaHMs M TpeOOBaHMs Ha3HAUYEHHS C BO3MOYKHOCTBIO CPaBHEHHS W BbIOOpa pas3iiny-
HBIX BapuaHToB ucnoiaHenus PJIC.
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STAGES OF DESIGNING ADVANCED RADAR STATIONS
IN A SPECIALIZED DOMESTIC CAD SYSTEM

A.P. Konovalchik, M.Y. Konopelkin, A.O. Schiryi, A.A. Arutyunyan
The article studies design stages of a domestically-developed computer-aided design (CAD) system for radars,

complexes and systems. A distinctive feature of the CAD system under development is the ability to optimize
the technical parameters of a radar based on the cost-effectiveness criterion in the context of specific aerospace attack
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and defence scenarios, which makes it possible to convincingly explain the exterior of advanced radars (complexes,
stations) in relation to their intended purpose.

The paper presents a design concept that includes three levels: systemic, functional and structural-constructive.
The systemic level includes the positioning of a radar as an object in a simulation scenario on terrain maps as well as
that of radar system components, targets and their routes, and sources of interference with specification of their types.
At the functional level the radar is represented as a set of functionally complete components that allow for simulating the
shaping, transmission and processing of a signal in the radar (signal shaping, transmitter, antenna, transmission
medium, receiver, beam formation, DSP, primary, secondary, and tertiary processing, radar operating mode control).

At the structural-constructive level the creation (assembly) of the radar structure is carried out from ready-made
structural units (antenna arrays, transceiver modules, generators, processors, etc., as well as their component parts) —
models of existing devices or created models of new radar hardware components.

The radar design flow in the developed CAD system consists of the following main stages. First, the stage
of preliminary assessment of radar parameters required to ensure the specified characteristics. At this stage the prelimi-
nary radar parameter estimation module receives numerical values of characteristics that must be provided as input
data and calculates the required parameter values. At the stage of simulation the developer chooses a scenario
for a simulation experiment: the components, positioning and types of radars, sounding signal characteristics and the
operating mode, number, types and trajectory characteristics of targets, the types and positioning (movement parame-
ters) of interference sources; the developer also highlights significant performance criteria and begins the simulation.

Based on the analysis of experiment results, the efficiency of meeting the requirements for the implementation of
the target function of the simulated radar is estimated. This is followed by the stage of the technical and economic
analysis of a radar modification (solution) where an approximate calculation of the economic parameters of the radar
based on its structure and taking into account the values of the technical parameters of the radar's constituent parts
is performed. Finally, the stage of optimization takes place at which for each viable modification (solution) of the
radar the corresponding values of performance (based on the results of the simulation stage) and cost (based
on the results of the cost estimation stage) parameters are obtained. It is precisely such wide variety that is
the main result of CAD design. Thus, the developed CAD system provides the designer with a tool to shape
the exterior of a radar meeting the given tactical and purpose requirements with a possibility to compare
and choose different modifications of the radar.

Moctynuna 15 centa6psa 2020 ropa.
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Paccmampuesaromcesi 8onpockl Ha3Ha4YeHusi, cocmaea, CO8PEeMEHHO20 COCMOSIHUSI U MNepcriekmus paseumusi
enobarnbHoU auwernioHuUposaHHoU npomusopakemHoli 060poHb! CLLUA Ha esporielickoM KOoHMuUHeHme. Packpbigaromesi
nnaHbl CLLA o nepeHocy uyeHmpa msixecmu pabom o O0anbHelweMy HapalwjugaHUK C80e20 pomu8opakemH+o20
rnomeHyuana e Eeporny. B ocHosy apxumexkmypsi esponetickoli [TPO 6ydym nonoxeHbl cucmembl [TPO AEGIS
u AEGIS ASHORE. lMocrne KoppekmuposKu riaHoe Ha co3daHue esporetickoli [TPO omeodumcsi 11 nem — ¢ 2011
o 2022 200k!.

Knrouyeeble cnoea: npomusopakemHasi 0bopoHa, 60eeoli pakemHbill KOMIIEKC, paKema-rnepexsam4yuk,
paduosiokayuoHHast CmaHuyust.

The article tackles the issues of the purpose, components, modern state, and prospects of the development by the
USA of a global layered air defence system in Europe. It describes the plans of the USA to make Europe the centre of
their efforts to increase their air defence potential. The basis of the European ADS are going to be AEGIS and AEGIS
ASHORE systems. After the plans for its development have been reworked, the time accolated for this project is now
11 years — from 2011 to 2022.

Keywords: air defence, military missile complex, interceptor missile, radar.

B nactosmee Bpems CILIA co3maioT u peann3yroT TNTOOANBHYIO SMIEIOHHPOBAHHYIO IPOTHBOPAKETHYIO
obopony, pasBépThiBanne kotopoi mpoucxoaut B CIIIA, Mumo-TuxookeanckoMm pernone, Ha EBporerickom
KOHTHHEHTE.
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PA3[ES: MPUKNAQHBIE 3AAAYN MPUMEHEHUS MIHOOPMALIMOHHBIX TEXHONOMMIA

B crarbe paccMaTpuBaeTCsi COBPEMEHHOE COCTOSIHME U NepcrieKTHBhl pa3sutusi EBpolIPO, B ocHOBY KoTO-
poii Oyzer 3anoxeH komiieke AEGIS mopckoro u HazeMHOTro 6a3upoBaHUsL.

B cootBerctBun ¢ koHnemnmeir EBpolIPO B mocTpoeHHH BEpXHETO DIIEIOHA MepeXxBaTa y4acTBYIOT IPO-
tuBOpakeTHbIe KoMIuiekcsl THAAD, xopabnm, ocraménnsie cucremoit [IPO AEGIS ¢ mpotuBopakeramu SM-3
n HazeMHble KoMIuTekchl [IPO AEGIS ASHORE. Hwkauit s1renon nepexsara odecrievaT 3eHUTHBIE PaKeTHEIC
komruiekcsl Patriot PAC-3 u nepcnextuBabiii 3PK MEADS.

Ha co3ganme eBpomneiickoii [ITPO B paMkax peanm3anuy MO3TaTHON aJanTUBHON MPOTPaMMBI pa3BEPTHIBA-
uus [TPO B EBporre EPAA (European Phased Adaptive Approach) mocie KoppeKTHPOBKH IIIAHOB OTBOAUTCS 11
aet — ¢ 2011 mo 2022 roxpl, korga OyneT BBeIEH B CTPOH Ha3eMHbBIH KOMIIOHEHT PETMOHAILHON eBpPOIEHCKOM
cuctemsl [IPO AEGIS ASHORE B Ilonsme.

VYuactue CHIA B cozganuu ITPO Ha eBponeiickoM KOHTHHEHTE IIPEACTABIsET HEIOCPEACTBEHHYIO YTPO3y
HAIIMOHANIbHOM Oe3omacHocTH Poccuiickoit deneparium.
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MODERN STATE AND PROSPECTS OF GLOBAL LAYERED
AIR DEFENCE SYSTEM DEVELOPMENT IN EUROPE

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

These days the USA are developing and deploying a global layered air defence system in the States
themselves, Indo-Pacific region, and on the European continent.

This article describes the modern state and development prospects of the European Missile Defence
System, the foundation of which is going to be the sea- and ground-based AEGIS complex.

In accordance with the concept of EMDS its upper interception layer involves THAAD air defence complex-
es, ships equipped with AEGIS and SM-3 anti-ballistic missiles, and ground-based AEGIS ASHORE complexes.
The lower interception layer is composed of Patriot PAC-3 surface-to-air missile complexes and an advanced
MEADS SAMC.

The time allocated for the creation of the European MDS as part of the European Phased Adaptive
Approach (EPAA) to the deployment of ADS in Europe after this plan has been reworked is 11 years — from 2011
to 2022 — when AEGIS ASHORE, the ground-based component of the regional European ADS located in Poland,
will become operational.

The participation of the USA in the development of ADS in Europe is a direct threat to the national security
of the Russian Federation.

MocTtynuna 4 ceHTsa6psa 2020 roga.
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HAYYHbIE PELLEH3U 1 OT3bIBbl

PaguonokaumoHHble cuctembl nocagku PCIM-27C, PCI-28M:
Yye6Hoe nocobue / nog ob6w. pen. B.A. KopobkoBa. — M.: U3pa-
I IL Bemepexnr TeNlbCKO-TOproBas kopnopauma «dawkoB n K°», 2020. — 116 c.

B. M. Kopennkos, C. M. Koran

Ony6nukoBaHHast paboTa BBIMOJIHEHA aBTOPCKUM KOJIJIGKTHBOM
B coctaBe: I.Il. beanepckuii — JOKTOp TEXHUYECKUX HAyK, Tpodec-
cop (pykoBomutens); B.M. KopeHPKOB — KaHIMAAT TEXHHYECKUX
P Al HHUIE Hayk (3amectutens pykoBoautens), C.M. Koran, C.A. XapuToHoB,

CHCTEMBI IOCATTKH
PCII-27C, PCII-28M C.®. Hukonaes — kaHauaaT TexHudeckux Hayk, JLII SIkoBneB —
KaHIIUAAT TEXHHYeCKUX HayK. KHura BeImymieHa mox oOmei pemax-
LMel HaualbHHUKA BONCK CBSA3M — 3aMECTHUTENs HauanbHUKa [ 1aBHOTO
mraba BKC mo cBs3u renepan-maiiopa B.A. KopoOkoga.

YuyeOHoe mocobme TpeAHa3HAueHO IS CIEIUAINCTOB Paano-
TEXHUYECKOTO 00ECIeYeHNsI TIOJIETOB BOCHHON aBHAIMH, 3aHUMAIO-
LIMXCSA BOIMPOCAaMM JKCIUTyaTallid M MPUMEHEHUS paJuojIOKaIoH-
HeIX cucteM nocagaxku PCII-27C, PCII-28M.

B yuebHOM mocobun mpuBeNeHBI TAKTHKO-TEXHUYECKHE Xapak-
tepuctuku PCII-27C, PCII-28M u Mopaymnel, BXOISIIUX B UX COCTaB, U3JI0KEHBI IPUHITUIIBI TIOCTPOE-
HUS U TeXHUYECKHUE pellleHus], pealn30BaHHbIE B almaparype MoJyJel, paccMaTprUBalOTCS OMHUCAHUS
OCHOBHBIX CUCTEM H YCTPOHCTB MOAYJIEH U BOIIPOCHI UX B3aUMOJICHCTBHUSL.

VYuebHoe mocoOue MpeAHa3HAYEHO IS HM3YYEHHS TEXHUYECKHUX XapaKTepUCTHK, yCTpOicTBa
Y MPUHIMIA Pa0OThI paguoiokaoHHbIX cucteM nocanku PCII-27C, PCII-28M u comepxut cBelie-
HUS1, HEOOXOAUMBIE 00CITYKHUBAIOIIeMy TIepCOHAITy (pacuéTry) /Ui MPaBWIIBHON M 0€30MacHON IKCILTY-
aTal W3JENUs, TOAJIEPKAHUS €ro B TIOCTOSHHOW TOTOBHOCTH K TMPHMEHEHHWIO 10 Ha3HAYSHUIO,
a TaKkKe HauboJiee MOJHOTO UCIIOIB30BAHUS €r0 TEXHUIECKUX BO3MOXKHOCTEH.

Llenb — Ha op6ute. TemaTuyecknim cCOOpPHUK No uToram pado-
Tbl cekummn «lMpeunsmoHHble ONTUKO-3NEKTPOHHbIe U fnasepHble
cuctembl. MeToabl UX MUCNbITAaHUA U NpUMeHeHusi» Bcepoc-
P CUMACKOW Hay4yHO-TeXHU4ecKoW KoHdpepeHumMmn «PacnneTuHckue

TEMATWMECHWA CEOPHMK NO UTOMAM PABOTBI CEKLMK

(TPELA3MOHHBIE O (TROHHBIE U NIASEPHLIE yteHus — 2020». MockBa, 18-19 cdeBpana 2020 ropa / CocTaBu-
CUCTEMBI. METOOb! WA U NPUMEHEHWUA»

Srerceeviiiie vk i et Tenu B.B. KapauyHckun, A.B. HazapeHko. — M.: MAO «HINO «An-
Bt i ma3s», 2020. — 164 c.

, B cOopHuke npeacTaBieHa noa0opKa cTaTed, MaTepuanibl KOTo-
pBIX 0a3upyroTcd Ha pe3ysbTarax padoT, BBITIOJHEHHBIX 3a MOCTe]l-
HUE HECKOJIbKO JIET IO HaIPaBJIE€HUIO ONTHUKO-3JIEKTPOHHBIX U Ja3ep-
HBIX CHUCTeM creunanucramu [lyOnuyHoro akunoHepHoOro olIiecTBa
«HayuyHo-npon3Bo/ICTBEHHOE O0BEAMHEHHE «AJIMa3» UMEHHU aKaje-
muka A.A. PacrernHa» W KONJIEKTHBAMU JIPYTUX NPEANPUATHI H
opranmzauuid. IlyOnukauus cOOpHUKa BBI3BaHA TeM OOCTOSTENb-
CTBOM, YTO B MOCJIEAHHUE TOJIbI OJTHUM W3 BaXKHEHIIIMX U HHTEHCHUBHO
Pa3BHUBAIOIINXCS HATIPABICHUN HAYKH U TEXHUKH SBIISIETCS CO3/IaHUE
CJIOKHBIX ONTHKO-JIEKTPOHHBIX CHUCTEM, (PYHKIMOHUPYIONIUX B pa3-
JUYHBIX CYIIECTBEHHO HECTAllMOHAPHBIX YCIOBUAX. MaTepuansl cTareil JOCTATOYHO MOJIHO OXBAaThI-
BAIOT HauOoJiee aKTyalbHbIE 3aJaud Pa3BHTHS TEPCIEKTUBHBIX ONTHKO-3JIEKTPOHHBIX CHCTEM.
CoznaHHbIN 3HAYNTETBHBIA HAyYHO-TEXHUYECKHI 3a1€T1 SABIISETCSI OCHOBOW MEPCIIEKTUBHBIX pa3pado-
TOK TI0 ONITUKO-3JIEKTPOHHOMY U J1a3epHOMY HampasieHuto B AO «Konnepn BKO «Anmas — AHTei».
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