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B cmambe paccmampusgaromcesi 08a 83aUMOyBsi3aHHbIX 100xo0a K 860EHUI0 «CemeyeHmpu4yeckol 80UHbI» —
cospemeHHoU KoHuenyuu sedeHusi 6oeasbix delicmeull, Mpu Komopoli 8ce y4acmHUKU (komaHOo8aHUe, 80eHHas mex-
HUKa, Xueasi cuna) 06beduHeHbl 8 eQUHYH UHGbopMayUoHHyto cemb. [lepabiti u3z HUX rpedycMampusaem pa3pyule-
Hue paduoanieKmpoHHOU cemeueHmpu4Yeckol cucmemMb! npomueHuka. Bmopoul — co3daHue Haubonee 3awjuiéHHoU
aHaro2u4HoUl cucmeMsbl, KaKk COBOKYINMHOCMU OCHaWEHHBIX KOMIMbFOMEPHBIM UHMESTIEKMOM pa3HOPOOHbIX 06beKkmoes
(Ha0800HbIX Kopabsiell), 06beOUHEHHBIX eOUHOU 2510barnbHOl cembko U CriocOOHbIX delicmeogamb KakK CaMoCmosi-
mernbHO, mak u 8 epynrne 0nsi 0ocmuxeHus1 obwel uernesoli ¢hyHKUUU 8 yCriogusiX UHGDOPMaUUOHHO20 Mpomueo-
bopcmea. Llenbto cucmemsbi sigrisemcs nosbiweHue aghgpekmusHocmu delicmeuli coeOUHeHUsT Ha0800HbIX Kopabrel
8 ycriosusix decmpyKmUBHbIX UHGOpMaUUOHHbIX 8o3delicmeull. [JocmuxeHue nocmasnieHHoul uenu obecrieyusaemcs
nymém u3mepeHusi, nepedadyu u obpabomku COBOKYNHOCMU OeMacKUpPyrWUX MPU3HaKo8 UCMOYHUKO8 paduoasiek-
MPOHHOZ0 U3TyHeHUsI U MPUHSIMUST PeWeHUsT 10 UX YHUYMOXEHUIO y MPOMUBHUKa, a makxe Hauboriee payuoHasibHO-
20 UCrioib308aHUSs1 C8OUX cpedcmes 8 pearlbHOM 8PEMEHU.

Knrodeebie crnoea. HaykoéMKuUe MEXHO02uU, paduo3IeKMPOHHbIU MOHUMOPUHE, OecmpyKmugHoe 8030el-
cmeue, UHghopMayUOHHOE npomusobopcmeo, UHMesIIeKkm.

The article examines two interconnected approaches to performing of «network-centric warfare» — a modern
combat operations concept where all the participants (command, military hardware and personnel) are joined into single
information network. The first one stipulates defeating of the enemy net-centric radioelectronic system. The second
includes the buildup of the most-protected analog system as aggregate of multi-type objects (surface vessels) equipped
with computer intelligence, combined in a single global network and capable to operate both autonomously and
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in a group in order to achieve the common target function in information confrontation environment. The system targets
to increase surface vessels operation effectiveness in destructive information influence conditions. The achievement
of stated task is provided through measurement, transmitting and processing of telltale signature aggregate
of radioelectronic radiation sources and via decision making on its destruction as for the enemy, both by the most
rational use of resources in real time mode.

Keywords: science-driven technology, radioelectronic monitoring, destructive effect, information confrontation,
intelligence.

AKTyaJIbHOCTb. [IpuHATHE HAa BOOPYXKEHHE CPENCTB M CHCTEM, OCHOBAHHBIX Ha IPHMEHEHHUH
HaYKOEMKHX MH(OPMAIMOHHBIX TEXHOJIOIUH, 03BOIIseT (uioTy Poccum ycnenso pemars Heablii pag
HOBBIX 3a7a4 B BoiiHax XXI Beka. Takue TEXHOIOTHH JOJKHBI OBITH OCHOBAHBI Ha IOCTATOYHO BBICO-
KOM YpPOBHE 3HaHWH, KOTOpBIE PEAM3YIOTCSI B CPEACTBAX M METOJAX YIPABICHHS COEIMHEHHEM
HAJBOJTHBIX KopaOiel. HemoorieHka 3ToW COCTaBISIOMIEH BeIeHUSI BOWHBI CO3/IaeT OMAcCHOCTh 3aKyII-
KM OpY’KUS BUEPAILLIHETO THS B KaUeCTBE «HOBOTO», B TO BpPEMs KaK OHO CO3[aBaJOCh IS APYTUX
BOiH. B paboTe paccmarpuBaroTcsi 1Ba HApaBICHUsS Pa3BUTUSI HH(POPMALMOHHBIX TEXHOJOTHUH, pea-
JM3anys KOTOPBIX o0ecieunBaeT BbIOOp Haubojee paloHaIbHON CTpAaTeruy IOBEACHUS B YCIOBHIX
BEJICHUS CETELEHTPHUYECKON BOWHBI KopalenbHbIM coequHeHrneM BM®. Oba HampaBieHHs MO CyTH
MIPEJICTaBIISIOT COOON YHUBEpPCAIbHBIN aCCUMETPUYHBIA OTBET Ha IIMPOKOMACIITA0HOE pa3BUTHE pa3-
HOPOJHBIX MH(GOPMALMOHHBIX TEXHONOrui 3a pyoesxoM. [IpemioskeHHble HaNIpaBIeHUs Pa3BUTHS UH-
(OopMaLMOHHBIX TEXHOJIOTHH BBISIBJICHBI B pe3yJIbTaTe aHAIN3a U CUHTE3a COBPEMEHHBIX JTOCTHKEHUH
U TpeOOBaHMI K CHCTEMaM YIMpaBleHUS U MOTYT OBbITh MCTIONB30BaHbI MIPU MPOSKTUPOBAHUU U CO3/1a-
HUU CHCTEM MH()OPMAIMOHHO-TEXHIYECKOM 0€30IIaCHOCTH HAABOJHBIX KOpaOIIe.

Hesblo padoTsl sBIseTCS HOPMUPOBAHUE CUCTEMBI B3IJIAJOB U MOAXOA0B, HA OCHOBE KOTOPOH
NIpY MIPOBENEHUH JAILHEUIINX UCCIIeIOBaHUI pa3padaTbiBaeTcs CleuaibHOe MaTeMaTnieckoe odec-
nevyeHue s 3G PEeKTUBHOTO YIIPaBICHUS KOpAOEIbHBIMU COeAMHEHUIMU BM®.,

HoBu3na ompexensieTcst pa3pabOTaHHONH COBpEeMEHHON KOHIENIHEH pa3BUTHS WH(POPMAIFOH-
HBIX TEXHOJIOTHI M CHCTEM HAJBOAHBIX KOopabiel, KoTopasi, B CBOIO O4epellb, TECHO yBS3aHA C CHUCTE-
MOH B3IJISIOB, YETKO ONPEACISIIONIECH 00INK BOOPYKEHHBIX CHII Oy IyHIero.

IIpakTH4eckast 3HAYMMOCTBb Pa00ThI COCTOUT B TOM, YTO pealln3alusl MPeI0KEHHBIX METOI0B
U cpeacTB (GOPMHUPOBAHMS 3HAHUI B COCTaBE CHELUAIBHOI'O MaTEMaTHYECKOIO 00ecleueHHs M03BO-
JIUT, C OJIHOW CTOPOHBI, TTOBBICUTH 3()(PEKTUBHOCTH CHCTEMBI yIpaBlIeHHS KOPaOeIbHOTO COeTUHEHHUS
BM® wu, ¢ npyroii CTOpOHBI, - B 3HAYUTEIBHON CTEIIEHH OTPaHUYUTH YCIOBHUS, HEOOXOIUMBIC IS
YCIELHOTO MPUMEHEHHS CETEBBIX TEXHOJIOTMH, HCIIOIB30BAHUE BEPOSITHBIM ITPOTUBHUKOM BCEX Ipe-
UMYIIECTB CO3JJaHHON UM CETEIIEHTPHUECKOM Cpeibl.
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VALIDATION OF ASYMMETRIC RESPOND VECTORS
TO INFORMATION TECHNOLOGY DEVELOPMENT INTENDED
TO CONDUCT «NETWORK-CENTRIC WARFARE»
BY NAVAL SURFACE FORCE

V.l. Emelin, A.A. Kuznetsov, V.T. Yakovlev

The relevance. The introduction into service of systems based on science-driven information technology
application permits the Russian Fleet to fulfil successfully a wide range of new tasks in XXI century wars. Such
technologies should be based on quite high level of knowledge, which is implemented in controls, and control
methods of naval surface force. Underestimation of this warfighting component creates a risk of yesterday
weapons procurement as a «new one» while it was developed for another war. The article examines two
development directions of information technology the implementation of which provides the selection of the most
rationale behavior strategy in network-centric warfare conditions by the Navy squadron. Both directions are
inherently represent the multiple-purpose asymmetric respond to large-scale development of different-type
information technologies abroad. The proposed development directions of information technology were unveiled
after analysis and synthesis of present-day achievements and requirements to control systems and can be used
during design and development works of information-engineered safety systems for surface vessels.

The work objective is to create a strategic concept and approaches based on which during conducting
of further researches the special-purpose mathematical support (software) is developed for efficient command
and control of Naval Surface Forces.

The originality is determined by the created up-to-date concept of information technology development
and surface vessels systems, which in its turn is closely connected with a concept system, clearly defining
the advanced Armed Forces structure. The practical implications lie in the fact that the realization of proposed
methods and instruments of knowledge shaping in composition of special-purpose mathematical support
permits on one side to increase control system effectiveness of Naval Surface Forces, and on the other side — to
considerably limit the enemy conditions, necessary for successful application of network technologies, for using
of all advantages of the built-up network-centric environment.

19 anpens 2019 roaa.
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PA3EN: NPOBJIEMHBIE BOMPOCbHI MOCTPOEHNA CUCTEM U CPEACTB BKO

Yeaxaembie yumamenu!

CosgaHue CcnoXHbIX HaykOEMKMX 0OpasuLoB TEXHMKM, K KOTOPbIM HamnpsiMyrd OTHOCATCS
cucteMbl U komnnekebl BKO, TecHO cBAA3aHO ¢ OypHbIM pasBUTMEM HayKu U TEXHUKM.

Mpn aTOM NpoLecc pasBUTUA, ABMSSCb MHOrOMEPHbIM, 3a4acTylo UHTEPNPETUMPYETCA pasnny-
HbIMW Hay4HbIMM LUKONaMu No-pasHoMy. PasnnyHble rpynnbl y4EHbIX, ONUPasiCb Ha NPaKTUKY B TON
U MHoN cdepe OeATenbHOCTU, NPUBSI3AHHOM K NpeanpusaTUsM-paspaboTymkaMm HOBOW TEXHUKM,
MOTyT npuaaBaTb 0cob0e 3HaAYEeHNEe TaknMM Noaxodam Npu PELLEHUUN CIOXHbIX NPodneM, KoTopble
Hanbonee COBMECTUMbI C UCNONb3YyEMON UMU METOOOMNOMMEN.

B cBA3n ¢ aTMM pepakuma XXypHana npeanaraet cBouM yntatenam ctateio T.11. [NaBnoson
«MeTogonormyeckme acnekTbl CACTEMHOIO aHanu3a B MHXEHEPHON OesATENbHOCTUY», B KOTOPOW
BCECTOPOHHE C MHOCENOrM4YeCKNX No3numnim NpoBoanTCsA yrnyoneHHbI aHanm3 MeTogonorm4eckmnx
acreKkToB CUCTEMHOIO aHanmsa NPUMEHUTENBHO K MHXEHEPHOW AeATenbHOCTU. ABTOPOM MoOKasaHo,
YTO CMCTEMHbIN aHanu3 NpegHasHayYeH Ans paunoHaribHOrO0 0Tbopa CUCTEMHOrO MHCTPYMEHTapus
Ans peLueHns npobnem, NoCTaBMeHHbIX Nepes UccrneoBaTensiMn UM KOHCTPYKTOPaMMU.

YOK 62, 65

METOLO/TIOMMYECKUE ACIEKTbI CACTEMHOIO AHAJI3A
B UHXXEHEPHOU JEATEINIBHOCTHU
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T.MN. NaBnoBa kaHOudam ¢huroCOPCKUX HayK,
oouyeHm, MAU, . Mockea
E-mail: vptp52@mail.ru

B daHHol cmambe 3ampaaugaromcsi MemoOosio2udecKuUe acreKkmsl CUCMEeMHO20 aHaru3a, amarbl e2o pa3su-
musi, smaribl pa3sumusi Hayku o cucmemax. [lodmeepx0éH eOUHO0bpa3HbIli MoO0xod ¢ no3uyull cucmeMHO20 aHau3a
Kak Orisl ecmecmeeHHbIX, Mak U UCKYCCMBEHHbIX MeXHUYecKux cucmem. Noduépkueaemcsi HEO6X0O0UMOCMb rpuMe-
HEHUST cUCMeMHO020 aHaslu3a rpu peleHuU UHXeHepHbIX 3adady.

Knrodeenie croea: cucmema, cucmeMHbIl aHanus, yrnpasneHue, 8udbl cucmemHol dessimesibHocmu, Memoodsb!
CcUCMEeMHO20 UCC/1e008aHUs.

The paper refers to methodological aspects of system analysis, phases of its evolution as well as evolution
of science on systems. The unified system approach has been confirmed for analysis of natural and artificial systems.
The need for system analysis for decision of engineering tasks has been underlined.

Keywords: system, system analysis, control, types of system activity, methods of system research.

[Ipenonpenenennas Mociaeq0BaTENbHOCTh MIATOB MO ONPEACICHUIO CTPYKTYPHBIX MHTEpdeiicoB
MEXIY 3JIEMEHTaMH HCCIELYyeMOro 0ObeKTa SIBISICTCS OCHOBOM MH)KEHEPHOHU JIESTEbHOCTH, CBSI3aH-
HOW C pa3pabOTKOW CIIOKHBIX TEXHHYECKHX CHCTEM, TaKMX KaK CHCTEMBl M KOMIUIEKCHI BOEHHO-
kocmuaeckoit o6opons! (BKO). He xaxapiii uccienoBaresns, UCTIOIb3YIOMINI MPUHIUIIBI CHCTEMHOTO
aHaJn3a, UMeeT MPEICTaBICHNE O METOJOJIOIMYECKHUX aCIEeKTax U (a3ax MxX 3BOJIOLHH.

B cucremHoOl mMHXXKEHEpUM MMEET 3HAa4YeHHWE ONTHMHu3anus. Eciam onTuMym He JOCTHXKHM OCY-
IIECTBISIETCS TOMCK Hambosee mpueMieMoro pemreHus. Hacrosmas crates mpejcraBisieT 0a3oBbIe
ACIEKThl CUCTEMHOI'O aHAJIN3a, UMEIOLINE OTHOLIEHHE K MH)KEHEPHOM NEATENbHOCTH, MO3BOJISIONINE
OJTHO3HAYHO MPUMEHATH METOAOJIOTHIO CUCTEMHOT0 aHaiu3a npu paszpadotke cucrem BKO. K nacro-
AIIEMY BPEMEHH BOIPEKH HAJIMYUIO MHOTOYHCIEHHBIX TEXHUYECKHX CPEACTB M METOJIOIOTHYECKHIX
IIOJIXO/I0B, UCCIIEIOBAHUE CIIOKHBIX CHCTEM OCTAaeTCsl UCKyccTBOM. Paborast ¢ cucremoli, HH)XXEHep
CTaHOBHTCS YaCThIO ATOM CHCTEMBI, B TO BpeMs KaK CHCTeMa PUOOPETAET YeIOBEYECKOE H3MEPEHHE.
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PA3AEN: NPOBJIEMHBIE BONPOCHI NMOCTPOEHUA CUCTEM U CPEACTB BKO

CucteMHBIN IOAXOA B COBPEMEHHOM MHTEPIIPETAIINH, TaK K€, KaK U METOAbl UCCICAOBAHUS OTe-
parwii, GyHKIIMOHATBHO-CTOMMOCTHON aHalu3 M T.[., IPEACTABISIOT COO0OH MHCTPYMEHTHI MH)KEHEP-
HOW [IeATENBHOCTH, IO3BOJSIONINE TOBBIMIATh KadecTBO U A(P(PEKTHBHOCTD MOJECPHU3IUPYEMBIX H
YIPABISIEMBIX CUCTEM.
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METHODOLOGICAL ASPECTS
OF SYSTEM ANALYSIS IN ENGINEERING ACTIVITY

T.P. Pavlova

The predefined consequence of steps on definition of structural interfaces between components of
researched objects is the basis of engineering activity related to engineering of complex technical systems such
as systems and complexes of military-space defense (MSD). Aerospace Defense (ASD). Not every researcher
using the principles of systems analysis is aware of methodological aspects and phases of its advancing.

Optimization is significant in system engineering. If the optimum can’t be achieved, one should search
for the most acceptable decision. The paper introduces the basic aspects of system analysis in relation with
engineering activity permitting the specialists definitely apply the methodology of system analysis in ASD
engineering. To date, despite the availability of numerous technical aids and methodological approaches
the research of complex systems remains an art. Operating with the system, an engineer becomes a part of
the system, while the system acquires the human dimension. System approach in modern interpretation as well
as methods of operation research, function-cost analysis etc. is the major instruments of engineering activity
permitting to improve quality and efficiency of upgraded and controlled systems.

Moctynuna 1 Hos6psA 2018 ropa.
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NPUMEHEHWE CHIN U CPEOCTB BKO
YK 623.4.02

METOL LIENEPACITIPELQENEHUS OrHEBBIX CPEACTB 1BO
10 BO34YILUHBIM LIEJTAAM NMPOTUBHHUKA,
OBECIMEYNBAIOLYMA COXPAHEHNE
BAXHEWNLUNX O5LEKTOB O5OPOHbI
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B cmambe paccmampusaemcsi Mmemod uenepacripedenieHusi ogHeebix cpedcme [1BO no 8030ywHbIM
uesiaAM npomusHuka, obecrneyugarowjuli coxpaHeHue gaxHeliwux 06beKmMo8 060POHbI 8 CryYae Maccupo8aHHO-
20 yOapa npomusHUKa rnpu ycriosuu o2paHU4eHHOCMU pecypcos oeHesbix cpedcmes. Memod omnudaemcs mem,
4ymo obecrnequsaemcs nosbiweHue aghchekmusHocmu yesepacnpedesieHus, oueHusaemMoli Mo Kpumepuro MUHU-
Mu3ayuu rokaszamerssi HaHecEHHo20 yujepba; rnokasamesib HaHECEHHO20 ywepba hopmupyemcs ¢ UcnonL308a-
HUeM nuHelHbIX OugghepeHyuarnbHbIX ypasHeHuUl, OnuUCLIBAIOWUX MPOYECCHl YHUYMOXEHUS MPOMUBHUKOM
06BeKMO8 060POHbI U MPOUECChl YHUYMOXeHUsT oeHesbiMu cpedcmeamu MBO 8030ywiHbIX yesnel npomugHUKa.
Packpbimue 3ambicria npomusHUKa Ha yHUYMOoXeHUe 06bekmo8 060pOHbI, HaX0dsLWUXCST 8 30HE OMBEMCMBEH-
Hocmu epynnuposka 3PB u WA, npousgsodumcsi ¢ rpusriedeHUeM MamemMamu4yecKkoz20 arnapama meopuu
nuHeldHoU onmumu3ayuu u memoda riocriedosamerisHo20 aHanusa Banboa.

Knroueeble cnoea: yenepacnpedesneHue, o6bekm 060poHbl, o2Hesble cpedcmea MBO, maccuposaHHbil
ydap, uHmeHcusHocmb 8030elicmausi, Memo0 nocredosamernbHO20 aHanu3a Banbda, HaHecEéHHbIU yuepb.

The article considers a target distribution method of air defense weapons against enemy aerial targets
providing protection to high-priority defense facilities in case of enemy massive attack within limited capabilities of
firepower environment. A distinguishing feature of this method concludes in target-distribution efficiency improving
estimated by the criterion of inflicted damage minimization, which is calculated using the linear differential equa-
tions describing processes of defense facilities elimination by the enemy and processes of air defense weapons
destruction of enemy aerial targets. An enemy intent uncovering towards defense facilities destruction, located in
responsibility zone of air defense forces and fighter aviation grouping, is conducted using mathematical apparatus
technique of linear optimization theory and sequential Wald analysis method.

Keywords: target distribution, defense object, air defense weapons, massive attack, level of effect,
sequential Wald analysis method, inflicted damage.

B cratee paccmaTpuBaeTcs MeTon LenepacnpenencHust oraeBbix cpencts [1BO mo Bo3aymHeIM
HEeJSIM IPOTUBHUKA, 00ECTIeUnBaIOIINI COXpaHEHHE BAKHEHIINX 00HEKTOB 000POHBI B CIydae MacCH-
POBAHHOTO yZapa MPOTUBHUKA MPH YCIOBUH OTPAaHIMYEHHOCTH PECYPCOB OTHEBBIX CPEACTB.

B Hagane crateu aBTOp OTMEYAET, YTO TPATUIMOHHBIE TIOJXOABI K 337a4e IeepacpeIe/IeHus He
YUUTHIBAIOT B MOJIHOW Mepe yuiepO, HAHOCUMBIN BO3AYIIHBIM MPOTHBHUKOM 00beKkTaM 00opoHsl. 11o
MHEHHUIO aBTOPa B YCJIOBHSX MacCHPOBAaHHOTO yJapa BO3AYIIHOTO NMPOTHBHHKA B TEPBYIO OYepeib
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PA3AEN: NAPUMEHEHUWUE CUN U CPEACTB BKO

JIOJDKHBI YHUUTOXKATHCS 1IE7TH, KOTOPhIE MOTYT HAHECTH HAHUOOJBINNHN yIepd BaKHEHITHNM 00bEKTaM
00OpOHEL.

ABTOp NIPUBOJUT KAYECTBEHHYIO OMUCATEIBHYIO MOJIENIb 00beKTa 00OPOHBI M JIEKCUIECKYIO MO-
JIeNTb 3a/1auu 1esIepacipeie/iCHNs, YTO MO3BOJISET Janee MepeidTH K GOPMYTHPOBKE MAaTEeMaTHUSCKON
MoJienu nenepacnpezaencaus. CylHOCTh MPEUIOKEHHOTO aBTOPOM METOJIa TieliepacipeIeieH s CBO-
JUTCS K CIIEAYIOIIEMY:

— MeTo/] obecreunBaeT IesepacnpezeneHue, 3Q(OEKTUBHOCTh KOTOPOTO OIEHUBACTCS M0 KPHUTE-
PHIO MUHUMHU3AIHH [TOKa3aTeNss HAHECCHHOTO yIepoa;

— MoKa3aTeNh HAHECEHHOTo yiepOa GopMUpyeTcsl Kak pe3ysbTaT PEIICHHs CHCTEMbI TMHEHHBIX
T PepeHINATBEHBIX YPABHEHNUH, OMHCHIBAIONINX POIECCHl YHUUTOXKECHHS BO3MYIIHBIM TPOTUBHU-
KOM 00BEKTOB OOOPOHBI U MPOIECCH YHHUTOXKEHUS OTHEBBIMU cpeacTBaMu [IBO BO3AyIIHBIX Ieneit
MPOTHBHUKA;

— nipu popmupoBanus JupHepeHIHATbHBIX YPAaBHECHUN UCTIONB3YIOTCS Pe3yIbTaThl PEIICHHS 3a-
JIaud BCKPBITHS 3aMBICIIa MPOTUBHUKA HA YHHUITOKEHHE 0OBEKTOB 0OOPOHBI C UCIIOIB30BAHUEM METO-
JIOB ONITUMM3AIIMH U TIOCIIEA0BATEIBHOTO aHamn3a Bambaa.

B 3aximoueHre aBTOp JIENIaeT BBIBOJ O TOM, YTO HCIIOJIb30BAHKE OMMCAHHOTO METOJa Iiejiepac-
npezeneHus oOecrieynBaeT MHHUMANBHBIN yepO oxpaHsAeMbIM OOBEKTaM OOOpPOHBI B YCIIOBHSAX
OrPaHUYEHHOCTH PECYPCOB.
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TARGET DISTRIBUTION METHOD OF AIR DEFENSE WEAPONS
AGAINST ENEMY AERIAL TARGETS TO PROTECT
HIGH-PRIORITY DEFENSE FACILITIES

I.G. Pristupa

The article considers a target distribution method of air defense weapons against enemy aerial targets
providing protection to high-priority defense facilities in case of enemy massive attack within limited capabilities
of firepower.

The traditional approaches to the target distribution problem do not calculate the damage in full measure
delivered by enemy aerial attacks towards defense objects. Under the massive aerial enemy attack conditions,
the first destruction priority will be given to targets, which are capable to cause maximum damage to the vital
defense facilities.

The article states the quality descriptive model of defense object and lexical model of target distribution
problem that permits further formulating the mathematical model of target distribution. The main point of proposed
target distribution method reduces to the following:

— the method provides the target distribution, the effectiveness of which is estimated in minimization criteria
of inflicted damage index;

— the index of inflicted damage is shaped as a result of linear differential equation system problem solution
describing the destruction processes by aerial enemy of defense objects and destruction processes of enemy
aerial targets by air defense weapons;

— at formulating of differential equations the problem solution results of enemy intent disclosure on destruc-
tion of defense objects using the linear optimization and sequential Wald analysis methods are used.

The article concludes that application of described target distribution method provides a minimum damage
to secured defense facilities in limited resources environment.

Moctynuna 20 man 2019 roaa.
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WCCNEOQOBAHWNA B COEPE NMPOEKTHO-
KOHCTPYKTOPCKUX U TEXHONOMMYECKUX PABOT

VK 621.373

MOLLHOCTB,
PACCEVBAEMASI B KBAPLEBOM PE3OHATOPE
MPY MAPAJIIENLHON CXEME KBAPLEBOIO FEHEPATOPA
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A.H. BpyeBu4 0okmop mexHu4ecKkux HayK, cmapuwuli Hay4YHbill compyOHUK,
esedywjuli uHxerep, NMAO «HIMNO «Anma3s», 2. Mockea
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lpueedeHsl coomHoweHus1 Or1si pacyéma MoLWHOCMU, pacceusaemoll 8 K8apuesoM pe3oHamope, pabomarouem
8 2eHepamope Ha 2apMoHUKax pesoHamopa. [1odpobHo onucaHa Memoduka U3MepPEeHUU, MO38OMISOWUX MOSYyHUMb
OaHHble Orisi MoA06HbIX pacyémos.

Knrodeenblie crioea: 2eHepamop Ha 2apMOHUKax K8apueeozo pe3oHamopa, noboyHble KorebaHusi, npedesibHasi
MOLWHOCMb Ha pe3oHamope.

The relations for calculation of power, dissipated in quartz resonator operating in generator on resonator
harmonics are given. Detailed description of measurements technique permitting to obtain data for similar
calculations is performed.

Keywords: harmonic oscillator crystal, unwanted oscillations, ultimate power in resonator.

O00011eHBl N3BECTHBIE COOTHOLICHMS, IO3BOJISIOIIME PACCUUTATh MOIIHOCTH, PAcCEUBACMYIO
KBapIIeBBIM PE30HATOPOM B T€HEpATOPE MO TPEXTOUEHHOW CXeMe C KBapleM MEXIy 0a30i M KOJUIEK-
TOpOM. J[aHHBIE COOTHOIIEHUS MPEATIONAraloT, YTO B TEHEPATOPE TOK TPAH3UCTOPA OTCYTCTBYET. I10-
JIy4eHBbI HOBBIE COOTHOLICHUS, MO3BOJISIOIINE YUECTh TOK TpaH3uctopa. IlogpobHo omucan mponecc
n3MepeHus npoBoguMocteil Y1 u Y2 memnel, BHEIIHUX N0 OTHOLICHHWIO K TPaH3UCTOpPY. BhiBeneHs
pacueTHble COOTHOUIEHUS [yl 3TOro ciydas. [lonpoOHO onucaH mporecc U3MepeHuil, KOTOpbli M03-
BOJISIET MOJIYYHTh JaHHbBIE, HEOOXOUMBIE AJISl pacuéTa.

[TokxazaHo, 4TO y4eT TOKOB TPAaH3HCTOPA, MOKET CYIIECTBEHHO YBEIMYUTHh MOIIHOCTh, PACCEUBA-
€MYIO B PE30HATOpE.
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DISSIPATED POWER IN QUARTZ RESONATOR
WITH PARALLEL CIRCUIT OF QUARTZ OSCILLATOR

A.N. Bruevich

The known relations allowing calculating the power dissipated by the quartz resonator in the generator
according to the three-point scheme with quartz between the base and the collector are generalized. These
relations assume that there is no transistor current in the generator. The resulting new relations, which take into
account the current of the transistor, were obtained. The measuring process of conductivities of Y1 and Y circuits,
which are external to the transistor, is described in details. The calculated relations for this case are derived.
Detailed description of the measurement process, which allows to obtain the data necessary for the calculation,
was performed. It is shown that the consideration of transistor currents can significantly increase the power
dissipated in the resonator.

Moctynuna 17 anpens 2019 roaa.
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AHanusupyromcsi 0OCHO8Hble Mo0xo0b! K co30aHu 0630pHOU PJIC 0nsi 06Hapy»eHUs1 Mariopa3MepPHbIX Mario-
ckopocmHbix BJTA. Ha ocHoge akcriepumeHmarnbHo-meopemu4eckozo rnodxoda 0rns PJIC obHapyxeHus1 cgbopmyrnu-
pOBaHbl OCHOBHbIE MPUHUUIMLI TOCMPOEHUSI.

Knrouyeenbie cnoea: paduosnokauusi bBJ1A, adanmueHas CLLl, ¢gpazoebili Memod U3MepPeHUsI 8bIcCOMbI, MoJIspU-
3ayUOHHbIE U3MEPEHUS, WUPOKOIMOIOCHbLIE CU2HarbI.

The article analyses the main approaches for development of surveillance radar for detection of small-sized
low-velocity unmanned aerial vehicles (UAV). Based on experimental-theoretical approach the basic design principles
for detection radar were formulated.

Keywords: UAV radio detection and ranging, adaptive moving target discrimination (MTD), phase method for
altitude measurement, polarization measurements, wideband signals.

OnHO#t 13 IPOOJIEMHBIX 33j]ad COBPEMEHHOMN PajHOJIOKAIINH SIBISIETCS CO3J]aHNe CPEeACTB HaOIF0-
JEHHSI MaJOpa3MEPHBIX, MaJIOCKOPOCTHBIX, ObIcTpoMaHeBpHupyonmx Hesned tumna BJIA. ITonsiTkn uc-
MI0JIb30BaTh YHUBEPCAIbHBIE TEXHUYECKHE PEIICHNUs, IPUHAThIE B TpaaulmoHHbix PJIC, nns storo tu-
ma 1enei u3-3a psga ocoO0eHHOCTeH 4acTo oKaspIBaroTcs ManodddextuBHbIMEU. [loaTOMy B cTaThe
00OCHOBBIBAETCSl U PACCMATPUBAETCS PAJ HOBBIX MOJAXOIO0B K moctpoeHuto 063opHoit PJIC nabmozne-
HU$, BOLIEANIEH B COCTaB KOMIUIEKca MpoTuBoaeiicTeusa bJIA.

Ha ocHoOBe akcriepHMeHTaNbHO-TeOpeTHIecKkoro noaxoja ans 1ol PJIC Obut chopmynupoBan
P IPUHIIAIIOB MOCTPOCHHSA, K YHCITY KOTOPBIX OTHOCSATCS:

1. PaGota Ha IBYX OpTOrOHAIBHBIX MOJSPU3ALMAX, MO3BOJIIONIAS «CTIAIUTH» IMOJISPU3ALUOH-
Hele (aroktyanun bJIA. O6beanHeHrEe pereHnii 0 HAIMYHNH 11eleld B 000MX KaHajlaX IMOBBIIIAET Be-
posiTHOCTE uX oOHapyxenus. [Ipu srom BJIA cremyer paccmarpuBaTh Kak IIelb MajloTO pa3Mepa ¢
npyxHbiMA (uroktyarsmu DI1P (mogens CeepiuHr-2);
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2. IlpumeHeHme CIOKHBIX MHUPOKONONOCHBIX (Af = 25 MI'm) crynmeHuaTo-(ha3o-MOayTMpOBaHHBIX
(CDM) curnanoB ¢ cBepxHm3KUM (~muHyC 60 1b) ypoBHEM 00KO0BBIX JernecTkoB (bJI) koppemsmmonHoit
¢yuxpm (K®). K ocHOBHBIM TOCTOMHCTBAM 3TOTO CUTHAJIa MOJKHO OTHECTH:

— BBICOKYIO pa3pelIalonylo CliocCOOHOCTh MPH PadOTe MO TPYIIOBBIM LEISM;

— MCKITIOUYEHHE BO3MOKHOCTH «MackupoBkm» BJI K@ nenu ¢ 6onpmoit SI1P rnaBHOrO Makcumy-
Ma 1eau ¢ manoi DIIP;

— BO3MOKHOCTh 0OHapy>kuBath bJIA ¢ ONM3KMMU K HYIIO paAHaibHBIMUA CKOPOCTSMHU;

BaxxHo orMeTuTh, uTo HU3KWH ypoBeHb bJI KO obOecnieunBaeTcs mpy CoryiacOBaHHON 00paboTKe
0e3 oTeph Ha «B3BEIINBAHUEY;

3. AnantuBHas cuctema CJILI, obecrneunBatonias oOHapyxeHue Mano3ameTHbIX BJIA Ha ¢one
uHTEeHCHBHBIX naccuBHBIX momex (I1I1) ¢ paznmuHOil popMoil criekTpoB (UIIOKTyaluii, B TOM YUCIe
MHOTOMOI0BOI. OHa BBIMTONTHEHA B BHE 4X CTYNEHYATOrO aJallTUBHOTO PEIIeT4aToro (puibTpa, U B
OTCYTCTBHE alpUOPHBIX NAHHBIX O JTWHAMHYHO W3MEHSIOMIEICS CHUTHAJIHHO-TIOMEXOBOM 0OCTaHOBKE
MIO3BOJISIET PEaTn30BaTh:

— aBTOMarnueckoe opmMupoBanue npoBajioB UX B 30HE MaKCUMYMOB JIo1LIepoBcKoro crekrpa [111;

— IpUONMKEeHNE K TIOTEHIIHATHHO JOCTHIKAMOH «ITOIITOMEXOBOMY» BHIUMOCTH JUIS 3aIaHHOM pa3-
moctu nenu u I1T1, He3aBUCHMO OT MX a0CONIOTHELIX 3HAYCHUH

— aBTOMAaTHYECKOE OTKJIIOYCHUE KOTEPEHTHON KOMIIEHCALMN NIOMeX MpH paboTe Ha GoHEe HEKOp-
PENUPOBAaHHBIX TIOMEX.

4. Pexxum ¢azoBoro m3MepeHus: BHICOTHI OOHapykeHHbIX BJIA 3a cuer pasHoca oOmydareneit
3€pKajJbHOM AaHTEHHBI B YIJIOMECTHOM IJIOCKOCTU. Y CTPAaHEHUE HEOJHO3HAUYHOCTH TAKHUX U3MEPEHUU
OCYIIECTBIISIETCS ITyTEM CPaBHEHUS aMILTUTY B KaHaJlaX MpreMa Ha OJJHOMMEHHBIX TIOJISPU3AIIHIX.

Brlmmeyka3anHble IPUHIAIBI TOCTPOCHUS SBISIFOTCSI HOBBIMHU TSI TIPAKTUKH PaTUAOIOKAINH, U
OHU pealln30BaHbl 332 CUET MPUMEHEHHUS BBICOKONPOW3BOAWTENHHON HU(PPOBON 3JIEMEHTHOH 0a3bl
(hopMupoBaHUs 1 00PabOTKU CHTHAJIOB.
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SURVEILLANCE RADAR DESIGN CONCEPT
FOR UAV DETECTION

B.M. Vovshin, |.S. Vylegzhanin, V.A. Atryakhin, D.S. Gavrilov, A.N. Korneev

One of the problem in the radio detection and ranging is the development of surveillance systems capable
to detect small-sized low-velocity and highly maneuverable targets of UAV type. Attempts to use general technical
solutions, adopted in traditional radars for these target types due to set of particularities, are often less effective.
Therefore, a number of new approaches for development of surveillance radar is examined and validated, which
is a part of counter UAV (C-UAV) complex.

Based on experimental-theoretical approach a following set of basic design principles for this radar was
formulated:

1. Operation on two orthogonal polarizations, permitting to «smooth» the UAV polarization fluctuations.
Joining of solutions on target presence in both channels increases the probability of its detection. Herewith, UAV
should be considered as a target of small size with harmonious RCS fluctuations (Swerling-2 model);

2. Application of complex wideband (Af = 25 MHz) step-phase-modulated (SPM) signals with ultralow
(~ minus 60 dB) side-lobe level (SLL) of correlation function (CF). Basic advantages of this signal are:

— high resolution at operation on multiple targets;

— exclusion of a target CF SL «concealing» possibility with high radar cross section (RCS) of primary target
maximum with low RCS;

— detection possibility of UAV with close to zero radial velocities

It's vital to mention that low level of CF SL is provided at coordinated lossless processing in «weighting»;

3. Adaptive moving target discrimination (MTD) provides detection of low observable (low-signature) UAV
in intense passive jamming (PJ) background with different fluctuations spectrum profile including the multimode
one. It's performed in form of 4-step adaptive lattice filter, and when there is no priori data on dynamically
changed signal-to-noise environment it permits to fulfil the following:

— automatic forming of frequency characteristics (FC) nulling in peaks zone of PJ Doppler spectrum;

— closing to potentially achieved «subclutter» visibility for preset difference of target and PJ, irrespective
of its absolute values.

4. The phased altitude measurement mode of detected UAVs due to mirror antenna feed elements
spreading in elevation plane. Disambiguation of such measurements is carried out through amplitudes comparing
in receiving channels at similar polarizations.

The abovementioned design principles are the new one for the radio detection and ranging practice, and it is
realized via applied high-performance digital hardware components in signals forming and processing.

Moctynuna 29 mapTa 2019 ropa.

BECTHWK BO3[YLLUHO-KOCMUYECKOA OBOPOHbI N2 3(23), 2019 r.



PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX N TEXHOJTIOTMYECKUX PABOT

YK 621.396.96

OCOBEHHOCTY PEATIM3ALINM ATTOPUTMA
MHOIrOOB30PHOIO HAB/IOLEHUS
B XOLE LindPOBOM OEPABOTKM
PALUO/TOKALIMOHHONA UHOOPMALIMM

© ABTopbl, 2019

A.B. Fony6eB
HayarnbHUK y4ebHol nabopamopuu, 5IBBY BO, e. Spocnaernb
E-mail: ponch-2006 @yandex.ru
A.B. CunaHTbeB kaHOudam mexHUYeCKUX HayK, rnpogeccop,
npogbeccop kagpedpnl 3PK, ABBY NBO, e. Apocnasrns

Paccmampusaromcsi 80rpochkl peanu3ayuu U npakmu4eckoeo rMpuMeHeHUs rpeobpasosaHusi Xagha e cucmeme
uugbposoli obpabomku paduosiokayuoHHOU UHgopMauuu 0630PHbIX PaduOIoKaUUOHHLIX cmaHuud. [MpednoxeHsbl
eapuaHmbl peweHus1 Mpobnem, 803HUKarOWUX npu e2o peanudayuu. [poaHanu3uposaH ansopumm hyHKUUOHUPOsa-
HUS1 KaHana MHO200630pH020 HabnodeHUs1 8 cocmaese repcrnekmusHol paduoriokayUoHHOU cmaHuuu, npeorioxeH
eapuaHm peanusayuu 3moeo KaHasia Ha OCHO8e U38ECMHO20 rpeobpasosaHusi Xagha.

Knroyesble cnoea. aneopumm Xagha, craboompaxarowjue Uesnu, MpocmpaHcmeo napamempos, Mopoe
0bHapy>keHus1, MHO200630pHOe HakorieHue, UCXo0Hasi Mampuua Habro0eHUsT, 8epOsSIMHOCMb JIOXKHOU mpeasoau.

The article discusses issues that are important for the practical application of Hough transformation and its imple-
mentation in the system of digital processing of radar information of survey radars, and also offers solutions to problems
arising from its implementation. The algorithm of the multipath observation channel as part of a promising radar station
is considered, an embodiment of the channel implementation based on the well-known Hough transform is proposed.

Keywords: hough algorithm, targets with small RCS, parameter space, detection threshold, multiple survey
accumulation, initial observation matrix, false alarm probability.

B craTtbe paccMOTpeHBI BOITPOCH MPAKTUUECKON peaIn3allii H3BECTHOTO METO/Ia JUTUTENIBHOTO pa-
JMOJIOKalMOHHOTro HaOmoneHust. [TonoOHble MeTop! nu(pPoBOil 00pabOTKH PaJMOIOKAIIMOHHON HH-
dopmMarmu 1enecooOpa3HO MCIONIB30BaTh ISl TIOBBIIEHHUST dYPPEKTUBHOCTH O0030PHBIX PaJUOIOKAIIH-
OHHBIX CTaHIMU MPU OOHAPYKEHHU MaJlopa3MepHBIX IeJell. B pe3ynbraTe NpuMEHEHUs STHX METO/I0B
obecreunBaeTcsi MPUPOCT OTHOIICHHS CHTHAJI-IIYM M, KaK CJIEICTBHE, PE3yIbTHPYIOMEH BEpPOSTHOCTH
o0Hapy»KeHHs, BCE 3TO MO3BOJIAET PACHIUPUTh 30Hy OOHAPYKEHUs CIa000TpaKaroMuX LeIeH.

B crartbe nmpoaHann3upoBaH alropuTM MHOTOOO30PHOTO HAOIIOJCHUS, PeaM30BaHHbBI Ha OCHOBE
U3BECTHOTO TpeoOpasoBanus Xada. [lpu peanusanuy anropurMa MOTYT BO3SHUKATh CIIOKHOCTH, CBS-
3aHHBIC C HEOIPE/ICIIEHHOCThIO H OTPAaHUYCHHOW TOYHOCTHIO MEPBOHAYAIBLHON OIEHKH KOOPJMHAT OT-
METOK, OCOOCHHOCTSIMH 3aITOJTHEHHUS CIIEIHAIFHOIO HAKOMHUTENA — akKKyMyisiTopa Xada, TpyaHOCTIMHU
OIIpeIeIeHNs OTAETBbHBIX SIUEeK aKKyMYJISITOpa MaKCUMAaJIbHOTO COAEPKUMOTO U BBIAEIECHHUS HCTUHHBIX
Tpacc cpeny MHOXKECTBA JIOKHBIX. [IpesioskeHpl panroHanbHbIe BAPUAHTHI PELISHHUS TPO0ieM, BO3HH-
KaIOIIMX TP MPAKTUIECKON pean3aliii METo1a MHOTO0030pHOTO HAOIIOICHUSL.

B pabore mokaszaHo, 4TO Uil MOBBILICHUS! KayecTBa (DYHKIMOHMUPOBAHHUS AJTOPUTMAa HAa OCHOBE
npeoOpa3oBanus Xada 1 yMEHBIICHHS BEPOSTHOCTH OOHAPY>KEHHUS JIOKHBIX HPSIMBIX HEOOXOAUMO J10-
TIOJTHUTENFHO aHAIM3UPOBATh IMOCIIEIOBATEILHOCTh (0YEpPETHOCTh) MOSBICHHS OTMETOK OT IieJield OT
NepHo/ia K MEpUOAY. Y CTAHOBJICHO, YTO 3TO CBOJUT K MUHUMYMY BEPOSITHOCTD OIIMOOYHOTO BBIJICIICHUS
JIOKHBIX Tpacc Jake Mpu OOJIBLIOM KOJIMYECTBE aHAIM3UPYEMBIX HEPHOJIOB 0030pa M HOTEHIMAIBHBIX
Tpacc-KaHAUIaTOB.
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SPECIFICS OF MULTI-OBSERVATION SURVEILLANCE
ALGORITHM IMPLEMENTATION DURING DIGITAL
PROCESSING OF RADAR INFORMATION

A.V. Golubev, A.B. Silantyev

The article examines the practical realization issues of the known method of continuous radar observation. Similar
methods of digital radar information processing is advisable to use for efficiency improvement of survey radars
during detection of small-sized targets. Because of these methods application, the gain of signal-to-noise ratio,
and consequently, the resulting detection probability is provided, all that permits to expand a detection zone
of low-reflection targets.

The article analyses the multipath observation algorithm implemented basing on the known Hough transformation.
When we implement the algorithm the difficulties may arise connected with an uncertainty and bounded accuracy
of the initial estimation of blips coordinates, with specifics of special stack filling — the Hough accumulator, with discrete
accumulator cells identification difficulties of maximum content and highlighting of true tracks among multitude of false
tracks. The rationale variants of problem solution were proposed, arising during practical realization of the multipath
observation method.

The work indicates that to increase the functioning quality of the algorithm based on Hough transformation and
detection probability reduction of false straights it's necessary to perform an extra analysis of blips upraise sequence
(priority) from targets per period-to-period scan. It's determined that it leads to the minimum of faulty highlighting proba-
bility of false tracks even during a large number of analyzed scan periods and potential candidate-tracks.

Moctynuna 18 anpens 2019 ropa.
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PaccmompeH nodxod K onmumusayuu mpéxarbmepHamueHbIX peweHull 08yxrnopo208bix ObHapyxumernel
o UHGhOPMAaUUOHHBIM KPUMEPUSM MakcuMyma SHMPOMuUU U MaKkcuMyma e3auMHoU (rmapHol) uHgbopmayuu.
lpedcmaeneHsl pesynbmamsi ornpedeneHusi ornmumMarbHbIX 3Ha4YeHUl pasHocmu Mexdy roposamu Mo yKa3aHHbIM
Kpumepusim.

Knroyeeble cnosa: onmumusayus, peweHusi, mpéxanbmepaHmueHoe OOHapyXeHue, UHGOPMAaUUOHHbIE
Kpumepuu, rnokazameJsib Ka4ecmea, SHMPONUsi, KONUYeCmeo 83aUMHOL UHGhopMayuU, 3KCmMpemyM gbyHKUUU.

An approach to optimization of three-alternative decisions of dual-threshold detectors on information criteria
of entropy maximum and mutual (pair) information maximum is considered. The results of optimal values determination
of difference between the thresholds for the specified criteria are presented.

Keywords: optimization, solutions, three-alternative detection, information criteria, index of quality, entropy,
content of mutual information, extremum of function.

ITpoBeseHa ONTHUMHU3AIMS PACCTAHOBKH IMOPOTOB (TTApaMETPUYECKHIl CHHTE3) OOHApYKUTEI,
bopMupyroIero TpéxaibTepHaTHBHBIC pelieHus. [IpuBeaeHsl TpadUKH 3aBUCUMOCTH SHTPOIHU OT
BEPOSTHOCTH PEIICHUS «HE 3HAI0» M KOJUYECTBA B3aMMHOMW MH(OPMAIIMK OT HOPMHPOBAHHON Pa3HU-
(6l MEX Ty TIoporamu. IIpecTaBIeHO ¥ YHCIIEHHO PENICHO ypaBHEHHUE, TIO3BOIIAIONIEE MOMYYHTh rpa-
(GHUYEeCKy0 3aBHCUMOCThH ONTHMAILHOTO 3HAYECHHUS PA3HOCTH MEXKIY MOPOraMH OOHAPYKUTEISI OT OT-
HOILIEHUS «CUTHAJ/IIIYM).
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DECISIONS OPTIMIZATION ON INFORMATION CRITERION
AT THREE- ALTERNATIVE DETECTION

S.B. Zhironkin, A.V. Makarichev, |.U. Kotenko

The threshold arrangement optimization (parametric synthesis) of detector, generating the three-alternative
decisions, is performed. The entropy dependency diagrams from the «don’t know» decision probability and mutual
information content from standardized difference between thresholds are stated. The equation was performed and
numerically solved, permitting to obtain the dependence diagram (characteristic curve) of differential optimum
value between detector’s thresholds from signal-to-noise ratio.

Moctynuna 19 ¢peBpansa 2019 roaa.
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PaspabomatHa memoduka onpedenieHuUs1 Yacmombl MOBMOPEHUST UMITYSIbCO8 U  KPYMU3HbLI 3aKOHa YacmomHou
MOOYFISIUUU K8a3UHENPEPLIBHO20 cueHaa Onsi MUHUMU3ayuu 8030elicmeusi naccueHoU nomMexu Ha ebixode coaraco-
8aHHO20 (huribmpa npu paccoaracosaHuu no Yyacmome Jonnepa. lNonyyeHHbIe 3Ha4eHUsT napamempos ro3eosisom
obecriedums NPUMEHEHUE K8a3UHENPepbIBHO20 cuaHana ¢ NuHelHoU YacmomHoU mModyrsayuel 8 ycrosusix UHMeH-
CUBHbIX I'Ipomﬂ)I(éHHbIX o GanbHocmu Y3KOI1OJIOCHbIX acCuBHbIX rIomMex.

Knroyeenble criosa: k8asuHerpepbigHbIli cugHan ¢ nuHeliHou Yyacmomwol Modyrnisayued, Q-gyHKYUS, naccusHasi
romexa, Kpymu3sHa desuayuu 4acmomeal.

The determination technique of pulse-repetition frequency and frequency modulation slope of quasi-continuous
signal to minimize a clutter effect at output of matched filter when having mismatch in Doppler frequency was devel-
oped. The obtained parameters permit to provide an application of quasi-continuous signal with linear-frequency modu-
lation in high-intensity extended narrow-band interference conditions.

Keywords: quasi-continuous signal with linear-frequency modulation (chirp signal), Q-function, clutter (passive
jamming), frequency deviation slope.

PaccMoTpensl 0COOCHHOCTH YCTpaHEHHU HEOJHO3HAYHOCTH U3MEPEHHH TAITBHOCTH TP padoTe B
YCJIOBHSIX HEpa3peuleHus Lenel M0 CKOPOCTH U YIIOBBIM KOOPAHMHATAM MPU MHTEHCUBHBIX OTpaXKe-
HUSX OT MOJCTHIIAIONICH MOBEepXHOCTH. OTMEUEHO, YTO BBICOKOM ONEPAaTUBHOCTHIO PAOOTHI OTINYACT-
Cq METOJl, OCHOBAaHHbI! Ha MCIIOJIb30BAHUU JIMHEHHON YaCTOTHOW MOJYJISIIMU U3JTy4aeMOT0 CUTHAaJja.
OnHako, IpU UCHOJB30BAHUM TAaKOTO CHUTHaja PE3KO BO3PACTAaCT MOIIHOCTh IOMEXU B KaHaiax,
HAaCTPOCHHBIX HA IOTUICPOBCKHAE YACTOTHI M BO3MOXKHOCTH T10 OOHAPYKEHUIO MTOJIE3HOTO CUTHAJIA B Ta-
KUX YCIIOBUAX CYIIECTBEHHO YXY/IIAIOTCS.

Y CTaHOBIEHO, YTO MOIIHOCTh ITACCUBHOM IMMOMEXH Ha BBIXOJIE COTJIACOBAHHOTO (DUIIBTPA MPHU pac-
corjlacoBaHuM Mo yactore Jlormiepa 3aBUCUT OT KPYTU3HBI JMHEHHOM YaCTOTHON MOJIYNALIMUA 30HIU-
pyromiero curHana. IlomydeHna oqHoMMEHHAs 3aBUCUMOCTh 1 TIPOM3BENICH BHIOOP 3HAYCHUS KPYTHU3HBI
JUHEHHON Y4aCTOTHOW MOJYJSIMK, IPH KOTOPOM MOIITHOCTh TIOMEXH CHUXKASTCS 10 0JaronpusiTHOrO
JUTsL OOHAPYKEHHSI CUTHAJIA YPOBHSI.

Ha BbIsiBI€HHOM 3aBUCUMOCTH OCHOBaHa METOJMKA OMPEAEIICHUS] YaCTOThl TOBTOPEHUSI UMITYJIb-
COB M KPYTU3HBI 3aKOHA YAaCTOTHOM MOIYJISUMUA KBAa3UHENPEPHIBHOTO CUTHAJIA JJIi MUHUMM3ALIUU
BO3/ICMCTBHS TTACCHBHOI MMOMEXU Ha BBIXOJIE COTIACOBAaHHOTO (PMIILTPA MPU PACCOTIIACOBAHUU T10 Ya-
crore Jlomepa.
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SOUNDING SIGNAL PARAMETER DETERMINATION
TECHNIQUE TO MINIMIZE CLUTTER EFFECT
IN FILTERING CHANNELS ADJUSTED
ON DOPPLER FREQUENCY

A.M. Lavrentiev, S.A. Zaitcev

The specifics of ambiguity elimination in range measurement during operation in condition of unresolved
targets in velocity and angular coordinates at intense reflection from the underlying surface were examined.
It's noted that the method, based on application of linear frequency modulation of radiated signal, is distinct
in high operational efficiency. However, when applying of such signal the interference power rises steeply
in channels adjusted on Doppler frequency and detection capabilities of desired signal in such conditions are
substantively worsen.

It's determined that passive jamming power at output of matched filter during mismatching on Doppler
frequency depends on linear-frequency modulation slope of sounding signal. The same dependence was
obtained and slope value selection of linear-frequency modulation was performed wherein the interference power
decreases until the favorable one for signal determination. The technique of pulse-repetition frequency and
frequency modulation slope of quasi-continuous signal determination to minimize passive jamming effect at output
of matched filter when having a mismatching in Doppler frequency is based on revealed dependence.

Moctynuna 18 anpens 2019 ropa.
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lMpedcmasneHo onucaHue KOMIMIIEKCHO20 UMUMAaUUOHHO20 cmeHOa ¢ nodpobHoli cxemol nposedeHusi
u3MmepeHull KaHa/lo8 akmueHbIX ha3upoBaHHbIX aHmMeHHbIx pewémok (APAP) c ucnonb3ogaHueM wmamHoU
annapamypbl paduosiokayuoHHoU cmaHyuu. PaccmompeHo enusiHue XxapakmepHbix 0ecmabumnusupyroujux
¢hakmopos, UMeHsruwUX napamempsl kKaHanoe AQAP.

Knroyeenlie criosa: akmueHasi cha3uposaHHasi aHmeHHasi peluémeka, KOMMymauuoHHbIU Memod, 8HympucmaH-
UUOHHbIU Uusmepumerib, spemeHHasi uagpamma, OuazpamMma HarpasrieHHocmu, crydaliHoe pacripedernieHue.

The description of complex simulation stand with detailed measuring diagram of active phased antenna
array (APAA) channels using the standard radar equipment is performed. The influence of specific disturbing
factors modifying the APAA channels parameters was examined.

Keywords: active phased antenna array, switching method, intra-exchange tester, time pattern, directional
pattern, random distribution.

[Ipemnaraercs crocod u3MepeHus! KOMITIEKCHBIX K03 duimeHToB nepenadn kananos ADPAP ¢ uc-
nosnb3oBanueM ImratHeix CBU-curnanos PJIC. Omucan anroputM u3MepeHHs, peaan30BaHHBINA Ha KOM-
IUIEKCHOM MMHTanMoHHOM MozenupyronieM crerae PJIC. ITpuBeneHsl pe3ysbTaTbl HCCIIEN0BaHUS BIHS-
HUS TEMIIEpaTypbl Ha napamerpbl kaHanoB ADAP, a takxe pesynbrarsl pacueta JJH ADAP, yuutsiBato-
1€ 3T TEMIIEPATYPHBIE H3MEHEHUS.
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MEASUREMENT AND ANALYSIS
OF COMPLEX TRANSMISSION COEFFICIENT
OF ADVANCED APAA CHANNELS

A.A. Nikolaev, R.V. Komyagin, N.V. Drozhzhina

The measurement method of complex transmission coefficients of active phased antenna array (APAA)
channels using the standard radar microwave signals is proposed. The measurement algorithm is described
implemented on complex radar simulation stand. The research results of temperature effect on APAA channels

parameters were performed, and APAA directional pattern (DP) simulated results considering these temperature
changes as well.

Moctynuna 15 anpensa 2019 roaa.
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B cmambe paccmampusaemcsi memod co3daHusi cucmembl pacrnpedeneHus cu2Hamo8 C MOMOWbIo
Ouaepammoobpa3syrowux mampuy. lNpusodumcsi cucmema, co3daHHas Ha ba3e npedrioXeHHo20 Memoda, Ymo
rnodmeepxxdaem peanusyemocms. [Mpu nocmpoeHuu cucmem pacrnpedeneHus ykasaHHbIM CrlocoboM Ha Kaxxoom
u3 ebixo0o8 obecrieyusaemcs 3adaHHas ha3oeas 3adepxka. 3adaHue ¢hbasbl cuzsHama ocyuwecmesrsgemcs
nocpedcmeom ¢hasospawamenel, npedcmasneHHbIX ompeskamu JfuHUU Kabenel. Pacyém Heobxo0uMbIx
¢hasoebix 3a0epxKeK 8bINOSIHIeMCs C MOMOWbIO CUCMeMbI ypasHeHUl Ha OCHoge 3akoHo8 Kupxzogha. Onucak-
HbIU mun cucmem obnaBaem marbiMu rMomepsiMu, 8bICOKOU HalEéxXHOCMbIO U 2ubkol Hacmpolkol ¢ha308020

¢ppoHmMa.
Knrodeebie cnoea. 6a3zosasi cmaHyus, duaspammobpa3syrwas Mmampuya, 3akoHbl Kupxeogha, mampuya
Bbamnepa, cucmema pacripedeneHusi cuaHanos, gha3oabill ppoHM.

The article considers the signal distribution system engineering technique using the beam-forming matrix.
The system, which is based on the proposed method, is performed in the article that proves its implementability.
When the distribution systems are formed in the mentioned technique, the defined phase delay is provided
on each of outputs. The signal phasing is provided via phase shifters introduced by the cable lines fragments.
The calculation of necessary phase delays is carried out using a set of equations based on Kirchhoff's laws.
The described systems type has a low losses, high reliability and flexible adjustment of phase surface.

Keywords: base station, beam-forming matrix, Kirchhoff's laws, Batler matrix, signal distribution system,
phase surface (front).

B crathe paccMOTpeH METOX CO3MIaHWS CHCTEMBI PaCIpEeICHHS CUTHAJIOB C ITOMOINBIO JHa-
rpaMMo00pa3yromux MaTpuil. 110100HBIN METO CO3AAHIS CUCTEM paclpe/IeICHIsI CUTHAIIOB 1IEJIECO-
00pa3HO MCIOIB30BaTh YIS TIOBBINICHUS HA/ICKHOCTH U YBEITUYEHHUsT 0€30MaCHOCTH KaHAJIOB CBSI3U B
CHCTEMax TPAHKUHTOBOH PaJIMOCBSI3U CBSI3U U CHCTEM YIIPABIICHUS JIeTaTEIHFHBIMA armapataMu. B pe-
3yJbTaTe MPUMEHEHHUS OMHUCAHHOTO MeToaa oOecriedmBacTCsl yBeiandeHne 3¢PGHEeKTUBHOCTD, HAIEK-
HOCTH U 0€30IMacHOCTh COSAUHEHHUS U, KaK CJIEACTBUE, MOBBIIICHUE KAUeCTBA CBA3H, BCE 3TO MO3BOJIS-
€T UCIOJIb30BaTh B TAKUX CUCTEMAaX HNPUHLIUI MHOTOKAHAIBLHOM CBSI3H.

B cratbe onucaH pa3paOOTaHHBIM METOJ CO3IaHUS CUCTEMbI paclpeleCHHs C TOMOIIBIO JHa-
rpamMMoo0pasytomieit Marpuilpl. [lpu peanusanuu aaroputMa MOTYT BO3HHKATH CIIOKHOCTH, CBSI3aH-
HBIE CO CIIO)KHOCTB (Pa3MpOBKHU AMArpaMMO00pasyronux MaTpuil. [Ipy mocTpoeHun cucreM pacrpene-
JICHHSI YKa3aHHBIM CITIOCOOOM Ha KaXKJOM U3 BBIXOJIOB 0OeCIeYrBacTCs 3aqaHHast (ha3oBas 3aJepKKa.
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B pabore npencrasiena cucreMa, co3iaHHas Ha 0a3e MpeioxKEHHOT0 METO/[a, YTO IMOATBEPIK 1A~
€T pealn3yeMOCTh TEOPETHYECKHX IOJ0KEHHH HacTosimed paboTsl. 3amanue ¢a3sl CHUTHaIa OCy-
HIECTBIIICTCS TIOCPEACTBOM (ha3oBpamiareseli, mpeICTaBIeHHBIX OTPE3KaMK JIMHUK Kabenel. Pacuer
HEOOXOUMBIX (Pa30BBIX 3aJIEPIKEK BBITIONHICTCS C IMOMOIIBIO CUCTEMBI YPaBHCHUN HAa OCHOBE 3aKO-
HOB Kupxroda. OnucaHHbIil THI cUCTeM o0JajaeT MajabIMH MOTEPSIMU, BBICOKOW HAJIEKHOCTBIO U
THOKO# HaCTpOIKO# azoBOTO QpOHTA.

JINTEPATYPA

®enbpgwrenH AJl., ABum J1.P. CuHTE3 4eTbIpEXNOMCHUKOB 1 BOCbMUNOMCHUKOB Ha CBY. — M.: CBs3b 1971. — 385 c.
KoHcTpykumn CBY-ycTpoiicts u akpaHoB / nog ped. A.M. YepHyweHko. — 1983. — 396 c.

Manopaukui J1.I., fABuy J1.P. lNMpoekTtvpoBaHve n pacyét CBY-anemMeHTOB Ha MONOCKOBbIX NuMHUSX. — M.: CoBeTckoe
paavo, 1998. — 233 c.

4. Omutpues E.E. OcHoBbl MogenvpoBaHus B Microwave Office. — 2009. — 175 c.

5. YucTtioxuH B.B. AHTeHHO-uaepHble ycTpolicTBa: y4ebHoe nocobue. — MITM3I, 2005. — 183 ¢

wn e

SIGNAL DISTRIBUTION SYSTEM ENGINEERING TECHNIQUE
USING BEAM-FORMING MATRIX

S.I. Strukov, A.A. Paramonov, S.A. Litvinov

The article considers the signal distribution system engineering technique using the beam-forming matrix.
The similar method of signal distribution system development is reasonable to implement for reliability and
communication channels safety increasing in trunk radio systems and flight control systems. Due to such method
application, we provide an increased effectiveness, reliability and connection safety, and subsequently, an
increase of communication quality that permits applying of multichannel communication principle in such systems.

In case of algorithm application, the difficulties may arise connected with phasing difficulty of beam-forming
matrix. When the distribution systems are formed in the mentioned technique, the defined phase delay is provided
on each of outputs.

The system, which is based on the proposed method, is performed in the article that proves the imple-
mentability of its theoretical parts. The signal phasing is provided via phase shifters introduced by the cable lines
fragments. The calculation of necessary phase delays is carried out using a set of equations based on Kirchhoff's
laws. The described systems type has a low losses, high reliability and flexible adjustment of phase surface.
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[Ana nnockol ¢hasuposaHHOU aHMeHHoU pewémku npedrnoxeH Memod cuHmesa yrpaernsieMbix Hynel
8 Ouazpamme HarpaerieHHOCMU 8 HarpasseHusix nomex. [ns peweHusi 3adadu MpuUMeHsIemcs npuHUUrn 0eKomrno3u-
yuu, 8 pesyribmame KOmMOpPo20 paccyumbigaemcsi amrumyOHo-gha3oeoe pacrpedeneHue 0ns 08yx 4acmel
pewémku, Komopble eMecme cocmassisiom Yemeepmb 8ce2o nosfomHa. [na kaxdol Yacmu Heobxodumo paccyu-
mamb amrniumy0oHo-gha3o80e pacripedesieHue morsibKo 0711 00HOU cmpoKu (uru cmornbua).

Knroyeenie cnoea: AOAP, duazpamma HarpagneHHocmu, amnnumyOHo-gha308bIli CUHME3, yrpassieMble Hynu,
CrioxHasi hopma packpbiea.

The synthesis technique of controlled nulls in directional pattern towards noises was proposed for the planar
phased antenna array. To solve the problem the decomposition principle is used which results to calculation
of amplitude-phase distribution for two parts of an array that together compose a quarter of the whole antenna curtain.
For each array part, it's necessary to calculate the amplitude-phase distribution only for one line (or array column).

Keywords: active phased array antenna (APAA), directional pattern, amplitude-phase synthesis, controlled nulls,
irregular shape of aperture.

B HacTosmeit pabote pemaercs 3aada CUHTE3a YIIPaBIsIEeMbIX HyJlel B JuarpaMMax HarpasJieH-
HocTH Tockoit AP co croxkHO#H (opMOi packpbiBa, IMEIOIIEH TPHU MPUEMHBIX KaHaja (M TPH BHIA
JUarpaMM HalpaBICHHOCTH) JUII MOHOUMITYJIbCHOW TEJEHTallud - CyMMAapHBIH M JiBa Pa3HOCTHBIX.
Orta 3a7a4ya CBeJIcHAa K 3aJadye CHHTE3a YNpaBIsieMbIX Hyned ans miockod @AP ¢ mpsamoyronsHOR
(dopMoil packpbiBa, HMEIOIICH OJMH MPUEMHBIH KaHall C TUarpaMMON HaIllpaBICHHOCTH CYyMMapHOTO
Buga. [Ipu 3TOM HCmonb3yeTcsl aMIDIUTYAHO-(Da30BbIil METOI CHHTE3a C OJHOBPEMEHHOM peryanpoB-
KO# aMmunTya 1 a3 kodppuuneHToB Bo30yKACHUS aHTEHHBIX 3JIEMEHTOB peleTKH. B ocHOBe MeTo-
JIa JIeKUT JEKOMITO3UINS YETBEPTH PEIIETKH Ha MOJAPEIIeTKH C MPSIMOYToJIbHON (pOopMOit pacKkpbiBa U
(dbopMHpOBaHHEe B HUX YIpaBisieMbx Hylel. CHHTE3 IS TOPENIeTOK MPSIMOYTOJILHON (OPMBI, Ha KO-
TOpble ObUTa pa30HTa YEeTBEPTh BCETO IOJOTHA, XapaKTEpU3yeTcs MPOCTOTON alIropuTMa BBIYHCIIE-
HUI: JI0CTaTOYHO ONpPENENIUTh aMILIUTYIHO-(pa30Boe pacHpeAeieHUue TOJIBKO Uil CTPOKU (CTOOIA)
AQHTEHHBIX JIEMEHTOB KaXI0i M3 YacTel JeKOMITO3UITNHN pacKpbiBa. OCOOEHHOCTHIO METOIA SBISETCS
TO, 9TO AJIs1 (POPMHUPOBAHMS YIIPABISIEMBIX HYyJIEH JOCTATOYHO HMCIIOJIB30BAaTh OJHO M3 JIBYX 3HAYEHUH
0000IIEHHBIX YIJIOB, ONPEACISIONINX HAIPaBICHUs Ha moMexH. [Ipu aToM dopmupyeTcs 30Ha MOHH-
KEHHBIX OOKOBBIX JIETIECTKOB BOJHM3U MPSIMBIX JHHAW HA TUIOCKOCTH U,V, 33/1aBa€MBIX TSI KaXI0H
MTOMEXH OJHHUM U3 JIBYX 3HAYE€HU 00OOIIEHHBIX YTJIOB.
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AMPLITUDE-PHASE SYNTHESIS OF COMTROLLED NULLS
IN DIRECTIONAL PATTERNS OF MONOPULSE APAA
WITH IRREGULAR APERTURE SHAPE

U.A. Hmelenko, I.S. Shurigina

The current paper solves the problem of controlled nulls synthesis in directional patterns of planar PAA with
irregular aperture shape having three receiving channels (and three forms of directional patterns) for monopulse
direction finding — the sum channel and two difference channels. This task narrows down to controlled nulls
synthesis problem for planar PAA with rectangular aperture shape having one receiving channel with directional
pattern of sum shape. Herewith, the amplitude-phase synthesis technique is used with simultaneous adjustment
of amplitude and phases of excitation coefficients of array antenna elements. The technique is the basis for
decomposition of a quarter of an array into subarrays with rectangular aperture shape and nulling. The synthesis
for subarrays of rectangular shape after division of a quarter of the whole antenna curtain is characterized by
simplicity of calculation algorithm: it is enough to determine the amplitude-phase distribution only for the antenna
elements line (column) for each part of aperture decomposition. The method particularity is that for nulling it's
sufficient to use one of two values of generalized angles which define directions to a noise. Herewith, a zone
of degraded side lobes is formed close to direct lines at u, v plane, defined by one of two values of generalized
angles for each noise.
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Paccmampusaromes npobrembl aHanu3a u rniaHupo8aHusi ofbImHoO20 fnpoussodcmea, 8 m.4. omcymcmeaue
aghghekmusHbIX MemoduK roucka, cucmemamu3ayuu u nepguyHol 06pabomku UcxoOHbIXx OaHHbIX Ossi UCMOSb-
3yeMbIX 8 rpoyecce eao onmumu3auyuu Memodos8 MameMamuyecKoeo MpoepaMmmuposaHusi. B kauyecmee
cucmembi cbopa uHgopmayuu npednoxeHa Mmemodonoausi hyHKUUOHaIbHo20 ModesuposaHusi IDEFO. C yenbio
npakmu4eckol peanu3ayuu, rMnoHAMuUUHbIU annapam OaHHOU Memodosio2uu rnocmassieH 8 coomeemcmeue
¢opmarnbHoMy arnrnapamy mMemo0o8 peweHus 3adady MameMamu4yecKoao MpoepaMMupos8aHus, a pPersyuoHHas
molernib 0aHHbIX UCMO/Ib308aHa 8 Kadyecmee memamodenu rnpedrnazaemMoz20 peweHusi 0ns e2o aghchekmusHoU
peanusayuu ¢ nomowbto IBM.

Knrouesnbie crnoga: onbimHoe npou3eodcmeo, onmumu3ayusi pecypcos, Mamemamu4yeckoe rnpoepammupo-
8aHue, UCX00HbIe OaHHble, Memodonoeusi IDEFQ, pensiyuoHHasi Modesib OaHHbIX.

The problems of analysis and planning of pilot production, including the lack of effective methods for search,
systematization and primary processing of initial data for mathematical programming methods used in the process
of its optimization are considered. Methodology IDEFO is proposed as a data collection system. For the purpose
of practical implementation of the proposed solution, the conceptual apparatus of this methodology is put in ac-
cordance with the formal apparatus of these methods and, for its effective realization by computer, relational data
model as metamodel is used.

Keywords: pilot production, resources optimization, mathematical programming, initial data, methodology
IDEFO, relational data model.

BaxxHol cocTaBisitonIel TUIAHUPOBAHUS OIBITHOIO ITPOU3BOJCTBA SIBIISIETCS PELIECHUE 3a/ad Oll-
TUMAJIBHOTO paclpeneneHns pecypcoB. OJHUM U3 HaUMEHEE UCCIIEIOBAHHBIX BOMPOCOB, MPU 3TOM,
SBJISIETCS] BOIIPOC MHTErPAllU B PaMKax €JMHOTO MOAX0/a alrOPUTMOB cOOpa UCXOIHBIX TAHHBIX AJIS
IIOCTPOEHUS aJCKBATHBIX MaTEMAaTUYECKUX MOJENIEH M WU3BECTHBIX METOJOB PEUICHUS TAKUX 3a/1ad.
OnHoit U3 mpoOIIeM NOArOTOBKH UCXOJHBIX JaHHBIX, B CBOIO OYEpE.b, SIBISETCA HAJIHMYHE CYyOBEKTHB-
Horo (akTopa B mpouecce ux coopa. [lpakTika HeJOKYMEHTHPOBAHHOTO OOIICHHUS MEXILy CUCTEMHBI-
MU aHAJIUTUKAMU U IPEICTABUTEISAMU KOHTPAr€HTOB, MEXy CUCTEMHBIMH aHAJTUTUKAMU U LIEXOBBIMU
MacTepaMH, TEXHOJIOTaMH, KaK TPaBHUIIO, SBISETCS MPEANOCHUIKON K GOPMUPOBAHUIO HEBEPHBIX CYXK-
JIEHUI 0 pa3IMYHOro poja pecypcax.
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B nporuecce oOcnenoBanust npeInpusTHA, C HEeIbI0 NOBBIIICHNS aAEKBATHOCTH M IOCTOBEPHOCTU
WCXOIHBIX JAHHBIX, MUPOKOE NMPHUMEHEHNE HAlUM (PYHKIIMOHAIBHBIE MOJIENH U OCHOBAaHHBIE HA HHUX
METOJIONIOTHH, B T.4. (yHKIHOHANbHAs Monenb IDEFOQ. Ilpuaumas Bo BHUMaHUE yKa3aHHOE 00CTOS-
TEJIbCTBO, CAETaH BBIBOJ O 1IeJIeCO00Pa3HOCTH PACCMOTPEHHUS MOpsiAKa cOOpa MCXOAHBIX JaHHBIX IS
3a/1a4 ONITUMU3AIIUH OTBITHOTO MTPOM3BOACTBA KaK Ipoiiecca moctpoeHus cocrostaus «TO-BE» mone-
mu IDEF0, mpu KoTOpOM, C IIEIBI0 TIOBBIIIICHHUS €€ aIeKBaTHOCTH M JOCTOBEPHOCTH, DKCIIEPTHI UTEpa-
IIMOHHO pEIIaloT TaKUe 3a1adH.

[Tonmy4eHHBIH BBIBOA MOCTABUJ Ha TOBECTKY JHS BOMPOC 00 aJanTalyy W3BECTHBIX METOAOB OTI-
tamm3arui K Hotaruu IDEFO. [Tokazan cmoco6 Takol aganTaiuy Ha IpUMepe Pa3IMdHbIX BApUAHTOB
3a/1a4¥l ONTHUMH3AIHNA paclpeieseHnss 000pyA0BaHUS C YIE€TOM €er0 MHOTO(YHKIIOHAIBHOCTH, 3aTPaT
Ha MPOU3BOJICTBO ¥ TPeOOBAHMH K TJIaHY IPOU3BOICTBA.

JaHHas 3ajaua sBIsETCS pacnpeeuTeIbHON 3aauell JIMHEHHOTO MPOrpaMMUPOBaHUs; pelle-
HUE CBEJIEHO K TPAHCIIOPTHOH 3a7ade.

C uensio npuMeHennss 9BM B npouecce coopa nHpOpMALUN U TIOUCKE pelIeHus, s chopmy-
JUPOBAHHOH 3a7jau TIOCTPOEHA PENALUOHHAS MOJIEIb.

B xauectBe anprepHaruBsl mogenu IDEF0 paccmatpuBatoresa moaenu DFD u IDEF3, B kauectBe
AJIbTCPHATUBLI pCHﬂHHOHHOﬁ MOZICIIU — CETCBAsd, UCPAPXUUCCKASA U MHOT'OMCPHad MOACIINU, B KAUCCTBE
JOMNOJHEHUA K METOJaM ONTUMU3ALUN PECYPCOB — METOJAbI TCOPHUU NPUHATUSA pCIHGHHﬁ, B T.4. METO-
Il TIPUHATHSA PEIICHUH B YCIOBHSIX HEONPEAENCHHOCTH, B YCIOBUSX PHUCKA, METOIBI AKCIIEPTHBIX
omeHOK. TakuM 00pazoM, MOKa3aHo, YTO MpeiaraeMblid TIOAXO He SBISIETCS JOTMOM, a CKopee Mpu-
MEpOM OCHOBAHHOH Ha Hay4YHOM MOAXO0JE€ CUCTEMBbI MBIIJIICHUA, KOTOPAasi MOXKET 6BITL HCIIOJIb30BaHa
B TIPOIECCE PEIICHUS CIOKHBIX aHATUTHUYECKUX 3a/1a4, BOZHUKAIONINX B MPOIECCE YKPETICHHS 000-
POHOCTIOCOOHOCTH CTpPaHBI.
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FUNCTIONAL METHOD OF INITIAL DATA GATHERING
FOR PILOT PRODUCTION OPTIMIZATION

V.M. Aldoshin, L.I. Kovtun

One of the important constituents of pilot production planning can be denoted as resolution of problems
consisting in optimal resources allocation. One of the least studied issues, at the same time, is the question
of integration within a single approach of algorithms for collecting initial data for construction of adequate mathe-
matical models and known methods for solving appropriate math problems. One of the problems of initial data
preparation, in turn, is the presence of a subjective factor in the process of their collection. The practice of undoc-
umented communication between system analysts and representatives of contractors, between system analysts
and craftsmen, technologists, as a rule, is a prerequisite for the formation of incorrect judgments about various
kinds of resources.

In the course of enterprises survey, in order to improve the adequacy and reliability of initial data, functional
models and methodologies based on them, including the functional model IDEFO, are widely used. Taking into
account this circumstance, it is concluded that it is expedient to consider the order of initial data collection for
optimization problems of pilot production as a process of constructing of « TO-BE» state of IDEFO model.

The conclusion put on the agenda the question of adaptation of known optimization methods to IDEFO
notation. The technique of such adaptation is shown on the example of different variants of the math problem
of equipment distribution in light of its multifunctionality, production costs and requirements to production plan.
This problem in turn is presented as a distributive problem of linear programming, and, as a result, the solution is
reduced to a transport problem.

In order to use computer in the process of information collecting and solution finding, for the formulated
problem a relational model is built.

As an alternative to IDEFO model DFD and IDEF3 models are considered, as an alternative to the relational
model — network, hierarchical and multidimensional models, as a complement to resources optimization methods
— methods of decision-making theory, including methods of decision making under uncertainty, under risks,
methods of expert estimates. Thus, it is shown that the proposed approach is not a dogma, but rather an example
of a system of thinking based on the scientific approach, which can be used in the process of solving of complex
analytical problems arising in the process of strengthening the country's defense capability.

Moctynuna 16 sauBapsa 2019 roaa.
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CohopmynuposaHbl 0OCHOBHbIE M0OX00b! rpu co3daHuu omeyecmeeHHol CATP dns npoekmuposaHusi PJIC.
PaccmompeHbl 0bwasi cmpykmypa U cocmaes npospaMmMHO20 Komriekca. OmpaxeHbl mekyujue pesyibmamesl,
8 m.u. 8 Kooriepayuu ¢ coucrnonHumensmu. NpoeedéH cpasHumernbHbIl aHanus « CAMP-PJIC» ¢ eé Haubornee
6r1u3kuMu 3apybexHbIMU aHalo2amu.

Knrodeeble cnoea: paduosiokayuoHHasi CmaHyusi, cucmema asmoMamu3upo8aHHOZ0 MPOEKMUPO8aHUS,
memoduka pa3pabomku, MamemMamu4yeckoe MoOeIupo8aHue, UHXEeHEePHbIe pacyémabl.

The main approaches during development of indigenous CAD system for radar engineering were formulated.
The general structure and configuration of software package were examined. The current results including
cooperation with joint contractors were represented. The «CAD-Radar» comparative analysis with its closest
foreign analogues was conducted.

Keywords: radar, computer-aided-design (CAD) system, design technique, mathematical modeling, engineering
evaluation.

B nannoii pabore 000CHOBaHa aKkTyaJIbHOCTH co3jaHus oredecTBeHHOM CAIIP mnst mpoextupo-
BaHus PJIC, chopmynupoBaHbl OCHOBHbBIE MOAXOIBI IPH MPOSKTUPOBAHUM HAa OCHOBE TPEOOBAHMIA,
MPEIBbABISIEMbIX K CHIEIUATN3UPOBAHHOMY MPOTPAMMHO-AIIAPATHOMY KOMILIIEKCY.

Paccmotpensr obmast crpykrypa «CAIIP-PJIC» u cocraB mporpamMMHOTo oOecriedeHusl, BKIFO-
YaOIEro MHTErPalvoOHHYIO MIAaT()OpMy M BBIYMCIUTENbHBIE MOIYNH, 0a3y JaHHBIX U (ailnoBoe xpa-
HUIUINE, TeOMH()OPMAIIMOHHYIO CHUCTEMY, IMAaKeT MPOTPAMMHBIX CPEJICTB WH)KEHEPHOTO aHan3a.
IIpenoxena TeXHOJIOTHS aBTOMAaTH3UpOBaHHOTO mnpoekTupoBanus PJIC ¢ ucnons3zoBanmem CAIIP.
OTtpaxkeHbl TEKYIIUE PE3YIbTATHI, B T.4. B KOOIIEPALUU C COUCTIONHUTENSIMH.

[IpoBenen cpaBuuTenbHbI anamu3 «CAIIP-PJIC» ¢ ee Hanbonee Oiu3KkuMu 3apyOeKHBIMHU aHa-
noramu. OmpezieneHbl HapaBJIeHUs AalbHEHIen pa3paboTKy.
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RELEVANT QUESTIONS OF INDIGENOUS CAD DEVELOPMENT
FOR RADAR ENGINEERING

P.A. Sozinov, A.P. Konovalchik, V.P. Saushkin

The work justifies the relevance of indigenous CAD system for radar engineering development, the main
approaches during development were formulated based on requirements specified to dedicated hardware
and software package. The general structure of «CAD-Radar» and software configuration including integration
platform and computation modules, data base and file depot, geographic information system, engineering
analysis software package were examined. The radar automatic design engineering using CAD system was
proposed. The current results including cooperation with joint contractors were represented. The «CAD-Radar»
comparative analysis with its closest foreign analogues was conducted. Directions for further development were
defined.
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Paccmampusaemcs ucronb3o8aHUe CcucmeMbl KOOPOUHamMHO-8PEMEHHO20 obecreyeHuss Kak 8axHol
Yacmu ¢hyHKUUOHUPOBaHUS MHO2UX CO8peMeHHbIX cucmem. OnpedenieHa porib 2/106asnbHbIX Hagu2ayUOHHbIX
criymHukosbix cucmem (GNSS) 8 mpaHCnopmHbIX U 3Hepa2emuyYecKux cucmemax, 8 6aHKO8CKUX MEXHOI0_2UsIX,
8 cucmemax mesieKOMMYyHUKayul, 8 cpedcmeax craceHusi, MeduyuHbl u Op. lpoaHanu3uposaHa ysi38UMOCMb
GNSS om HenpeOHamepeHHbIx u npedHamepeHHbix nomex. OO03HaYeHb! HarnpaseHUs1 CHUXeHUs ysi38uMocmu
GNSS 3a cuém npumeHeHus cucmem UOPHC & kayecmee Oybnupyowjux.

Knrodeenle cnoea: cucmema koopOuHamHo-epemeHHoz20 obecrnieqeHusi (KBO), anobarnbHas Hagsuz2ayuoHHasi
cnymdukosasi cucmema (GNSS), ITTOHACC, GPS, HernpeOHamepeHHasi omMexa, rpedHamepeHHasl rnomexa, paduo-
rnpomuesodeticmaue, paduode3uHghopMayusi, UMy ibCHO-tha3zosast paduoHasu2ayuoHHasi cucmema (M®PHC).

The use of coordinate-time support system (CTS) is examined as an important part of many modern systems
functioning. The role of global navigational satellite systems (GNSS) in transport and energy systems, banking
technology, communications system, recovery aids, medicine etc. is determined. The GNSS vulnerability from
unintended and intentional interference is analyzed. Directions for vulnerability reduction of GNSS are designated
due to implementation of pulse-phase radio navigation system (PHRNS) as a redundant one.

Keywords: coordinate-time support system (CTS), Global Navigation Satellite System (GNSS), GLONASS, Global
Positioning System (GPS), unintended interference, intentional interference (jamming), electronic countermeasures,
spoofing, pulse-phase radio navigation system (PHRNS).

B craree 000o3HaueHa BakHas POJIb CHCTEM KOOpAMHATHO-BpeMeHHOro obecnedenus (KBO) u
rI100aTbHBIX HABUTAIMOHHBIX CITyTHUKOBBIX cucteM (CNSS), kak ocHOBHO¥ cocrasisromelr KBO, Bo
BceX cdepax KU3HU COBPEMEHHOTO OOILECTBA.
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B 10 xe Bpems, orMeueHa ysa3BuMocTh GNSS 0T HempeaHaMepeHHBIX M MpeJHaMEPEHHBIX I10-
Mmex. [IpuBenen psa GpaxToB, moka3pBalOMKX ya3BUMOCTH GNSS.

[IpoanammsupoBana ys3Bumocts GNSS. JlaHa oeHKa KPUTHYECKUM PUMEHEHUSIM HaBHTAIlOH-
HO-BPEMEHHBIX TEXHOJIOTHH, TPEOYIOMINX MIPUHATHS MEP MO 3alIUTe OT BO3JCHCTBH MOMeEX (aBUALIuS,
TEJIeKOMMYHHKAIIOHHBIE CUCTEMEI U T.1.). OXapaKkTepru30BaHbI MOHATHS IPEAHAMEPEHHbIE U HETIPe/I-
HamepeHHbIe TIoMexu. [lpuBeneHa kimaccu@uKaIys MpeIHaMEPEeHHBIX IMOMeX Ha PaauoNpOTHBOMACH-
CTBHE U paanoJie3nHPOPMAINIO, JAHO UX KPaTKOe OMHMCAHHE W MPEIIOKEHUS [0 YMEHBIICHHUIO Ys3-
BuMocTd GNSS 0T BO3ACHCTBUS pa3HOTO PO/a MOMEX.

Paccmotpenst mmirynbcHO-(ha3oBble pamnonaBurarnuoHHsie cuctembl (MOPHC) xak Hambomee
MPEIMOYTUTENRHBIE HA POJIb cucTeM, Ayonmpytommx GNSS, otmeueHo, uto UOPHC Gonee ycroitau-
BBl K HEMPEIHAMEPEHHBIM TIOMEXaM UCKYCCTBEHHOTO MPOUCXOXKICHHUSI.

B cratpe caemaHpl BEIBOIBI O BO3ACHCTBAM Pa3HOTO pPoja MOMEX Ha BCE PaJHMOHABUTAIMOHHBIC
CHCTEMBI, CIIeJIaH aKIeHT Ha HeOOXOAWMOCTH JOTOTHUTEIHHBIX MEPOIPHATHI TI0 CHIYKEHUIO ySI3BH-
MOCTH HaBHTallMOHHBIX cucTeM. O0O03HAUeHBI MEPCHEKTUBHBIE CUCTEMBI, Ayonupyromme GNSS, ot-
MeueHa Ba)KHOCTh BHeApeHus B cucremy OpBJl cpenctB koHTpost moMexoBoro ¢ona. [lomuepkayTa
3HAYUMOCTH MTPOPAOOTKH BOIIPOCOB B3aNMHOTO BIIMSHHUS PAIUOCPEACTB M HCIIOIB30BAHUS YaCTOTHOTO
pecypca, T.e. HeOOXOIMMO KOMIUIEKCHOE M CHCTEMHOE HCIOJIb30BaHUE BCEX BUIOB 00OPYAOBAHHUS 110
obecrieyeHnto 6€30MacHOCTH BO3LYIITHOTO JIBUYKCHUS.
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GNSS VULNERABILITY TRENDS ANALYSIS
AND MAIN DIRECTIONS FOR THREAT REDUCTION

E.A. Lavrentiev, |.S. Vilegzhanin, S.U. Nesterov, D.P. Shabanov, E.N. Artemova

The article designates an important role of coordinate-time support systems (CTS) and global navigational
satellite systems (GNSS) as a main component of CTS in all spheres of modern society.

At the same time, the GNSS vulnerability from unintended and intentional interference is underlined. A set
of facts proving the GNSS vulnerability is performed.

The GNSS vulnerability is analyzed. An estimation to critical application of navigation-time technologies
requiring protecting form interference influence (aviation, telecommunications etc.) was given. The definition
to unintended and intentional interference was described. The intentional interference classification for electronic
countermeasures and spoofing was represented, its brief description and proposals for GNSS vulnerability
reduction from different interference types were performed.

The pulse-phase radio navigation systems (PHRNS) were considered as the most preferable ones for GNSS
systems redundancy. It's noted that PHRNS are more persistent to unintended interference.

The articles concludes the effect of interference of different types on all radio navigational systems,
the necessity to provide additional actions to decrease the vulnerability of navigational systems was emphasized.
An advanced systems, redundant the GNSS, were underlined; an importance of introduction of jamming
background control means into air traffic management system was pointed out. The significance of issues
elaboration for mutual influence of radio aids and utilization of spectrum was emphasized, i.e. it's necessary
to organize an integrated and system usage of all types of equipment in air traffic safety ensuring.

Moctynuna 1 uionsa 2019 ropa.
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HAYYHbIE PELLEH3U N OT3bIBblI

I'U. Augpees, ILA. Co3uHOB, B.A. THxoMmupoB

YIIPABJIEHYECKHE
PELIEHUA

[IPU ITPOEKTHPOBAHUH
PAJMOTEXHUYECKHUX

CUCTEM

AngpeeB I'.U1., CosuHoB I.A., TuxomnpoB B.A. YnpaBneH-
YyecKkue peweHUss npu MNPOeKTUPOBAHMU PaAUOTEXHUYECKUX
cucrtem. MoHorpacwmsa / nog pea. N.A. CosmHoBa. — M.: Paguo-
TexHuKa, 2018. — 560 c.

PeueH3eHTbl: A-p TexH. Hayk, npodeccop B.[l. UB4YeHkKoO,
A-P TeXH. HayK, npocpeccop A.FO. MywkoB.

B paGorte BIiepBbIe JOCTATOYHO MOJIPOOHO PACKPHITHI OCHOBHBIC
MOJIO)KEHUSI TEOPUU MPOECKTUPOBAHUA M PACCMOTPEHBI BOIPOCHI
METOAOJIOTUU CO3/IaHUS CUCTEM aBTOMATHU3HPOBAHHOIO MPOEKTUPO-

BaHMU, MMPUHOUIIAAJIBHBIC  ITOJIOKCHUA KOTOpOﬁ pCaIn30BaHbl
B 0000ILICHHOW METOAMKE OpraHM3alliy Mpolecca MPOSKTHPOBAHMS
PaIMOTEXHUYECKUX CUCTEM.
= OcyliecTBieHa JeTajbHas MpopadOTKa TEOPETUYECKUX MOJI0-
33%2“ KEHUH M0 peann3aluil METOI0B BepH(UKAMK B aBTOMAaTH3HUPOBaH-
HOI1 IpoLieIype MPOBEPKH BBITIOIHEHHSI TPEOOBAHHI K TIPOrPaMMHO-
anmapaTHbIM KOMIUIEKCAM aBTOMATH3UPOBAHHOTO MPOSKTUPOBAHUSL.
Bonbmioe BHMMaHue yaeneHo BompocaM (OPMHPOBaHHS COOCTBEHHBIX M BHEIIHUX OCHOBAaHHH
TCOPHHU IIPOCKTUPOBAHHUA, IIPHU 3TOM CYHICCTBECHHO ACTAIIM3UPOBAHA KOHICIIIHA q)OpMI/IpOBaHI/I}I OCHO-
BaHUI MaTEMaTHYECKOH MOJEIN CTPATErMYECKOro MPOrHO3a W OLECHKU d(P(HEKTHBHOCTH MPHHUMAEC-
MBIX ITPOEKTHBIX PEILECHUN.
Marepuansl paboThl MOTYT TPEACTABISATh WHTEPEC AN acCIUpPaHTOB, HAYYHBIX COTPYIHHKOB
U PYKOBOJMUTEINCH, NEATEIbHOCTh KOTOPBIX CBsI3aHA C MPOSKTUPOBAHWEM M YIPABICHHEM TEXHH-
YECKHMH, SKOHOMHYECKHMH M COIIUATBHBIMH TIPOLIECCAMH.

Edpemosa M.B., UBaHoB U.M., Kypywmn A.A. Mogenupo-
BaHne CBY-npubopoB ¢ nomouwbio nporpammbl CST Particle
Studio. — M.: COJIOH-lIpecc, 2019. - 332 c.

PeLieH3eHTbI: KaHA. TexH. HayK, npodpeccop J1.A. benos;
A-p TexH. Hayk, npodreccop C.J1. MopyruH.

Kuura MOCBAIIICHA MOACIIUPOBAHUIO YCTPOﬁCTB C HOCHUTCIIIMH
3apsAI0B. ITO IEKTPOHHBIC JaMIIbl, KINCTPOHBI, MAaTHETPOHEI, JIAM-
B OeTyIIel BOJTHBI.

MonenupoBanue W MPOSKTUPOBAHUE TAKUX MPHUOOPOB BHITION-
HACTCA C IMOMOUIBIO COBPEMEHHBIX CUCTEM IIPOCKTHUPOBaHMsA, B Ka4ye-
cTBe KoTopo aBTopamu BeiOpaHa cuctema CST STUDIO SUITE u
e¢ yrumura CST Particle Studio.

IIporpamma pazpaboTtana ocHoBaHHOU B 1992 romy KOMITaHHEH
CST, xoropasi akTHBHO paboTaeT B 0O0JACTH MYIbTH(PUIUIECKUX
CAIIP CBY.

Kuwnra mpennazHavyeHa JUIs CHEIMAIUCTOB, 3aHITHIX B 00JACTH MPOCKTHPOBAHHS JIEKTPOHHBIX
CBY npubopos.

Cepua
CHCTeMbl NPOEKTHPOBAHUA &

Edpemosa M.B.,
Weanos H.M.,
Kypywin AA.
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