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NMPOBJIEMHbIE BOMNPOCHLI MOCTPOEHUA
CUCTEM U CPELICTB BKO

Yeaxxaembie yumamenu!

B HacTosee Bpems cyLlecTByeT LenbIi KOMNEKC METOAMYECKMX NOAXOA0B K OLleHKe adh-
(PEKTUBHOCTM yNpaBAEeHNs MPOMbILLINIEHHBIMW NPeanpUATUAMY 06OPOHHOIO KOMMMEKCa.

B npencraBneHHow Ballemy BHUMaHWIO CTaTbe aBToOpamMu npeanaraeTcs HOBbIA MOAXOA,
npegnonarawLwuin, 4TO B YacTn peanusaummn rocobopoHsakasa Heobxoanmo knaccuduumpoBaTb
npeanpusaTna OlNK n HanpaBneHns nx AesTeNbHOCTU NO Npu3Hakam cdepbl CTabUIbHOM N NHHO-
BaLWOHHOWM npoaykumn. B nepsoi cdepe € nosvumm rocygapctea AOMUHUPYIOLMMUW OOSTKHbI
cTaTb MEeponpuUATUS U UX OLEHKA MO CHIDKEHUIO n3gepxek npu obecnedyeHun OOCTaTovHOM [0-
XOOHOCTW KOHTPAKTOB MO rocobopoH3akasy ansa ux ncnonHutenen. Bo BTopon cdepe ¢ no3mumm
rocygapctea v C MO3NLUMU UCMONMHUTENEN MaBHbIM OOIMKHO CTaTb HamnpaBlieHue MoucKa HOBbIX
peLUeHnin, oLieHKa ux 3heKTUBHOCTM 1M NOJAEPXKKA UX peanu3auun, B TOM YUCTe — Yepes LieHo-
BO€ CTUMYNMPOBAHWE UHHOBALWNA.

MogoGHbLIM Noaxod K oueHke 3EKTUBHOrO ynpaBneHNs MPOMbIWIIEHHBIMM NPeanpusi-
TMAMM OBOPOHHOrO KOMMIEKCa MOXET OKa3aTbCH KpawmHe MOMe3HbIMU LUMPOKOMY Kpyry crneuu-
arnucToB, CBA3aHHbLIX C CO30aHNEM NEPCNEKTMBHBIX 06Pa3LIOB CMOXHbIX CUCTEM BOOPYXKEHUS.

YK 338.2; 338.5

[IBOVHOM 110AXOA K OLEHKE 3®®EKTUBHOCTU
YIPABJIEHUS OPIAHU3ALIMAMU HAYKOEMKUX OTPACIIEN
SKOHOMMWKM B COEPE MOCY[JAPCTBEHHOIO 3AKA3A
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PA3AEN: NPOBJIEMHbIE BOMNPOCbHI MOCTPOEHUA CUCTEM U CPEACTB BKO

MOHOMMOSILHOE MONIOXKEHUE Kak npousgodumernel, mak U 3aKka3yukos rpodykyuu. [Jeuzamenem rpospecca u passu-
musi mexHoroauli 8 OBOPOHHBIX OMPAC/AX MPOMbIUIEHHOCMU SIB/ISIOMCS 8 OCHOBHOM 3arpockbl u delicmeusi
eocydapcmea 4Yepes 3aka3qukog 06opoHHoU npodykyuu. [lepeoli Heobxodumoli cocmasnsioweli OUeHKU 3ghghek-
mueHocmu nipednpusmuti OFK GomkHbl 6bimb rMoka3amesnu ux «8HympeHHel» aghghekmueHocmu — ux npubblib
u peHmabernsHocmb. Ho oHa He moxem 6bimb enaeHou. [Npubbib — nulib cpedcmeo obecrieyeHusi HopMasibHOU
dessmenibHocmu npednpusimuti OFK u ux crocobHocmu K passumuto. Bmopol cocmaensowel 0ormkHa 6bimb
oueHKa ux «8HewHel» 3¢hcheKmuUBHOCMU C MOYKU 3PEHUST UX KOHEYHbIX QOYHKUUL 8 Yacmu obecrieqeHust 060pOHHOU
6e3onacHocmu cmpaHs!.

Knrodeebie crnoea: aghghekmusHocmb, OUeHKa 3ghgheKmusHOCMU yrpaernieHuUsl, KOHKYPeHmMOoCnocobHOCMb,
umMropmo3samewyeHue.

The article discusses a double approach to assessing the efficiency of management of enterprises of high-tech
industries and, above all, of the defense industry. The peculiarity of such enterprises is the absence of a «classic»
market of perfect competition, a characteristic monopoly position of both manufacturers and customers of products.
The engine of progress and development of technologies in the defense industries is mainly the demands and actions
of the state through customers of defense products. The first necessary component of the assessment of the efficiency
of enterprises of the defense industry should be the indicators of their «internal» efficiency — their profit and profitability.
But she can not be the main. Profit is only a means of ensuring the normal activities of defense enterprises and
their ability to develop. The second component should be an assessment of their «external» efficiency in terms of their
ultimate functions in terms of ensuring the country's defense security.

Keywords: efficiency, control estimation of efficiency, competitiveness, import substitution.

Briepsoie nonsTHe «3¢(GeKTUBHOCTE» BBET B 00MXO0J aMEPUKAHCKUN MHXEHEP-PaLlOHATN3aTOP
opranuzanuy npou3BoJicTBa ['appunrron Omepcon B 1911 rony. [lon 3¢ ¢deKTHBHOCTHIO OH TOHUMAT
MaKCHUMaJIbHO BBITOJHOE COOTHOIICHHE MEKIY COBOKYITHBIMH 3aTpaTaMy U SKOHOMHYECKHMU PE3YJib-
tatamu [1].

B menom Takoe NMOHMMaHHE COXPAHSETCS M CErojHs, HO OHO OOYCIaBIMBAETCS MOHHMMAaHHEM
HEOOXOMMOCTH BEKTOPHOH OIEHKH 3(PPEKTUBHOCTH OJHOIO U TOTO )K€ OOBEKTa C MO3UIMH Pa3HBIX
CcyOBeKTOB (YIIpaBIeHIIEB, COOCTBEHHUKOB TPEANPUATHI, 3aKa3YHKOB MTPOAYKIIHH ).

HanbHelimee pa3sutre 3Q(EKTUBHOCTh KaK HAYYHAs U IPAKTHYECKasl KaTeropusl Moydusia B acIieK-
Te TIOHUMaHHsI HEOOXOIMMOCTH Pa3HBIX METOJOB OLEHKU S(PQEKTHUBHOCTH MPEANPUSITHA B Pa3IUUHBIX
BHEIIHUX YCIOBUSX (CTAaOMIIBHBIX, HECTAOMIbHBIX, HTHHOBALMOHHBIX). Uepe3 HeKOTOpoe BpeMsl pa3BUTHEM
nmanHOW Kateropun (3(p(EeKTUBHOCTB) SBUIIOCH TIOHMMaHHE HEOOXOIMMOCTH OLEHKH 3((EeKTHBHOCTH
MpeANpUsITU, paboTaIONMX B MHHOBAIIMOHHOW M HECTAaOWILHOW BHENIHEH cpelie, HEe TONBKO C TOYKH
3peHust € TeKYIIHX MMoKa3aTesei, Ho M ¢ MO3UIMH MOTeHIMana 31oil dddextuBHocTH [2].

NmenHo nokazamenu nomenyuana sgpgpekmusnocmu npeonpuamuii OIIK — xax BHyTpeHHEH,
TaK U BHEUIHEW — JIOJKHBI CTaTh B MEPCIEKTHBE OCHOBON KOMHJIEKCHOU oueHKu Idexkmusnocmu
npeonpuamuii OIIK.

006 3¢ dexTuBHOCTH YNpaBiIeHUs] KOHKPETHBIM HPEANPHUATHEM C MO3ULHUH €ro «BHYTPEHHEI»
3¢ GEKTUBHOCTH MOKHO CYAUTh 110 TIOKA3aTeINsIM ero (PMHAHCOBO-3KOHOMHYECKOTO COCTOsAHUS. B Teo-
pUHM Y TpPaKTUKE YOpPaBICHUS IJs 3TOW el OOBIYHO TMPHMEHSIOTCS IOKa3aTeNd JHKBHIHOCTH,
IUIaTEKECIIOCOOHOCTH, 000PaYNBAaEMOCTH aKTHBOB (JEIOBOM aKTUBHOCTH), PEHTA0EIBHOCTH MPOU3-
BOJICTBA U JIp.

Baxxno, 9T00BI BCe 3TH MOKa3aTed aJeKBaTHO OTPaKajl BHYTPEHHUI MHHOBAIIMOHHBIN MOTEH-
an 3¢ GeKTUBHOCTH MpeanpusTuii. [IpobieMa B TOM, YTO HHBECTHIIMM B MHHOBAI[MH HA TPEATIPUS-
tusix OIIK B obmem ciydae TpeOyIOT COBCEM MHBIX CIIOCOOOB OOOCHOBaHUS U IPOABHKEHHUS, YEM
WHHOBAIIMY B YUCTO KOMMEPYECKHUE MPEIPUSITHS.
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DOUBLE APPROACH TO ESTIMATION
OF ORGANIZATION MANAGEMENT EFFICIENCY
OF SCIENCE-BASED BRANCHES OF ECONOMY
IN STATE ORDER AREA

S.S. Chebotarev, G.N. Melnikov

One of the key factors for the sustainable economic functioning of an organization (enterprise, company)
in modern conditions (along with technology, personnel, etc.) is management. At the same time, the efficiency
of management of a particular enterprise is assessed by its financial and economic condition. In the theory
and practice of management for this purpose are usually used indicators of liquidity, solvency, turnover of assets
(business activity), profitability and etc. Although these indicators have found wide coverage in the economic
literature, there is no unity in their interpretation and use in economic analysis. This is especially true for enter-
prises of high-tech products of the defense industry. Fulfilling a specific state order for the production of high-tech
products, they (the defense industry organizations) a priori can not have a leading target for profit. Therefore,
the authors of the article suggest using a dual approach to assessing the effectiveness of management,
the essence of which is considered in this article, since such a dual approach to determining the effectiveness
of management can give a more accurate dynamics of its indicators and ensure timely adoption of an adequate
management decision.

MocTtynuna 4 pneka6ps 2018 ropa.
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METOOMKA PACYETA TEPMUHAJTbHOIO MIPOMAXA PAKET
C [NTACCUBHBIMW PAOUOITOKALINOHHBIMA 'OJIOBKAMU
CAMOHABELOEHUA
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H.H. NutBuHOB KaHOudam mexHu4yecKkux Hayk,
npernodasamersib kaghedpbl agmomMamuKu U 8biqucriumernsHbix cpedcms, SABBY 1BO, 2. Spocnasrns
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PaccmompeH knacc camMoHagodsuuXxcsi pakem ¢ naccueHbIMU 205108KaMu caMoHageOeHusi, npedcmasrisi-
rouuli cepbé3Hyto oracHocmb 0115 3eHUMHbIX pakemHbix Komrinekcos. OnpedenieHbl napaMempsl, enusowue Ha
8esluYUHY MepMUHabHO20 fpomMaxa MpomueopaduoriokayUuoHHbIX pakem. PaspabomaHa memoduka, no3eosisi-
rowasl ydumsieame makue napaMempsl, a makxe ¢opMmy u eeomempuyeckue pasmeps! obracmu, 8 Komopol
epynnosas yesnb bydem gocrpuHUMambCs annapamypol 20/1080K caMoHasedeHUs1 Kak OOUHOYHas.

Knroyeenle cnoea: camMoHagolsiwasicss pakema, rmpomueopaduosiokayoHHasi pakema, 20/i08ka caMoHa-
8edeHus, 3eHUMHbIU pakemHbil KOMIIEKC, yarnogas paspewarouass crrocobHocmb, MaHe8pPeHHas rnepeapyska,
mepMUHarbHbIU MPpoMax.

The article considers the self-guided missiles with passive seekers, which constitute a serious threat
to surface-to-air missile systems. Parameters which influence a terminal miss of anti-radar missile
are determined. The technique, permitting consider such parameters, and form and geometrical sizes of an area,
in which the group target will be identified by the seeker as a single target, is developed.

Keywords: homing missile, anti-radar missile, seeker, surface-to-air missile system, angular resolution,
maneuver load factor, terminal miss.

B craTthe paccMOTpeH Kilacc CaMOHABOISIIUXCS PAKET C MACCUBHBIMHM T'OJIOBKAMHU CaMOHAaBe[e-
HUSI, IPEJICTABIISIIOIINI CephE3HYIO OMMACHOCTh 3¢HUTHBIM PAaKeTHBIM KomiiekcaM. Ha npumepe Hase-
JIEHUS] TPOTHBOPAINOJIOKAIIMOHHON PaKeThl Ha TPYIIOBYIO 11€JTb, COCTOAIIYIO U3 ABYX M3IydaTesei C
OJIMHAKOBBIM YPOBHEM OOKOBBIX JIETIECTKOB JHAarpaMM HaIlpPaBJICHHOCTH, ITOKAa3aHO, YTO MPHU JAOCTH-
JKEHUH OIIPENIEIEHHOTO PACCTOSHUSA MEXAY LIEIbI0 U PAKETON MPOU30MIET pa3pelieHre U3TydaTeNen.
OnHaxko, MOXKET CIIOKUTHCS CUTYyalns, KOTJa IIocie pa3pelieHns n3ydaTenieil pakeTta He yCIeeT BBIi-
TH Ha TpeOyeMmyro TpaekTopuio. [[03ToMy BO3HHMKaeT BOIPOC: OT KaKUX MapaMeTpOB M KaK 3aBHCUT
JaHHBIA mpomax? B pesynbTare HCClieOBaHMS ONpelesieHbl NapaMeTphl BIUSIONIME Ha BEIHYUHY
TEPMHHAJIBHOTO MPOMaxa MPOTHBOPAINOJIIOKAIIMOHHBIX pakeT. Ha ocHOBaHMM mpoBenEHHOTO aHAIN3A
pa3paboTaHa METO/IMKA, TIO3BOJISIONIAS YIUTHIBATh TAKHUE MApaMETPhI, a TakKe GOopMy U TeOMeTprye-
CKHE pa3Mepbl 00JlacTh, B KOTOPOH IpyMIIoBas LEedb OyJEeT BOCIPHHUMATHCS allapaTypol TOJOBOK
CaMOHAaBEJICHUSI KaK OJJMHOYHAS.
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CALCULATION METHODOLOGY OF MISSILE TERMINAL
MISS WITH PASSIVE RADAR SEEKER

N.N. Litvinov

The article considers the self-guided missiles with passive seekers, which constitute a serious threat
to surface-to-air missile systems. An example of anti-radar missile guiding on the group target consisting of two
emitters with identical side-lobe level of directional pattern shows that at certain range between missile and target
the resolution of emitters will occur. However, a situation can result to when after emitter’s resolution there will not
be enough time for the missile to reach a required trajectory. Therefore, the question arises: what parameters
influence the miss? Parameters that influence the terminal miss value of anti-radar missile were obtained during
the study. The technique permitting to consider such parameters, form and the geometrical sizes of an area, in
which the group target will be identified by the seeker as a single target, was developed based on the conducted
research.

Moctynuna 6 c¢eBpansa 2019 ropa.
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C.B. EcukoB
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B cmambe npedcmasnexbl npeumywiecmea BI/IA no cpasHeHuUr € numomupyemMbiMu fiemamesibHbiMU
annapamamu. PaccmompeHbl cpedcmea 6opbbbi ¢ BIMTA 6 Hacmosiwee spemsi. ObocHogaHa akmyarsbHOCMb
cos0aHusi cucmembl ipomusodelicmausi cospemeHHbIM BIITA. PaccmMompeHbl npeuMywecmea ucrnosib308aHusi
UMIYIbCHO20 CBEPXWUPOKOMNOIOCHO20 3/1EKMPOMagHUMHO20 u3ryqeHust 0nsi docmuxeHusi OeepadayUOHHbIX
rpoueccos 8 rnosyrnpo8oOHUKOBbIX npubopax paduoanekmpoHHol annapamypsl BIJIA. Npusodsamcs pesynb-
mambl 3KcrepuMeHmarnbHo20 ucciedosaHusi 8030elicmaeusi UMIMYIbCHO20 C8EPXWUPOKOMNOIOCHOZ0 3/1eKMpo-
Ma2HUmMHoeo u3srnydeHusi Ha BIJIA.

Knroyeenle crioea: ummynbsCHOE C8EPXUIUPOKOMNOIOCHOE U3y4YeHUe, 2eHepamop C8epPXKOPOMKUX UMY lb-
cos, ariekmpomazHUmMHoe go3deticmeue Ha Bl1J1A.

The article demonstrates the UAV advantages in comparison with piloted aircraft. Up to date UAV counter-
measures were examined. An actuality of developing of counter-UAV system was proved. The advantages
of pulsed ultra-wideband electromagnetic radiation use to achieve a degradation process in semiconductors of UAV
radar equipment were examined. Experimental results of pulsed ultra-wideband electromagnetic radiation influence
on UAV is stated.

Keywords: pulsed ultra-wideband electromagnetic radiation, ultrashort pulse generator, electromagnetic
influence on UAV.

Becriunorasie netarensHpie anmmapathl (BIUJIA) u xpeinateie pakersl (KP) mokazamm ce0st meH-
HBIM HHCTPYMEHTOM COBpPEMEHHOT0 003, ¥ 10 BBINOJIHAEMBIM 3a1auaM, BITJIA nocreneHHo 3amenia-
10T O4YeHb OOJIBIIYIO YacTh MUJIOTHPYEMON aBHAIUH, KaK B TPAXKIAHCKOM, TaK U BOGHHOM CEKTOpE, TaK
OHM UMEIOT pAJ NPEUMYIIECTB MO CPABHEHHIO C MHMJIOTUPYEMBIMHU JIETATENBHBIMY allapaTaMu:

YMEHBIIIEHHas! CTOMMOCTh ITPOU3BOJICTBA, JETHOM dKCIUTyaTallud B MUPHBIN 1 BOCHHBIN NIEPHUOL;

3HAYUTENHFHO CHI)KEHHBIE Ta0apUTHBIE XapaKTEPUCTUKH, YTO YMEHBIIAET CTOMMOCTh, PaJHOIIO-
KallMOHHYIO 3aMETHOCTh M TIOBBIIIACT )KUBYYECTh B YCIIOBHAX 00S;

MPOCTOTA 3KCILTyaTallH, BEICOKast 00€roTOBHOCTb U MOOMIIBHOCTB;

y BITJIA HeT HUKaKHUX OrpaHUYEHUH JJIS IPUMEHEHHS B 0C000 TSHKENBIX O0EBBIX YCIOBHSX, CBA-
3aHHBIX C OOJIBIIIMIM PHCKOM YHUYTOKCHHSA amnmapaTta v SKUMaxa.

CoBepleHHO OYEBUAHO, YTO B Takux ycioBusx nepexsaT BIIJIA u KP sBuserca akryansHOW n
BaXHOU 3a/1aueil 1 HeoOxoauMa pa3paboTKa U BHEAPEHUE CPECTB MOJABICHUS U MOPAKESHUS [T Be-
nennst 3 dexruBHoro nporuBoneiicteust BIIJIA B nepByto ouepenp umeronux mManyio OI1P u coBep-
HIAFOINMX MOJIETHI HA MAJIBIX U MIPEJIENBHO MAJIBIX BBICOTAX.
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B kauectBe cpenctsa nopasnenus bIIJIA npeanaraercs HCHONb30BaHHE MOITHOTO UMITYJIECHOTO
CBEPXIIMPOKOIIOIIOCHOTO 3eKTpoMarauTHoro nnyderns (CLLIIT OMN).

MO’HO BBIJIETHTH OCHOBHBIE JOCTOWHCTBA JUIA Bo3aeicTBHs ummyiascHoro CHIIT OMU na POC
M0 CPaBHEHHMIO C IPYTUMH BUAAMHU CPEICTB BO3IACHCTBHSL:

— He3aMEeTHOCTh TMpHUMEHEHHs (OecIIyMHOCTh, HEBHAWMOCTD, CIOKHOCTh Bepudukamuu ¢axrta
NPUMEHEHUS! CII0KHOCTh OTJIMYUS OT €CTECTBEHHOT'O OTKAa3a, BEI3BAHHOI'O 3KCIIIyaTallMOHHBIMH MPHU-
YUHAaMU);

— BO3MOKHOCTb IPUMEHEHHSI 10 HU3KOJIETSIIUM M MaJIOpa3MEPHBIM LIEJISIM, HE3aBUCHMO OT CKO-
pocTH TIONETA;

— BO3MOKHOCTh OJJHOBPEMEHHOT'0 IOPAXKEHUS OOJIBIIOr0 KOJIWYECTBA Lieei, 0COOEHHO aKTyalb-
HO JJIs1 UCIIOJIb30BaHMsI POTUB TPyNnupoBKU 1ieneBbix BITJIA, B ToM uucie paboTaiomux B pasHBIX
YaCTOTHBIX JUANa30HaX;

— BO3MOXKHOCTh TIOpakeHUsI aBTOHOMHBIX BIIJIA (melicTByrommnx 1o 3apaHee 3aJaHHOUW IPO-
rpaMme 1 He TpeOYIOIINX paguoKaHala ¢ Ha3eMHBIMU yHKTaMHu yrpasienus) u BITJIA Haxogsmuxcs
B peXXHMME paJlOMOTYaHus;

— JIeIIeBU3HA, OTHOCUTEIbHAS IPOCTOTA IPUMEHEHHUS 1 00CITy>KUBaHHUS.

PesynpTaThl 3KCIEPUMEHTAIBHOTO HCCICIOBAHUS JOKA3bIBAIOT, YTO CBEPXIIMPOKOINOIOCHOE
QJICKTPOMAaroiuTHOC M3JIYyYCHUC IIpU BBICOKOM TIOTHOCTHU MOTOKA MOIIHOCTH IMPUBOAUT K ACrpaialv-
OHHBIM TIpOIleccaM IMOITYIIPOBOTHIUKOBBIX IPUOOPOB pananodnekTpoHHoi ammapatypsl BILJIA. Ha 6aze
reneparopos CILIIT MU Bo3moxHo co3zpanue PHO ans nmpotuBoneiictus BIUIA.
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PULSED ULTRA-WIDEBAND
ELECTROMAGNETIC RADIATION INFLUENCE
ON RADAR EQUIPMENT OF UAV

E.S. Pisarchuk, N.P. Chernecskiy, A.P. Nesterov, S.V. Esikov

The unmanned aerial vehicles (UAV) and cruise missiles (CM) highly demonstrated itself in modern warfare
and in performed tasks. Gradually the UAVs substitute the larger part of piloted aircraft as in civil and military
area, so it has a set of advantages in comparison with manned flying vehicles:

— Reduced manufacturing cost, flight operation in peace and war periods;

— Considerably decreased dimensions that reduce cost, radar signature and increase survivability in combat
conditions;

— Ease of operation, high combat readiness and maneuverability;

— No limits during use in hard combat conditions dealing with a high risk of vehicle and crew loss.

It's completely evident that under such conditions the UAV an CM interception is a vital task leading
to developing and introduction of countermeasures to destroy UAVs having a low radar cross section (RCS) and
flying at low and extremely low altitudes.

As UAV countermeasures, it's suggested to use the powerful pulsed ultra-wideband electromagnetic
radiation (UW EMR).
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The main advantages for influence of UW EMR on radar equipment comparing with other types of
countermeasures can be underlined:

— Invisibility of use (noiseless, transparency, complexity of usage fact verification;

— Distinguishing complexity from the natural failure arisen due to operational reasons;

— Possibility of use against low-flying and small targets regardless of flight velocity;

— Possibility of simultaneous engagement of big amount of targets, especially useful against group of UAVs
including operating UAV with different frequency bands;

— Possibility of autonomous UAV engagement (operating at preprogrammed flight with no radar link with
ground command posts) and UAV operating in radiosilence mode;

— Low price, relative use and maintenance simplicity.

The experimental results prove that ultra-wideband electromagnetic radiation at high density of power flow
leads to degradation process of semiconductors of UAV radar equipment. On the base of UW EMR generators,
it is possible to develop electromagnetic wave weapon to perform counter-UAV operations.

Moctynuna 30 sauBapsa 2019 roaa.
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Uccnedyemcsi anzopumm obHapyXXeHusi cueHana Ha ¢hoHe wyma 8 UMIyribCHOU paduoiokayUoHHOU cmaHyuu.
lNpednazaemcsi KOMBUHUPOBaHHBIU arn2opumm MeXUMITYIbCHOU 06pabomkKu cueHanos, Komopbili exmodaem e cebsi
UMITYIbCHO-00MIePOBCKYI0 06pabomKy ¢ KO2epeHmMHbIM HaKoMIeHUeM cueHaroe U nocredyrowee buHapHoe HaKor-
JIeHue rpesbiuweHUl rMopo2os 8 YacmomHoU obrnacmu. AHau3upyromcs Xapakmepucmuku ObHapy»KeHusi, MPoeedéH
pac4yém onmumaribHbIX rnapamempos 0bHapyXUMessi o KpUMePUr MUHUMU3aUUU OMHOWEHUS «cugHaslwymy npu
huKcupoBaHHOU 8EPOSIMHOCMU MPasUIIbHO20 OBHaPYKEHUST U JTIOXHOU mpesgoaul.

Knroyeeble criosa: obHapyxumesib C OCMOSIHHBIM YPOBHEM JIOXHOU mpesoau, OUuHapHOe HaKoreHue,
MeXXUMITYbCHasi 06pabomka cueHasIos.

The article considers signal detection algorithm with noise in pulsed radar. Combined interpulse signal processing
algorithm, including pulse-Doppler processing with coherent and binary signal integration is proposed. Detection char-
acteristics are analyzed; optimal parameters for minimization signal-to-noise ratio at fixed probability of correct detection
and false alarm are calculated.

Keywords: constant false alarm ratio detector, binary integration, interpulse signal processing.

CrnoxHasi ToMeXOoCHTHallbHAasi 00CTaHOBKA, B KOTOPOI pabOTal0T COBPEMEHHBIE PauOIOKAIIMOH-
ueie craniuu (PJIC), BeIHYX)aeT pa3pabOTYNKOB IMOCTOSHHO COBEPIIEHCTBOBATH aJTOPUTMBI OOHA-
PYKEHHsI CUTHAJIOB OTPAXEHHBIX OT neseil. OMHUM M3 COCO0O0B yMyUIINTh OTHOLIEHHE CUTHAI-IITYM
(OCIII), a ciemoBaTENbHO XAPAKTEPUCTHKU OOHAPYKEHHsI, SBJISCTCS HAKOIUICHWE CHUTHAJIOB. KOTE-
PEHTHOE, HEKOTEPEeHTHOE U OMHapHOe. B craThe mpeiokeH BapuaHT CXeMbl OOHAPYKCHHS CHTHAJIOB
C HAKOIUICHHUEM U UCCIICAOBAHBI €T0 KAYCCTBCHHBIC XapaKTEPUCTUKH, TAKNEC KaK OTHOIICHUEC CUTHAJI-
IyM TpedyeMoe i JOCTH)KEHHUS 3a/laHHONW BEPOSITHOCTH MPAaBUIIBHOTO OOHAPYKEHUS MPH PUKCUPO-
BaHHOW BEPOATHOCTH JIO)KHOH TPEBOTH.
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COMBINED DETECTION SCHEME
IN PULSE-DOPPLER RADAR USING BINARY INTEGRATOR

A.P. Alexandrovich, E.P. Smirnov

The complex noise-signal environment in which modern radar stations (radars) operate, forces developers to
improve constantly algorithms for signals detecting reflected from targets. One way to improve the signal-to-noise
ratio (SNR), and hence the detection characteristics, is signal integration: coherent, incoherent, and binary.
The article proposes a variant of the signal detection scheme with integration and examines its qualitative
characteristics, such as the signal-to-noise ratio required to achieve a given probability of correct detection
at fixed probability of false alarm.

MocTtynuna 19 ceHTA6psa 2018 ropa.

BECTHUK BO3YLUHO-KOCMUYECKOW OBOPOHbI N2 2(22), 2019 r.



PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX N TEXHOJTOTMYECKUX PABOT

YOK 621.31

BCITOMOrATENIbHAA QNU3EIb-TEHEPATOPHAS YCTAHOBKA
LA [IUTAHUS BOPTOBOU AlTAPATYPbI

© ABTopbl, 2019

B.A. AHHeHKoOB
HavyarnbHuUk cekmopa, NMAO «HIMNO «Anma3s», e. Mockea
E-mail: info@raspletin.com
A.1O0. Bukkynos
3am. HayarnbHuka omoena, lNMAO «HINO «Anma3s», 2. Mockea
K.B. BonoroB
HayanbHuk CKB, MNMAO «HIMO «Anma3s», 2. Mockea
T.A. 3apykuHa
sedywull uHxeHep, NMAO «HIMNO «Anma3s», e. Mockea
W.MN. Konraes
uHxeHep 1 kameeopuu, MNAO «HI1O «Anma3s», e. Mockea

B cmambe npedcmasneHa ecriomMocameribHas du3esibHasi ycmaHoeka. [lpueedéH 0630p aHano2u4HbIX agpeaa-
mos. PaccmompeHb! ycmpolicmeo u npuHyun pabomsi ycmaHosKu. [pednoxeHbl KOHCMPYKMOPCKUE PeLeHUs], no3s-
80/IAIOWUE M08bICUMb MEXHOT02UYHOCMb COOPKU MPU CHUXeHUU Macco2abapumHbix rokazamesiel u ynyquweHuu
3KOHOMUYECKUX Kpumepues. OrnucaH npuHyUn asmomamuyecKoz0 ynpasieHus ycmaHO8KoU.

Knrodesnble criosa: sHepeemuyeckasl ycmaHosKa, Ou3efib-2eHepamop, ecrioMo2ameribHasi OuserbHasi ycma-
HOBKa, asmomMamu4ecKkoe yrpaeneHue.

The article states an auxiliary diesel power plant. The review of similar units is provided. The arrangement and
the principle of work of the unit are considered. The design solutions permitting to increase the assembling versatility
while reducing the mass-dimensional parameters and improving economic performance were proposed. The principle
of power plant automatic control was described.

Keywords: power station, diesel generator, auxiliary diesel power plant, automatic control.

Cospemennbie 00pasnbl 6oeBoii TexHUKH (3PK, CAY, COY) ocHamieHbl IIMPOKUM CIEKTPOM
Pa3IMYHON PaMOAIEKTPOHHON aImapaTyphl: anmnapaTypa CBsi3W, HABUTALIWH, YIPABICHUs, TPHOOPHI
aBTOMAaTH3alUN M YCTPOWCTBA >Ku3HeoOecreueHus. Vcnonbp3oBaHHE OCHOBHOTO ABHrareist 00eBoit
MAILUHBI A7 3JEKTPOCHA0KEHUS anmnapaTypbl B PeXXUME JIUTENBHOT0 00EBOro AEXKypcTBa B OOJIb-
IIMHCTBE CIIyyaeB HeleaecooOpa3Ho, a MPUMEHUTENbHO K HazeMHBIM cpenactBaMm 3PK — myckoBbIM
ycraHoBkaM, PJIC HEBO3MOKHO C y4€TOM 3HAUYUTENFHOTO Pa3HECEHHUsT HEOOUTAEMBIX OOEBBIX CPE/ICTB
Ha MECTHOCTH.

Pa3pabotana manorabapuTHasi An3elb-reHepaTopHasl yCTAHOBKA TSI JIEKTPOCHAOKEHNUS allnapa-
TYpHI CBSI3U U yIIpaBieHus HazeMHBIX cpeacTB 3PK Ha ocHOBe arperara A1I'Y5-1127,5-BM1. YcraHos-
Ka pa3Meraercs B yI00HOM KOMIAKTHOM KOPITyCe, HIMEET HEBBICOKYIO MaccCy, TEXHOJIOTHYHA B U3r0-
TOBJICHHU M 00J1aJaeT HU3KOH CTOMMOCTBIO.

KoHCTpYyKTHBHO ycTaHOBKAa MpEACTaBISAET COO0M NM3eIb-TeHepaTop C OJOKaMU YIpaBieHUS H
JaTYMKaMM, Pa3MELICHHBIMH BO BIAaro-OpbI3rO3allUIIEHHOM KOPIyCe W3 aJIIOMHHHMEBOrO CIIIaBa.
YcraHoBka 001ajaeT BBICOKOH CTENEHBIO0 YHU(HUKAIIMM 1 U3TOTOBJICHA MOJTHOCTBIO U3 OTEYECTBEHHBIX
KOMILIEKTYIOIIUX. PsiJ1 y3II0B ¥ jieTaneil kak JBUraTens, Tak U KOpIyca YHUPHUIMPOBAHEI C ACTAIIMHI
aBTOMOOWJIEH 0TEeUeCTBEHHOTO IIPOM3BO/ICTBA, BBHIITYCKAEMBIX CEPUIHO.

B ammapatype ycTaHOBKM pealr30BaHO IOJHOCTHIO aBTOMATHYECKOE YIpaBJIEHHE C KOHTPOJIEM
YPOBHS 3apsijia aKKyMYJIITOPHBIX Oatapedl oObekra. KoHTpoiabh QyHKIIMOHMPOBAHUS YCTAHOBKH OCY-
HIeCTBIISIETCS 110 U(POBOMY HHTepdeiicy ¢ BhlAaduel quarHocTHieckoil nHopMaIyy Ha anmnapaTrypy
00BbEeKTa pa3MeIIeHUsL.
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AUXILIARY DIESEL DRIVEN GENERATOR
FOR ONBOARD EQUIPMENT POWER SUPPLY

B.A. Annenkov, A.Y. Bikkulov, K.V. Bologov, T.A. Zarukina, I.P. Kolgaev

The up-to-date military equipment items (air defense missile system (ADMS), self-propelled artillery weapon)
are equipped with a wide range of various radio-electronic devices: communication, navigation, control, automation
and life support systems. The use of combat vehicle main engine for equipment power supply in extended combat
mode in most cases is impractical, and in relation to ADMS ground components — launchers and radar, is impossible
due to considerable spacing of combat vehicles on the ground.

Small-size diesel-generator unit is developed for control and communication equipment power supply of ADMS
ground vehicles based on the DGU5-P27, 5-VML1 diesel engine. The unit is housed in handy rugged casing with a low
weight, has an adaptability to manufacture and a low cost.

The unit design represents the diesel generator with control blocks and sensors placed in moisture-splash-proof
case of aluminum alloy. The unit has a high degree of commonality and is fully manufactured from indigenous
components. A number of nods and details of engine and case are unified with car serial components of indigenous
manufacturing.

The unit equipment has a completely automatic operation with charge level control of electric batteries
of a vehicle. The unit functioning is carried out via digital interface with test information output to the equipment
of a vehicle.

MocTtynuna 9 Hosi6pA 2018 roga.
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B cmambe paccmompeH cuyeHapull nunomupyemo2o nonéma Ha Mapc ¢ ucronb308aHueM KOMOUHUPOBaHHOU
SHepaemu4eckol ycmaHOBKU Ha OCHoge s10epHOU 3HepaemuYeckol ycmaHoeku (S13Y) u nasepHol cucmembl repe-
dayu sHepauu. [ucmaHUuoHHOe 3Hep20oCHabXxeHue nunomupyemoeo annapama Ha Mapc ¢ nomowbto d8yx sHepze-
muyeckux MoOyrieli o3801UM UCob308amb 8 Kadecmese paduayuoHHOU 3awumel — 3auumy paccmosiHueM. 3mo
rpueedém K 3Ha4YUMesIbHOMY YMEHbLIEHUIO Macchl NUIOMUPYEMO20 arnapama 3a CY4ém omka3a Om MsKENbIX
3auWumHbIx 3KpaHos. [lpu amomM eenuyuHa 3reKmpuyYeckol MOWHOCMU Ha MuiomupyeMoM arnnapame MoxXem
cocmaernssmb 20 MBm. [Nosiensiemcsi 803MOXHOCMb UCIMOMb308amb C853KY 3eKmpopakemHbix 0guzamernel (OPL)
Mmarol mseu 8 Kayecmee Mapuiegoeo 0sueamerns. Bpemsi MmapcuaHckol akcneduyuu 6ydem cocmaesnsme rnopsioka
30 Hedenb. lNpumeHeHue O8yx aHepeemuyveckux Modyriel, 80-rMepsbiX, Mo8bICUM HaO0EXHOCMb MpaHCrIopmHoU
cucmeMbl Ha amarniax rnosiéma ro mpacce 3emns-Mapc-3emns, 80-emopbix, obecrieyam HernpepbIBHbIU PEXUM IHEP-
20CHabeHus1 MapcuaHckoU 6a3bl aHepauel Mo 51a3epHOMY JlyHy C OKOrloMapcuaHcKol opbumbl, Ymo He Hapywum
3Koroau4ecKyro obcmaHoeky Ha Mapce u ynpocmum peweHue rpobrembl ymunusayuu paduayuoHHbIX 0mxo0o8
rocne 8bIMosIHeHUsT NpoapamMmbi ronéma.

Knro4deenle crnoea: ssidepHas aHepaemuyeckasi ycmaHoseka, nla3epHasi cucmema repedaqyu sHepauu, 3/1eKmpo-
pakemHbie 0guzameru.

The article examines a scenario of manned flight to the Mars using the combined power plant based on
the nuclear power plant (NPP) and on the power transmission laser system. Remote power supply of manned vehicle
to the Mars using the two power plants permits to implement buffer distance as radiation shielding. This will lead
to substantial mass reduction of manned vehicle due to refusal of using the heavy protection screens. In this case,
the amount of electrical power on a manned machine can be 20 MW. There is an opportunity to use a bunch of electro-
rocket propulsions of a small thrust as a cruise propulsion. The time of the Martian expedition will be about 30 weeks.
The use of two power modules, firstly, will increase the reliability of the transport system during the flight stages along
the Earth-Mars-Earth route, secondly, they will provide a continuous power supply mode for the Martian base with
energy along a laser beam with near-Mars orbit that does not disturb the environmental situation on Mars and simplify
the solution of the problem of disposal of radiation waste after the flight program.

Keywords: nuclear power plant, power transmission laser system, electro-rocket propulsion.

OpHolt U3 MepCNEeKTUBHBIX 3a7a4 COBPEMEHHON KOCMOHABTHKH SIBISETCS OPraHM3alUs MUIOTH-
pyeMoii sxcnienuu Ha Mapc. OgHUM W3 BO3MOXKHBIX BapHUaHTOB OCYINECTBICHUS 3KCIEIUIUN Ha
Mapc sBisieTcsa niepenét Ha Mapc IByMsI KOCMHYECKUMH JIETaTeIbHBIMU aIlapaTtaMu, OJWH U3 KOTO-
PBIX SBIISIETCS aBTOMATHYECKUM T'PY30BBIM amapaToM, OCHAIIEHHBIN CONHEYHON OaTapeedl W 3Jek-
TPOPAKETHBIMH ABUIATENISIMH, & BTOPOW MPEACTAaBIIET COOON MUIOTHPYEMBII TPaHCIIOPTHBIA KOCMH-
YEeCKHH armapar, OCHAIIEHHBIN )KUIKOCTHBIM pakeTHbIM japurateniem (JKP/T).

N3BecTHO, uTO MpH AMeKTprdeckor MorHocTH mopsaka (50...100) kBt u 6omnee simepHast sHEpre-
THUYECKasi YCTAHOBKA 110 CBOMM MacCOrabapUTHBIM MapamerpaM 3G QGeKTHBHEE COJHEUHOW dHEPreTH-
9YeCKOll YCTaHOBKH. DTO TeM 0ojiee Ba)KHO NPH INIAHUPOBAHUH dKCIIeIUIMK Ha Mapc, KOTOpBIH Haxo-
ITCs Ha OobIiieM paccrosHuM oT ColHIla, 9eM 3eMJIs |, 110 3TOH IpHYrHe, B Xo7e mojiéta Ha Mapc
yAenbHas 3JeKTpUYecKasi MOIIHOCTh COJTHEYHBIX OaTapeil OyJeT CHUKAThCA.

B nanHO# cTaThe pacCMOTPEH HOBBIN CLIEHApUH OpPraHM3allid MUIOTUPYEMOW SKCHEAMLIMU HA
Mapc ¢ ucrnonp30BaHHEM KOMOMHHPOBAHHOM 3HEPreTHueckoil yctaHoBKH (DY) Ha OCHOBE sIEpHOM
SHEPreTHYecKo ycTaHoBkH (SIDY) m nma3epHOil cucTeMbl mepenadyn 3Hepruu. B aToMm ciydae Oyner
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obecreyeH MakCUMAaITbHBIN YPOBCHD PaJMAIllHOHHON 0€30MacHOCTH Ha OOPTY MUIOTHPYEMOT0 KOCMH-
YEeCcKOro ammapata 3a CYET HCIOJh30BaHUE HM3BECTHOTO B SIEPHOW DHEPreTHKE MPUHIIMIA 3al[UTHI
paccTosiHUEM.
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APPLICATION OF POWER TRANSFER LASER SYSTEMS
FOR MANNED FLIGHT TO MARS

A.S. Konoplev, A.P. Smahtin

One of the long-term task of present-day cosmonautics is the organization of manned expedition
to the Mars. One of the possible variants of its realization is flight to the Mars by two space ships, one of which
is automated cargo space vehicle equipped with solar battery and electro-rocket propulsions, and the second
is manned transport space vehicle with liquid-propellant propulsion.

It is known that at electrical power of about (50...100) kW and more the nuclear power plant in its mass-
dimensional parameters is more effective than solar energy plant. Furthermore, it is vital during expedition
planning to the Mars which is more far away from the Sun that an Earth, and for this reason during the Mars flight
the specific electrical power of solar batteries will be reducing.

The article examines a new scenario of manned flight organization to the Mars using the combined power
plant based on nuclear power plant (NPP) and power transmission laser system. In this case, a maximum level
of radiation safety onboard the manned space vehicle will be provided due to use of known in nuclear power
engineering principle of buffer distance.

Moctynuna 29 auBapsa 2019 roaa.
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CuHmes u aHanu3 onmumarsbHol obpabomku paduonokayuoHHOU, Hagu2ayUoHHOU U C8s1I3HOU UHgopMa-
yuu npednonazaem pa3pabomky mMamemamu4yeckux modenel cusHasnos, rnomex u wymos. [NpumeHumensHo
K Y3KOIMOJIOCHbIM cucmemam 8 3mMoM HarpasneHuu npoeedéH bonbwol 0b6vém pabom, nodsonuswul 0obumscs
Xopowux pe3ynbmamos 8 obrnacmu peweHusi 3a0ad 0bHapyxeHuUsi, oueHU8aHuUs1 napamempos, rnoyIHo2o paspe-
weHus, pacro3HasaHusi obpasos uenel. B daHHOU cmambe paccMOmpeHbl MameMamu4yeckue Mooesnu cuaHa-
108, MoMex u wymos, hopmupyembix Ha exodax MHozo4dacmomHbix PJIC ¢ ®AP, 8 Komopbix UCMonbL3yemcs
00HOBPEMEHHOE U3JTyHeHUE Cu2Haos ¢ pasfuvyHbIMU Hecywumu Yyacmomamu. Mpusodumces onucaHue ux 4uc-
J108bIX Xapakmepucmuk.

Knrodeenblie cnoea: MHO2OMEpHbIe CuzHarbl, MPpUHUMaeMble om MeOneHHO u 6bicmpo hryKmyupyrowux
uenel, MHO20MepHble cuzHarbl om uyernel ¢ OO0MNIepPOB8CKUM pacCesiHueM, MoMexu U WyMbl, 2aycco8cKue
cryqaliHble npoyecchi.

The synthesis and analysis of optimal processing of radar, navigation and communication information
involves the development of mathematical models of signals, interference and noise. With regard to narrow-band
systems, a large amount of work has been carried out in this direction, which has made it possible to achieve
good results in solving detection problems, parameter estimation, full resolution, and pattern recognition
of targets. This article discusses the mathematical models of signals, interference and noise generated
at the inputs of multi-frequency phased array radars, which use the simultaneous emission of signals with
different carrier frequencies. A description of their numerical characteristics.

Keywords: multidimensional signals received from slow and fast fluctuating targets, multidimensional signals
from Doppler scattering targets, noise and disturbance, Gaussian random process.

Lenbto paboThl sBIAETCS B CO3JaHUE MOZEJIEH CHTHAIOB, IOMEX M IIYMOB, (POPMUPYEMBIX Ha
Bxoaax MHOro4acToTHBIX PJIC ¢ ®AP, B KOTOPBIX HCIOIB3YETCS OJHOBPEMEHHOE M3IyUCHUE CHTHA-
JIOB C Pa3IMYHBIMU HECYLIMMHU YaCTOTaMHU M ONMCAaHHUE UX CTATHCTHUECKUX XapakTepucTuk (CX).

CunraeM, uro @AP cocTOUT U3 MOAPEUIETOK, KaX/1asd U3 KOTOPHIX MpeJHa3HauYeHa AJs U3JIyde-
HUS W TIpHEMa CUTHAJIOB Ha Pa3NWYHBIX yacToTax. OnpeaenseM o0IIee YUCIIO AIEMEHTOB [T IPSAMO-
YTOJIBHOM pEeIIeTKH, 3aBUCSIIee OT YUCIIa 3JIEMEHTOB Ha KaXKIoW m3 dacToT. Cimy4ailHbIN mpouecc,
npuHUMaeMblid MHOTouacToTHO PJIC ¢ ®AP, 0603Hauaem B BUe GJIOUHOTO BEKTOPA COCTOSILETO U3
CyMMBI BEKTOPOB CHUTHAJIa, TOMEX M 0eI0ro rayccoBa Iryma.

B CJIydac BBIINIOJIHCHUS YKa3aHHBIX yCHOBI/Iﬁ MOT'YT IIPUHUMATBCA CUI'HAJIbI, OTPAXXCHHBIC OT MEI-
JIeHHO U ObIcTpO (paykTynpyromux uesned. OnuckiBaeM UX MaTeMaTHIECKUMH MOJIEIISIMH.
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CurHansl B BHJIE TTaYEK, COJEPKALIUX IO HECKOIBKO UMITYJIECOB HA KXKJIOW U3 HECYIIUX YacToT,
OTPaKEHHBIX OT MEAJICHHO (piayKTyupyromei nenu. Monens cnpaBeainBa B ciIydae, KOraa HeOOJIb-
HIMEe TEePEeMEIIEHHs LeJIN HE OKA3bIBAIOT 3aMETHOI0 BIUSHUA Ha oTpakéHHble curHaisl B PJIC ¢ BbI-
COKOH 4acTOTOM MOBTOPEHHUS UMITYJIbCOB.

2. CurHanel B BUJIE NTA4Y€K, COAEPKAIIUX 10 HECKOJIBKO MMITYJICOB Ha KaXIOW M3 HECYIIHX da-
CTOT, OTPaKEHHBIX OT ObICTpO (paykTyupyromei nenu. Takas MoJens crpaBelyiuBa B CiIydae, Kormaa
HeOOobIINe U3MEHEHUS] OPUEHTALMH 1IeJH BBI3BIBAIOT 3HAUMTENbHBIC U3MEHEHUsI OTPAKEHHOTO CHT-
Hana. B ganHOM ciydae 1enb UIyKTYHpYeT HAacTOJIBKO OBICTPO, YTO OTPaKCHHBIE OT HEE CHTHAIBI,
00yCJIOBJIEHHBIE COCEAHUMH MMITYJIbCAMHU — HE3aBUCUMBI. TaKas MOAENb MOAXOAMT IJIs yCIOBUI, KO-
raa HeOoJIbIINe U3MEHEHHS OPUEHTALMH LEJIN IPUBOIAT K 3HAYUTEIbHBIM U3MEHEHUSIM OTPaXKEHHOTO
curHana. Mojens 1enecoobpa3Ho HCIOIb30BaTh B CIIydae MaHEBPUPYIOIIEH Lienu.

3. CurHanel B BUJ€E IaueK, CONEPKALIUX [10 HECKOJIbKO MMITYJIbCOB HAa K)KJOW U3 HECYIUX 4a-
CTOT, OTPAXXECHHBIX OT LIEJU C JOIUICPOBCKUM paccesHueM. i onucaHus OOLIMX CBOMCTB LIEIH BBO-
JSTCA JBE BEIHMYUHBI TOKAECTBEHHBIX MaTEMaTHYeCKOMY OXHMIAHUIO (CpeIHEMY OIIEPOBCKOMY
CMEILEHHIO) ¥ JUCIIEPCUU Ccy4aliHOW BennunHbl. CUTHAN, TPUHUMAEMBIH OT LIEJU C JOTIIEPOBCKUM
paccestHEeM, TpeJicTaBlieH B MaTpuaHOM Buze. [lo cytu, Mmoxens (3) mpeacrasiser coboit o0o0menne
Mozenu (2) Ha clIydaif mpueMa CUTHAJIOB OT IEJIH C JOTUIEPOBCKUM PACCESTHUEM.

4. Monenu cUrHajOB, MIPUHUMAEMBIX OT LIeJel B YCJIOBHSIX MHOTOJYYEBOTO PaCHpPOCTPAHEHHS
3JIEKTPOMArHUTHBIX BOJIH, KOTOPBIE SIBJISTIOTCSI YAaCTHBIM CIIy4aeM CHTHajla, OTPaKEHHOTO OT LEJIU C
JOIUIEPOBCKUM paccesiHueM. [loaTBepkIaroTcs pe3ysibTaThl MIOJUTOHHBIX UCHBITAHUN aMEPUKAaHCKUX
U OTEUECTBEHHBIX YUCHBIX, B KOTOPBIX YTBEPKAAIOCH, YTO CUTHAIIBI, IPUHUMAEMBIE 10 KAXKIOMY H3
Tydel, TOMIUHAIOTCS Jr00 JorapuMUIecK HOpMaJIbHOMY, JINOO BEHOYIOBCKOMY, TUOO pacrpese-
nennro Hakaramuy.

[Tpuém curHanoB Bcerja COMPOBOXKAACTCS NIyMaMy B TIOMEXaMH, KOTOPBIE OIMHICHIBAIOTCS MaTe-
MaTHYECKHMHU MOJICIISIMU:

B kauectBe mogenu myma g y3konojocHod PJIC wame Bcero ucnonb3yerca moaens BI'TI ¢
KOBapUAIIMOHHOW MAaTpHLECH, BKIIOYAIOIIEH HEBBIPOKICHHYIO AMAroHaJbHYI0 MAaTpully (IIOJHOTO
panra). [lpumenutensHo k MHoro4yactoTHbIM PJIC HEoOX0AMMO YyYMTHIBATH, YTO B CiIydae, KOrna
CHEKTPBl CUTHAJIOB Pa3JIMYHBIX AWAIa30HOB YAaCTOT HE MEPEKPhIBAIOTCS, OHA OyxeT OJI04HOW auaro-
HaJIbHOW MaTpuued. 3HaYuTeNbHBIN, MPAKTUYECKUH MHTEPEC MPEACTABISIOT TAKXKe CIydau, KOrja:
KOBapHaIlMOHHAS MaTpUIla IIyMa — BBIPOXKICHHAS, IIyM M3MEPECHUH SIBISIETCS BBIXOJIOM HM3BECTHOMN
JUHEHHON CUCTEMBI C JIeTepPMHUHUPOBAHHBIMU KoddduimenTamMu, Bo30yxmaaemoir bI'LLL; o myme u3-
BECTHBI JIMIIb €0 MaTEMAaTHYECKOE OKUIAHME U KOBapUaIllMOHHAs MAaTPHLA, BCE 3JEMEHTHI KOTOPOH
ABTISFOTCS (PYHKIMAMH, HHTETPUPYEMBIMU ¢ KBajjpaToM 1o Jlebery (uucto nBeTHo# mrym). [Ipobiema
JTMHEHHON QUILTPALMU C IPOU3BOJIBHBIM IIBETHBIM IITYMOM JI0 CHX ITOp HE pelIeHa.

B kauecTBe MaTeMaTHUECKHX MOJENEi MOMeX MOTYT MCIIOJIb30BAThCSl aKTHUBHBIC, TACCUBHBIE U
MMHTALMOHHbIe ToMeXH. [lepBrie 1BE Pa3sHOBUAHOCTH B JOCTATOYHO ITOJIHOM OOBEME OMUCAHBI B JIH-
TepaType. B kauecTBe MMHUTAIIMOHHBIX MMOMEX MOYKHO HCIOJB30BaTh, HAPHUMEpP, MOEIH, KOTOpPBIE
OIMCHIBAIOT NPUHUMAEMbI€ Y3KOIIOJOCHBIE CHTHAJBI, PACCMOTpEHHBIE BbIIe. IIpu 3TOM, cienyer
MIOMHUTD O CJIOKHOCTH (QOPMUPOBAHMSI OTBETHOI'O CUTHAJIA B METPOBOM JAMANa30HE BOJH Ha MOJBHK-
HOM HOCHTEJE.

B crarbe npuBeneHo o600IIeHNE HA clydail IpUeMa CUTHAJIOB MHOTHX IIeied MHOTOYacTOTHOM
PJIC. PaccmoTpeHHbIE MOJIETM CUTHAJIOB, IOMEX U IIYyMOB MOTYT OBITH PaclpOCTPaHEHBl Ha Ciydail
npruema MHOrodactotHoi PJIC cHTHAIOB OT HECKOJILKAX MEUIEHHO (UIYKTYUPYIOIIUX, OBICTPO (IIyK-
TYHUPYIOIINX TEIeH, a TaKkKe [esIed ¢ JIOMIEPOBCKAM paccesiHueM Ha oHe momex U myMoB. B yacT-
HOCTH TIPHUBEACHA MOJIEJIb BXOAHOT'O IMpOILecca, B clydyae MpHeMa CUIHAJIOB OT MEIJICHHO (DIyKTyH-
PYIOIIMX Lelel, MPUHUMAEMBIX B YCIOBHAX BO3JACHCTBHs moMexX. OHa y4YUTHIBae€T paszivyus B 3a-
JIEp’KKe CUTHAJIOB, a3MMYyTax, yIiIax MecTa, yactoTax Jloriepa, a Takyke BO3MOKHOCTh N3MEHEHUS U3-
Jy4aeMOW SHEPTriUH CUTHAJIA Ha KaXKIO0W W3 HECYIUX YAaCTOT U 00J1afgaeT OOJbIoi THOKOCTHIO B IJIaHE
Pa3paboTKH 1 MCCIeOBaHUsI ANTOPUTMOB 00pabOTKH, MOJAETMpOBaHusl MHOroyactoTHeix PJIC.

PaccMmoTpeHHbIe B cTaThe MOJIENIM CUTHAIIOB MOTYT MCIIOIB30BaThCs B aJITOPUTMAaX ONTUMAIILHON
00pabOTKK CUTHAJIOB TIPU PEUICHWU 3aj7iad COBMECTHOTO OOHApYKCHWS, OLICHHBAaHUS TapameTpoB,
MIOJTHOTO Pa3pellieHrsl CUTHAJIOB MHOTHX Liesiel (ompeiesieH sl Yuciia esieid B IPyIIe U OLIEHKH KOOp-
JUHATHBIX MTapaMeTPOB KKIOH M3 HHUX), a TAKXKE aBTOMATHUYECKOTO (POPMHPOBAHUS 30HIUPYIOLIHX
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CHUI'HAJIOB, 066CH€‘{I/IBaIOH_[I/IX JOCTHXKCHUC OOJIBIIIETO KauecTBa O6pa6OTKI/I, 4YCM B ClIy4ac OIITUMHU3A-
IIUA TOJIBKO ONITHUMAJIBHOI'O IIPUEMHOT'O YCTPOﬁCTBa.
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MODELS OF SIGNALS, SIMULTANEOUSLY EMITTED
AND RECEIVED BY MULTI-FREQUENCY RADAR
WITH A PHASED ANTENNA ARRAY

V.V. Labets, A.A. Shatalov, V.A. Shatalova

The aim of the work is to create models of signals, interference and noise generated at the inputs
of multi-frequency radars with a phased antenna array, which use simultaneous emission of signals with different
carrier frequencies and a description of their statistical characteristics (CX).

We believe that the phased array consists of sublattices, each of which is designed to emit and receive
signals at different frequencies. We determine the total number of elements for a rectangular array, depending
on the number of elements at each of the frequencies. A random process received by a multi-frequency radar
with a phased antenna array is denoted by a block vector consisting of the sum of signal vectors, interference,
and white Gaussian noise.

If these conditions are met, signals can be received that are reflected from slowly and quickly fluctuating
targets. We describe them with mathematical models:

1. Signals in the form of packs containing several pulses at each of the carrier frequencies reflected from
a slowly fluctuating target. The model is valid in the case when small movements of the target do not have
a noticeable effect on the reflected signals in the radar with a high pulse repetition rate.

2. Signals in the form of packs containing several pulses at each of the carrier frequencies reflected from
a rapidly fluctuating target. Such a model is valid in the case when small changes in the orientation of the target
cause significant changes in the reflected signal. In this case, the target fluctuates so quickly that the signals
reflected from it, due to adjacent pulses, are independent. This is suitable for conditions where small changes
in the orientation of the target lead to significant changes in the reflected signal. The model should be used
in the case of a maneuvering target.

3. Signals in the form of packs containing several pulses at each of the carrier frequencies reflected from
the target with Doppler scattering. To describe the general properties of the target, two quantities are introduced
that are identical with the expectation (mean Doppler shift) and the variance of the random variable. The signal
received from the target with Doppler scattering is presented in a matrix form. In essence, model (3) is a generali-
zation of model (2) to the case of receiving signals from a target with Doppler scattering.

4. Models of signals received from targets under conditions of multipath propagation of electromagnetic
waves, which are a special case of a signal reflected from a target with Doppler scattering. The results of ground
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tests of American and domestic scientists are confirmed, in which it was asserted that the signals received
on each of the beams are subject to either log-normal, or Weibula, or Nakagi distribution.

Reception of signals is always accompanied by noise and interference, which are described by ma-thematic
models:

The model of white Gaussian noise with a covariance matrix including a non-degenerate diagonal matrix (of
full rank) is most often used as a noise model for narrowband radar. With regard to multi-frequency radar, it is
necessary to take into account that in the case when the spectra of signals of different frequency ranges
do not overlap, it will be a block diagonal matrix. Of considerable practical interest are also the cases when:
the covariance noise matrix is degenerate; measurement noise is the output of a well-known linear system
with deterministic coefficients, excited by white Gaussian noise; the noise is known only by its expectation and
covariance matrix, all elements of which are functions that are integrable with Lebesgue square (pure color
noise). The problem of linear filtering with arbitrary color noise is still not solved.

As mathematical models of interference can be used active, passive and imitation interference. The first
two species are described in sufficient detail in the literature. For example, models that describe the received
narrowband signals discussed above can be used as imitation interference. At the same time, it should be
remembered about the difficulty of forming a response signal in the meter wave band on a movable carrier.

The article summarizes the case of receiving signals from many targets of multi-frequency radar.
The considered models of signals, noise and noise can be extended to the case of receiving multi-frequency
radar signals from several slowly fluctuating, rapidly fluctuating targets, as well as targets with Doppler scattering
on the background of interference and noise. In particular, a model of the input process is given, in the case
of receiving signals from slowly fluctuating targets, taken under the influence of interference. It takes into account
differences in signal delay, azimuths, elevation angles, Doppler frequencies, as well as the possibility of changing
the radiated signal energy at each of the carrier frequencies and has great flexibility in terms of developing and
researching processing algorithms and modeling multi-frequency radars.

The signal models considered in the article can be used in algorithms for optimal signal processing
when solving problems of joint detection, parameter estimation, full resolution of signals from many targets
(determining the number of targets in a group, and estimating the coordinate parameters of each of them), as well
as automatically generating signals that achieve higher quality processing than in the case of optimizing only
the optimal receiver.

MocTtynuna 22 anpensa 2019 roaa.
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ALANTUBHBIA AJITOPUTM PACITO3HABAHUS CUIHAJIOB,
MPUHUMAEMbIX OT MEQJIEHHO ®/TYKTYUPYIOLYEU LIENN
M LIETIN C JOIM/IEPOBCKUM PACCEAHUEM
HA ®OHE ITOMEX B MHOIOYACTOTHOM PJIC C ®AP

© ABTopbl, 2019

E.A. llaBpeHTbeB kaHOudam mexHuU4ecKux HayK, doueHm,
3am. 2eHeparnbHo20 Oupekmopa — HavanbHUK OKB «JI9M3», NMAO «HIO «Anmas», 2. Mockea
A.A. lLlaTanoB 0okmMop mexHU4YecKux HaykK, npogeccop,
doueHm Kaghedpbi cpedcme rpomueopakemHol 060pPOHbI,
BoenHo-kocMmudeckas akademusi umeHu A.@. Moxatickoeo, e. CaHkm-llemepbype
E-mail: gonta-gv@yandex.ru
B.A. WaTanoBa kaHdudam mexHu4ecKux Hayk, GoyeHm,
doueHm kaghedpbi cpedcmea npedynpexoeHus 0 pakemHOM HarnadeHuu,
BoeHHo-kocmuyeckasi akademusi umeHu A.®. Moxatickozo, e. CaHkm-llemepbypa

Paccmampueaemcsi 3a0aya COBMECMHO20 OBHaPYXeHUSsT — pacro3HasaHUs navyek cUueHasio8, OMpaxeéHHbIX om
medneHHo hriykmyupytouwel uenu u uernu ¢ 00nneposCKUM paccesiHueM npu Hamauduu romex e PJIC ¢ oOHospeMeH-
HbIM U3/Ty4eHUeM CU2Hao8 C pasnuyHbIMU Yacmomamu. @opmynuposka U Mposepka cmamucmuyeckux aurome3
coomeemcmaytom 08yxamarnHol 3ada4ye MHO20a/lbmepHamueHo20 0bHapyxeHusi. Ha nepeom amarne riposepsiemcsi
auriome3sa o ripucymemeuu 116020 U3 cueHao8 eMecme ¢ rnomexamu u wymom (6e3 KoHKpemu3dayuu mura ueru)
rpomue anbmepHamusebl O Ha/aU4uU MOJbKO romMex U wyma. Ha emopom smarie nymém cpasHeHusi 8blbupaemcsi
Haubonbwul U3 fo2apughmMos OmMHOWeEHUsI npasdonodobusi, coomeemcmeyrowuli eMy cuegHana U MpuHUMaemcsi
8 Kavyecmee oueHKu ucmuHHo20. Obcyxdaemcs xo0 pelweHus 3adayu pacrio3HasaHusi 8 YCriosusix napamempu-
yeckol anpuopHol HeonpedenéHHOCMU CMamucmu4YeCKUX Xapakmepucmuk cueHasos, rnomex u wyma. lpednona-
2aemcsi, Ymo cueHarbl, MoOMexU U Wym rMOOYUHSIFOMCS 2ayCCOBCKOMY 3aKoHy pacripederieHusi eeposimHocmed.

Knroyesnle cnoea: pacrio3HagaHue navek cuzHanos, P/IC ¢ 00HOBPEMEHHbIM U3/TyYeHUeM Cu2Hao8 C pas-
JIUMHBIMU Yacmomamu.

A problem of joint detection and signal burst determination returned from slow fluctuating target and Doppler
scattering target in the noise from multi-frequency simultaneous emission radar is considered in this paper. Formulation
and statistical hypothesis testing corresponds to two-step problem of multi-alternative detection. At the first step, we test
the hypothesis of presence the echo signal with noise and disturbance or only noise and disturbance is under way
without specification of target type. The biggest likelihood ratio logarithm is chosen via comparing at the second step.
The corresponding signal is admitted as a true signal estimate. It is suggested that echo signals, disturbances
and noises correspond to Gaussian probability distribution law.

Keywords: signal burst recognition, multi-frequency simultaneous emission radar.

ABTOpaMu pa3paboTaH ONTUMAJILHOTO AJTOPUTMa Paclo3HaBaHUS CHUTHAJIOB, IPUHUMAEMBIX OT
MEAJICHHO (PIYKTYHPYIOMIMX LETd M 1IeJH C JOIJIEPOBCKUM paccesiHueM Ha (OoHEe MOMeX U IIyMOB,
MPUMEHUTENBHO K MHOTO9acTOTHBIM PJIC ¢ ®AP, B KOTOPHIX HCTIOIB3YETCS OJTHOBPEMEHHOE M3TyUe-
HUE CUTHAJIOB C Pa3lIMYHBIMU HECYIIMMH YacTOTaMH B YCIOBMAX NMapaMeTPUUYECKOW alpHOpPHON He-
OIIPEJEICHHOCTH.

B cratbe mpencraBieHbl MOJIENN CUTHAJIOB, MPUHUMAEMBIX OT MEUICHHO (UIYKTYHPYIOIHUX Iie-
JIeH, a TakKe IeNiel ¢ JIOIUIEPOBCKUM paccessHiueM Ha ¢oHe momex MHoroyactoTHoi PJIC ¢ ®AP, uc-
MOJIB3YIOIIEH OTHOBPEMEHHOE U3Ty4YEHNE CUTHAJIOB C Pa3IMYHBIMUA HECYIIIUMH YaCTOTAMH.

OnucaH aganTUBHBIN aJTOPUTM PACIIO3HABAHUS CUTHAJIOB, TPUHUMAaeMbIX MHOrodacToTHoi PJIC
¢ ®AP Ha done momex.
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PaccMoTpensl MOTEHIMANBHBIE XapaKTEPUCTHUKN PACIO3HABAHMSA CUTHAJIOB, NPUHUMAEMBIX OT
MEAJICHHO (QIIYKTYUPYIOLIEH LEeNu U LeNd ¢ IOMJIEPOBCKUM paccesHuEeM Ha ()OHE IOMEX B MHOIroda-
crotHoil PJIC ¢ DAP.

IIpemutaraemMelil IOAXOA MOKHO IIPUMEHSTH JUIs PELICHMs 3a1ad PACIIO3HABAHUS CUTHAJIOB, IIPU-
HUMAaEMBIX OT LIeJIeH pa3JIMuHbIX KJIACCOB Ha (OHE HerayccoBcKux nmomex. Ilpu 3Tom Bo3pacTaer duc-
JIO TIPOBEPSIEMBIX THIIOTE3, HO XOJ PEIIEHHUS OCTAETCA TEM K€ CaMbIM. BUI IIIOTHOCTH pacipeneeHus
BeposaTHocTel (IIPB) mauku curnanos 3aBUcHUT OT Toro, siBisercs [IPB kaxnoro ummynsca yctoluu-
BOW WM HeT. B mocnenHeM ciyyae HeoOxoaumo ompenensats Bua [IPB mis xaxaoro koHkperHoro k
YHCJIa UMITYJIbCOB.

IIpu HeW3BECTHBIX MapaMeTpax ®D M T3 ey UX OLEHKA JOJKHA OCYIIECTBIATHCS IO KPUTEPUIO
MaKCHUMyMa MPaBIoNoJ00Hs, a pealn3alunio alropuTMa HeoOXOAMMO BBITTOJIHATE 0 MHOTOKaHAJIbHON
CXeMe.
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ADAPTIVE ALGORITHM OF SIGNAL DETERMINATION RECEIVED
FROM SLOW FLUCTUATING TARGET AND DOPPLER
SCATTERING TARGET IN NOISE CONDITIONS
OF MULTI-FREQUENCY PHASED ARRAY RADAR

E.A. Lavrentiev, A.A. Shatalov, V.A. Shatalova

The authors developed an optimum algorithm of signals recognition received from slow fluctuating target
and Doppler scattering target in noise and disturbance for multi-frequency phased array radar with simultaneous
emission and different carrier frequency in parametric prior uncertainty conditions.

The article performs models of signals received from slow fluctuating target and Doppler scattering target
in noise and disturbance for multi-frequency phased array radar with simultaneous emission and different carrier
frequency.

An adaptive algorithm of signals recognition received from multi-frequency phased array radar in noises
is described.
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Potential characteristics of signals recognition received from slow fluctuating target and Doppler scattering
target in noise of multi-frequency phased array radar.

The suggested approach can be implemented for signals determination problem solution, received from
different target types against background of non-Gaussian noise. Herewith the amount of verifiable hypothesis
arises, however the solution procedure remains the same. A view of probability density function (PDF) of signal
burst depends on the condition if PDF of each pulse is steady or not. In the latest case it's necessary to determine
a PDF view for each certain k-number of pulses.

When wp parameters and 13 of a target are unknown, its evaluation should be carried out according
to maximum likelihood criteria, and algorithm implementation is necessary to fulfill according to multichannel
scheme.

Moctynuna 26 mapTa 2019 ropa.
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B cmambe npusedeHbl aHaUMUYecKue 6bipa)eHus, Mo3eonaluue oueHUsams napamempsl MOUHO20
C8Eemos020 Mydyka Mpu €20 NPOXOXOeHUU 0 ONMUYECKOMYy mpaKmy Jfas3epHol CucmeMbl 6 YCrosusix
8030elicmausi  pas/iuyHbIX 803MyWAKWUX (HaKmopos, XapakmepHbiX Ofis aeuauloHHO20 6a3upo8aHUs.
lMpagomepHOCMb UCMOML308aHUSI NPUBEOEHHBIX aHaIUMUYECKUX 8blpaxeHUli OCHOBbIBAaemCcsl KaK Ha aKcnepu-
MeHmasbHbIX OaHHbIX, MaK U Ha pe3ynbmamax YUC/IeHHO20 MamemMamuyecKo2o MoOenuposaHusl.

Knroueeble crioga: nasepHasl cucmema, MOWHOE U3ITydeHue, HedughpaKUuUOHHOe Kadyecmeo, aHanumu-
yeckasi Moderib, 803MyLaKLUUE (haKmopsbl.

The article states the analytical expressions permitting to evaluate parameters of high-power beam at its
passing in optical path of laser system under effect of different disturbing factors, typical for aerial deployment.
The justification implementation of given analytical expressions is based on experimental data and numerical
mathematical simulation results.

Keywords: laser system, powerful radiation, non-diffraction quality, analytical model, distortion factors.

OCHOBHBIM MapaMeTPOM JIa3€PHOrO IMydKa, ONPEAEIAIOIINM XapakTep €ro BO3ACHCTBUSA Ha yaa-
JEHHYI0 MUIIEHb, SIBISECTCS CHJIAa W3JIydeHHs. [[0aTOMy, BaKHON IPaKTUYECKOM 3a1adeil sBIseTcCs
YBEJIMUEHHUE CHIIBI M3JIyYEHUS C MMOMOLIBI0 ONTHUMAIBHBIX KOHCTPYKTOPCKHX PEIIEHUI NMPHU NMPOEKTH-
poBaHNHM JlazepHOU cucteMbl. Hanbonee 3¢eKTUBHBIM CPECTBOM yBEIHMUCHHS CHIIBI U3TTYYEHUS 5B-
JISIeTCSI MUHUMU3AIMS YTI0BOM PacxoIMMOCTH JIa3epHOTO IMydKa IMOCPEACTBOM CHMKEHHA abepparuit
BOJTHOBOTO (D)POHTA, OOYCIIOBICHHBIX BO3JICHCTBHEM PAa3IMYHBIX BO3MYIIAIONNX (aKTOPOB (TepMO-
MCKa)XEHUSI 3epKaJl U TYpOYJIEHTHOCTh aTMOC(epsl, TeIoBast pachoKycupoBKa GOPMUPYIOIIETO Tee-
CKOIla IpY U3MEHEHUH TeMIIepaTyphl OKpYy>Karolei cpesl U p.). B cBs3u ¢ aTuM, GombIIoi HHTEpEC
MIPEACTABIISIET MOJIYYEHUE AHAIUTHUECKUX 3aBUCUMOCTEH, MO3BOJSIOIIMX IPOCIEANTH BIMSHHE OC-
HOBHBIX KOHCTPYKTHMBHBIX IapaMeTpOB JIa3€pHON CHUCTEMBI Ha KAaueCTBO JA3€PHOr0 My4yKa C IEJIBIO
BBIOOpa MX ONTHMAJIBHBIX 3HAUYEHHH Ha CTaguM NpoekTupoBaHus. IlpeacraBieHHas aHanuTHUECKas
MO/IENTb MOIIHOTO M3IYYeHHUs IPUMEHUMA JUIS TyYKOB HEAM(DPAKIIMOHHOTO KauecTBa, T.€. JUIs ITyYKOB

C YIJIOBOH pacXxoguMOCTh (p = 67\/ 2> TJI€ A — JIITMHA BOJIHBI JIA3EPHOTO M3IIyYeHHs, & — arepTypa cBe-
TOBOTO ITyYKa. AHAIUTUYECKHE BBHIPAKCHUS MO3BOJISIOT OIEHWBATH IMapaMeTPhl MOIITHOTO CBETOBOTO
My4Ka MPHU €r0 MPOXOKIACHUH MO ONTUYECKOMY TPAKTy JIA3€PHOM CUCTEMBI B YCIOBHUSAX BO3JACUCTBUS
Pa3IMYHBIX BO3MYIIAOIINUX (PAKTOPOB, XapaKTEPHBIX I aBUAIMOHHOTO OaszupoBaHus. lIpaBomep-
HOCTH MCTIOJIb30BAHMS AaHATUTUICCKUX BBIPAKECHUH OCHOBBIBACTCS KAaK Ha IKCIIEPUMEHTAIBHBIX JTaH-
HBIX, TaK ¥ HAa pe3yJbTaTaX YUCICHHOTO0 MaTEMAaTHIECKOTO MOICTUPOBAHHS.
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SRS

LASER SYSTEM HIGH-POWER RADIATION OF NONE-
DIFFRACTION QUALITY ANALYTICAL MODEL

Y.l. Malashko, A.V. Nazarenko, M.B. Naumov, A.A. Solovieva

The main parameter of a laser beam, characterizing its influence on distant target, is a radiation intensity.
Thus, important practical task is to increase the radiation intensity using optimal design solutions during
development of a laser system. The most effective way to increase the radiation intensity is a minimizing
of angular beam spread via lowering a wavefront aberration, stipulated by the influence of different disturbing
factors (mirror thermal-aberration and atmosphere turbulence, thermal defocusing of telescope during
environment temperature change etc.). As a result, the utmost interest is in obtaining of analytical expressions
permitting to trace the influence of main structural parameters of laser system on laser beam quality in order
to select its optimum values during R&D works stage. The presented analytical model of high-power radiation
is applicable for beams of none-diffraction quality i.e. for beams with @ = 6A\/a angular spread, where A — laser
radiation wavelength, a — light beam aperture. Analytical expressions permit to evaluate parameters of high-power
beam at its passing in optical path of laser system under influence of different disturbing factors, typical for aerial
deployment. The justification implementation of given analytical expressions is based on experimental data and
numerical mathematical simulation results.

Moctynuna 15 aBrycta 2018 roaa.
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Paccmampueaemcs cuzHai ¢ npsmMoy2osbHoU ozubatowiel U Co CreKmpoM asmoKopPensayUuoOHHOU QOyHK-
yuu KocuHyc-keadpam Ha rnbedecmaiie. [ns amozao criyyas ripednazaemcs an2opumm opMuposaHusi cueHana
8 sude rnpouedypbl 8blHUCIIEHUST €20 ¢hba3bl u npedcmasseHbl pesyribmambl MOOesIupo8aHuUsi hopMuUpO8aHUs
u cxamus cueHana. HaldeHbl 3Ha4deHusi napamempa (Mbedecmarna) anzopumma opMUpPO8aHUs cuzgHana,
obecneyusarouue MuHuMmarnsHbil YBIT cxamozo cueHana e 3agucumocmu om e2o 6a3sbl. [lpu cxxamuu cueHanos
¢ ManbiMu 6asamu npedrioKeHo UCHob308amb Memod «0bpamHbIX Nynbcayuli» ¢ OKHOM XeMMuHaa. Bbiyuciie-
HbI TOMepu Ha paccoaacogaHue rpu Ucrnosb308aHuU 3Mmoao Memooda.

Knroyeenle crnioga: obpabomka cuzHarnos, cuaHasbl ¢ TUHelHoU u HenuHelHol YacmomHol modynsayued,
cXXambil cueHar, coenacoeaHHbIl ¢hunbmp, yposeHb 6OKO8bIX fierecmkos, secosas yHKyus, 6asa cuzsHana,
OMHOWeEHUe «CcuzHa/Wymy», nomepu Ha paccoasiacoeaHue.

A signal with square envelope and spectrum of autocorrelation function, the raised cosine in 2-power
on a pedestal, is considered. For this case, a signal-shaping algorithm in a form of phase calculation procedure
is proposed and simulation results are presented for signal shaping and compressing. The signal shaping algo-
rithm parameter (pedestal) has been found in order to minimize side lobe level of compressed signal depending
on its signal base. For compressing a signal with small base it is proposed to use «reverse ripple»
method with Hamming window. Mismatch loss has been calculated based on this method.

Keywords: signal processing, linear and nonlinear frequency modulation, compressed signal, matched filter,
side lobe level, window function, signal base, signal- to-noise ratio, mismatch loss.

PaccmatpuBaercs 3amaya popMHpOBaHHS M CXKATHS CHUTHANA C MPSIMOYTOJILHOW OTHOArOIIEH H
HEJIMHEWHOW YacTOTHOH MOYJSIUEH, COOTBETCTBYIOIICH CIIEKTPY aBTOKOPPEIALMOHHON (YHKIUH
KOCHHYC-KBaJIpaT Ha IbejaecTane. [Ipeqiaraercst anroput™ popMUpOBaHUSI CUTHAJIA 3TOTO THIIA B BH-
Jie TIPOLIEAYPHI BHIYMCIEHUS ero (a3bl U MPeICTaBICHBl PEe3YIbTaThl MOACIUPOBAHUS (POPMUPOBAHUS
u cxarus curHana. [Ipencrasnensl cnektpsl HUM curnanos, copMUpOBaHHBIX IS pa3iIMYHBIX 0as3.
[To pe3ymnpraramMm MOAETUPOBAHMS HAWIEHBI 3HAUCHUS MapaMeTpa (IbeaecTana) anropurMa GpopmMupo-
BaHMsI CHTHajla, oOecneynBaromue MUHIManbHbIH Y BJI cxxatoro cornacoBanHbIM (UIBTPOM CHTHajia
B 3aBUCHUMOCTH OT 0a3bl curHaina. s mansix 6a3 cnektp HUM curnana cymecTBeHHO OTJIMYAeTCs OT
&KeJlaeMoro (KOCHHYCOHJIATBHOTO), YTO HE T03BOJIsIeT focTuyb Y bBJI Takoro ke, Kak mpu BECOBOM 00-
pabotke curHanoB JIUM ¢yukuueii Xemmunra. [103ToMy MpHu C)KaTHH CHTHAJIOB C MaJibIMU Oa3zaMu
NPEJIOKEHO UCIIONIB30BAaTh METO «0OPaTHBIX MyJbCaluii» ¢ OKHOM XeMMHHTa. Beraucnensl notepu
Ha paccorjacoBaHMe MPH UCIOIB30BAHIH ATOTO0 METO/IA, MTO3BOJISIONIEro nocTdb Y bJI menee -42 nb
MIpY MUHUMAIIBHBIX TIOTEPAX Ha paccoriacoBanue -0.17 nb.
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NONE-LINEAR FREQUENCY-MODULATED SIGNAL
WITH AUTO CORRELATION SPECTRUM FUNCTION
OF RAISED COSINE IN 2-POWER ON A PEDESTAL

V.S. Okoneshnikov, K.K. Sevostiyanov

The problem of signal shaping and compressing with square envelope and nonlinear frequency modulation
(NLFM), corresponding to correlation spectrum function of raised cosine in 2-power on a pedestal. The signal
shaping algorithm is proposed in a form of its phase calculation procedure and simulation results are presented
for signal shaping and compressing. Nonlinear frequency-modulated signals spectrum is performed shaped
for different bases. Based on modeling results the parameters values (pedestal) of signal shaping algorithm were
obtained, providing the minimum side lobe level (SLL) compressed by the matched signal filter depending
on signal base. For small bases the spectrum of NLFM signal substantially differs from a desired one (cosinusoidal)
that prevent from achieving the same SLL as at weighting processing of NLFM signal with Hamming function.
Therefore, for compressing a signal with small base it is proposed to use «reverse ripple» method with Hamming
window. Mismatch loss has been calculated based on this method permitting to achieve SLL of less then — 42 dB
at minimum mismatch loss — 0.17 dB.

Moctynuna 14 auBaps 2019 ropa.
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Paccmampueaemcsi 3a0aya COBMECMHO20 OBHaPYXXEHUS — Pacro3HasaHuUsl Mavyek cueHaso8, OmpaXxEéHHbIX om
MeOneHHO u bbicmpo ¢hrlyKmyupyrouwux uened npu Hanuyduu rnomMex 8 paduosnokayuoHHol cmaHyuu (PJIC) ¢ odHo-
8DEMEHHBIM U3ITyHeHUEM CU2Ha/lo8 Ha pa3fuyHbiX Yacmomax. Popmynuposka U rfposepka Cmamucmu4YecKux
eurlome3 coomeemcmegyrom 08yxamarnHol 3adade MHO20allbmepHamueHo20 ObHapyxeHusi. Ha nepsom smane
rposepsiemcs auromesa o fpucymcmesuu 6020 U3 cueHaoe emecme C romMexamu U Wymom (6e3 KoHKpemu3auuu
muna yenu) npomue anbmepHamuebl O HaauYuu MoJsibKo NoMex U wyma. B kayecmee kpumepusi onmumarnsHocmu
ucrionbdyemcs Kpumepuli HelimaHa-lTupcoHa. Ha emopom amane nymém cpasHeHusi ebibupaemcs Haubonbwul
u3 nozapughmoe omHoweHus1 rnpasdornodobusi. Coomeemcmeyrowul eMy cugHasl NPUHUMaemcsi 8 Ka4ecmee OUEHKU
ucmuHHoe2o cueHana. lNpednonazaemcs, YMo cueHarbl, MoMexu U WyM MoOHUHSIFOMCS 2ayYCCOBCKOMY 3aKOHy pacripe-
OdeneHusi seposimHocmed.

Knrodeebie cnoea: pacrio3HagaHue nadvek cugHanos, PJIC ¢ 00HO8peMeEHHbIM U3/TydYeHUeM Cu2Hasios Ha pas-
JIUYHBIX Yacmomax.

A problem of joint detection and recognition of pack signal returned from slow and fast fluctuating targets
in the noise from multi-frequency simultaneous emission radar is considered in this paper. Formulation and statistical
hypothesis testing corresponds for two-step problem of multi-alternative detection. At the first step, we test the hypothe-
sis of presence the echo signal with noise and disturbance or only noise and disturbance is under way without specifica-
tion of target type. The Neumann-Pearson criteria is used as optimization criteria. The biggest likelihood ratio logarithm
is chosen via comparing at the second step. The corresponding signal is admitted as a true signal estimate. It is sug-
gested that echo signals, disturbances and noises correspond to Gaussian probability distribution law.

Keywords: signal burst recognition, multi-frequency simultaneous emission radar.

Lenbto paboThl sBISAETCS CO3aHHE ONTHMAIBHOIO aJrOPUTMa PacliO3HABaHUSI CHUTHAJIOB, NPH-
HUMAaeMBIX OT MEJUICHHO M OBICTPO (PIYKTYHPYIONIHX IIeJiei Ha (OHE TTOMEX U IIYMOB, IPUMEHHUTEIb-
HO K MHOTO49acTOTHBIM PJIC ¢ ®AP, B KOTOPBIX HCTIONB3YETCSI OTHOBPEMEHHOE M3ITy9YE€HHUE CUTHAJIOB
C Pa3IMYHBIMHU HECYIIMMH YacTOTaMu. TakxKe MpOBeACH aHaJN3 KauecTBa €ro paboThl B YCIOBHSX Ia-
pameTpudecKkoi anpuopHod HeomnpeneiaeHHOCTH. CuntaeM, uto AP cocToNT 13 MOAPEmEeToK, Kax-
Jlasi M3 KOTOPBIX TMpeaHa3Ha4YeHa I M3IY4YeHH W IpreMa CHTHAJIOB Ha pa3iuyHbIX dacToTax. Ciy-
YaliHBIN mpouecc, npuHUMaeMblii MHOrodacToTHoil PJIC ¢ ®AP, obo3Hauaem B BHJie OIOYHOTO BEK-
TOpa, COCTOSIIIEr0 U3 CyMMBI BEKTOPOB CHTHaJlla, TOMeX M OeJoro rayccoBa miyma. B ciaydae BbINOJ-
HEHUSl YKa3aHHBIX YCJIOBHH MOTYT NPHUHUMATHCS CHTHAIIBI, OTPaKEHHBIE OT MENJICHHO M OBICTPO
¢GnykTyupyommx neieid. OnucpiBaeM UX MaTeMaTHYeCKUMH MOJEIISIMH, KaK CUT'HaJIbl B BUJE MayeK,
COJIEpIKaIlIMX IO HECKOJIBKO MMITYJIbCOB Ha KaXKJIOM M3 Hecylux yacToT. Ilepsast Mmoaens crnpaseanu-
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Ba B clly4yae, Korja HeOoJbIlne NepeMEIeHNs LI HEe OKa3bIBalOT 3aMETHOTO BIMSHUS Ha OTPa)KCH-
ueie curHansl B PJIC ¢ BBICOKOH 4acTOTOW TMOBTOPEHUS UMITyJIECOB. BTopas — kornma HeGombIme u3-
MEHECHMsI OPUEHTALMH 1IEJIU BBI3BIBAIOT 3HAYNTENBHBIE U3MEHEHNs OTPa)KEHHOI0 CUTHaia. B mocnen-
HEM Cilydae Lenb QIIYKTYHpYyeT HaCTOJIBKO OBICTPO, YTO OTpa’keHHbIE OT Hee CHI'HaJbl, 00yCIOBJICH-
HBIE COCEHUMH UMITYJIbCaMHU — HE3aBUCUMBI. TaKyro MOJENb LEIeco00pa3Ho UCII0Ib30BaATh B CIIy4ae
MaHEBpHpYyOLIeH nenu. B npouecce paanoaoKaluOHHOTO HAOIIOICHUS CUTHAIOB OT L€l HeOOXOaH-
MO OMNpPEAETUTh COAEPKHUT MPUHUMAEMBIH CUTHAJ TOJIBKO MOMEXY BMECTE C IIIyMOM, WM COBOKYII-
HOCTb NMOMEXH MU IIyMa, a TaKKe OJUH U3 CUTHAJIOB, ONpPENENSIEeMbIX PACCMOTPEHHBIMH MOJEISMHU.
CunrtaeM, 4TO CTATUCTUYECKUE XapaKTEePUCTUKU CUTHAIOB, IOMEX M LIYMOB, a TAK)KE UX MapaMeTpbl
TTOJTHOCTEIO M3BECTHBI. C TOYKH 3pCHHS ONTUMAIBHONW 00pabOTKH MPUHUMAaeMONW HHPpOpMAaInu HeoO0-
XOJIUMO OCYILECTBUTH MPOBEPKY CTATUCTUYECKUX TMIOTE3, U ONPEAEINTh KaKasi U3 TUIOTE3 ABIAETCS
UCTHHHOH. B paccmarpuBaeMoli MOCTaHOBKE pelIaeM 3a/auy MHOI'OAIbTEPHATUBHOTO OOHAPYXEHUS.
IIpu pemeHny 3aa4u paclo3HAaBaHUS B KA4ECTBE KPUTEPHUS ONTHUMAIBHOCTH MOTYT HCIIOJIB30BaThCS
kpurepuu baiieca, Heitmana-IIupcona u pan apyrux. B cioydae xpurepus balieca, onTuManbHOeE pe-
IIEHHE HaXOJIUM IO CIEYIOLIEH cXxeme:

1. ®opmupyem norapuMbl OTHOIIEHHSI IPaBAONOAO0US ISl IPOBEPKH THUIIOTE3 O HATMYUM MU
OTCYTCTBHHU cUTHaJa (6e3pa3InyHO KaKOro) B IPUHSITOH peatn3alnm.

2. B ciyuae mpuHSATHS pelIeHUs] O HAJTMYMHU CUTHAJIA TPOBEPsieM, Kakasl U3 THIoTe3 OOoJIbIIe 1o
BEJIMYNHE.

JUId IpakTU4eCKOro MPUMEHEHUs ONpPEAEISEM NOCTATOYHBIE CTATUCTUKU M UX pacHpeielCHUsI.
Hanee Ha ocHoBe kpurepus HeliMana-IInpcoHa mpou3BoauUM pacy€Thl 3aBUCHUMOCTEN BEPOSITHOCTEU
OT KOJIMYECTBA UMILYJIbCOB B MaUKe NMPHU (PUKCHUPOBAHHBIX TOPOTOBBIX 3HAYEHUSX. B pesynbrare mpu-
BOJHMM pacydeThl A claydas pPaclo3HaBaHMs y3KOIOJOCHBIX CHUTHAJIOB, KOTZIa MCIIOJIB3YETCS TOJIBKO
OJlHa YacToTa. TOYHO TaKKe BBHIMOJHSIOTCS pacueThl B ciiydae, Korjaa 4actoT B k pa3 Oomnblue, npu
9TOM KOJHMYECTBO UMITYJILCOB B Madke CTAHOBHUTCA B Kk pa3 meHblre. [loMuMo 3TOr0 mpenMyiiecTsa
pagHoNIOKalMi C OJHOBPEMEHHBIM H3Iy4€HHEM Ha HECKOJBKHX YacTOTaX JTOCTOBEPHOCTh PacHo3Ha-
BaHUsI CUTHAJIOB MOYKHO TOBBICHTH 32 CHYET M30BITOYHOCTH PUHUMAEMON WHPOPMALIUK O ENsX, KO-
TOpasi 3aKJII0YaeTcs B OIIEHKaX YIJIOBBIX KOOPAMWHAT U YacTOTHI Jloruiepa, mojlydaeMbIX B TEUEHHE BCe-
ro UHTEpBaja HaOIIOAEHHUS CUTHAJIOB.

PaccMoTpenHas B cTaThe NMOCTAHOBKA M METOJ PEIICHUS 3aJadyd PACIO3HABaHUS MEIJIEHHO U
OBICTPO (PIYKTYHPYIOIIEH LIENH MO3BOJSET CO3aTh JOCTATOYHO MPOCTOH B peasn3allii ONTHMAlb-
HBI anroput™M OOHAapyXXEeHUs MaHeBpa e NPU HAJIMYUH IIOMEX, BBIIOJHEHHBIH Ha €ro OCHOBE U
POAaHAIM3UPOBATH KAUECTBEHHBIEC XapaKTEPUCTUKHU €ro paboThl B YCIOBUSIX NMAapaMeTPUIECKON aripH-
OpHOM HEONPENETCHHOCTH CTATUCTUYECKIX XapaKTEPUCTHK CUTHAJIOB, TIOMEX U IIIyMOB.
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ALGORITHM OF JOINT DETECTION AND RECOGNITION
OF SLOW AND FAST FLUCTUATING TARGETS
IN NOISE CONDITIONS OF MULTI-FREQUENCY PHASED
ARRAY RADAR

A.A. Pozdnyakov, A.A. Shatalov, V.A. Shatalova

The aim of this work is to form the optimal algorithm of signals recognition received from slow and fast
fluctuating targets in the noise and disturbance using multi-frequency simultaneous emission radar. Its operation
quality was analyzed as well in parametrical prior random conditions.

We suggest that phased array consist of some sublattices, which design for emission and receiving
at different frequency. Random signal received by radar is noted as the plug-in vector that consist of sum of echo
signal, disturbance and white Gaussian noises.

In case the mentioned conditioned are fulfilled, the signals returned from slow and fast fluctuating targets
can be received. We describe these via math models as signals in form of burst, which include few pulses
on every carrier wave. The first model is true when small target motions do not noticeably effect on reflected
signals in radar with high pulse repetition frequency. The second model takes place if not big target motions have
sufficient effect on reflected signals. In this case target moves so fast that received signal pulses are independent.
This model is reasonable to use in the case of maneuvering target detection.

In the radar observation process there is a need to determine the presence either the echo signal with noise
and disturbance or only noise and disturbance as well as to determine its relation to pointed models. We suggest
that statistical characteristics of signals, noises and disturbances are known completely.

In optimal received data processing there is a need in the testing of statistical hypothesis to determine
correct ones. In pointed conditions we decide the problem of multi-alternative detection.

To solve the signal determination problem the Bayes, Neumann-Pearson and others criteria are able
to be employed as an optimization criteria.

For the Bayes criteria case, an optimum solution can be found according to the followed scheme:

1. Formation likelihood ratio logarithms: we test hypothesis of presence the echo signal with noise and
disturbance or only noise and disturbance without specification of target type.

2. Compare likelihood ratio logarithms: if the echo signal is detected we determine the most meaning ones.

For practical utilization we find sufficient statistics and its distributions. Based on Neumann-Pearson criteria
then we calculate dependences of probabilities on pulse amount in the signal pack until threshold is constant.
As a result, we perform calculations for narrowband signals recognition case, when single frequency is used.
The calculations are performed the same way in the case when frequency amount more than k times, herewith
the pack pulse quantity will be less than k times. Besides that advantage of multi-frequency simultaneous
emission radar, it is possible to increase the signal recognition authenticity by means of target data redundancy
that is to evaluate an angular coordinates and Doppler frequency received during the whole observation period.

Considered problem statement and its solution method of signals detection received from slow and fast
fluctuating targets permit to develop a quite simple optimal target maneuver detection algorithm in the noise and
to analyze quality characteristics of its operation in parametrical prior random conditions.

Moctynuna 27 peka6bpsa 2018 roaa.
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NPUKNALHbLIE 3A0AYU NPUMEHEHWUA
WHO®OPMALIMOHHbIX TEXHONOI A

Y[OK 623.643+004.75

OPrAHU3ALMS1 B3AUMOLENCTBUS ACY KOPABJIS
N KOPABE/IbHOIO KAPTOIPA®UYECKOIO CEPBEPA

© ABTopbl, 2019
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uHxeHep 3 kameeopuu, NAO «HINO «Anma3s», e. Mockea
E-mail: goryakin@phystech.edu
O.A. BecenoBckas doueHm,
HayvanbHuk omoena, MAO «HIMNO «Anma3s», 2. Mockea
E-mail: veselovskayolga@mail.ru

B cmambse npusedeHo onucaHue Ho8020 rnodxoda K opeaHu3ayuu e3aumodelicmeust asmoMamu3uposaH-
HoU cucmeMbl yrnpasreHusi U KapmozpaghuyecKoao cepeepa, ycmaHo8eHHbIX Ha kopabne. lNpusedeHa nodpob-
Hasi cxeMa, rokasblearowjasi amarnb! pabomsl npogpaMMHO20 obecredeHusi npu peasnusayuu 0aHHO20 rnodxooda.
OnucaHbi e2o npeumyuecmsa. Omom nodxo0d bbis1 peanu3osaH U npomecmuposaH Ha cmeHOo8oU annapamy-
pe MAO «HIMO «Anmas» u 8 0aHHbIU MOMEHM MPUMEHSIeMCS Ha peanibHOM obbekme.

Knrodeeble croea: asmomamusuposaHHasi cucmema ynpaseneHusi, Kkapmozpagpudeckasi UHhopmayusi,
Kapmoepacghudeckuli cepgep, npoepammHoe obecriedyeHue, annapamH{oe obecredyeHue.

The paper describes a new approach for organizing the interaction of automated control system and
cartographic server that are installed on a ship. The detailed diagram with software operating stages implement-
ing this approach is provided. The advantages of this approach are described. This approach
was implemented and was tested on the bench hardware and software equipment of the JSC NPO Almaz named
after A.A. Raspletin and currently is in operational use on the real ship.

Keywords: automated control system, cartographic information, cartographic (map) server, software, hardware.

ABTomatu3upoBaHHas cucreMa ynpasieHus (ACY) sBuseTcs OHUM U3 BOKHEHIINX JJIEMEHTOB
KOpaOempbHOTO WH(OPMAIMOHHO-YIIPABIAIOMIET0 KoMIuiekca. OHa MO3BOJISIET ONEepaTopy CIEAWTH 3a
paboToii, B3aMMOJICHCTBUEM M COCTOSIHUEM Pa3JIMYHBIX CUCTEM KOPaOJis TaKWX, KaK CPeCTBa pajiuo-
AJNIEKTPOHHOTO MPOTHBOACHCTBHS, PAIHONIOKAIIMOHHBIE CTAHIIUK U T.I., a TAKXKE 338 TAKTHYECKOH 00-
CTaHOBKOM.

Opnolt u3 cucrtem, ¢ Kotopoit B3ammopeiictByer ACY, saBnsercs kaprorpaduueckuii cepsep
(KC). On npeaocraBisieT akTyajdbHYI0 KapTorpapuueckyro HH(GpOPMAIHIO, YAOBICTBOPSIOIIYIO Tpe-
OoBaHusIM omneparopa. OHAKO U3-32 00BEMHOCTH U CIIOKHOCTH KapTorpaduiyeckoil nHpopMaLum, ya-
cTora e€ oOHOBIeHUs HIKe. Bo Bpems oomeHa undopmanmeri mexxay ACY u KC Harpyska Ha cpe-
cTBa 0OMEHa CYIIIECTBEHHO BO3PACTAET, YTO MPHUBOANT K BEChbMa HEXKEIATEIHHBIM MOCIIEACTBUAM: T10-
Teps JaHHBIX, TIOJTyYeHIE HEBEPHBIX JIaHHbBIX, BBIXOJI U3 CTPOSI OCTAJBLHBIX CHCTEM U T.I1.

Hns otnaaku B3aumozerctsust ACY n xaprorpau4eckoro cepBepa HCIOIb3yIOTCS HMUTATOPHI
CHCTEM, CTOSIINX Ha Kopadiyie. B cTaThe onmucan HOBBIN MOJX0 K obecnieueHnto ooMeHa Mexy ACY
U KapTorpapuecKuM CepBEPOM, TIO3BOIISTIONINN H30€XKaTh MPEICTABICHHBIX BBIIIE TPOOIIEM.
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INTERACTION ORGANIZATION BETWEEN SHIP
AUTOMATED CONTROL SYSTEM AND
SHIPBOARD CARTOGRAPHIC SERVER, INSTALLED ON A SHIP

A.A. Goryakin, O.A. Veselovskaya

Automated control system (ACS) is one of the most important elements of informational and management
complex of the ship. It allows operator to control the operation, compatibility and state of different shipboard
systems such as an electronic countermeasures system, radars and etc., including monitoring of tactical
environment.

One of ACS interacted systems is a cartographical server (CS). It provides up-to-date cartography
information that fulfills operator's requirements. However, due to the volume and complexity of cartographical
information its data renewal rate is lower. During the informational sharing between ACS and CS, the exchanging
objects are overloaded that leads to data loss, invalid data receiving, breakdown of other systems etc.

For debugging of ACS and cartography server interoperability the shipboard system simulation devices are
used. The paper describes the new approach for organizing the interaction between ACS and cartography server
permitting to avoid problems mentioned above.

MocTtynuna 23 HoAGps 2018 roaa.
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Yeaxaembie yumamenu!

ObecneyeHne kadecTBa 1 HAOEXHOCTU NPOAYKLMM, CO3OaBaeMON NpeanpuaTUAMmM o6OpOHHO-
NPOMBILLNIEHHOrO KOMMMeKca, CnocobCcTBYeT MOBbILLEHUI0 0BOPOHOCMOCOBHOCTU BOOPYKEHHBLIX
Cwvn. lpepnctaBnsemasi BalweMy BHUMaHWIO CTaTbsl «YMNpaBreHWe Ka4yeCTBOM B BeEpTUKarbHO-
WHTErpMpPOBaHHbIX CTPYKTypax OBOPOHHO-NMPOMBILLAEHHOTO KOMMnekca», nogrotoneHHas Octa-
neHko C.H., MNanuxosbim I.B., MNMpoTackesbim B.6. n KOanHeim C.B., kak pa3 3aTparuBaeT 3Tu
KpanHe BaXXHble BOMpPOCHI.

ABTOpaMn paccMOTPeEHbl pasfnU4Hble acnekTbl pa3BUTUS aBTOMAaTM3UPOBAHHLIX CUCTEM
yrnpaBneHus TEeXHOMOrMYecknMn npoleccammn n cuctem 6e3gedekTHoro Tpyaa, BO3MOXHOCTU UX
NPaKTU4EeCKOro NpPUMEHeHUs AN pelleHns 3agady yrnpaBneHus KayeCcTBOM B pamKax CUCTEMbI
ynpaBreHns Ka4eCcTBOM U HaAEXHOCTbI0O 0O0POHHONM Npoaykuun. B ctaTtbe 060CHOBBIBAETCH, YTO
ycnewHoe opMUpoOBaHME B COBPEMEHHbIX YCMOBUAX TaKUX CUCTEM BO3MOXHO TOMbKO Mpu
paumnoHanbHOW agMUHUCTPATUBHON CTPYKTYpe NPeanpuATUs, a Takke co3gaHum U YHKLUOHM-
poBaHUM B paMKax CUCTEMbl MEHeIXMeHTa KadecTBa MpPeanpusiTUa CUCTeMbl YnpasreHus
KayeCTBOM M HaAEXHOCTbIO 0BOPOHHONM NPOAYKLUMMN HA BCEX CTAOUSIX XKU3HEHHOMO LIMKNA.

MpenctaBnaemas BalleMy BHMMaHWIO NyoOnuvkaumsi MOXeT OKa3aTbCs KpanHe MoresHown
crneumanucTam, CBsiI3aHHbIM C CO3[aHMEM NMEPCMNEKTUBHbIX 06pa3LOB CMOXHBIX CUCTEM BOOPYXKe-
HWS1, K KOTOPbIM, B NMepBYI0 o4epeab, OTHOCSTCH CUCTEMbI BO3AYLUHO-KOCMUYECKON OOOPOHbI.

Y[K 658.562

MHTEMPALNA CUCTEM MEHEOXMEHTA KAYHECTBA U ACY TIl

© ABTOpbI, 2019
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MOMOUW|HUK 2eHepalibHO20 dupekmopa o kadecmsy, npedcmasumeris pykogodcmea no CMK,
AO «KoHuepH BKO «Anma3s — AHmel», e. Mockea
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B.B. NMpoTacbeB A0KMop mexHuU4YecKux Hayk, npogeccop,
npogpeccop, ®IBEOY BO « Tynbckuli 2ocydapcmeeHHbill yHugepcumemy, 2. Tyna
C.B. FOauH dokmop mexHuU4YecKux Hayk, npogeccop,
npogheccop, Prb0Y BO «Poccutickuli 3koHoMu4veckul yHueepcumem um. [.B. [MnexaHosay,
Tynbckul ¢punuan, e. Tyna
E-mail: svjudin@rambler.ru

Cmamebsi siensiemcsi nepsol 8 yukne cmamedl o meopuu U rnpakmuke yrpasieHUsl Ka4ecmeom rnpodyKuyuu
8 8epMUKalIbHO-UHME2pUpPOB8aHHbIX CIMPyKmMypax Ha rpumMepe 8epmukaribHO-UHmeepuposaHHol cmpykmypsi (MC)
AO KoHuepH BKO «Anmas — AHmel». B Hacmosuwel cmambe paccMompeHbi ucmopudeckue u ghunocoghckue
acriekmsl pa3gumusi aemomMamu3upo8aHHbIX cucmeM yrnpaereHusi mexHonoaudeckumu npoueccamu (ACY TT1)
u cucmem b6esdeghekmHozo mpyda (CBT), a makxe 803MOXHOCMU UX MPaKmMuU4yecKoao npuMeHeHuUs1 Onsi pewe-
Husi 3a0ay yrnpassieHusi Ka4ecmeoM 8 paMKax CUCMeMb! YrpaessieHusl KayecmeoM U HalEéXHOCMb0 0O0POHHOU
npodykyuu (CYKHI). MNokazaHo, Ymo amu cucmembl 83aUMHO 00rnosHsilom dpye dpyaa u cuHme3 CBT u ACY TT1
uerniecoobpaseH u aghghekmuegeH. YcrewHoe ¢hopMupo8aHuUe 8 COBPEMEHHbIX YCII08USIX MaKuX CUCMeM 803MOX-
HO MOIbKO npu payuoHanbHol adMuHUCmpamugHol cmpykmype npednpusamul, a makxe co3daHuu u hyHKUyU-
OHUPOBaHUU 8 paMmkax cucmemMbl MeHeOxMeHma kadecmea npednpusmus (CMK) CYKHI Ha ecex cmadusix Xu3-
HeHHo20 yukna. OcobeHHO akmyarbHa mema yrpaseneHusi Ka4ecmeomM, 8 m.4y. Ha npuHyunax CET, 8 ycrosusix
OYHKUUOHUpPOBaHUSI 8epmuKaribHO-UHmMeapuposaHHbIx cmpykmyp (Oanee — WUC) 060pOHHO-NPOMBbILUIIEHHO20
KoMrniekca.
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Knroyesble cnoea: 6e3depekmHbili mpyd, kadecmeo, HadéxHocmb, ACY TI1, CMK, CYKHII, do6pom-
Hocmb, 0eghekmHOCmb, UHGhOPMaUUOHHbIE MOMOKU, aOMUHUCmpamugHasi CmpyKmypa.

This article is the first publication in a cycle of articles concerning to the theory and practice of product and
system quality management in vertically integrated structures by the example of the vertically integrated structure
of «Almaz — Antey» Corp.». The present article considers the historical and philosophical aspects of the develop-
ment of automated process control system (APCS), defect-free labor system (DLS) and its possibilities of practi-
cal application as well for tasks solution of quality management within a management (control) system of quality
and reliability of defensive products (MSQRP). It’'s shown that these systems are complement each other and
DLS and APCS system synthesis is worthwhile and effective. Successful building-up of such systems in modern
conditions is possible only at rational administrative structure of the enterprises including creation and functioning
within a quality management system (QMS) MSQRP at all stages of life cycle. A quality management is a relevant
theme, including the one based on DLS principles in operating conditions of vertically integrated structures
of defense industry complex.

Keywords: defect-free work, quality, reliability, automated process control system (APCS), defect-free labor
system (DLS), Quality Management System (QMS), management (control) system of quality and reliability
of defensive products (MSQRP), quality factor (Q-factor), defectiveness, information flows, administrative
structure.

B mpakTuke ymnpaBieHHMs KadecTBOM B BEpPTHKAIbHO-MHTEIPUPOBaHHOW cTpykType KonuepHa
OJTHOM M3 KIIFOYEBBIX 3a]ad SBISETCS IOCIeJ0BaTeIbHAs aBTOMATH3AMA 3a1a9 U (QYHKINI CHCTEMBI
yIIpaBJIeHHUs KA9eCTBOM U HAZEKHOCTHIO 0OOPOHHOM NPOIYKIMH B paMKax palMOHAIbHOW CTPYKTYPHI
OpraHu3allMOHHOIO YIPAaBJICHUA U UX UHTECTpallud C aBTOMATU3UPOBAHHBIMU CUCTEMaMU YIIPABJICHUA
TEXHOJIOTHYECKUMH TPOLECCaMH B €IWHBIA MH()OPMAMOHHO-PAacUeTHBIN KoMIuIeke. OObeanHeHne
TaKMX CHUCTEM MO3BOJISIET CTPYKTYPHPOBATH MHOXECTBO OOBEKTOB, IPOIECCOB, (haKTOPOB, NMPHUYHH,
BIIUSIOIIMX HA KaYeCTBO U HAJCKHOCTH OOOPOHHOW MPOIYKIMU M HICHTH(QUIMPOBATH UH(OPMAIHU-
OHHBIC MOTOKW BHYTPHU YKA3aHHOI'O MHOKECTBA, a COBPEMCHHBIC MCTOAbl 1 MHCTPYMCHTBI aBTOMAaTH-
3aI[MH TI03BOJIAIOT MTOBBICUTH PEIPE3CHTATUBHOCTD, JOCTOBEPHOCTH, CBOEBPEMEHHOCTD MPE/ICTABICHHS
MH()OpPMALIK Ha BCEX YPOBHSIX YIPABJICHUS KAYeCTBOM B BEPTUKAILHO-WHTEIPHPOBAHHON CTPYKTYpE.

CdhopmupoBaHHBIE WHPOPMATMOHHO-PACYETHBIM KOMIUIEKC IEIECO00pa3HO HCIIONB30BATh IS
cbopa, 00paboTkH U ydera WH(OPMAIIUU HE TOJNBKO 110 YPOBHSM JIe()eKTHOCTH Ha OIIEPAIHIX TEXHO-
JIOTUYECKHX MPOIIECCOB, HO M PELICHHS PACUETHBIX, aHATUTHIECKUX 3a/1a9 ¥ (POPMUPOBAHUS OTIETHO-
CTH, C IPUMCHCHUEM CTATUCTUYCCKUX MHCTPYMCHTOB U METOJ0OB B C(bepe YIIpaBJICHUA Ka4CCTBOM.

B Hpe)lnaraeMoﬁ CTaTbC€ M3JIOKCHBI aCIICKThl MHTETPAllM aBTOMATU3UPOBAHHBIX CUCTEM YIIpaB-
JICHUS TEXHOJIOTMYECKUMH MPOLIECCAaMHU, CHCTEM YIPaBJIEHHs KA4YeCTBOM M HaIe)KHOCTHIO 0OOPOHHOI
HPOJYKIMH, CUCTeM Oe37ie(heKTHOro TpyAa, pa3pabOTaHHbIE HA OCHOBE OLIEHKH M aHaJIM3a IoKa3are-
el pe3yIbTaTUBHOCTH JCATENBHOCTH B cepe YIpaBIeHUs] KAYeCTBOM, Ka4ecTBa U HAICKHOCTH 000-
POHHOW TPOXYKIUH, BBITYCKAEMOHW BEPTUKAIBHO-UHTETPUPOBAHHBIMH CTPYKTYpaMH OOOpPOHHO-
HPOMBIIIJIEHHOTO KOMILIEKCA.
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QUALITY MANAGEMENT SYSTEMS
AND AUTOMATED PROCESS CONTROL
SYSTEMS INTEGRATION

S.N. Ostapenko, G.V. Palihov, V.B. Protasiev, S.V. Udin

In quality management practice in vertical-integrated structure of the Almaz Corporation, one of the key
objectives is a sequential automation of tasks and functions of quality and reliability of defensive products
management system within the frames of rational administrative structure and its integration with automated
process control systems in a joint information-computing complex. The integration of such systems permits
to structure multiple objects, processes, factors, reasons, effecting the quality and reliability of defensive products
and identify the information flows inside the mentioned multitude, and modern automation methods and tools
permit to increase the representativeness, fidelity, timeliness of data representation at all levels of quality
management in vertical-integrated structure.

The built information-computing complex should be reasonably used for collection, processing and
registration of data not only in defectiveness level at technology process operations but in solution of calculating,
analytical and reporting forms tasks, using the statistical tools and methods in quality management sphere.

The proposed article states the integration aspects of automated process control system, management
(control) system of quality and reliability of defensive products, defect-free labor system, developed based on
estimation and analysis of operational performance indicators in quality management sphere, quality and
reliability of defensive products, manufactured by the vertical-integrated structures of defense industry complex.

Moctynuna 6 ¢eBpansa 2019 ropa.
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WCCIELJOBAHWE UHTEIPALMW PACIPELENEHHbIX CACTEM
UMUTALIMOHHOIO MOLE/TMPOBAHUS
EUHOU BO3YLLIHOU O65CTAHOBKM,
[TOCTPOEHHbIX HA TEXHOJIOIUSIX HLA
U «KITMEHT-CEPBEP», B EQUHYIO CUCTEMY
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WN.C. KoHapawos
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B danHOU cmambe paccmompeHa mexHonoaus HLA — yHugepcarnbHas apxumekmypa 0ns pacrnpelenéHHbIX
cucmem UMUmMayUoHHO20 ModeruposaHusi. LaHHasi mexHosioausi npedHasHadeHa 011t 0bMeHa OaHHbIMU U CUHXPOHU-
3ayuu delicmeutl Mex0y umumayuoHHbIMU mModenamu (M), gyHkuyuoHupyrowumu Ha SBM pa3nuyHbix nnamgopm.
lposedéH 0630p cywecmesyroweli cucmembl pacrpedenéHHo20 MoOenuposaHusi: cepsep eO0uHOU 8030yWHOU
obcmaHosku (CEBO). PaccmompeHa uHmezpauusi mexHonoauu HLA ¢ CEBO 0ns peanu3ayuu coemecmHol omiiao-
Kku IM cpedcme BKO c npoepammHbivm obecriedeHuem (I10) cmopoHHUX paspabomyukog Ha mMamemamu4yecKoM
umumauyuoHHom modenupyrouem cmeHde (MUMC).

Knrouyeebie cnoea: mexHonozusi HLA, pacnpedenéHHoe umumayuoHHoe modesiuposaHue, omiadka
npozpamMmMHoO20 obecrieyeHusi, pedepam.

The article examines the HLA technology — a unified architecture for distributed systems of simulation
modelling. This technology intends for data exchange and action timing between simulation models (SM)
operating in computers with different platforms. The review of current distributed simulation system is performed:
joint air situation server (JASS). The HLA and JASS technology integration is examined for realization of mutual
debugging of SMs of Aerospace defense systems with software (SW) of third party designers at mathematical
simulation stand (MSS).

Keywords: HLA technology, distributed simulation modelling, software debugging, federate.

B crarbe paccMoTpeHa BO3MOKHOCTh MHTETPALUMH JIBYX paclpeneléHHbIX CUCTEM UMUTAMOHHO-
ro mogenuposanusi: HLA u cepBep eaunoii Bo3nymHoi oocraHoBku (CEBO). HLA npennasnadena
JUTs 0OMEHa JAHHBIMU M CHHXPOHU3AINHU JICHCTBUN MEXIY UMHTAIIHOHHBIMU Mojensmu (M), dyHK-
nuoHupytonMu Ha DBM paznuunsix miatdgopm. CEBO no3BonsieT GpopMupoBars eJMHYIO BO3AYIII-
HYI0 OOCTaHOBKY M OCYLIECTBJISAITh cOBMecTHyI0 omiaaky MM cpeacts BKO na marematnueckom
umMuTanmoHHoM mojenupytomem creaae. CEBO — ato nporpammuoe obecrieuenue (I10), xoropoe
WCIIONIB3yeTCS B JAHHBIM MOMEHT.

O6e mporpamMMbl HeOOXOAUMO MHTETpUPOBaTh, Tak Kak CEBO siBisieTcst TOKalIbHBIM MIPOAYKTOM
u JuIs peanusaiuu copmectHoi otinanku UM cpenctes BKO ¢ I1O croporHNX pa3paboT4nkoB Tpedy-
eTcs ucronb3oBanue TexHonoru HLA, mmeromieid pactipocTpaH€HHBIN CTaHIapT.

B pesynbrare ucciemnoBanus, ObIII0 MIPEITIOKEHO CO3/IaTh OTASIBHBIN Moayib — deaepar CEBO
(®CEBO), xotopslii OyzneTt paboTaTh Kak Mpokcu-cepsep. [lpeanoxenHslit moAXo ] Mpeanonaraet, YTo
®CEBO oyaer ocymiecTisaTh B3aumoeiicteue ¢ RTI - kommonentom HLA, ¢ momoltisio, KOTOporo
Oyner mpoucxoautb ooMeH ¢ [1O cropoHHHX pa3paboTumkoB. Takum 00pazoMm, MOSIBUTCS YHHBEP-
CaJIbHBI MaciTabupyemMblii HHTEp(dEc, MO3BONAIOMMI B3aMMOACHCTBOBATh C JPYTUMH CHCTEMaMHU
pacnpenenéHHoro MoaenupoBanus o npotoxkoay HLA.
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RESEARCH ON DISTRIBUTED SYSTEM INTEGRATION
OF JOINT AIR SITUATION SIMULATION MODELLING BASED
ON HLA AND CLIENT/SERVER TECHNOLOGIES
INTO SHARED NETWORK

A.V. Rodionov, I.S. Kondrashov

The article examines the integration possibility of two distributed simulation-modelling systems: HLA and
joint air situation server (JASS). HLA is intended for data exchange and action timing between simulation models
(SM) operating in computers with different platforms. JASS permits to build-up a joint air situation and perform
the mutual debugging of SMs of Aerospace defense systems at mathematical simulation stand. JASS is
a software which is operationally used nowadays.

Both programs are necessary to integrate as JASS represents a localized product and for mutual debugging
of SMs of Aerospace defense systems with software of third party designers realization the HLA technology
implementation with its widespread standard is required.

Based on research results it was suggested to develop a separate module — JASS federate (JASSF) which
will operate as proxy-server. The proposed approach stipulates that JASSF will interact with RTI-component
of HLA by which an exchange with SW of a third party designers is possible. Consequently, we obtain the unified
scalable interface permitting to interact with other distributed simulation-modelling systems in HLA protocol.

Moctynuna 10 anpens 2019 roaa.
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AHAJIU3 HOBbIX H/v\I'IPABﬂEHMﬂ PA3BUTUA I1PO CLLA
B CBETE [NIPUHSITON AMEPUKAHCKOU CTPATEIWN PO

© ABTOp, 2019

B.H. N'opeBu4 dokmop mexHu4Yeckux Hayk, npogeccop,
COBEMHUK 2eHeparbHo20 KoHcmpykmopa, [NNAO «HIO «Anma3sy, e. Mockea
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BoinonHeH aHanu3 Hoeoli cmpameeuu PO CLUA. PaccmompeHbl mexHU4ecKue OCHO8bI c030aHusi 0OHOU
u3 Haubornee yespoxarouwux e nepcriekmuse 0ns Poccuu komrnoHeHm PO CLUA — ydapHbix 6ecrunomHbix
niemameribHbIX annapamos, MpuUMeHsieMblX 8 ammocghepe U KOcMoce rpomug 6annucmuyeckux pakem
Ha HayarbHOM y4acmke ux mpaekmopuu. [Toka3aHbl 803MOXHbIe y2po3bl 8 nepcriekmuse 011 Poccuu npumeHe-
Husi yOapHbix BIIA.

Knroyeenie croea: bannucmuyeckasi pakema, rpomugopakemHas obopoHa, becnumnomHbll nemamerib-
HbIU annapam.

The analysis of a new US Missile Defense Review is provided. The article examines technical bases for de-
velopment of one of the most threatening to the Russian Federation US missile defense component — combat
unmanned aerial vehicles, planned to be used in atmosphere and space against boost-phased ballistic missiles.
The possible future combat unmanned aerial vehicles threats are described with respect to Russia.

Keywords: ballistic missile, missile defense, unmanned aerial vehicle.

B crathe npoananusupoBansl HOBble HampasieHus passutusa [IPO CIIA, npuBeneHHble B Mpu-
usroii B stuBape 2019 roga nooii crpaterun CIIHA (Missile Defense Review 2019). IToka3aHo, 4To B
yCIOBUSAX HemocTaToyHoH 3¢ dexktuBHOCTH cTpaTermyeckoid kommoHeHTsl [IPO CIHA (cuctema
GMD) nepBocTeneHHOe 3HaUCHHUE yIENAeTCs MepPexXBarTy CTapTYIOIIUX pakeT B (aze ux moabeéma, a
TaKKe HAHECCHHUIO Yy/IapoB IO CTAPTOBON MHPPACTPYKTYpe U MyCKOBBIM ycTaHoBKaM. [lyist mepexBara
CTapTYIOIIMX pakeT pa3padaThIBAlOTCS TEXHOJIOTHH JIA3€pHOTO OPYXKHS C Pa3MEIIEHHEM €ro Ha BO3-
JOYUIHBIX U KOCMHUYECKUX OecnminoTHBIX anmaparax tuna MQ-9 u X-37B. BrinonHeH aHalln3 BO3MOX-
HOCTel OeCHWIOTHBIX amlmapaToB MO MepexBary pakeT. I[lokazaHa HeOOXOIUMOCTh MPUHATHS yIIpe-
KIAIONIUX aJeKBaTHBIX MEP MO MPEIOTBPAIIECHUIO BO3MOKHBIX YyIpo3 U CTPATETHYECKUX YIApPHBIX
cpeacts Poccun.
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NEW DEVELOPMENT DIRECTIONS ANALYSIS
OF US MISSILE DEFENSE WITHIN ACCEPTED
US MISSILE DEFENSE REVIEW

B.N. Gorevich

The article analyses new development directions of the US Missile Defense given in the new US strategy
(Missile Defense Review 2019) published on January 2019. It is shown that in the conditions of insufficient
efficiency of the US missile defense strategic components (GMD system) the high priority is given to interception
of lifting off missiles during its climbing stage, including delivering strikes to launch site infrastructure and launchers.
To perform an interception of missiles at its initial flight phase the air- and space borne laser weapon technologies
are being developed with its deployment onboard-unmanned aerial vehicles of MQ-9 and X-37B type.

The opportunities analysis of autonomous and remotely piloted vehicles in missiles interception is carried out.
The necessity of assuming the preemptive appropriate steps for prevention of possible threats for Strategic forces
striking power of the Russian Federation is performed.

MocTtynuna 14 mapTa 2019 roaa.

BECTHUK BO3YLUHO-KOCMUYECKO OBOPOHbI N2 2(22), 2019 r.



PA3AEN: AHAJINTUMECKUE NCCNNEQOBAHWS 3APYBEXXHOTO OIbITA

YOK 623.4.01

TEKYIYEE COCTOAIHUE CTPOUTE/IbCTBA
CTPATEIMYECKOU PIIC CENIEKLAW LENTENA LRDR
W NEPCIIEKTUBHbIE PAUOHbI PASBEPTBIBAHUA
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B 0aHHOU cmambe npusodumcsi UHGhopMayusi 0 meKywemM COCMOsIHUU pa3gépmbigaHusi cmpameaudeckol
PJIC cenekuyuu ueneli LRDR, pa3spabomarHol komnaHueli Lockheed Martin, @ makxe paccmampusatomcsi
nepcriekmusHbie palioHbl pa3gepmbigaHusi 0aHHol PJIC ¢ ydemom macwmabuposaHusi aHmeHHO20 MOJI0MHa,
0 803MOXHOCMU KOMOPO&20 3asi8usiu npedcmasumesiu KoMrnaHuu-paspabomyuka.

Knroyeesnie cnoea: PJIC, cenekyusi uened, NPO CLUIA, AEGIS ASHORE, GMD.

The article considers the official information on current development state of Lockheed Martin Long Range
Discrimination Radar (LRDR) including the projected deployment areas with regard to antenna curtain scaling
possibilities stated by the developer representatives.

Keywords: radar, target discrimination, US missile defense, AEGIS ASHORE missile defense system,
Ground-based Midcourse Defense (GMD).

B craree mpuBeaeHa oduumanbHas WHQOpMALMs, OMYOJMKOBAHHAS BOCHHBIMH BEJOMCTBAMU
CIIIA, o Texyuiem cocTosiHUM pa3BepThiBaHus crpaTternueckoit PJIC cenexnun neneir LRDR Ha Tep-
putopunn Ab Kimp (wt. Ansicka) M NepCHeKTUBHBIX paiioHax pasBepTbiBanus. Ocoboe BHUMaHHE
yIeNAeTcsl CpOKaM BBINOJIHEHUST paboT no ctpoutesbeTBy PJIC B paziauuHbIX paiioHax pa3BepThIBa-
HUSI, a TakKe (UMHAHCHPOBaHMIO, HampasisieMoMy MunuctepctBom o0oponbl CLIA Ha BeITOTHEHHE
HUOKP u nocTaBok KOMIIOHEHTOB B paMKax peann3anuu nporpammsl cozaanust PJIC LRDR.
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PA3EN: AHAJINTUHECKUE UCCJTIEQOBAHUSA 3APYBEXXHOIO OIbITA

CURRENT DEVELOPMENT STATUS
OF LONG RANGE DISCRIMINATION RADAR
AND PROJECTED DEPLOYMENT AREAS

A.E. Svistunov, N.A. Maleeva

The article considers the official information issued by the US military agencies on Long Range
Discrimination Radar (LRDR) status deployment at Clear Air Force Station, Alaska, and the projected fielded
areas. The attention is focused on work completion time of the radar in different deployment areas and funding
approved by the US Department of Defense for R&D works and components supplies under the LRDR project
implementation.

MNoctynuna 8 anpens 2019 ropa.
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HAYYHbIE PELLEH3U N OT3bIBblI

OueHKa HagéXHOCTU CpeacTB HaBUrauuu 1 ynpasneHusi Bo3-
OywHbIM aBwkeHueMm. MoHorpadwmsa / nog pea. O.J1. 3aty4Horo,
A.N. Koanosa, B.[l. Py6uoBa, B.C. LLlankuHa. — M.: PagnoTtexHuka,
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OLIEHKA HAOEXHOCTH ABTOpbLI:
CPEACTB HABUTALMU B.C. WankuH, O.A. 3aty4yHbin, A.UN. Kosnoe, B.[l. Py6uos, J1.A.
W YMPABJIEHWA Kosnoga, C.A. MapanuH, O.U. 3aBanuwuHn, O.E. EcbaHos, B.A. Bop-
BO3AYIUHBIM 4 coeB, M.B. ®puasoH, U.B. N'y6epmaH, XK.B. Cnaage, 3.A. Bonenos,
ABVWKEHWEM . e  C.A.paues.

PeueHseHTbl: Jlaypear [locypmapctBeHHouM npemun CCCP,
3acnyXeHHbIM peATenlb HaykM U TeXHUKU P®, po-p TexH. Hayk,
npocgeccop B.U. LaxrtapuH; Jlaypeatr npemun [lpaButenbcrtBa
CaHkT-leTepOypra, A-p TexH. Hayk, npodeccop B.A. CapbiueB.

B xHUTE paccMOTpeHBI HOBBIE MOAXOBI K OICHKE HAaIEKHOCTH
HaBUTAIIMOHHOTO M CBSI3HOTO 00OPYIOBaHHS BO3AYIIIHOTO CYAHA TIPH
nepexoae K ICPCICKTUBHBIM CHUCTCMaM YIIPABJICHHUA BO3AYUIHBIM
nerkerneM. [IpoBenén ananms mpobieMaTHKH, CB3aHHOW ¢ obecre-
YeHHeM HaJE&XHOW pabOThl HABHTAIIMOHHBIX U CBS3HBIX CHCTEM BO3YIIHOTO CYJHA C Y4ETOM Tep-
CIICKTHUBBI IICPEX0Aa YIpPaBJICHUA BO3AYIIHBIM ABUKCHUEM K PCKHUMY aBTOMATHYCCKOI'O 3aBHUCHUMOIO
HAOIIOAECHUS U 30HAJIbHOM HABUTALMH.

Jlana omeHka BOIIpocaM, CBSI3aHHBIM C oOecriedeHHueM 0e30TKa3HOW paboThl HABUTAIMOHHBIX U
CBSI3HBIX CHCTEM BO3YIIHOTO CyJHA TPaYKTAHCKOW aBHANMH, W WCCIIEOBAHO BIHSHUE IEeCTAOMIN3H-
pyromux (GpakTopos.

PaccMoTpeHB! METONBI IPUHATHSI PEIICHHUHA MTPH WHPOPMAIIMOHHOM OOMEHE MEXIy YYaCTHUKAMHU
TpoIiecca, CBI3aHHOTO C 00ecIieueHHeM Oe30TaCHOCTH TOJIeTa BO3IYIITHOTO CYHA, OOPTOBOTO M HAa3EM-
HOT'O HABHT'AIIMOHHOTO 000PY/I0BaHMS M TIPHHATHS PEIICHNS] B KOHKPETHON YHUKAIIBHOM CUTYaIHH.

MaTepI/IaJ'IBI KHUTHU MOTYT MPEACTABIIATL UHTCPEC JJIA CIICHUAJIMCTOB IO YIPABJICHUIO BO3IYII-
HBIM JIBH)KCHHEM, a TaK)Ke aCIpaHTaM, HAyYHBIM COTPYIHHKAM M PYKOBOJUTENSIM, JeSTEIFHOCTh KO-
TOPBIX CBA3aHa C YIIPABJICHUEM BO3AYIIHBIM JIBUKCHUCM.

KpbpkaHoBckun B.U. Metogbl o6pabGotku wuHdopmauum c
obecrneyeHMeM ee COXPaHHOCTU B IKCTPEManbHbIX YCIOBUAX. —
M.: MAO «HIMO «Anma3s», 2019. — 160 c.: nn.

METOABI OBPABOTKH MH®OPMALMH PeueH3eHTbI: A-p TexH. HaykK, npod. H.C. LLlep6akoB, A-p TexH.

C OGECNEYEHWEM EE COXPAHHOCTH HayK, OOLEHT B.B. KOpHVIeHKO
B DKCTPEMAABHBIX YCAOBHAX

B5.H. KPbIXAHOBCKHIA

B moHorpaduu paccMoTpeHsl NPUKIIAIHBIE BOIPOCH TEOPHU KO-
JUPOBAHUS B YaCTH MCIOJIb30BAaHMUS LMKINYECKUX KOAOB. CIIOKHBIE
CBOMCTBA LIMKJIMYECKHX KOJOB, B TOM YHCJIE BIEPBBIE CHOPMYIHPO-
BaHHBIC aBTOPOM, ONIMCAHBI C IIOMOIIHI0 KOMOMHATOPHOIH MaTeMaTHKH.

Ocoboro BHHMMaHHs 3aciyKMBAIOT pa3lelibl, IOCBSILEHHbBIE
MHOTOpPEXMMHOMY KOJUPOBAHHIO, O3BOJSAIOUIEMY CYILIECTBEHHO I10-
BBICHTB JJOCTOBEPHOCTh KOJAWPOBaHUS HHPOPMAIINH ITpH €€ Tiepeaye,
3aIIOMHUHAHNH, UCTIOJIB30BAHUN B CHCTEMax YIIPAaBIICHUS U TEXHHYE-
CKOH TMarHOCTHKE.

PaccmaTprBaeTcsi BO3MOKHOCTH MCIIOJIB30BaHUS BIIEPBBIE TPEI-
JI0’)KEHHOW aBTOPOM KOMOWHATOPHON MaMSTH.

Marepuansl paboTbl MOTYT NPEACTABIATh UHTEPEC IJIS1 CIIEUATIMCTOB, PadOTAOIIMX B 00JIacTH
MPUMEHEHUS [IUKJINYECKUX KOOB.
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