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3am. dupekmopa o Hay4Ho-uccredogameribckoli dessmenbHOCcmu ABMOHOMHOU HEKOMMepYecKol opeaHusayuu
«Colelicmeue u pasgumue UHHOB8ayul 8 Hay4HO-rMpou3sodcmeeHHoU ceheper, 2. Mockea
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B cmambe paccmompeHbl modenu u MemoObl OUEHKU cmpameauqeckoll 3¢hgheKmusHOCMU UHHO8AUUOHHO20
npoekma o C€030aHuUl0 BbICOKOMEXHOI02UYHOU MPOOYKUUU 8 PaKemHO-KOCMUYECKOU  MPOMbILWIEHHOCMU,
mak Kak oHa obbeduHsiem 8 cebe 8ecb UUKIT rnpou3eodcmea om rnpoekmuposaHusi 00 cOOpPKU MEXHUKU, @ makke
rpou3sodcmeo 3anacHbIX 4Yacmel, agpesamos, rocnenpodaxHoe U cepsucHoe obcryxusaHue u obradaem
YHUKarnbHoU 6a30U Hay4yHO-uccrie0osameribCKUX U OMbIMHO-KOHCMPYKMOPCKUX pabom.

lpednoxeH MexaHU3M OUEHKU cmpameaudeckol 3¢hghbekmusHOCMU Mpoekma, 0COBEHHOCMbIO KOMOPOo20 Sierist-
emcsi obecrieyeHuUe 803MOXHOCMU MIIaHUPO8amMb HanpPaesieHust pa3sumusi MmexHoI02u4eckol, MamepuarsibHoU, Kad-
po8oU, Cep8UCHOU CMPYKMYPHBIX Xapakmepucmuk, aHanuauposamb 3¢hheKmueHOCMb MpoeKkma U rnpuHUMams
yripaereHYecKue pelweHusi Mo opaaHu3ayuu npoussodcmea KOHCMPYKMUBHLIX anemeHmos u3denuti ¢ y4émom
CmMpaHo8020 pucKa, MPO2HO3UPO8amb MOBbILEHUE UEHHOCMU MpoeKkma 3a CYém yd4éma eJlUsHUSI CIMPYKMYPHbIX
XapaKkmepucmuK Ha peasu3ayuro CMEXHbIX MPOEKMO8, a MakxKe Ha pa3sumue rpoMbIUIEHHOCMU 8 UEIOM.

Knroueeble crioea: pakemHo-KOCMUYECKasi MPOMbIUIEHHOCMb, 8bICOKOMEXHOMO2UYHasi nPodyKuus, cmpame-
auyeckasi a¢bcheKmu8HOCMb, UHHOBAUUOHHbIU MPOEKM, ONMuUMU3aUyUOHHbIe MOOesiu, Memodb! yrpaesieHusl, CmpyK-
MypHbIE XapakmepUCMUKU, CIMpaHOo8bIe PUCKU.

In article models and methods of assessment of strategic efficiency of the innovative project on creation of hi-tech
products in the space-rocket industry as it unites in itself all cycle of production from design before assembly
of the equipment and also production of spare parts, units are considered, after-sale and service also has unique base
of research and development.

The mechanism of assessment of strategic efficiency of the project which feature is the possibility is offered to plan
the directions of development of technological, material, personnel, service structural characteristics, to analyze
efficiency of the project and to make management decisions on the organization of production of structural elements
of products taking into account country risk, to predict increase in value of the project due to taking note of structural
characteristics on implementation of adjacent projects and also on industry development in general.

Keywords: space-rocket industry, hi-tech products, strategic efficiency, innovative project, optimizing models,
methods of management, structural characteristics, country risks.

B crathe paccMOTpeHBI MOJIENH W METOMBI OIIEHKH CTpaTernueckoil 3¢ (heKTHBHOCTH MHHOBAIIHU-
OHHOT'O INPOEKTAa MO CO3/JaHUIO0 BBICOKOTEXHOJIOTMYHOW MPOAYKLMH B PAKETHO-KOCMHUYECKOH Ipo-
MBIIUIEHHOCTH, TaK Kak OHa oObeAMHSET B ce0e BeCh IUKJ MPOW3BOJICTBA OT MPOEKTUPOBAHUS 10
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PA3EJN: NPOBJIEMHBIE BOMPOCHI MOCTPOEHUA CUCTEM U CPEACTB BKO

cOOpPKH TEXHHKH, a TAK)Ke MPOU3BOJICTBO 3alIACHBIX YACTEH, arperaToB, MOCIEIPOJAKHOE M CEPBUCHOE
oOcioyxuBaHue U 00JamaeT yHHKAJIbHOW 0a30l HAayYyHO-UCCIICOBATCIBCKUX M OIBITHO-
KOHCTPYKTOPCKHUX PadoT.

[IpemnoxkeH MeXaHU3M OIIEHKH CTPATeTHIecKOi 3(PPEKTUBHOCTH MPOEKTa, 0COOCHHOCTHIO KOTO-
poro siBiisieTcs 00ecreueHue BO3MOXKHOCTH TUTAHUPOBATh HATPABICHHS PA3BUTHS TEXHOJIOTHYCCKOM,
MaTepUanbHOM, KaJpOBOH, CEPBUCHOMN CTPYKTYPHBIX XapaKTEPUCTHK, aHATU3UPOBATh 3(D(PEKTUBHOCTh
MPOCKTa M MPUHUMAThH YIPABICHUECKUE PEIICHHS MO OPraHU3allu MPOU3BOJICTBA KOHCTPYKTHBHBIX
3IIEMEHTOB M3JIEJINH C YIETOM CTPAHOBOT'O PHUCKA, IIPOTHO3UPOBATH MOBBINIECHNUE [ICHHOCTH TPOEKTA 32
cu€T yu€Ta BIMSHUS CTPYKTYPHBIX XapaKTEPUCTUK Ha peau3allii0 CMEXKHBIX IMPOCKTOB, a TakKe Ha
pasBUTHE MPOMBIIIIICHHOCTH B IIEIIOM
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MODELS, METHODS AND MECHANISMS OF THE CHOICE
OF PERSPECTIVE PROJECTS
OF THE SPACE-ROCKET INDUSTRY

P.A. Kokhno, A.P. Kokhno

In article models and methods of assessment of strategic efficiency of the innovative project on creation
of hi-tech products in the space-rocket industry as it unites in itself all cycle of production from design before
assembly of the equipment and also production of spare parts, units are considered, after-sale and service
also has unique base of research and development. The mechanism of assessment of strategic efficiency
of the project which feature is the possibility is offered to plan the directions of development of technological,
material, personnel, service structural characteristics, to analyze efficiency of the project and to make
management decisions on the organization of production of structural elements of products taking into account
country risk, to predict increase in value of the project due to taking note of structural characteristics
on implementation of adjacent projects and also on industry development in general.

MocTtynuna 19 peka6bps 2019 ropa.
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B pabome paccmampusaemcsi akmyaribHoe Harpas/ieHue pa3sumusi UMUMayUoHHO20 MOOEeIUpo8aHuUsi asua-
UUOHHbIX cpedcme ropaxkeHusi rMpu co3d0aHuu eupmyaribHbIX aguayUOHHbIX SMIEKIMPOHHbIX MOIU20HO8 Or1s1 10d20mos-
Ku némHoeo cocmaea U crneyuanucmos 60ee020 ynpasneHusi asuayuell 8 ycriogusix, a0ekeamHbIX pearibHbIM,
C YCIOBHbLIM MPUMEHEHUEM HEYrpaessisieMbIXx aguayuoHHbIX pakem. NMpedcmaesneH crnocob modenuposaHusi Heynpas-
JIieMbIX asUayUOHHbIX pakem, Komopbili yyumbigeaem HavasbHbIl Y20 Hymauyuu fpu ebi4UCHEeHUU KoopOuHam
radeHusi pakemai, U 3a CYEM 3Moeo roebiluasi €20 adeKeamHoOCMb.

Knroueeble crnoea: supmyaribHbIl 371eKMPOHHBLIL MOMTUSOH, agualUOHHbIE cpedcmea NoPaxXeHus], Heyrnpaesrsie-
Mble aguayUOHHbIe pakemsl, bannucmudyeckKue ansopummbi.

The paper discusses the current direction of the development of simulation aircraft weapons when you create
virtual avionics polygons for training of flight personnel and specialists combat control of aircraft in the conditions
adequate to the real with the conventional use of unguided missiles. A method for modeling unguided aircraft missiles
is presented, which takes into account the initial nutation angle when calculating the coordinates of the missile fall,
and thereby increasing its adequacy.

Keywords: virtual electronic test site, aviation means of control, unguided aviation missiles, ballistic algorithms.

B nmacrosmiee Bpems B8 BBC PO, miis mpakTHdeckoil MOATOTOBKH JIETHOTO COCTaBa M CIICIIHAIIH-
CTOB 60EBOTO yIPABIICHUS aBHAIMEH pa3pabaThIBAIOTCS BUPTYTbHBIC aBUAIIMOHHBIC DJICKTPOHHEIE
nonuroHsl (BOI1), koTopeie obecnieunBaroT 0TpabOTKY PAa3IMYHBIX 33]1a4 B YCIOBHSIX MOJICIIUPYEMOTO
MaHEBPEHHOTI'0, OTHEBOT'0 M PaJUO03JIEKTPOHHOIO MPOTUBOACHCTBUS. [Ip1 5TOM BechMa akTyallbHA
mpo0JemMa Co3/TaHmsi KOMIUIEKCa MOJIENICH aJileKBaTHO OTPAKAIOIITNX Pa3BUTHE TAKTHUECKOW 00CTaHOB-
KH Ha YCJIOBHOM MOJICTTUPYEMOM T€aTpe TAKTUYECKOH OOCTAHOBKE B TOM YHCJIE C IPUMEHEHHEM
aBUALIMOHHBIX cpencTB nopakeHus (ACII).

BECTHUK BO3YLUHO-KOCMUYECKO OBOPOHbI N2 2(26), 2020 r.


mailto:zlata@aanet.ru
mailto:vprevp@jandex.ru
mailto:vprevp@jandex.ru

PA3EN: NPUMEHEHUE CUN1 U CPEACTB BKO

B pabote paccmarpuBaeTcs akTyaabHOE HAIIPaBIICHUC Pa3BUTHS WUMHUTAIMOHHOTO MOJACITHUPOBA-
HUS aBUAIIMOHHBIX CPEJCTB IMOPAYKEHUS TIPH CO3/IaHUHU BUPTYaTbHBIX aBHAIIMOHHBIX 3JIEKTPOHHBIX 10~
JUTOHOB. B pe3ynbrare mccienoBaHUM MOKa3aHO, YTO JUIS MOBBIIICHHUS TOYHOCTH MOJENH pacdera
touku majeHuss HAP, HeoOX0quMO yCOBEPIIEHCTBOBATh MCIOIb3yEMbIH MaTeMaTHYCCKHI armapat
OAITICTUYECKNX ANTOPUTMOB C yYETOM HaKJIaIbIBAEMBIX KOOPAMHATHBIX, BPEMEHHBIX U BBIYUCIIH-
TeTBhHBIX OrpaHudeHuit. [IpencTaBien crmocod MoaennpoBaHus HEYNPABISIEMBIX aBHAIIMOHHBIX PaKeT,
KOTOPBIM YYUTHIBAECT HAYAIBHBIA YTOJI HYyTAllUU TPU BBIYUCICHUU KOOPJUHAT MAJCHUS PAKEThI, U 3a
CYET 3TOTr0 MOBKIIIAs €r0 aJeKBaTHOCTh. [loka3zaHo, YTO /IS MOBBIMIEHUS aJCKBATHOCTH MOJICIIMPOBa-
aust ACII npu coznannm aBuarnoHHsx BOIT 1 TMK HeoO0XoamuMo B MOJIEb IPHUIICIIMBAHIS BBOIUTH
koopauHatel PHT wnu [IIIM TOuYkM ImycKa paker.

Paboma evinonnena npu noooepoicke goroa Poccuiickoeo ¢ponoa pynoamenmanvhvix ucciedo-
eanut, epanm Ne 20-07-00437-a.
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SIMULATION MODEL OF TSA FOR USE
IN VIRTUAL ELECTRONIC POLYGONS

A.R. Bestugin, N.N. Gultyaev, V.P. Rachkov, A.D. Filin

Currently, the Russian air force, for practical training of flight personnel and specialists of combat aviation
management, is developing virtual aviation electronic test sites (VEP), which provide testing of various tasks
in the conditions of simulated maneuvering, fire and electronic counteraction. At the same time, the problem
of creating a set of models that adequately reflect the development of the tactical situation in the simulated theater
of the tactical situation, including the use of aviation weapons of destruction (ASP), is very urgent.

The paper considers the current direction of development of simulation modeling of aviation weapons
of destruction in the creation of virtual aviation electron polygons. As a result of research, it is shown that in order
to improve the accuracy of the model for calculating the point of incidence of NAR, it is necessary to improve
the used mathematical apparatus of ballistic algorithms, taking into account the imposed coordinate, time
and computational constraints. A method for modeling unguided aircraft missiles is presented, which takes into
account the initial nutation angle when calculating the coordinates of the missile fall, and thereby increasing its
adequacy. It is shown that in order to improve the adequacy of the TSA modeling when creating aviation VEP and
TMK, it is necessary to enter the coordinates of the RNT or PPM of the missile launch point into the aiming model.

Moctynuna 7 ¢peBpansa 2020 ropa.
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[OBbILLEHUA CKPBITHOCTU PAOUOITIOKALIWOHHBIX CTAHLUN
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PaccmompeHbl ocobeHHOocmuU 3adayu MoebIWeHUsI CKPbIMHOCMU paduoioKayUOHHbIX cmaHyul, cesi3aHHble
co cneyughukoli hyHKUUOHUpoBaHusi cpedcme paduomexHu4yeckol pa3ssedku. lMpusedeHa epadayusi 60pmosbix
cpedcme paduomexHuYeckol pa3eedku, omeeyarou,asi CospeEMEHHOMY YPOBHIO pa3sumusi mexHuku. C noauyuu
meopuu uHghopmayuu 0aHo onpedesieHUe MOHSIMUS CKPbIMHOCMU paduoiokayuoHHOU cmaHyuu.

Knroyeeble cnoea: UHGOPMAaUUOHHbIU KOHGMUKM, paduosiokauuoOHHas cmaHUusi, CKpbImHOCMb, paduo-
anekmpoHHasi bopbba, paduomexHudeckas paseedka, cmaHyusi rpedynpexdeHuss 06 obrydeHuu, Mpomueo-
paduonokayuUoHHas pakema.

The features of the problem of increasing the stealth of radar stations associated with the specifics
of the functioning of radio intelligence tools are considered. The gradation of on-Board means of radio-technical
intelligence, which corresponds to the modern level of technology development, is given. From the position
of information theory, the definition of the concept of radar station stealth is given.

Keywords: information conflict, radar station, stealth, electronic warfare, radio technical intelligence, radar
warning receiver, anti-radar missile.

AKTyanbHOCTh CTaThM OOyCIaBIUBACTCS HEpa3pelICHHBIM TEXHUYECKUM IMPOTHBOPEYHEM, 3a-
KIIIOYAIOIIMMCSL B HEOOXOAMMOCTH PaJMOJIOKALMOHHBIX CTAaHLUMI NPUMEHSITh MOIIHOE 3JIEKTpOMar-
HUTHOE U3JIyYyeHHE, KOTOPOE B CBOIO OYEPE/b JOCTATOYHO JIETKO OOHApy’>KUBAETCS CPEICTBAMU pa-
JMOTEeXHUUECKOH pa3Benku. Ha ocHOBe aHann3a GONBIIOro YMCiIa HCTOYHUKOB 110 PacCMaTPUBAEMOil
npobjeMaTHKe B CTaThe PACCMOTPEHBI OCOOEHHOCTH 33/1a4M HOBBIIICHUS! CKPBITHOCTH PaHOJIOKAIIH-
OHHBIX CTAaHLUH, CBA3aHHBIE CO CIEUUPUKON (QYHKIMOHUPOBAHUS CPEICTB PAIMOTEXHUYECKOH pas-
BeAkr. OTMEUEHBI 3a/1a4H, pelllaeMble TIPH pa3Be/IKe PaJUOCUTHAIIOB, KAK OCHOBHBIE 3Talbl (PYHKIHO-
HUPOBAHUS CPEACTB PaAMOTEXHUYECKOH pa3Beaku. IlpuBenena rpaganms GOPTOBBIX CPEACTB paluo-
TEXHUYECKOW pa3BeAKH, OTBEYAIOLIAsi COBPEMEHHOMY YPOBHIO Pa3BUTHSl TEXHHUKH. PaccMoTpeHb
0000IIEHHBIE W YaCTHBIE YCIOBUS Pa3BelIKU 30HAMPYIOMUX cUrHanoB. C MO3UIUKA TEOpUH HHPOpMa-
IIUU JIAHO OTIpeAeNICHHE MOHATHS CKPBITHOCTH PaJHOIOKAMOHHOMN CTaHIUH.
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METHODOLOGICAL FEATURES OF INCREASING
THE STEALTH OF RADAR STATIONS

N.N. Litvinov, A.M. Lawrent’ev

The relevance of the article is caused by an unresolved technical contradiction, which consists in the need
for radar stations to use powerful electromagnetic radiation, which in turn is quite easily detected by means
of radio intelligence. Based on the analysis of a large number of sources on the subject in question, the article
considers the features of the problem of increasing the stealth of radar stations, related to the specifics
of the functioning of radio intelligence tools. The tasks that are solved in the exploration of radio signals,
as the main stages of the functioning of radio intelligence tools, are noted. The gradation of on-Board means
of radio-technical intelligence, which corresponds to the modern level of technology development, is given.

Generalized and particular conditions of probing signals exploration are considered. From the position
of information theory, the definition of the concept of radar station stealth is given.

Moctynuna 19 ¢eBpansa 2020 roaa.
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B cmambe npednoxeHbl Modernu rnosedeHUs] 8bICOKOMaHEBPEHHbIX 8030YWHbIX OOBEKMO8 8 XapaKmepHbIX
moyKax mpaeKmopuu Ha OCHO8e arpuopHbIx 3asucumocmed. [NpumeHeHuUe makux modernel rpu obpabomke OaHHbIX
MPaeKmMOopPHbIX U3MepeHUU 110380/19em 3HaYUMETbHO YITyHlWUMb Ka4ecmeo OUEHUBaHUSsI napaMempos mpaekmopuu
8bICOKOMaHEBPEHHbIX 8030y LWHbIX 06BLEKMOB MPU MOTUSOHHbIX UCTbIMAaHUSIX.

Krnrodeenlie crioea: mpaeKkmopHbie U3MepeHusi, MoOesb mpaekmopuu, cucmema 06pabomku.

In the article are offered models of behavior of high-maneuverable air objects in characteristic points of a trajectory
on the basis of aprioristic dependences. Application of such models at data processing of a trajectory measurements
allows to considerably improve the quality of estimation of parameters of trajectory of high-maneuverable air objects
at field-tests.

Keywords: trajectory measurements, model of trajectory, processing system.

B crarbe npeanoxeHbl MOJIENIN TTOBEICHHUS BHICOKOMaHEBPEHHBIX BO3AYIIHBIX OOBEKTOB B Xapak-
TEpHBIX TOUYKaX TPAEKTOPHH Ha OCHOBE AIPHOPHBIX 3aBUCUMOCTEN. [IpuMeHeHne Takux MoJesel pu
00paboTKe JaHHBIX TPAGKTOPHBIX M3MEPEHMUH MO3BONIAET 3HAUMUTENBHO YIYUIIUTh Ka4eCTBO OIIEHHWBA-
HUSl TTAPaMETPOB TPACKTOPUH BHICOKOMAHEBPEHHBIX BO3YIIHBIX O0OBEKTOB TPH IOJIMTOHHBIX UCTIBITA-
HUSIX.
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MODELS OF BEHAVIOR OF HIGH-MANEUVERABLE
AIR OBJECTS IN CHARACTERISTIC POINTS
OF A TRAJECTORY ON THE BASIS OF APRIORISTIC
DEPENDENCES

V.l. Lobeyko

In the article are offered models of behavior of high-maneuverable air objects in characteristic points
of a trajectory on the basis of aprioristic dependences. Application of such models at data processing
of a trajectory measurements allows to considerably improve the quality of estimation of parameters of trajectory
of high-maneuverable air objects at field-tests.

MocTtynuna 12 man 2020 roaa.
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Paccmampusaemcsi MemoOuka COBMECMHO20 OBHapy)XEHUs, OUEHUBaHUsI rapamempos U pacro3HasaHusi
mpaekmopuu medneHHo u bbicmpo rykmyupyrowux yened rnpu Hanuduu rnomex 8 PJIC ¢ 00HOBpEeMeHHbIM u3yye-
HUEM cueHario8 Ha pas3fu4HbIX Yacmomax 8 YCriosusiX rapamMempuyeckol arpuopHol HeonpedenéHHocmu
cmamucmuyecKux Xxapakmepucmuk U napamempax 3anasobieaHusi U ckopocmu uesnu. @opMynuposka U nposepka
Cmamucmu4eckux auriome3 coomeemcmeayrom 08yxamarHol 3adaqyu MHO20abmepHamuUeHo20 ObHapyXeHUs
C 00HOBPEMEHHOU OUEHKOU Heu3secmHbIX napamempos uesnu. B kadecmee kpumepusi onmumarnibHOCMU UCob3y-
emcs anzopumm 0606w EHHO20 omHoweHus rpagdonodobusi. [Npednazaomces pasnuyHbie 8apuaHmbsl 06pabomku.

Knroueeble crioea: pacrio3HasaHue nadyek cueHanios, MedneHHo U bbicmpo chiykmyupyrowue yenu, MHO20-
yacmomHble PJIC, oyeHka napamempos.

A question considered in this paper is joint detection, estimation and recognition of returned pack signal from
slow and fast fluctuating targets in the noise by multi-frequency simultaneous emission radar in conditions of parametric
antecedent random of statistical characteristics, time-lag and target velocity. Formulation and statistical hypothesis
testing corresponds for two-step problem of multi-alternative detection. The generalized likelihood ratio algorithm
is in use as optimization criteria.

Keywords: signal burst recognition, slow and fast fluctuating targets, multi-frequency radar, estimation.

Lenpro paboTHI SIBIIIETCS CO3/ITaHUE ONTHMAILHOTO alTOPUTMa COMPOBOXKIEHHS CHTHAIIOB, TPH-
HUMAaeMBIX OT MEJUICHHO M OBICTPO (PIYKTYHPYIONIMX IIeJiei Ha (OHE TTOMEX U IIYMOB, IPUMEHHUTEb-
HO K MHOro4yactoTHbiM PJIC ¢ ®AP, B KOTOPBIX UCMONB3YETCSI ONHOBPEMEHHOE U3ITyUYEHUE CUTHAJIOB
C Pa3IMYHBIMU HECYIIMMH YacTOTaMu. TakKe MPOBE/ICH aHali3 KauecTBa ero paboThl B YCIOBHSIX Ta-
paMeTpUUECKON alpuOPHON HEONIPENECTIEHHOCTH.

Cunraem, uro ®AP cocToUT M3 MOAPEHIETOK, KaXxaas U3 KOTOPHIX IMpeIHa3HaYeHa IS U3ITyde-
HUS U NpUE€Ma CUTHAJIOB HA pa3iuyHbIX yacToTax. CiayuyalHBIM mpolecc, MpUHUMAEMBbIii MHOrova-
crotHoil PJIC ¢ ®AP, o6o3HauaeM B BHJE OJIOYHOTO BEKTOpPA COCTOSIIIETO U3 CYMMBI BEKTOPOB CHT-
HaJa, TOMeX U 0eIIoro rayccoBa Iryma.

B cnyuae BbIONIHEHUS yKa3aHHBIX YCIOBUH MOTYT MIPUHUMATHCS CUTHAJIBI, OTpaKEHHBIE OT Me/I-
JIEHHO H OBICTPO (IYKTYHpYROIUX Ienei. OnruceiBaeM MX MaTeMaTHYeCKUMU MOJEISIMHU, KaK CUTHA-
JBI B BUJIE MAYEK, COAEPIKAIINX 10 HECKOJBKO MMITYJIbCOB Ha Ka)Joi M3 Hecymux 4actoT. [lepBas
MOJIeJIh CTpaBeAJIiBa B Clydae, KOrjia HeOOJbIMEe TMEepeMEeNIeHHs e He OKa3bIBaloT 3aMETHOTO
BIIUSHUSA Ha oTpakeHHBbIe curHaisl B PJIC ¢ BhICOKOW 4acTOTOM MOBTOPEHHSI UMITYyILCOB. BTopas —
KOT/1a HeOOJIbIIINE N3MEHEHUS! OPUEHTAINH [IeTTH BBI3BIBAIOT 3HAYUTEIhHBIE N3MEHEHHS OTPaKEHHOTO
curHana. B mocnegnem ciydae 1ienb pryKTyHpyeT HACTOJIBKO OBICTPO, YTO OTPAYKEHHBIE OT HEE CHUT-
HaJIbl, OOYCJIOBJICHHBIE COCEHUMHU MMITYJIbCAMU — HE3aBUCUMBL. Takyro MOAEb Lenecoo0pa3Ho Hc-
MOJIb30BaTh B CITydae MaHEBPHUPYIOIIEH IIEIIH.

B mponecce pannonokannoHHOTO HaOMIOAEHHUS CUTHAJIOB OT LI€JIM HEOOXOAMMO ONPENeNUTh CO-
JIEPKUT MIPUHUMAEMBI CUTHAII TOJIBKO ITOMEXY BMECTE C IITyMOM, HFJT COBOKYITHOCTh TIOMEXH U IIIyMa,
a TaKKe OJMH U3 CUTHAJIOB, ONPENENAEMBIX PACCMOTPEHHBIMU MOAEISAMH. CUUTaeM, 4TO CTaTUCTHUYE-
CKHE XapaKTepUCTUKN CUT'HAJIOB, TOMEX U IIIyMOB, a TAK)KE WX MapaMeTPhl ITOJTHOCTHIO H3BECTHBI.

C Touku 3peHMsA ONTUMAIBLHOHW O0OpaOOTKM NMpHUHHUMaeMON WH(POpPMauu HEOOXOAWMO OCYIIe-
CTBUTH MPOBEPKY CTATUCTHYECKUX THUIOTE3, M OMPEIENNTh Kakas W3 THIOTe3 SBIIEeTCS UCTHHHOHN. B
paccMaTpUBaeMoOi IOCTAHOBKE pelllaeM 33/1ady MHOT0AJIbTEPHATUBHOTO OOHAPY>KEHHUSI.

[Ipu pemennn 3amayu pacro3HaBaHUs B KaueCTBE KPUTEPHUS ONTHMAIBHOCTH MOTYT HCIOJIB30-
BaThcs Kpurepuu baiieca, Helimana-Ilupcona u psa apyrux.

B ciydae kpurepus baiieca, onTuManbHOE pelIeHUE HaAXOIUM I10 CIIEAYIOLIEeH cxeme:
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1. ®opmupyem nmorapuMbl OTHOIIECHHUS MIPABAONOO0US U IPOBEPKH THIIOTE3 O HATMYHH U
OTCYTCTBHU CUTHaNA (0€3pa3IUYHO KAKOT0) B PUHATON PEeaTU3aIii.

2. B cnyuyae mpuHSTHS pelIeHUs] O HAIMYNH CUTHAJA MPOBEpsieM, Kakas M3 TUIOTe3 OOJbIIe Mo
BEIUYUHE.

JJ1a TpakTHYeCKOTo MPUMEHEHUS OIpeIeNsieM JOCTATOYHbBIE CTATUCTHKH U UX PaCIIpeICICHHUS.

PaccmoTpennast B cTaTbe MOCTAHOBKA M METOJ PEILICHUS 33Ja4d PAcloO3HABAHUS MEIJICHHO U
OBICTPO (IIYKTYHPYIOIIEH IENH ITO3BOIISIET CO3/1aTh JOCTATOYHO MTPOCTON B peaM3alii alrOPUTM CO-
MIPOBOXK/ICHUSI MAHEBPUPYIOIICH 11eJIH, PA00TOCTIOCOOHBIN B YCIOBHIX allPHUOPHOMN HEOTPEACICHHOCTH
CTaTHCTUYECKIX XapaKTEPUCTHK NATBHOCTH, CKOPOCTH MaHEBpa IIEIIH.
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METHOD OF JOINT DETECTION AND TRACKING TARGETS
IN THE NOISE

A.A. Pozdnyakov

The aim of this work is to form the optimal tracking algorithm of signals received from slow and fast
fluctuating targets in the noise and disturbance by using multi-frequency simultaneous emission radar. As well,
we analyze quality of its work 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 Gaussian noise vectors.

If these conditions are in progress signals returned from slow and fast fluctuating targets have to receive.
We describe these via math models as pack signals, which include few pulses on every carrier wave. First model
takes place if not big target motions do not have a noticeable effect to received signals in radar that use often
pulse repetition. Second model takes place if not big target motions have sufficient effect to received signals.
In this case, target moves so fast as received signal pulses are independent. This model is suited in the case
of maneuvering target detection advisably.

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.

In recognition questions generalized likelihood ratio algorithm are able to employ as optimization criteria.
In this case, we solve according to followed plan:

1. Formation likelihood ratio logarithms: we calibrate 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.

Considered description and presented way of recognition of signals received from slow and fast fluctuating
targets let to make sufficient simple optimal target tracking algorithm in the noise for practice as well as to analyze
quality characteristics of its work in parametrical prior random conditions.

Moctynuna 25 masa 2020 roga.
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PaccmompeHo riocmpoeHue cucmembl, obecriequsarouieli 80CCMaHOB/IEHUE B803MOXHOCMU CYUCEHUS
mekywux napamempos Os8UxeHUs obbekma rnocne cbosi HasuzayuoHHoU annapamypsi. Cucmema ocHoeaHa
Ha 60pmoOBOM ebl4ucUMere, Mo380NSOWEM MPOU3BoOUMb asapuliHbili nepe3anyck, XpaHumb Kpumudeckue
OaHHble, HEObX00UMble Ofisi OUEHKU napamMempos Ha MOMEHM OKOHYaHUs repe3arycka cucmeMb! U fpou3so-
Oumb MPO2HO3UPYWUL pacyem Hasu2ayUOHHbIX MapaMempos 8 pexume peasibHo20 epemeHu 6es3 yuepba
0ns pabombl OCHOBHbIX HagU2ayUOHHbIX asi20pummos CUCmembI.

Knroyeeble cnoea: skcmparnonsayusi, mMemod HauMeHbWux keadpamos, 00yCri08/IeHHOCMb CUCMEeMbI,
cmoposxeeol matimep.

Design of a system intended for restoring the running parameters of object motion after the fault
of the navigation system is studied. Airborne computer based system enables emergency rebooting, storing
the critical data for estimation of the parameters at a point of system’s restart ending and real-time predictive
calculating the navigation parameters without sacrifice of functioning of the system’s major navigation algorithms.

Keywords: extrapolation, least square method, system’s conditionality, watchdog.

BoproBas ammaparypa nerarenpHOoro ammapara (JIA) MoxkeT OBITh MOABEpKEHA Pa3TUYHBIM
BHEIIHUM BO3JICHCTBUSM, KOTOpBIE MOTYT BBI3BIBaTH cOOi B ee pabote. [y mapupoBaHus mocien-
cTBUI cOosl TpeOyeTcss MpUMEHEHHe CIeNHalbHBIX Mep. B cTarbe ommchIBaeTCsl KOMILIEKC ammapar-
HBIX, IPOTPaMMHBIX ¥ MaTeMaTHYECKHX METOAOB, MPUMEHSIEMBIX I BOCCTaHOBIEHHS PabOTOCIO-
coOHOCTH HaBUTAMOHHOHN cucteMbl JIA. IlpuBeneHo ommcanne apXUTEKTYPHl BBIUMCIHUTENS, COAEp-
JKAILEr0 YCTPOHCTBO aBapUIHOTO Iepe3alycka, o0eceunBarolee BOCCTAHOBICHUE paOOThl BBIYHUCIIH-
TEJsI TIPH €0 «3aBHCAHUW», YCTPOHCTBO XpaHEHHUS WH(POPMAINH, TIO3BOJISIONIEe COXPAHUTh BAKHYIO
MH(POPMaLUIO, HEOOXOAUMYIO ISl IPOIOJKEHUST PadOTHI NOCIIe BOCCTAHOBJIEHUS anmnapatypsl. [Ipea-
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CTaBIICH aJITOPUTM pabOTHI CHCTEMbI BOCCTAHOBJICHUSI, TIO3BOJISIONINN UACHTH(GUIUPOBATH hakT cOos
B pab0Te HABUTAI[MOHHOW CUCTEMBI U TIPUHATH MEPHI JIJIsl BOCCTAHOBIICHUS paboTocmnocooHocTH. [Ipu-
BEJIEH CIIOCO0 HMCIIONIb30BaHUSI METOJ]a HAMMEHBIIINX KBaJpaTOB JJIsl MPOTHO3MPOBAHMS HABHTAIFOH-
HBIX TTApaMETPOM Ha BpPEeMsI HAXOXJICHUS CHCTEMbI B HEPaOOTOCIIOCOOHOM cocTosiHiM. Ha peanbHOM
BBIUMCIIATENE, UCIIONb3yeMoM B JIA, poBeeHO yCIenTHoe TECTHPOBAHNUE ajTOpUTMa BOCCTAHOBIIE-
HUsI pab0TOCTIOCOOHOCTH HABUTALIMOHHOM CUCTEMBI TIOciie c00s B paboTe anmapaTrypebl.
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THE INERTIAL NAVIGATION SYSTEM RECOVERY
AFTER FAILURE

S.V. Andreev, S.V. Shalashov, A.V. Klyuchnikov

Airborne equipment of the flying vehicle (FV) may be exposed to different external forces, resulting
in functional disorder. Special measures are designed to counteract the consequences of the failure. In the article
a package of hard- and software measures, as well as mathematical methods are given to apply for restoration
of the navigation system. The architecture of the calculator with a block of the emergency restart ensuring
refunctioning of hung up calculator is described along with a unit of information storage, retaining the information
important for continuation of operation after the system recovery. The operational algorithm of the recovery
system is shown; it identifies the fact of failure of the navigation system to make steps for its refunctioning.
The least square method is applied here for prediction of the navigation parameters for a period of system’s
non-operability. The algorithm of restorative function of the navigation system after the failure is successfully
tested at a real calculator used in flying vehicles.

Moctynuna 12 mas 2020 roga.
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Cl1OCOB OIMTUMU3ALINU N3 OTOBJIEHUA
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lMpednoxeH crnocob onmumu3ayuu U320MO8IEHUS 311eMeHmMo8 MuKporonockosbix CBY-ycmpoticme
10 KOHMPOJIO 3TIEKMPOMagHUMHbIX nomepb. Memod rno3ssonsgem o6bLeKMUBHO OyeHUB8amb Ka4ecmeo UcCMosib-
3yeMbIx Mamepuarsos U MexHoI02U4eCcKUX Mpoueccos npu u32omosneHuuU Mukporonockosbix CBY-ycmpolicms.
[aHa oueHka enusiHUsi Mamepuasios U MexXHOM02UYECKUX ¢hakmopos Ha 3rekmpoghusuyecKkue napamempsi
MUKPOMOSI0CKO8bIX NUHUU.

Knrodeeble croea: MUKPOMOIOCKO8as JIUHUS, 3/1IeKMPOMazHUMHbIe Momepu, UHmMeepasbHble MUKPO-
CXeMbl, MEeXHOM02Us U320MOoe/IeHUs] UHMeaparibHbIX MUKPOCXeM, PE30HaHCHbIU Memo0 KOHMPOIs, MEeXHOI02us
HaHeceHUs MOHKUX I'IHéHOK, KOHMPOIJlb.

The technology for micro-strip RF-devices for measuring electromagnetic radiation losses have been
developed. The method allows for quality control in the production of micro-strip RF-devices. The influence
of material and technology on electrical parameters of micro-strip lines has been evaluated.

Keywords: micro-strip line, electromagnetic losses, integrated circuits, IC technology, control through
the resonance measurements, thin film technology, process and quality control.

Pa3zpaboran u ocyIiecTBieH cnoco0 ONTUMHU3ALNN U3TOTOBICHUS 3JIEMEHTOB MUKPOIIOJIOCKOBBIX
CBUY ycTpo#CTB 110 KOHTPOIIO 3JEKTPOMArHUTHBIX MOTEPh. METO]T TO3BOISIET OOBEKTHBHO OIEHUTH
Ka4yeCTBO HCIOJIb3yEMbIX MAaTE€PHAJIOB M TEXHOJIOTMYECKUX MPOILIECCOB MPH H3TOTOBJIEHHUH MHUKPOIIO-
nockoBeix CBY ycrpoiict. [laHa oreHKa BIMSHHAS MATepUANOB M TEXHOJOTHYECKHUX (PAKTOPOB Ha
ANEKTPOPUINUECKUE TTapaMeTPbl MUKPOTIOJIOCKOBBIX JIMHUH. [10TydeHbl aHATUTHYEeCKHUE 3aBUCHMOCTH
u3MepeHus coctaBmsitoninx CBY motepp B MHUKpPOIIOJIOCKOBBIX JUHUSX. IIpoBeleHbI 3KCrepuMEH-
TajbHbBIE HccenoBanus n3Meperust CBY noreps pe30HaHCHBIM METOJIOM.
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OPTIMIZATION OF MICRO-STRIP RF DEVICES
FOR RADIO-LOCATION RECEIVER THROUGH
THE PARAMETER OF ELECTROMAGNETIC LOSSES

A.A. Areshkin

The technology for micro-strip RF-devices for measuring electromagnetic radiation losses have been
developed. The method allows for quality control in the production of micro-strip RF-devices. The influence
of material and technology on electrical parameters of micro-strip lines has been evaluated. Analytic dependencies

of radiation losses in micro-strip lines have been derived. The radiation losses have been measured using
the resonance method.

MocTtynuna 1 Hos6psA 2019 roaa.
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Ha ocHose obuwezo baliecosckozo rnodxoda paccmampusaromcs anzopummbl 0O6bEOUHEHUST YaCMmHbIX
peweHuli 8 paduocucmemax yughposol ces3u U pacrosHasaHus (knaccughukayuu) obbekmos. lNpednasaemcs
mMemod onmumarbHo20 y4éma mekyujeli 00Cmo8epHOCMU YacmHbIX peweHull, 8 YaCmMHOM criy4Yae npueooswull
K anzopummy onmumarsbHo20 2osiocoeaHusi. Kpumepuem onmumansHocmu sigrigemcsi Kpumepud udeasnbHo20
Habmodamens. [Nokasbieaemcs, 4mo aneopumm OekoOuposaHus, peanu3yruull MUuHumansHoe ob60buwéHHoe
paccmosiHue (MOP), aenssemcsi yaCmHbIM Crlydaem anzopumma ornmumMasibHO20 20/10CO8aHUS.

Knroyeeble crnioea: paduocesisb, pacro3HagaHue, 00CMOBEPHOCMb, ariocmepuopHsbIl, A8yxamarHbll,
obbeduHeHue, dekoduposaHue, 20/10CO8aHUE.

Based on a general Bayesian approach, algorithms for combining particular solutions in digital communica-
tion and recognition (classification) systems of objects are considered. A method is proposed for optimally taking
into account the current reliability of particular decisions, which in a particular case leads to an optimal voting
algorithm. The criterion of optimality is the criterion of an ideal observer. It is shown that the decoding algorithm
that implements the minimum generalized distance (MGD) is a special case of the optimal voting algorithm.

Keywords: radio telecommunication, identification, reliability, posteriori, two-stage, combination, decoding,
voting.

B maHHOI1 cTaThe paccMaTpUBAIOTCS PaIHOCUCTEMEI C ABYXATAITHBIM MPUHATHEM pernenuid. [Ipo-
BOJUTCS aHAJIN3 AJITOPUTMOB OOBETUHEHHUS YACTHBIX PEIICHUI Ha OCHOBE 0alleCOBCKOTO MOIXOIA.
[IpemnaraeTcst METO] ONTHUMAIBLHOTO Y4YE€Ta TEKYIIEH ITOCTOBEPHOCTH YACTHBIX PEIICHUH, ITPHBOIS-
IIII/II7[ K aJ'IFOpI/ITMy OIITUMAJIBHOTO I'OJIOCOBAHUA. Ha OCHOBAHUU HOJIy‘IeHHBIX JaHHBIX 6I)IJ'Ia peanmo-
BaHA MOJIEIh KOMITBIOTEPHOTO UMHUTAIIMOHHOTO MOJISIIMPOBAHUS MHOTOJIATYNKOBOW CHCTEMBI PacIio-
3HaBaHuA. [IpeanoxkeHHbIl MeTO 1 M03BOIISIET AP PEKTUBHO UCTIONB30BaTh YaCTHBIE PEUICHUS JUIS [IPH-
HATHUS OOIIEro penieHus B Apyrom andaBUTe Ha OCHOBE CBEIIEHHI O COCTaBe HAOIFOJIAeMOW TPYIIITHI
00BEKTOB U PACTIPEACIICHAN UX II0 KJlaccaM, a TakKKe ONTUMAIBHOTO Y4ETa TEKYIeH TOCTOBEPHOCTH
3TUX YaCTHBIX PELICHUH.
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OPTIMUM ACCOUNTING OF CURRENT RELIABILITY
IN RADIO SYSTEMS WITH TWO-STAGE DECISION-MAKING

S.B. Zhironkin, V.O. Chervakov, A.R. Kurnykov

This article discusses radio systems with two-stage decision-making. The analysis of algorithms

for combining private solutions based on the Bayesian approach is carried out. A method is proposed for optimally
taking into account the current reliability of particular decisions, leading to an optimal voting algorithm. Based
on the obtained data, a computer simulation model of a multi-sensor recognition system was implemented.
The proposed method allows you to effectively use private decisions to make a general decision in another
alphabet based on information about the composition of the observed group of objects and their distribution
by classes, as well as the optimal consideration of the current reliability of these particular decisions.
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PeweHue 3alayu pacrnpedeneHuss nUMepPHbIX HYacmom cmaHyuli OobHapyxeHus uesnel COMnpsiXeHo
C aHaslu3oM 02pPOMHO20 Kosludecmea 8apuaHmos, noamomy Heobxodum onmumu3sayuoHHbIU nodxod. Kpumepud
onmumarsnbHOCmU, A6/851cb omobpaxkeHueM yenel uccriedosaHusi, uzpaem 8axHelwy posib 8 rnoucke aghgek-
MuUBHO20 peuweHuUs U He ecezda o4esudeH. PaccMompeH MHO20KpumepuasibHbIl no0Xo0 K OUEHKe 3/1eKmpo-
MazHUmMHoul cosmecmumocmu mexoy boesbiMu mMawuHamu (BM) epynnuposku ¢ y4émom 83aumocesi3u Mexoy
napamu BM, cymmapHoeo eo3delicmeusi ecex BM Ha 00Hy KoHKpemHyto u 06obuweHHoU 83aumocessu ecex bM
8 yenom. bes usyyeHusi amux 80rnpoco8 onmMuMU3ayUOHHbIU MoOX00 peweHusi 3adadu pacrnpedesieHuss numep-
HbIX Yacmom MasioaghghekmueeH, a nonyyaemMbie Ha €20 OCHO8Ee pelueHUs noxo obycnoeneHsl. Paspaboman-
HbIU Kpumepuli OCHO8aH Ha MeopuUU MHO20MEPHbIX UBMEPEHUU U c8s13aH C rnpobremamukol MPUHAMUS peweHul
8 ycr108UsiX HeornpedenéHHoCMU.

Knrouyesnble cnoea: ynpasrneHue, paduonokayusi, TUumepHble 4acmomai, OMUMU3ayusi, aHau3s, npuHsmue
peweHul, modenuposaHue.

Distribution of target locator unique frequencies requires to analyze a huge number of options, so an
optimization approach is required. The optimality criterion reflecting the study objectives and is crucial for finding
an efficient solution but it is not easy to define it. The study analyzes a multi-criteria approach to assessing
the EM compatibility between combat vehicles (CV) in a formation considering the CV-to-CV interference,
the total interference by the CVs, and exposed to a specific CV, and a generalized interference between
all the CVs in the group. These aspects are to be investigated to apply optimization methods to the target locator
frequency distribution problem; otherwise, the results would be unreliable. The proposed criterion is based
on the multidimensional measurement theory and is suitable for decision making in uncertain conditions.

Keywords: control, radar, target locator frequencies, optimization, analysis, decision making, simulation.

OueBuHO, yTO IpH paboTe HECKOIBKUX paauosiokaunoHHbx cranuuii (PJIC) B coctaBe moa-
paszeneHus T0CTaTOYHO CIOKHO YYECTh BIMSIHHE PEXUMOB WX paOOTHI HA yPOBEHb AJIEKTPOMArHUT-
Holi coBmecTuMocTu (OMC). Tem He MeHee, BIIOJHE OYEBUAHO, YTO YPOBEHb B3aUMHBIX IIOMEX, HME-
foIMX MecTo mpu padore aByx PJIC, ompenensercs paccTOSHHEM U Pa3HOCTHIO YAaCTOT MEXy HUMH,
MPUYEM 5Ta 3aBUCHMOCTH OOpPaTHO MPOIMOPLIHNOHATIBHA; TO €CTh, YeM OOJBIIE PACCTOSHUE MEXIY HHU-
MH M pa3HOCTb 4acTOT, TEM HIKE YPOBEHb B3aMMHBIX MOMeX. [Ipy 3TOM 4acTOTHBIN sl COBpEMEH-
HeIX PJIC mocTaTo4HO BENMK M MOXKET JOCTUTATh HECKOJNBKHX COTEH AMCKPETHBIX 3HaueHuil. Torma
npu (UKCHPOBAHHOM pacHoiokeHun OoeBbix MamuH (BM) Garapen uenecooOpasHO HCHOIB30BATH
4acTOThl TaK, YTOOBI 00ECHEUYUTh MUHHMAIBHBIA YPOBEHb B3aMMHBIX MOMEX. 3ajada OCIIOKHSIETCS
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eIre M TeM, 4To Kakaass bM uchbIThIBacT BIMSHUE Beex Apyrux BM 6atapen n 3aKOHOMEPHOCTH CyM-
MapHOTO BO3/ICHCTBUS HE N3BECTHBI, IOITOMY BBOJSTCS JOMYIIEHUS CIEAYIOLIETO XapaKTepa:

— MOIITHOCTH BceX paboraromux PJIC oqnHakoBHI;

— MOTEPH B IPUEMHOM (DUACPHOM TPAKTE UMEIOT MPUOIM3UTEILHO PAaBHBIN XapakTep;

— ToJ0ca nporyckanus npuemMHanka kaxaoi PJIC nmeer ¢pukcnpoBaHHOE 3HAYCHHUE;

— CHEKTpaJbHBIN COCTaB 30HAMPYIOLIETO CUTHANA (KPOME LIEHTPAIBHOW YacTOThI) U aMILIUTYIHO
YaCTOTHBIE XapaKTePUCTHKH MprueMHUKOB Bcex PJIC omnHaKOBBLI

[Ipu sTOM HEnecooOpa3Ho Ha3HAYaTh YaCTOTHI TaK, YTO OBl OHM PABHOMEPHO 3aIlOJHSUTH YacTOT-
HBIA TMANa30H; 3TO KOCBEHHO IMO3BOJIICT YMEHBIIUTH BIMSHUE HAIPABICHHBIX NIOMEX OT CIEIHallb-
HBIX CHCTEM DPaauOJIOKAIlIOHHOTO BO3ACHCTBHS MPOTHBHHKA. HeoOXxommmo Takke 00eCeduTh BO3-
MOJKHOCTP 3(P(PeKTHBHOTO yIpaBICHHS B CIIy4ae, KOT/Ia YuCiIo OaTapel, paboTaloNiX B €INHOM JIHa-
Ma30He YacTOT, PaBHO JBYM HIIM TpeM U KoJruecTBo BM B cocTaBe Gatapen MOXXET OBITh pa3HBIM, KO-
I/1a CTETIeHb B3aMMHOTO BIIMSHUS e1lle Ooyiee BO3pacTaer.

PaccMoTpen MHOrokpuTepHUaIbHBIN MOAXOJ K OLIEHKE 3JEKTPOMAarHUTHOW COBMECTUMOCTH MEXK-
Iy 00eBBIMH MaIllTMHAMH TPYITIHPOBKY C YIETOM B3aHMOCBSI3M MEXAy mapamMu bM, cymmapHOTO BO3-
neiictBus Bcex bM Ha oiHY KOHKPETHYIO U 00001IeHHOM B3anMOcBsi3u Bcex BM B nenom. bes usyue-
HUS 3THX BOIMPOCOB ONTUMHU3AIMOHHBIA MTOAXOJ PEIICHHS 3a/1a4ll PacIpeIelIeHus] JINTEPHBIX 4acTOT
Maio 3 QEKTUBEH, a MOoJydyaeMble Ha €ro OCHOBE pEIICHHS II0X0 00ycioBlieHbl. Pa3paboTaHHBIM
KpUTEpUH OCHOBAH Ha TEOPHH MHOTOMEPHBIX U3MEPEHUH M CBS3aH C MPOOIEMaTUKON MPUHATHS pe-
LIEHUH B YCIIOBUSAX HEOIIPENEIEHHOCTH.
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DEVELOPMENT AND ANALYSIS
OF THE OPTIMALITY CRITERIA
FOR COMBAT VEHICLE RADAR FREQUENCY DISTRIBUTION

V.A. Koveshnikov, A.Ya. Mekhtiev, A.A. Zubarev, O.Yu. Shevtsov

When more than one radar operates within a military unit, it is rather difficult to estimate the radar frequency
vs. electromagnetic compatibility (EMC) relation. Still, it is obvious that the mutual interference of two radars
depends on the distance between them and the difference in their frequencies. The relation is inverted: the more
the distance and the frequency difference, the lower the mutual interference. Modern radars have extensive
frequency ranges consisting of up to several hundred discrete values. When the combat vehicles (CV) in a group
are stationary, the frequencies shall be distributed to ensure the lowest possible interference. Another complica-
tion is that each CV is affected by all the other CVs of the group, and the laws of total interference are not known
yet. That is why we introduced some assumptions as follows:

— all the radars have the same power;

— the receiving feeder losses are approximately equal;

— the receiver passband of each radar is fixed;

—all the radars have identical probe signal spectra (except for the central frequency) and frequency
responses.
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It is advisable to distribute the frequencies to evenly fill the available range. It indirectly reduces the effects
of targeted interference produced by the enemy's electronic warfare systems. The radars shall also operate
smoothly when two or three combat groups share the same frequency range, and each group has a different
number of CVs as in this case the mutual interference increases.

The study analyzes a multi-criteria approach to assessing the EM compatibility between combat vehicles
(CV) in a formation considering the CV-to-CV interference, the total interference by the CVs, and exposed
to a specific CV, and a generalized interference between all the CVs in the group. These aspects are to be inves-
tigated to apply optimization methods to the target locator frequency distribution problem; otherwise, the results
would be unreliable. The proposed criterion is based on the multidimensional measurement theory and is suitable
for decision making in uncertain conditions.

MocTtynuna 5 Hos6ps 2019 roaa.
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CXATUE CBEPXLUMPOKOI10/I0OCHOIO CUrHAJA
C YACTOTHOU MOLYITALMNEN U KOCHUHYCHBIM CTIEKTPOM

© ABTOpbI, 2020

B.C. OKOHEeLHWNKOB OOKIMOp MEeXHUYECKUX HayK
lAO «HIO «Anma3s», e. Mockea
K.K. CeBocTbsiHOB KaHOUGam mexHU4YeCKUX HaykK,
sedywjuli uHxerep, NMAO «HIMNO «Anma3s», 2. Mockea
E-mail: info@raspletin.com

Paccmampusaemcs cuzHan ¢ KOCUHYCHbIM aMriiaumyOHbIM CreKmpoM, cghopMUpPO8aHHbIU napol ceepx-
wupokononocHbix JTYM cuzHanos ¢ npsimoyeonsHol oaubarowied. JTYM cueHarns! pa3HeceHb! 1Mo 8peMeHU Ha 8esluyu-
Hy, obpamHyto Oesuayuu HYacmomel. [lpednoxeHo 08a memoda Cxxamusi cugHasia C UCIMOIb308aHUEM 6ECO8bIX
yHKYul Onsi yMeHbLeHUs1 ypoeHs OOKO8bIX NIEMeCMKO8 C MUHUMAarbHbIMU MOMepsaMU Ha paccoeracosaHue.
PaccmompeHo enusiHue OOorMriepo8cKko20 CMeWEeHUsT 4acmombl Ha CMPYyKmMypy €Xamoao cuaHasa no cpasHe-
Huto ¢ HYM (HenuHeliHO YacmomHo MOQYNUPOB8aHHbIM) CUZHAIIOM C aHanno2u4YHbIM aMumyOHbIM CrIEKMpPOM.

Knroyeenie crnoga: obpabomka cuzHarnos, cuaHasbl ¢ TUHelHoU u HenuHelHol YacmomHoul modynayued,
cXXambil cueHar, coenacoeaHHbIl ¢hunbmp, yposeHb BOKO8bIX fierecmkos, eecosas yHKyus, 6asa cuzsHana,
rnomepu Ha paccoznacosaHue, 0oNnnIepo8CcKoe CMeWeHUe Yacmombl.

A signal with cosine amplitude spectrum constructed with a couple of ultra-wideband LFM signals
with square envelope is considered. LFM signals are spaced by time interval inverse to frequency deviation.
Two signal compressing methods are proposed with the use of window functions in order to reduce side lobe level
with minimum mismatch loss. Effect of Doppler frequency shift on compressed signal structure is considered
in comparison with NLFM (nonlinear frequency modulated) signal with similar amplitude spectrum.

Keywords: signal processing, linear and nonlinear frequency modulation, compressed signal, matched filter,
side lobe level, window function, signal base, mismatch loss, Doppler frequency shift.

PaccmatpuBaercs 3agada cxaTusl CUTHaNA, COCTOSIIETO U3 IBYX CBEPXIIMPOKOIOIOCHBIX MPSMO-
yronbHbIX JIYUM uMITynbCcOB, pa3HECEHHBIX Ha BEIUYMHY, 0OpaTHO MPOMOPIIMOHAIBHYIO IEBHAIINN
4aCcTOTHl B UMITYJIbCE JUIsI (POPMUPOBAHHUS KOCHHYCHOI'O aMILUIMTYIHOTO criekTpa. PaccMorpeHa Bo3-
MOKHOCTH TIPUMEHEHHS KaK COTIIACOBAHHOTO, TaK W HECOTJIACOBAaHHOTO (PHITBTpa CKATUSA C UCITOIB30-
BaHHEM BECOBOW (DYHKIIMU KOCHHYC KBaJIpaT Ha MbeJecTale, IOA00paHHOTO SMITMPHUYECKH IS TIOHH-
skenus YBJI cxxatoro curnana menee -54 nb mpu MpakTUYECKH OTCYTCTBYIOIIMX MOTEPSIX HA Pacco-
IJ1aCOBaHWE U MUHUMAJIbHBIM YIIMPEHHEM TJIABHOTO MHUKa CKAToro curHana. [lokazaHa ycTOMYMBOCTD
C)KaToro CHapeHHOro CUMrHaja K JIOIIIJIEPOBCKOMY CMELIEHHUIO YaCTOThI, YTO SIBJISIETCSA BAXKHBIM IIpeE-
HMYIIECTBOM IO CPABHEHHUIO C CUTHAJaMHU C HEJIMHEMHOM 4acTOTHOW MOJYJISIIIMEN C TEM K€ aMIUIU-
TYJHBIM CIIEKTPOM.
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COMPRESSION OF ULTRA-WIDEBAND FRIQUENCY
MODULATED SIGNAL WITH COSINE SPECTRUM

V.S. Okoneshnikov, K.K. Sevostiyanov

The problem of compressing a signal constructed with a couple of ultra-wideband LFM signals with square

envelope is considered. LFM signals are spaced by time interval inverse to frequency deviation in order to obtain
cosine amplitude spectrum. Possibility of using matched and non-matched filter is examined with the use
of window function of raised cosine in 2-power on a pedestal empirically selected in order to reduce side lobe
level less than -54 dB in the almost absence of mismatch loss and with minimum widening of main peak
of compressed signal. Robustness of compressed coupled signal to Doppler frequency shift is demonstrated
in comparison with NLFM (nonlinear frequency modulated) signals with similar amplitude spectrum.

Moctynuna 11 peka6bpsa 2019 roaa.
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MOZE/b U ATIFOPUTM OMPELENEHUS IPOJO/LHOIMO
MHTEPBAITA MEXY BO3LYLLUHbIMA CYAAMM
HA MOCAOYHOM KYPCE C YYETOM PA3HHLIbI CKOPOCTE/
BO3AYLUHbIX CY[O0B
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B ce53u ¢ oxudaeMbiM ysenudeHUeM UHMEeHCUBHOCMU U MiIOMHOCMU 8030YWHO20 O8UXXEHUSI 8 asporop-
max eocydapcmeeHHoU asuayuu 00HOU U3 OCHOBHbIX 3aday, crmoswel neped op2aHaMu ynpasneHus aguayued,
8 brnuxaliwee spemsi s8/151emcsi Hay4HO-060CHO8aHHOe orpedesieHue 8esuYuUHbl MPOoOObHbIX UHMepP8asnos
mexdy 8030yWHbIMU cylamu, a makxe UHghopMayuoHHas noddepxka creyuanucmos 2pynnbi pykosodcmea
nonémamu 8 yernsax obecrneyeHusi 6e3onacHoz20 yrpasieHusi 8030yWHbIM dsuxxeHueM. TockonbKy npednocadoy-
Hasi npsimMasi U 8371émHo-rocadoyHasi nosioca 4Yacmo sernisiomcsl y3KUM MecmoM 8 cucmeme CmpyKmypbl
8030yWHO20 npocmpaHcmea patioHa aspodpoma, mo Haubonbwuli uHmepec rpedcmasnsem onmumu3ayusi
Ux ucronb308aHusi. B Hawem uccriedosaHuu 88o0umcsi Modesib onpedeneHusi npodorbHbIX UHMeP8anos Mexoy
8030YWHLIMU cy0amMu C NPUMeHeHUeM cmamucmu4ecku 00Cmo8epPHbIX crnocobos 3adaHusi 3aKOHO8 OBUXKEHUS
8030yWHbIX cy0o8 Orisi Mpo2HO3upo8aHuUsi 8030yWHOU 06CmMaHO8KU U 8bipabomKu B03MOXHbIX peweHul
o ghopmuposaHuro 6eCKOHPIIUKMHO20 romoka 8030y WHbIX cy008, 8bIMOHAWUX 3axX00 Ha NocadKy.

B omnu4ue om mpaduyuoHHbix Modenel pacdéma rnpodosibHo20 uHmepesasna mexoy 8030yWHbIMU Cydamu
Ha nocaloyHOM Kypce, UCMOMb3yWUX 3HadeHue cpedHel cKkopocmu ronéma, npedroxeHHass Mooesb
paccmampusaem ckopocms 08LXKEHUSI 8030YWHO20 CyOHa Ha nocadoyHOM Kypce Kak HerpepbligHoe pacripede-
JleHue ckopocmu 8 3asucumocmu om gpeMeHu (OanbHocmu). C ucrionib3o8aHuem paspabomaHHoU Moodenu,
peanusyemcsi 803MOXHOCMb ornpedesieHusi 6e30nacHoO20 MpodosibHO20 UHMepsana Mexoy 6030yWHbLIMU cydamu
pasnuYHbIX KIaccos.

lpednazaemasi modesnb Moxem 6bimb puMeHeHa 011 hopMuUpPo8aHUsi o4epedu 8030yWHbIX Cy008 Mymém
pacrnpedenieHusi camoniémos 8 rpouecce rnocadku, 8 Komopol epemsi pasdesieHUsi (UHmMepsars) OmIu4YHO
Ona pasnuyHbIX KoMOuHayul murog 8030ywHbix cydos. [lonyvyeHue AocmogepHOU 8enuYuUHbl MPoO0SIbHO20
uHmepeana mexoy 8030yWHbIMU CydamMu Ha nMocadoyHOM Kypce ro380/um umMemb OOBbEeKMUBHYIO KapmuHy
0 nponyckHou criocobHocmu npednocadoyHol Mpsmod.

Knroueeble cnoea: nocadoyHbili Kypc, OuHamuyeckull uHmepeas, cKopocmb 8030yWHO20 CyOHa, oracHoe
cbrnuxeHue.

In connection with the expected increase in intensity and density of air traffic at airports of the state aviation
one of the main tasks, facing the management bodies of aircraft in the near future is determining scientifically
the longitudinal spacing between aircraft, informational support specialists of the management of flights in order
to ensure a safe air traffic control. Since the pre-landing line and the runway are often bottlenecks in the structure
of the airspace of the airfield area, the greatest interest is to optimize their use. In our study, we introduce a model
for determining longitudinal intersections between aircraft using statistically reliable methods of specifying
the laws of aircraft movement to predict the air situation and develop possible solutions for the formation
of a conflict-free flow of aircraft performing a landing approach.

In contrast to the traditional methods of calculating the longitudinal interval between aircraft on the landing
course, using the value of the average flight speed, the proposed model considers the speed of the aircraft on the
landing course as a continuous distribution of speed depending on time (range). With the use of the developed
model, it is possible to determine the safe longitudinal interval between vessels of different classes.

The proposed model can be applied to the formation of a queue of aircraft by distributing aircraft
in the landing process, in which the separation time (interval) is different for different combinations of aircraft
types. Obtaining a reliable value of the longitudinal inter-shaft between the aircraft on the landing course will allow
having an objective picture of the carrying capacity of the pre-landing line.

Keywords: landing pattern, dynamic spacing, speed of aircraft in dangerous proximity.
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B cBs3u ¢ oxugaeMbpM YBEIMYEHUEM WHTEHCUBHOCTU M IJIOTHOCTH BO3AYIIHOTO JIBMKCHUS B
a’pOoIOpTax roCyJapCTBEHHON aBUallK OAHOW U3 OCHOBHBIX 33/a4, CTOSILEH epes OpraHaMu yrpas-
TIeHVsI aBuanuel B Oirpkaiiiee BpeMst SBISETCS HAyYHO-000OCHOBAHHOE OIPEIEeJICHNE BETUIUHBI IPO-
JOJBHBIX MHTEPBAIIOB MEXKIY BO3IYIIHBIMU CyJaMH, a Takke MHOOpMAIMOHHAS MOJAEPIKKa Ciera-
JUCTOB TPYMITB PYKOBOJICTBA TIOJIETAMH B IIEJISX 00eCIeYeHrsT 0€30TIaCHOTO YITPAaBISHUS BO3AYIIITHBIM
nBkerreM. [1ockombKy mpennocagodyHast mpsiMasi U B3JIETHO-TIOCAI0YHAS T0JI0CAa YacTO SBISIOTCS
Y3KUM MECTOM B CUCTEME CTPYKTYPBI BO3YLTHOTO MPOCTPAHCTBA paiioHa a’spoipomMa, TO HanOOIbIIHH
MHTEpeC NPeACTaBIAET ONTUMU3ALNA UX UCIIOIb30BaHMUS.

B Hamewm nccnemoBaHuH BBOAWUTCS MOJIENb OTMPEAETICHHS MPOJOIBHBIX HHTEPBAJIOB MEXKAY BO3-
JIYITHBIMU CyIaMH C IPAMEHEHUEM CTaTHCTHYECKH JIOCTOBEPHBIX CITIOCOOOB 33/IaHMUS 3aKOHOB JBIHKE-
HUSI BO3AYIIHBIX CYIOB JUIS MPOTHO3HPOBAaHUS BO3AYIIHOM OOCTAaHOBKM M BHIPAOOTKH BO3MOXKHBIX
pemreHuit o GopMHUPOBaHNIO OECKOHMINKTHOTO IMMOTOKA BO3AYITHBIX CYI0B, BHIITONHAIOMNX 3aX0/1 Ha
nmocaaky. B oTimdme oT TpaIWIIMOHHBIX MOJENIeH pacdyeTa MpOAOIbHOTO HHTEpPBAIa MEXy BO3TYII-
HBIMH CyJaMH Ha MOCaJOYHOM Kypce, UCHOJIb3YIOINX 3HaYEHUE CPeJHEN CKOPOCTH TOJIeTa, Mpeio-
JKEHHasi MOZIEJIb PacCMaTpPUBAET CKOPOCTh JBM)KEHHS BO3AYLIHOIO CyJIHA Ha MOCAJ0YHOM Kypce Kak
HENPEePBIBHOE pactpeAeNeHre CKOPOCTH B 3aBUCHMOCTH OT BpeMeHH (HanbHocTH). C HCIIONb30BaHuEM
pa3paboTaHHOW MOJIENH, pealln3yeTcsl BO3MOXKHOCTh OIpe/iesieHus 0€30MacHOro MpoIoJI5HOr0 UHTEp-
BaJla MCXKY BO3AYIIHBIMU CyJaMH pa3JIMYHbIX KJIaCCOB. HpennaraeMaﬂ MOJ€CJIb MOXET 6I)ITIJ mpuMe-
HeHa Uit (hOpMUPOBaHUS OYepEeH BO3AYIIHBIX CY/IOB ITyTEM PaCIpE/IEICHNs CaMOJIETOB B IIPOIecce
MOCaaKN, B KOTOPOW BpeMs pasfesieHusl (MHTEpBall) OTIIMYHO U Pa3IMYHBIX KOMOWHAITMI THITOB
BO3AYUIHBIX CYHIOB. HonyquHe ILOCTOBCpHOI\/'I BCJIMYUHBI MTPOAOJBHOTO MHTCPBAjia MCEKAY BO3AYII-
HBIMH CyJIaMH{ Ha TIOCaJI0YHOM Kypce TIO3BOJIUT HMETh OOBEKTUBHYIO KapTHHY O MIPOMYCKHOMN CIIoc00-
HOCTH MPENIOCATOUHON MPSIMOH.
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MODEL AND ALGORITHM FOR DETERMINING
THE LONGITUDINAL INTERVAL BETWEEN AIRCRAFT
IN THE LANDING PATTERN BASED ON THE DIFFERENCE
OF THE SPEEDS OF AIRCRAFT

S.V. Petrenko, A.V. Zibrov

In connection with the expected increase in intensity and density of air traffic at airports of the state aviation
one of the main tasks, facing the management bodies of aircraft in the near future is determining scientifically
the longitudinal spacing between aircraft, informational support specialists of the management of flights in order
to ensure a safe air traffic control. Since the pre-landing line and the runway are often bottlenecks in the structure
of the airspace of the airfield area, the greatest interest is to optimize their use.

In our study, we introduce a model for determining longitudinal intersections between aircraft using
statistically reliable methods of specifying the laws of aircraft movement to predict the air situation and develop
possible solutions for the formation of a conflict-free flow of aircraft performing a landing approach. In contrast
to the traditional methods of calculating the longitudinal interval between aircraft on the landing course, using
the value of the average flight speed, the proposed model considers the speed of the aircraft on the landing
course as a continuous distribution of speed depending on time (range). With the use of the developed model,
it is possible to determine the safe longitudinal interval between vessels of different classes.

The proposed model can be applied to the formation of a queue of aircraft by distributing aircraft
in the landing process, in which the separation time (interval) is different for different combinations of aircraft
types. Obtaining a reliable value of the longitudinal inter-shaft between the aircraft on the landing course will allow
having an objective picture of the carrying capacity of the pre-landing line.

MocTtynuna 27 ausapsa 2020 ropa.
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lpu MOHOUMMYNLCHOM refieHe08aHUU Uesu C UCMOoMb308aHUEM pPasHOCMHbIX duagpaMm HarnpasieHHocmu
8 HarpassieHusix, briu3Kux K rneseH2080My, pesko yxydwaemcsi omHoweHue «cuaHan/wym». B cmamee npose-
0eHo uccnedogaHue YemblpéxKaHanbHOU aHMeHHbI U NpedsioxeH Memod mMoYHO20 orpederieHuss HanpaeneHus
npuxofa ompaxEHHO20 om uenu cueHana 8 rpedesniax yaros8, o2paHUYeHHbIX KOHYCOM, MPOX00SWUM 4Yepes
MO/I0BUHHOE 3Ha4YyeHue MOoWwHOCmU cyMmapHoU Ouaspammbi HanpasneHHocmu ([H) anmeHHbl. [Mpu amom
pasHocmHble [JH He ucronb3ytomcs u He ¢hopMUPYHMCS.

Knroyeenblie cnoea: neneHeayusi, gpasosnbili cdsue, chazuposaHHasi aHmeHHasi pelémeka.

In the monopulse direction finding with the use of difference patterns, the signal-to-noise ratio drastically
decreases in directions close to the target direction. In this paper, a 4-channel antenna is studied and a method
is proposed that precisely determines direction of arrival of the signal reflected from the target when it is within
the half-power width of the antenna’s sum pattern. The difference patterns are not used.

Keywords: direction finding, phase shift, phased array antenna.

B pabote npeanaraercs MeTo neneHranuu ueneid 0e3 gpopmuposanus pazHoctHbix JIH Ha ma-
TEMaTHUYECKO# Mozesu (B BUIE yeThIpéxmMonysibHoii DAP) a1 3TOr0 ¢ nmomoiisbio Ga3oBeix J100aBOK
OT Kaxxjaoro Moxayns nonydaroT [IH, MakcuMyMbl KOTOpPBIX TMOBEPHYTHI OTHOCHUTEIHRHO MaKCHMyMa
cymmapHoit JIH (1e monsepraytoii gpa3oBoit 00paboTke) Ha HEKOTOPBIE YIJIBI MO A3UMYTY U YIIIy Me-
cTa. OTHu (a3oBbie JOOABKH JOJKHBI OBITh TAKUMH, YTOOBI B KOHYCE YTIIOB, paBHOM mupuHe IH 1o
MIOJIOBUHHOMY 3Ha4E€HHWIO MOIITHOCTH, B JIFOOOM HampaBlieHMH UMeJIach OBl BCETO OJIHA TOYKa, B KOTO-
poil nepecekarotcs Bce uetbipe JH.

Jnist HaXOXKICHUSI 3TOMH TOYKM COCTAaBIIIOTCS YETHIPE YpaBHEHUs MepeOMparoTcsi Bce 3HAYCHHUS
yrioB 01, @I B BEIOPAHHOM KOHYCE, HAXOJUTCS TOYKa, B KOTOPOI BCE YeThIpe YpaBHEHUS yJOBJIe-
TBOPSIIOT TPEOOBAHUIO - PA3HOCTh (PYHKIMHA MEHbIIE JOMYCTHMOW BEIWYHHBI - 3Ta TOYKA YKa3bIBaeT
HanpasJieHHe npuxojaa curHaia — 0 = 0, =om.

JIUTEPATYPA
1. Mapkos I.T., YannuH A.®. CkaHuvpyowme aHTeHHble cuctembl CBY. T.2. — M.: Cos. Pagwno, 1966.
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MONOPULSE DIRECTION FINDING
WITHOUT DIFFERENCE PATTERNS

F.K. Povolotskii, T.P. Sidorova

A direction finding method is proposed that does not use difference patterns. The method is studied with
the help of a mathematical model (in the form of a 4-module array antenna). Phase shifts are applied to each
of the modules so that their patterns are shifted from that of the initial sum pattern of the whole antenna by certain
angles in azimuth and elevation. These phase shifts must be such that in the conic angular domain within the half
power width of the sum pattern there is only one direction in which all the four patterns are equal for all scan
angles. This direction is determined from the following system of 4 inequalities:

abs(GG,, (0,,9,) -GG, (0,9)) <&; abs(GG_(6,,9,)-GG_(6,¢))<&;
abs(GG,, (0,,9,) —GG,, (0,9)) <&; abs(GG, (0,,9,)— GG, (0,9)) <&.

A point 6, @, is found in the conic domain at which all 4 inequalities are satisfied, i.e. the differences
between the functions are smaller than the admissible value. This point is the direction of signal arrival —
0=0y ¢=0qy

Moctynuna 26 aBrycta 2019 roaa.
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YCTPAHEHWUE HEOHO3HAYHOCTU U3MEPEHUA
I1PU [IPUMEHEHWN NMPAIMOYT O/IbHbIX UMITYTIbCOB
C NNEPUOLOUYECKON ®A30KO0BOU MAHUIYTIALUNEN
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A.A. TpyxaueB 00KMOp MexXHUYECKUX HayK, cmapuiuli Hay4YHbIl compyOHUK,
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Paccmampusatomcesi  gha30koO0oMaHUMynuposaHHbIe UMIYbCbl € nepuodudeckol kodoeoli nocredosa-
mesibHocmbio, obnadaroujue HeOOHO3HaYHOCMbIO u3MepeHull danbHocmu. [1poeedéH aHanu3 e03MoxHocmel
ycmpaHeHusi He0OHO3Ha4YHoOCmMU u3MepeHull 8 npouecce asmoconposoxdeHusi uenu. OueHeHbl 8eposimHOCM-
Hble xapakmepucmuKu npasuibHo20 yCmpaHeHUs1 HEOOHO3Ha4YHOCMU.

Knroyesnle cnosa: bannucmuyeckasi pakema, 6oegoli 6510K, riiasMeHHbIl cried, 0bHapyeHue paduosiokayu-
OHHO20 cueHana, QhyHKUUsT HeorpedenéHHoOCMU.

The binary phase-coded pulses with the periodic code sequence having ambiguity of measurements of range are
considered. The analysis of elimination of ambiguity of measurements in the target tracking process is carried out.
Performance of the correct elimination of ambiguity is estimated.

Keywords: ballistic missile, reentry vehicle, ionized wake, radar signal detection, ambiguity function.

B kauecTBe 30HIUPYIONIMX CUTHATIOB paccMaTtpuBaroTes KM uMnynbesl ¢ ieproandeckoit da-
30KO0/I0BO# IOCJIE0BATEIbHOCTBI0. DTH CUTHAJIBI 00J1a/Ial0T XOPOIIMMU BO3MOYKHOCTSAMU 110 HAOJIHO-
JICHUIO 3a 0aJUTMCTHYECKOM 1eNbI0 Ha (hOHE MEIIAIONIUX OTPAKEHUH OT IIA3MEHHOTO CJIe/a.

OpHaKo Takue CUTHABI O0JIafaf0T HEeJOCTATKOM. 3aMephl 3a/Iep’KKH IOJIE3HOTO CHTHANa, 0Tpa-
KEHHOTO OT IIeITH, 00JaaI0T HEOTHO3HAYHOCThIO. M3MepeHHas 3aepikKa MOXKET COACPIKATh CIydaii-
HYIO COCTaBJISIONLYIO, PABHYIO HECKOJLKUM UHTEPBaaM HEOJHO3HAYHOCTH.

B crarbhe paccmaTpuBaeTCs yCTpaHEHUE HEOAHO3HAYHOCTH, PealIi3yeMOe B IIPOIECCE aBTOCOIPO-
BOXKJICHUSI 0OHapyx)eHHOU 1ienu. [Ipu 00paboTke OTpaKEHHBIX CUTHAIOB MOMHUMO JaHHBIX, HEOOXO-
JUMBIX IS0 aBTOCOHpOBO)KILeHI/IH, q)OpMI/IpyIOTCH JaHHBIC JIA YCTpaHeHI/IH HECOJHO3HAYHOCTH.

3a HEKOTOPOE KOJIMYECTBO TAKTOB aBTOCOIPOBOXICHUS MOXXHO OOCSCIICUUTh JOCTATOYHO BBICO-
KYIO BEPOSITHOCTh YCTPAHEHHS HEOHO3HAYHOCTH U3MEPEHHH 3a/ICPIKKH MOJIE3HOTO CUTHAJIA OT EeITH.

JIUTEPATYPA

1. Tpyxaués A.A. lprém nonesHoro curHana Ha ghoHe MeLLaLLMX OTPaXKeHW OT nna3mMeHHoro cnepa // XKypHan «BecTHuk Bo3-
[yLIHO-KoCMMYeckor 060poHbl». — M.: TTAO «HIMO «Anmasy, 2020, Beinyck 1(25). — C.86-95.
2. TpyxauéB A.A. PaguonokaumoHHble curHarnbl U ux npumeHenmnst. — M.: Boenusgar, 2005. — 320 c.
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ELIMINATION OF AMBIGUITY OF MEASUREMENTS
AT APPLICATION OF RECTANGULAR BINARY PHASE-CODED
PULSES WITH THE PERIODIC CODE SEQUENCE

A.A. Trukhachev

As the probing signals binary phase-coded pulses with the periodic code sequence are considered. These
signals have good possibilities on observation of the ballistic target against the background of the interfering
reflections from an ionized wake.

However such signals possess the shortcoming. Measurements of the signal delay reflected from the target
have ambiguity. The measured delay may contain the accidental component equal to several intervals
of ambiguity.

In article the ambiguity elimination realized in the target tracking of a detected target is considered. When
processing of the reflected signals in addition to the data necessary for tracking, data for ambiguity elimination
are formed.

After several of tracking loop it is possible to provide enough high probability of elimination of delay
ambiguity.

MocTtynuna 28 HoA6psa 2019 roaa.
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MPUKNAQHBIE 3ALAYN NPUMEHEHWA
WHOOPMALIUOHHBIX TEXHOJIOTU

YIK 338
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MN.A. KoxHO JOKmMop 3KOHOMUYeCKUX HayK, npogheccop,
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B cmambe u3noxeHbl meopemuyecKkue OCHO8bI OnucaHusi npedmemHoli obfiacmu U npoekmuposaHusi fioau-
yeckol u ¢husudeckoli cmpykmyp 6a3 0aHHbIX MPoU3800CMEEHHbIX cucmem 060POHHO-MPOMBILLIEHHO20 KOMIIIEKCA.
lNpednoxeHa Memoduka MPoekmMuUposaHusi 6a3 OaHHbIX CIIOXHLIX MEXHUYECKUX CUCMEM Pa3fiudHO20 ypOe8Hs yrpas-
JIEHUsI, CyUHOCMb KOMOopoU cocmoum 6 MOCMPOeHUU UHgboroaudeckux modenell ghpasmeHmos npedmemHol
obnacmu ¢ nocredyruum MocmpoeHUeM KaHOHUYeckol modenu ripedmemHol obracmu eceli cucmembl. B cgoro
oyvepeldb, KaHOHUYecKasi MoOeslb omobpaxaemcsi 8 KOHUENMyasbHyr, 8HeWHUe U 8HYMPEHHIOKW Modesiu OaHHbIX
ucrionb3yemol cucmembl yripasrneHusi 6azamu OaHHbIX.

Knrouesble cnosa:. 0060POHHO-MPOMBIWIIEHHBIU KOMIMIEKC, UHGOPMaUUOHHbIe cucmemMbl, 6a3bl OaHHBbIX,
rnpedmemHasi obriacme, Modenu ripedmemHol obriacmu.

In article theoretical bases of the description of subject domain and design of logical and physical structures
of databases of production systems of defense industry complex are stated. The technique of design of databases
of complex technical systems of various level of management which essence consists in construction
the infologicheskikh of models of fragments of subject domain with the subsequent creation of initial model of subject
domain of all system is offered. In turn, the initial model is displayed in conceptual, external and internal models of data
of the used database management system.

Keywords: defense industry complex, information systems, databases, subject domain, models of subject
domain.

B crarbe n3noxeHbl TEOpPETHUECKHE OCHOBBI OMMCAHUS MPEAMETHOM 00JIaCTH M TIPOEKTUPOBAHUS
JOTHYECKOH W (QU3MYECKOH CTPYKTyp ©0a3 JaHHBIX MPOU3BOJCTBEHHBIX CHCTEM OOOpPOHHO-
NPOMBIIIIEHHOTO KoMIUleKkca. [Ipemnoxkena MeToanka MpOeKTUPOBaHUs 0a3 JAaHHBIX CIIOXHBIX TEX-
HUYECKHX CHCTEM Pa3IMYHOIO YPOBHS YIIPABICHUS, CYIIHOCTh KOTOPOH COCTOWT B MOCTPOCHWH WH-
¢onormueckux Mozenei GpparMeHTOB MPEAMETHON 00IAaCTH C MOCIEIYIOMINM TOCTPOSHHEM KaHOHH-
4eCKOil MOJIeTN IpeAMETHOI 00acTu Bcel cucteMbl. B cBOO odepens, KaHOHHUECKAsT MOJENIb OTOO-
pakaeTcsi B KOHLENTYalbHYIO, BHEIIHUE W BHYTPEHHIOIO MOJENN JAHHBIX HCIOJIB3YEMOW CHUCTEMBI
ynpaBieHus 6a3aMu TaHHBIX.
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MODELS OF THESE INFORMATION SYSTEMS
OF DEFENSE INDUSTRY COMPLEX

P.A. Kokhno

In article theoretical bases of the description of subject domain and design of logical and physical structures

of databases of production systems of defense industry complex are stated.

The technique of design of databases of complex technical systems of various level of management which

essence consists in construction the infologicheskikh of models of fragments of subject domain with
the subsequent creation of initial model of subject domain of all system is offered. In turn, the initial model
is displayed in conceptual, external and internal models of data of the used database management system.

MNoctynuna 11 HoAGps 2019 roaa.
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Paccmampueatomcesi 80npochk! M0BbILUEHUST YPOBHSI LCKYCCMBEHHO20 UHMesriekma 6opmoebix U Ha3eMHbIX
UHGhOpMaUUOHHO-U3MEPUMESILHBIX CUCMEM COBPEMEHHbIX 06pa3l08 800PYKeHUS, B0eHHOU U crieyuarnibHOU MexXHUKU
Ha OcHo8e BHEOPEHUs MPUKNadHbIX MameMamudyeckux memodos rnepedayu, cbopa u obpabomku uUHgbopmauyuu.
lMoka3aHo, YMo UX UCob308aHUe 03801siem Halmu npuemMneMoe paspelieHue 60/1bW0o20 YUcia Cyuecmsyouux
npobriem, Komopble cessaHbl C nepedavel u obpabomkol nonydaemol uHgopmayuu. [lpueedeHbl OCHOBHbIE
QOCMUKEHUST U roKa3aHbl HO8ble 803MOXXHOCMU pa3pabomaHHbIX Memodo8 U mexHosIo02ull.

Knroyeenble crosa: rnomexa, paduomexHuU4YecKue usMmepeHusi, npedcmaesrieHue daHHbIX obpazamu-ocmamkamu,
Jioeudeckoe romexoycmouiHugoe KoouposaHue, roioca rnporyCcKaHus KaHara cessu.

The issues of increasing the level of artificial intelligence of onboard and ground-based information and measure-
ment systems of modern weapons, military and special equipment based on the introduction of applied mathematical
methods for transmitting, collecting and processing information are considered. It is shown that their use makes
it possible to find an acceptable solution to a large number of existing problems related to the transmission
and processing of received information. The main achievements and new features of the developed methods and
technologies are presented.

Keywords: interference, radio engineering measurements, representation of data by leftovers, logical noise-
tolerant encoding, communication channel bandwidth.

CraTps mOCBsiIIIeHa pa3pabOTKe MaTeMaTHYECKUX METOOB, PACIIMPSIIOMINX BO3MOXKHOCTH IIPH-
KJIaIHOT'O MCIOJIb30BaHMsl (PyHAaMEHTAIbHBIX a0CTPAKTHBIX MaTEMaTUIECKUX TEOPHUi, K YHCITY KOTO-
PBIX OTHOCSITCSI TEOPUsI KOHEUYHBIX NoJiel D.['aimya 1 MoCTpOEeHHBIX Ha €€ OCHOBE JIOTNOJIHEHUS, OTHO-
csimmecst K konewHbIM paszHoctsiM (KP) u anantuBHOl HenmHelHoM QuubTparmy (AH®) nanHbIxX 13-
MmepeHuid. [lokazaHo, 4TO UX KMCHOJNB30BAaHHE MO3BOJAET HAWTH MPHEMIIEMOE pa3pelieHre OOoNbLIIoro
YHCiIa CYHIECTBYIOUIMX MPOOJIeM, KOTOPBIE CBSI3aHbI ¢ HU3KOW CHTHAJIM3allMOHHON HAJCKHOCTBIO U3-
BelIaTesei, JaTYNKOB M CEHCOPOB, BBIIONHAIONIMX Y poboToTexHmuecknx komiuiekcoB (PTK) Boen-
Horo HazHaueHus (BH) ¢pyHkiuu opranoB 4yBCTB, HA OCHOBE KOTOPBIX OCYIIECTBISIETCSI OIIEHKA OTIe-
patuBHOW OOCTaHOBKM M (OPMHPYIOTCS ynpasisome pemeHus. [Ipemiaraemas maremarndeckas
00pabOTKH MO3BOJISIET JyYIlle CIIBIIIATh, BHJIETh, TOUHEE OMPEAENATh O0BEKTHI KOHTPOJS U UX Tepe-
MEIIEHUsT B OKPYXKAIoIeM MPOCTPAHCTBE, B TOM YHCIE, B YCIOBUSAX TMOMEX M HWH(POPMAIMOHHO-
TexHuueckux Bozaeicteuii (UTB), oprann3oBaHHBIX TPOTUBHUKOM.
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METHODS FOR IMPROVING EFFICIENCY
OF INFORMATION AND MEASUREMENT SUPPORT
FOR TESTING AND BATTLE APPLICATION
OF MODERN SAMPLES OF WEAPONS, MILITARY
AND SPECIAL EQUIPMENT

G.V. Svetlov, S.S. Kukushkin

The article is devoted to the development of mathematical methods that expand the possibilities

of application of fundamental abstract mathematical theories, which include the theory of finite fields by E. Galois
and additions based on it that relate to finite differences and adaptive nonlinear filtering of measurement data.

It is shown that their use makes it possible to find an acceptable solution to a large number of existing

problems that are associated with low alarm reliability of detectors and sensors that perform the functions
of sense organs in military robotic complexes, based on which the operational situation is evaluated and control
solutions are formed. The proposed mathematical model allows you to better hear, see, and more accurately
determine the objects of control and their movement in the surrounding space, including in the conditions
of interference and information and technical influences, organized by the enemy.

MocTtynuna 19 mapTa 2020 ropa.
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AHAJTIMTUYECKUE UCCIIEOOBAHUA
3APYBEXHOIO OMNbITA

VIK 623.4.01

EPCITEKTUBbI OCHALYEHWUA CUCTEMbI I1PO AEGIS ASHORE,
PA3BEPTbIBAEMOWU HA TEPPUTOPUN ATTOHWM,
PALUOJ/IOKALIWOHHOU CTAHLIMEN AN/SPY-7

© ABTOpbI, 2020

A.E. CBuctyHoB
HayvanbHuk omoena, NMAO «HIMNO «Anma3s», 2. Mockea
E-mail: info@raspletin.com
H.A. ManeeBa kaHOudam mexHU4YeCKUX HayK,
eedywuli aHanumuk, NMAO «HIMO «Anmas», e. Mockea

B daHHoU crmambe npusodumcsi uHgbopmayusi o rinaHax MuHucmepcmea 060pOHbI SINOHUU 110 OCHAWEHUo 08yX
komrinekcose NPO AEGIS ASHORE, passépmbigaeMbix Ha meppumopuu HrnoHuu, paduosiokayuoHHOU cmaruyuel
AN/SPY-7 (SSR) emecmo PJIK AMDR, 3a pa3pabomky Komopo2o omeeqarom crieyuanucmsi KomnaHuu Raytheon u
wmamHou PJIC cucmembl NPO AEGIS AN/SPY-1, paspabomarHou komnaHuel Lockheed Martin.

Knroyeenie cnoea: PJ/IC, [1PO, AEGIS ASHORE, AN/SPY-7, AN/SPY-6, AN/SPY-1.

The article states plans of the Japan Defense Agency on equipping of two AEGIS ASHORE missile defense
systems, being deployed on the territory of Japan, with AN/SPY-7 radar (SSR) instead of AMDR complex, developed
by the Raytheon company, and with Lockheed Martin standard AN/SPY-1 radar of AEGIS missile defense system.

Keywords: radar, missile defense, AEGIS ASHORE, AN/SPY-7, AN/SPY-6, AN/SPY-1.

B craree mpuBeaeHa oduumanbHas WHQOpMALMs, OMYOJMKOBaHHAas BOCHHBIMH BEJOMCTBAMU
CIIA u Snonnu, o TeKyIUX MiaHax pa3BepTbiBaHMs B KadecTBe mraTHOW PJIC xommiekcos ITPO
AEGIS ASHORE wna tepputopun Snonun PJIC AN/SPY-7 (SSR), paspaboraHHOW KOMMaHUEH
Lockheed Martin, o cpokax u npemnonaraeMoii CTOMMOCTH pa3BepThiBanus. KpoMe Toro, mpuBoasaTCcs
xapaktepuctuku PJIC, sBistomuxcs ananoramun PJIC AN/SPY-7, koTopble Takke paccMaTpUBaIuCh
MO SlnoHun B KauecTBe BO3MOXKHBIX BAPHAHTOB JuIs MHTErpanuu B cuctemy [1PO AEGIS ASHORE.
Tak, B crarbe paccMmatpuBaercst PJIC AN/SPY-1 kommanuu Lockheed Martin, B HacTosimii MOMEHT
spisitomasicss mratHor PJIC xopabensubix cuctem [TPO AEGIS, naxoasimuxcs Ha BoopyxeHun BMC
CIIA u Slnonun, n Hazemubix cucreM [IPO AEGIS ASHORE, passeprytbix Ha Tepputopun CLIA u
Pymbiann. Takxe mpUBOAMTCS TEKYIIEEe COCTOSHUE Pa3pabOTKH, UCTIHITAHUN M TIEPCIIEKTUBEI Pa3Bep-
teiBanusi PJIC AN/SPY-6 komnanuu Raytheon, Bxoxasiieii B coctas PJIK AMDR.
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AN/SPY-7 RADAR INSTALLATION PROSPECTS
ON AEGIS ASHORE MISSILE DEFENSE SYSTEM IN JAPAN

A.E. Svistunov, N.A. Maleeva

The article states an information published by the US and Japan military departments on current deployment
plans of AN/SPY-7 radar (SSR) as a standard Lockheed Martin radar for AEGIS ASHORE missile defense
system on the territory of Japan, including time-period and expected cost of deployment. Besides, the sources
stated the radar characteristics, which are similar to AN/SPY-7 radar, and were examined by the Japan Defense
Agency as possible variants for integration into AEGIS ASHORE missile defense system. Thus, the article
considers the AN/SPY-1 radar of Lockheed Martin company development, which is at present time a standard
radar for AEGIS BMD ships in the inventory of US and Japan Navy, and land-based AEGIS ASHORE missile
defense systems, deployed in the United States and Romania. The current development state, tests
and deployment prospects of Raytheon AN/SPY-6 radar, integrated into AMDR complex, are stated in the article
as well.

Moctynuna 5 ¢eBpansa 2020 ropa.
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HAYYHbIE PELLEH3U N OT3bIBblI

CUCTEMbI |
BOOPY)XEHUA™
PAKETHO-
KOCMWYECKOW
O0GO0POHbI

POCCUMN

CUCTEMbI GTPATEF!HECKOITI
NPOTUBOPAKETHOW O60OPOHbI

CucteMbl BOOPYXEHUA pPaKeTHO-KOCMMYECKOM
o6opoHbl Poccun. Tom 1 Cucrtembl cTpaTermiyeckomn
npoTnBopakeTHOM 06opoHbLI. NMog obwen pegakumen
0.U. BopucoBa. — M.: UspaTtenbckun gom «Ctonunu-
HaA aHuMKnoneguna», 2020. — 416 c.

M3narenbckuii noM «CToNUYHAS SHIUKIONCAUSD
BBIIYCTHJI B CBET KHUT'Y «CUCTEMBI CTpaTETH4eCcKOi Ipo-
THBOPAKETHOH 000POHB». JTO MEPBBIA TOM IBYXTOMHO-
ro wm3gaHus  «CHCTeMbl  BOOPYKEHHMS  PaKETHO-
KocMHYecKoi 00opoHbl Poccumy.

Kuura uznana noj oOIiel pemakiuel 3aMecTUTENs
IIpencenarens [IpaButensctBa Poccuiickoii denepanum,
nokTtopa TexHndeckux Hayk FO.U. Bopucosa. Compence-
JaTed  PEIKOJIJIETUH — TeHEepalbHBI  JAUPEKTOp
AO «Konmnepr BKO «Anmaz-Anteit» f.B. Hosukos,
nupektop JlemapraMeHTa paguo3JICKTPOHHOM MPOMBILI-
neHHoctd Munnpomropra Poccuu B.B. Illnmak. Hayunsie
pemakropel — coBetHUK IIpesmmenta I[TAO «MAK
«Beivmienn» mpodeccop E.B. I'aBpunmH, TeHEpanbHBIH
koHcTpykTop AO «Konuepa BKO «Anmaz-Anteit»
npodeccop I1.A. CozuHoB.

B KHUTY BKJIFOYEHBI CTaThH, OYEPKH, BOCTIOMUHAHUS O TOM, KaK CO3/IaBaJIHCh CUCTEMBI CTpaTeru-
YeCcKOH MPOTHUBOPAaKEeTHON 000poHEI A, A-35, A-35M, A-135.

Ony6nukoBaHo okono 500 hotorpaduii.

B o6pamennu x unratensm F0.M. bopucoBa ormeueno «Hacrosmas KHUra siBIsieTCs KOJUIEKTHB-
HBIM TPYJOM OOJBIION KOOMEpaluy TNPEeINpHUsITHH, OpraHu3anuii 000POHHO-TIPOMBIIIIEHHOTO
KOMIIJIEKCa, UCIIBITATeNe, BOGHHBIX CTPOMTENICH, MpeJcTaBuTeNeld 3aKka3ulKa, KOTOPBIM IMPHILIOCH
pelIaTh OJIHYy M3 CaMBIX CIIOXHBIX HayYHO-TEXHHYECKHUX IpoOsieM B cepeanHe XX Beka — mpodiemy
CO3/IaHUSI CUCTEMBI OOOPOHBI OT HAIAJICHUSI MEKKOHTHHEHTAITBHBIX OaJUTMCTUUECKUX PAKET».
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