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OOHUM U3 OCHOBHbIX ycnosull ycriewHol peanusayuu npoekma siensemcsi onpedesieHUe e2o mepMUHOIo2U-
yeckoeo 6asuca. Oma 3adaya s16/19emcsi 0COGEHHO CIOXHOU Orisi UHHOBAUUOHHBIX MPOEKMO8, KOmopble OCHOBbIBa-
omcs1 Kak Ha 88e0eHUU HOBbIX, MaK U YMOYHEHUU Cywecmeayrouwux noHsmud. B cmambe npusodsimcsi pe3yribmambi
MOMbIMKU 8bISIBIEHUST U YCIMPaHEHUs! CMbICII080U HEOOHO3HAYHOCMU 8 UCIOIb308aHUU OMEYeCMBeHHbIMU yYEHBIMU
U 8oeHayvarnbHUKaMU KITHo4e8bIX CUCMEMHbIX MOIOKEeHUU KOHUenuyuu mpaHcgopmayuu 800pyxEHHbIX cun CLUA
«Network Centric Warfare» (CemeueHmpudeckasi 60UHa) 8 UHGbOPMaUUOHHYHO 3py.

Knioyeeble croea: cemeueHmpuyeckasi 8oliHa, OaHHble, UHGhopMauusi, 3HaHUsl, eOUHoe UHGhopMayUOHHOe
rpocmpaHcmeo, 2nobasbHoe MpPocmpaHCemMeo OaHHbIX, 2106anbHoe MPOCMpPaHCMEo 3HaHUL, UHMesnekmyansHoe
rpocmpaHcmeo.

One of the main conditions for the successful implementation of any project is to determine its terminological basis.
This task is particularly challenging for innovative projects, which are based both on the introduction of new and
refinement of existing concepts. The article presents the results of an attempt to identify and eliminate the semantic
ambiguity in the interpretation by our scientists and military commanders of the key system regulations of the US Armed
Forces «Network-Centric Warfare» transformation concept in our information era.

Keywords: network centric warfare, data, information, knowledge, shared information space, global data space,
global knowledge space, intellectual space.

B crarbe ommcaH HOBBIN TOJXO/ K OIPEACICHUI0 TEPMHUHOJNIOTHYECKoro Oaszuca monsatus Cere-
LIEHTPUYECKasi BOWHA, MPUBOIATCS PE3yJIbTaThl UCCIICAOBAHUI 110 BBISBIICHUIO U YCTPAHEHUIO CMBIC-
JIOBOH HEOJHO3HAYHOCTH B MHTEPIPETAI[MM OTCYSCTBCHHBIMHM YUEHBIMU M BOCHAUYAJIbHUKAMH KJIHOYe-
BBIX CHCTEMHBIX MOJIOKEHHI KOHIeNuu Tpanchopmanuu Boopyxkenusix cun CIIA «Network Cen-
tric Warfare» (CererieHTprudeckas BoliHa) B HH)OPMAIIMOHHYIO 3DY.
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CLARIFICATION OF INNOVATIVE CONTENT
IN KEY PROVISIONS
OF «<NETWORK CENTRIC WARFARE» CONCEPT

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

The article describes a new approach for determination of terminological basis of Network-Centric Warfare;

the research results in identifying and eliminating of semantic ambiguity in interpretation by our scientists and
military commanders of key system regulations of the US Armed Forces «Network-Centric Warfare»
transformation concept in our information era are performed.
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B cmambe paccmompeH no0xo0 K KoIudyecmeeHHol oueHke 0esioeoll  perymayuu  Hay4Ho-
uccnedosamernbCKUx opaaHusayuli 8030yuwHO-kKocmudeckol ompacau (HUOBKO), yyumeigatowjulti mpebosaHusi
CO8PEMEHHBIX HOPMamuBHO-Pasosbix OOKYMEHmMOo8 Oyx2a/mepcko2o yyéma U OCHOBHble XapakmepucmuKu
Hay4Hol dessimenibHocmu HUOBKO. lNpednoxeH memodudeckuli nodxod oyeHku denoeoli penymauyuu HNOBKO,
rnossonsowull onpedensms nokasamenu 0es10800 perymauyuu, ebipaxamb Ux 8 OeHEXHOM ucHUCeHuU, U ma-
Kum obpa3zom e800umb Oeflogylo periymauyulo 8 3KOHOMUYeckuli obopom 4epe3 cucmemy ¢bUHaHCOB0-
3KOHOMUYECKUX nokasamerell 6yxeanmepcKkoeo y4éma.

Knroyeenle cnoea: Hay4Ho-uccriedosameribCKue opeaHusayuu 8030yWHO-KocMuveckol ompaciu (HUOBKO),
desiogasi perlymayusi, KorudyecmeeHHasi OUeHKa, Hay4Hasi 0esimenibHoCmb, HemMamepuaribHblie akmuebl, SKOHOMUYe-
cKuli obopom, Hay4yHO-memoduyeckul annapam, [ockopriopayusi «Pockocmocy.

The article examines an approach to quantitative assessment of business reputation of aerospace industry
research organizations (ASIRO), considering the requirements of the current accounting statutes and regulations
and the basic performance (rating) of ASIRO scientific activity. The methodological assessment approach
of ASIRO business reputation is proposed, permitting to define indicators of business reputation, expressing
it in monetary terms, and thus introducing a business reputation into economic turnover via the system of financial
and economic accounting indicators.

Keywords: aerospace industry research organizations (ASIRO), business reputation, quantitative
assessment, scientific activity, intangible assets, economic turnover, scientific-methodological mechanism,
«Roscosmos» State Corporation.

B crathe paccMOTpeH MOJXOJ K KOJWYECTBEHHOW OIICHKE [eJOBOM penmyTanuu Hay4HO-
MCCIIEIOBATENbCKUX OpraHu3aluii Bo3aymHo-kocMudeckoi otpacnu (HMOBKO), yuutsiBatomuit
TpeOOBaHUsI COBPEMEHHBIX HOPMATHBHO-TIPABOBBIX JIOKYMEHTOB OyXTalTEpPCKOTO y4eTa M OCHOBHBIE
XapakTeprucTHKH HaydHoU nestensHocTh HUOBKO: konnyecTBO BeAymMXCsl 1 OKOHYEHHBIX HAy4HO-
uccnenosarenbckux pador (HMP) Ha koHen roja; KOIM4ecTBO BHIMOJIHEHHBIX ONEPAaTHUBHBIX 3aaHuUM;
KOJINYECTBO COTPYAHUKOB BBICIICH KBaIM(PHUKALUK, UMEIOIINX YUYEHBIE CTEIICHH, yYCHbIE 1 IIOUYETHBIE
3BaHUs; CPETHUH YPOBEHb 3apaOOTHON IMJIATHl COTPYTHUKOB; KOJIWYECTBO JUILIOMOB, TPEMHUM, TTPHU30-
BBIX MECT, TIOJYYEHHBIX 32 Y4acTHe B Pa3IMYHBIX KOHKYypcax, KOH(EpeHIUAX, BEICTaBKax | T.1.; 00-
1ee KOJIMYECTBO COTPYAHHUKOB U JIp.

Hayuno-meToandeckoro anmapaTa, KOTOPBIi MO3BOIMI OBl IPOBECTH Oosiee OOBEKTHBHYIO OLIEHKY
JIETIOBOM pelyTaluuy, B OQHIMAIBHBIX PYKOBOISIINX JOKYMEHTaX B HACTOSIIEE BPEMsI HE COAEPIKHUTCSL.
OTCyTCTBYIOT TaKXKe PEKOMEHJALIUH O 11e7ec000pa3HOCTH MPOBEACHUS TOJOOHBIX UCCIIEOBAHUI.

B crartbe aBTOpamMu npecTaBIeH METOIUISCKUN TTOIX0T OIICHKH J1es1oBoi permyranmun HMTOBKO,
MTO3BOJISIOIIUI OMPEENSITh MOKA3aTeNN JeIOBON PEeIyTally, BEIpaXKaTh UX B JICHE)KHOM HMCUHCIICHUH,
M TakKuM 00pa3oM BBOJAWTH JIEIOBYIO PEIyTAIHI0 B SKOHOMHUYECKH 000pOT Yepe3 cucrteMy (pHUHAHCO-
BO-9KOHOMHYECKHX ITOKa3arenel OyXraiarepckoro yuéra.
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METHODOLOGICAL APPROACH TO
BUSINESS REPUTATION ASSESSMENT OF AEROSPACE
INDUSTRY SCIENSTIFIC-RESEARCH ORGANIZATIONS

L.F. Syabruk, E.S. Klimovich, A.N. Polyarus

The article examines an approach to quantitative assessment of business reputation of aerospace industry
research organizations (ASIRO), considering the requirements of the current accounting statutes and regulations
and the basic performance (rating) of ASIRO scientific activity: amount of ongoing and completed research
and development works (R&D) at the year-end; amount of performed operational tasks; amount of top-qualified
employees with academic degrees and ranks, honorary titles; average level of employees salary; number
of diplomas, awards, top places received for participating in different contests, conferences, exhibitions, etc.; total
number of employees etc.

The corresponding scientific-methodological mechanism, which would enable to perform a better objective
assessment of business reputation, is missing in the official regulatory documents. The recommendations
on rationale in performing of such investigations are omitted as well.

The article states the methodological assessment approach of ASIRO business reputation, permitting
to define indicators of business reputation, expressing it in monetary terms, and thus introducing a business
reputation into economic turnover via the system of financial and economic accounting indicators.

Moctynuna 21 masa 2019 ropa.
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bnazodapsi pacrnipocmpaHeHuro u passumuro becriuriomHol asuayuu, udesi MaccupoB8aHHO20 PakKemHo-
asuayuoHHo2o ydapa nosnyyaem emopoe ObixaHue, maK KaK yeenuyeHue Konudecmea amakyrouux 6030yWHbIX
0b6beKmMo8 3a cuém becrunomHoU asuayuu MeHee 3ampamHo, HO He MeHee aghghekmueHo. Bo usbexxaHue 803HUK-
HOBeHUs1 3ghbghekma «posi» CmMaHoO8UMCS O4Ye8UOHOU HeobxodumMocmb UCMOMb308aMb  a8moMamu3upoO8aHHbIe
aneopummbi epynmnuposaHusi 8 ACY, npumepbi KOmopbIX MPeodrioXeHb! 8 CMaimbe.

Krnrodeenbie crnoea: 2pynnuposaHue, an2opummbl, KracmepHbit aHanu3s, kpumeput HelimaHa-lNupcoHa.

Due to development and expansion of unmanned aviation, the concept of massive air strike delivery becomes
relevant again, since increasing amount of attacking aerial unmanned objects is both low-cost and effective. To avoid
a «swarmy attack possibility it's apparently necessary to use automated grouping algorithms in automatic control
systems (ACS), examples of which are performed in the article.

Keywords: grouping, algorithms, cluster analysis, Neumann-Pearson criterion.

Hns sddexTuBHON OpraHM3aly MPOTUBOBO3LYIIHOW OOOpPOHBI Ha MyHKTax ympasienus [1BO
MPOU3BOJUTCS OLIEHKA BO3IyLIHOW oOcTaHOBKM. Ha mepBoM sTane coOupaercst nHGOpMaLys 0 KoJaude-
CTBEHHOM COCTaBe MPOTUBHMKA, IPOCTPAHCTBEHHOE IOJIOKEHHUE BO3MYIIHBIX 00BbeKkTOB (BO) 1 BexTopa
uX JBIKeHus. Ha BTopom atarne 1enecoo0pa3Ho BBIOIHUTH TPyMIUpoBaHue nHpopmanmu o BO npo-
TUBHHKA:

— cpezncra Bo3nymHoro HanaaeHus (CBH) oObrdHO mpUMeEHSIOTCS TpyNIaMu W Ha3HAuYCHUE BO3-
JEWCTBUH 1O TAKUM TPYNIaM OAWHOYHBIMH UCTPEOUTEISIMU HEAPPEKTUBHO, 3TO MOXKET IPUBECTH K I10-
paxkeHuto ucrpedureneit, a He BO npoTuBHuKa;

— BaYXKHO BBISBJIATH TAKTUYECKUE TPYHIBL, 0OBEIMHEHHBIE €TUHCTBOM MOCTABICHHBIX MEpea HUMHU
3aja4, T.e. 00ecIeYnBaTh TAKTUUECKOE IPYIIUPOBAHUE LIETICH;

— peanu3anysa TaKTHYECKOTO TPYIITUPOBAHUS TTO3BOJISIET HE TOJIBKO YMEHBIIUTH YHCIO OOBEKTOB,
MOJUTEKAITNX OTOOPAKEHHIO, HO M OOECTIEYNTh YCTOMYMBOE UX COMPOBOXKACHHE W BO3ZMOXKHOCTH Opra-
HHU3aLUH KOOPAWHUPOBAHHBIX ACHCTBUI UCTpEOUTENEH 110 STUM IpyIIIaM.

Kpome Toro, B pszie ciaydaeB aHalIu3 MPOCTPAHCTBEHHOTO MOJI0KEHUS] TAKTHUECKUX TPYMIT TI03BO-
JIUT BBISIBUTH JIEMOHCTPATHUBHBIE W yIAAapHBIE TPYIIIBI, TPYIIIBl HNPUKPHITHS, YTO MO3BOJMT 3a01aroBpe-
MEHHO PacCUUTaTh TPEOYEMBIil COCTaB CBOMX I'PYII NCTpeOUTeNe-IepexBaTINKOB U CITIAHUPOBATh MX
HaBeJIEHHE C BBITOTHBIX HAITPABJICHH JJIS1 OCYIIECTBIEHHS KOOPIMHUPOBAHHOM aTaKy.

BrimonaeH 0630p 1 KpaTKuil aHaiIu3 CYNMIECTBYIOIINX METOAOB TPYNIHPOBAHUS BO3AYIIHBIX 00b-
exToB. Pa3paboran HOBBIN croco® HYHKIMOHUPOBaHUS WHPOPMALMOHHO-YNIPABIAIOLIEH CUCTEMBI MU
PELICHUH 3a7a4y IPYNIHUPOBaHUS HAOMI0AaeMbIX BO3AYIIHBIX OOBEKTOB, KOTOPBIM COCTOMT U3 ABYX -
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roputMoB. [lepBas anroput™ oCymiecTBISICT pa3/eiicHHe BO3YITHBIX OOBEKTOB Ha TPYMITEI HA OCHOBE
JIUBU3MMHOTO JITOPUTMa KJIACTEPHOTO aHAJIN3a, a BTOPOH 3aKIII0YaeTCs B MPOBEPKE KAXKIOW U3 MOITY-
YEHHBIX TPYII HA MPUHAUICKHOCTh K OAHOM. [lyTeM MaremMaTnyeckoro MoJICIMpOBaHUs JI0OKa3aHa pa-
00TOCIIOCOOHOCTE Pa3padOTaHHBIX AITOPUTMOB, dP(HEKTHUBHOCTD OICHUBAJIACH BEPOSATHOCTEHIO IMPABUITh-
HOT'O Paclo3HaBaHKsI BO3AYIIHONW 0OCTAHOBKY Ha MPUMEPE IoJIeTa JBYX Map BO3IYIIHBIX CYIOB.
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DECISION-MAKING ALGORITHMS ON AERIAL OBJECTS
IDENTITY TO ONE GROUP

A.V. Fedorov, N.R. Khalimov

In order to organize an air defense (AD) at AD control points the air situation assessment is performed.
At the first stage, an information acquisition on numerical enemy strength, spatial position of aerial objects (AO)
and its movement vector is carried out. The information grouping on enemy AOs is reasonable to fulfill at
the second stage:

— air threats are commonly used in groups and an assignment of countering such threats via single fighter
is ineffective, this can lead to aircraft loss rather than enemy AOs;

— it is important to cue tactical groups joined by the unity of assigned tasks, i.e. to provide tactical grouping
of targets;

— implementation of tactical grouping permits both to reduce an amount of objects to be indicated and
to provide its stable tracking, plus it gives a possibility for organization of fighters coordinated actions towards
these groups.

Besides, in some cases, the spatial position analysis of tactical groups will permit to expose demonstration
and strike groups, covering groups that permits to preliminary reckon the desired composition of friendly fighter
interceptor groups and plan its pointing from advantageous directions to perform a coordinated attack.

The review and brief analysis of current grouping methods of aerial objects were carried out. The new
technique of information management system functioning during solving of grouping task of observed aerial
objects was developed, which consists of two algorithms. The first algorithm divides aerial objects into groups
based on divisional algorithm of cluster analysis; the second provides a check of each obtained groups on identity
to the one. The working capability of developed algorithms was proved through mathematic modeling, and its
efficiency was estimated by the probability of correct classification of aerial situation in example of two pair flight
of aerial vehicles.
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B cmambe paccmompeHbl 0cobeHHocmu paduosioKayUOHHO20 pacrio3HasaHusi 8030yWHbIX 06bEeKmMos
muna 6ecnumomHbIX JiemamersibHbIX anmnapamoge U OpHUMOJI02UYECKUX O0b6BeKmos8 (rnemarwux mmuy).
[ns knaccugukayuu (pacrnosHasaHusi) 8030yWHbIX 06bEKMOB UCM01b308aUCh MawUHHbIE Memodbl 0by4YeHus
Ha OCHO8e UCKyccmeeHHbIX Helipocemedl.

Knroueeble cnoea: knaccughukayus, Aornaeposckulli crekmp uesu, paduosiokayuOHHbIe MpU3HaKuU uesnu,
C8epMOYHbIEe UCKYCCMBEHHbIE Helipocemu, 8epOSIMHOCMU pacro3HasaHusl.

The article examines the radar recognition particularities of airborne objects of unmanned aerial vehicles
(UAVs) and ornithological objects (flying birds) types. The computer-aided methods for classification (recognition)
of aerial objects based on artificial neural networks were used.

Keywords: classification, Doppler target spectrum, radar features of target, convolutional artificial neural
networks, recognition probabilities.

Pe3ynbrarel mccnenoBaHuil MOKa3ald, YTO HU OAMH U3 PACCMOTPEHHBIX MPHU3HAKOB HE MOXKET
ObITH BEIOpaH B KauecTBE SIBHBIX MHPOPMATHBHBIX MPU3HAKOB 1151 Kinaccugukamuu BO.

Hns xnaccuduranuu (pacnoszHaBanusi) BO mpemyaraercs MCmosib30BaTh CBEPTOUYHYIO HCKYC-
CTBEHHYIO HEHPOCETb.

B kauecTtBe BXxOomHOW mMHpOpMaWH Iy O0y4YEHHsS] WCKYCCTBEHHOH HEHPOCETH W NalTbHEUIIEero
pacro3HaBaHUsl MCIOJB30BAIUCH MONTYyYEHHBIE B pe3yjbTaTe NpeABAPUTENbHONW 00paboTKH Iorie-
POBCKHE CIEKTPHI MOIIHOCTH MaY€YHBbIX 3X0-CHTHANOB OT BO Ha BEpTHKAIBbHOW M TOPU3OHTAIHLHON
OIS PU3AIIHSIX.

Onenka 3¢(hexkTUBHOCTH Kiaccu(uKaTopa Ha OCHOBE HCKYCCTBEHHOM HEMpOCETH IOKa3aia,
YTO Ha 3Tale NMepPBUYHON 0OpabOTKH CHrHaja MOXKET OBITh oOecreueHa BEpOSTHOCTh MPaBHIBHON
kinaccudukaru BO Ha aBa kiacca («Iltuiei»y u «JletaTensHbie anmapaTth») He xyxe 0.8.
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RADAR DETECTION OF UAV
AND ORNITHOLOGICAL OBJECTS (BIRDS)

B.G. Sverdlov, D.M. Igonin, I.S. Vylegzhanin, A.V. Kutina, A.A. Pushkov

During operation of UAV-detection radar the recognition mission of airborne objects (AO) such as UAV
and flying birds becomes relevant. The research results of this problem are presented in the article.

The initial data for recognition were quadrature components of complex envelope of echo signals burst
of detected AO for two orthogonal polarizations (vertical and horizontal) obtained during primary processing
in ground-based radar used in the experiment.

The analysis results on searching of features for effective recognition of UAVs and birds showed that none
of the considered features could be selected as explicit informative features for AO recognition.

The article examines a convolutional artificial neural network as a classification mean for recognition.
For learning of artificial neural network and further recognition, the Doppler power spectrum of train echo signals
from AO for vertical and horizontal polarizations were used as a result of pre-processing.

Evaluation of classifier efficiency based on artificial neural network showed that at the stage of preliminary
signal processing, the probability of correct AO classification into two classes (birds and flying vehicles) as
a minimum of 0.8 can be provided.

MNoctynuna 1 urona 2019 ropa.
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B pabome paccmampuegaromcesi akmyaribHble npobnembi 1EmHO-makmuyeckol no02omosku skunaxel u asua-
UUOHHbIX Yacmel Ha base agmomamu3upo8aHHbIX KOMI/IEKCO8 NEMHO-maKkmu4yeckol noG20moeKu — asualUOHHbIX
3/IEKMPOHHbIX M0/1U20H08. [lpedcmasrieHbl MPedroXeHUs N0 KO2HUMUBHOU Memodosi02uu UX UCTOb308aHUS,
memoduyeckoMy obecrieyeHuUo asmomamu3uposaHHol OUeHKU pesyribmamos Oelicmeull akunaxel u 2pymnn
makmuyecKo2o HasHaqyeHusi ucmpebumeribHOU asuayuu fpu ebINosIHeHUU 3aday n1émHo-makmudeckol nodao-
MOBKU 8 yCrI08UsIX «aB8UayLOHHO20 3/IeKMPOHHOZ0 MOIU20HAY.

Kntoueeble crnoea: 371eKMpPOHHbIL MOAU20H, Memodosioaus, Memooudyeckoe obecriedeHue, aemomamu3supo-
8aHHasi OUeHKa, NEMHo-maxkmuyeckasi nodzomoska, 6oeabie 803MOXHOCMU.

The paper examines actual problems of flight and tactical training of crews and aviation units based on automated
of flight and tactical training systems — aviation electronic test sites (E-test site). Proposals on cognitive methodology
of its use, methodological support of automated assessment of crew actions results and tactical fighter aircraft groups
during performing of flight and tactical training tasks in the conditions of «aviation electronic test site» were presented.

Keywords: electronic firing range, methodology, methodological support, automated assessment, flight and
tactical training, combat capabilities.

[IpencraBnenHas Meroauka IMo3Bosiser B PMB onenuts 3¢dexktuBHocTs aedicTBuii WA
M0 NPUKPBITUIO aBUAIIMU C YYETOM COOTHOILIEHHUSI CUJI CTOPOH U PE3YJIbTATOB UX MPOTUBOAEHCTBUS
Y MOXeET OBITh UCIIOJIb30BaHA B KAYeCTBE MAaTeMaTHYECKOr0 OOecIeueHus Il pa3paboTKU auropuT-
MOB U TIPOTpaMM aBTOMATH3UPOBAaHHOHN oreHKH dkumaxed u ['TH WA B ycrmoBus MCHOIb30BaHUS
MIEPCIIEKTUBHOIO aBTOMAaTH3UpOBaHHOTO kKomiuiekca JITII — «3nexkTpoHHoro noauroxa». JlanHas mMero-
JTUKA MOKET OBITh TAaKXKe UCIIOJIb30BaHA JIJIs OIeHKU 3()PEKTUBHOCTH JICHCTBUI aBUAIIMN JIPYTHUX POIOB.

YHUKaIbHOCTh (YHUBEPCATBHOCTH) TPEACTABICHHOH METOJUKH COCTOMT B TOM, YTO OHa
MOXKET HCIOJIb30BAaThC KaK B aBTOMATH3UPOBaHHBIX KoMimiekcax JITII («3JIeKTpOHHBIN MOIHTOHY),
TaK U OPU CO3JAHUHM NEPCHEKTUBHBIX KOMIUIEKCHBIX TAKTHYECKUMX TPEHAXKEPOB JIETHOIO COCTAaBa
Y CTENHUATINCTOB OOEBOTO YIPABICHUS YKUTIAKAMHU.
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RESEARCH OF METHODOLOGICAL FUNCTIONING SUPPORT
OF AUTOMATED FLIGHT-TACTICAL TRAINING
SYSTEMS - E-TEST SITE

A.D. Filin, A.R. Bestugin, V.P. Rachkov, Y.G. Shatrakov

The paper examines actual problems of flight and tactical training of crews and aviation units based

on automated flight and tactical training systems — aviation electronic test sites (E-test site). Proposals
on cognitive methodology of its use, methodological support of automated assessment of crew actions results
and tactical fighter aircraft groups during performing of flight and tactical training tasks in the conditions

of

«aviation electronic test site» were presented.
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lNpednoxeH memod obpabomku cueHanog ¢ JuHelHoU YacmomHou modynsyuel rpu UCMob308aHuUU
nodonmumarnbHo20 unbmpa cxamusi. PaspabomaHa mamemamuyeckass moOesnb, C MOMOWbO KOmopou
8bIMOSTHEH aHau3 xapakmepucmuk sghghekmusHocmu rpedrioxeHHO20 nodonmumarnbHo20 guibmpa. pose-
OeHa cpasHUMesbHasi OUeHKa IHep2emuUYeCKUX xapakmepucmuk aghghekmusHocmu nodonmumaribHO20 Cxamusi
U cxxamusi ¢ ucrosib308aHUEM coaiacoeaHHO20 ¢huribmpa ¢ eecosoli obpabomkoll, a makxe memoda, OCHO8aH-
HO20 Ha UCMonb308aHUU hunbmpa, paccyumaHHo20 mMemodom obpamHbix nynbcayud. pu smom 6biau
paccMompeHb! cugHasbl o 3Ha4eHueM 6asbl om 7 0o 200. lNpoeedéH aHanuz enusiHUsl donneposckoeo cosuea
4acmomsl Ha 3ghghekmueHOCMb npedrioxKeHHo20 Memoda.

Knroyeeble cnoea. onmumarnbHasi obpabomka, coenaco8aHHbIl uibmp, MoGonmumMarnbHbIl  ¢hunbmp,
Cxxamue cueHaros, paduoriokayUuoHHasi cCmaHUusi, yposeHb BOKO8bIX JIeNecmKo8, fluHeliHas YacmomHasi Mooy Isiyus,
JI4YM cueHan.

The paper proposes processing method of signals with linear frequency modulation when use of suboptimum
compression filter. The mathematical model was developed which helped to analyze characteristics of suboptimum
filter. The comparative assessment of efficiency output performance of suboptimal compression and compression using
the matched filter with weight processing, and using the method, which is based on use of filter, rated via reverse ripple.
Herewith, the signals with base value from 7 up to 200 were examined. The analysis of Doppler frequency shift effect
on the effectiveness of proposed method was carried out.

Keywords: optimal processing, matched filter, suboptimum filter, signal compression, radar station, side-lobe
level, linear frequency, linear frequency-modulated signal (chirp signal).

B crarbe npemiosxkeH METO]| MOIONTHMATBHONH 00pab0OTKH CUTHAJIOB C JIMHEHHOW YaCTOTHOW MO-
JyJISIUEH, TO3BOJIIOIIMN OCYIIECTBISATh C)KaTHE CHUTHAIOB Oe3 0Opa3oBaHMs OOKOBBIX JICIIECTKOB
(ypoBeHb OOKOBBIX JICTIECTKOB ONPEACISACTCS JIMIIb BEIUYNHON BHIYMCIUTEILHOM MTOTPEeIIHOCTH ). Me-
TOJ OCHOBaH Ha WCHOJB30BAHUU TOJONTUMANILHOTO (pribTpa cxkatusi. CHHTE3 MOIONTHMAIhHOTO
¢bunbTpa NPOU3BEJCH B YaCTOTHON 00J1aCTH C HCIOJb30BaHHEM (OPMHUPYIOIIEro uMilyjbsca ["aycca.
[TosmydeHbl 3aBHCUMOCTH NapaMeTpa ONTUMU3AIUN (OPMUPYIOIIETo UMIIyibca ['aycca OT BEIUYHMHBI
0asbl curHaa.



Jist OLIEHKH XapaKTePHCTHK 3(PQPEKTHBHOCTH HCIOIB30BaHUS MpEAsaraeMoro Meronaa paspabo-
TaHa MaTeMaTthdeckass Mognenb. I1o pe3ynbraTaM MOIEIMPOBAHUS MOJYYEHBl CPAaBHUTEIBHBIE XapaK-
TEPUCTHUKHU IIpeyIaraeMoro GuIbTpa CKaTHsl U U3BECTHBIX METOZOB, OCHOBAHHBIX Ha HCIIOJIb30BAHUY:
COIJIACOBaHHOTO (MIIBTPA, GUIBTPA C BECOBOI 00pabOTKOM U (HMIIBTPa, PACCUNTAHHOIO METOAOM 00-
patHbIX mysbcaimid. D¢ GEeKTUBHOCTD UCIOJIB30BaHMS IPEAIaracMoro MeTola OLEHHUBANIACh MO KpH-
TEpUsM MUHMMH3ALMM CHIDKEHUS OTHOIICHUS! CUTHAJ/IIyM IO CPAaBHEHHIO C COIVIACOBAHHOU (hrib-
TpaLuel, a TakKe MHHUMH3ALUN YPOBHsI OOKOBBIX JIEMIECTKOB C3KaThIX CHTHAJIOB MPHU OTCYTCTBHH U
P HATMYUH JOTJIEPOBCKOrO CIBUTA YaCTOTHI B HCCIENYEMBIX CUTHAJIAX.

[IpenyiosxeHHbIM METOX MpennoaracTcsl UCIO0Ib30BaTh MPU MOAEPHU3ALMH amnaparypsl obpa-
OOTKM paZMOJIOKAIMOHHBIX CUTHAJIOB B IEPBUYHON PaJMOJOKALMOHHONW CTAHIMU YIPABIECHUS BO3-
JOYUIHBIM JBIDKEHHEM, pa3paboTaHHOU 1 cepuitHo Boimyckaemoit AO « BHUMPAY.
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MISMATCHED SIGNALS PROCESSING METHOD
WITH LINEAR FREQUENCY MODULATION

Y. Vu Han, L.B. Fridman

The article proposes the method of suboptimal signals processing with linear frequency modulation
permitting to provide signals suppression without side-lobes appearance (side-love level is determined only by
computational error value). The method is based on optimum compression filter use. The suboptimum filter
synthesis is carried out in frequency domain using Gaussian shaping pulse. The dependence of the optimization
parameter of Gaussian shaping pulse versus compression ratio is obtained. The mathematical model is
developed in order to investigate the performance of the proposed method. Using the simulation results,
the comparative characteristics of the proposed compression filter and the known methods (with usage
of matched filter, matched filter and weight function, and filter rated using the method of reverse ripple) are
obtained. The effectiveness of the proposed method is evaluated using the criteria of minimizing the signal-
to-noise ratio (SNR) decrease with respect to matched filtering, as well as minimizing side-lobes level (SLL)
of compressed signals in the absence and in the presence of Doppler frequency shift. Its stipulated to use
the proposed method during upgrading of radar signal processing equipment of air traffic control primary radar,
developed and commercially produced by the «VNIIRA» radio equipment research institute.
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lNpednazaromcsi  am2opummbl  OUEHKU OWUBOK CanaXeHHbIX KoopOuHam uenu rpu  UCronb308aHUU
ap-cbunbmpos 8 npouecce conposoxAeHus uenel u rnpu obpabomke pe3yrbmainos 3KCrepUMEeHITos.

Knrouesbie crnoea: MHO20¢hyHKUUOHabHbIU paduorokamop (M®P), conposoxdeHue uenu, af-cbunbmpbi,
MOYHOCMb COMPOBOXOEHUS, CelaXXeHHbIe KOOPOUHaMmbI.

Assessment algorithms of smoothed coordinates errors using aB-filters during target tracking and experiments
results analysis are proposed.

Keywords: multifunction radar (MFR), target tracking, aB-filters, tracking accuracy, smoothed coordinates errors
assessment.

[IpennoxeHsl CrOCOOBI OIICHKH OINMOOK CIVIAXKCHHBIX KOOPAMHAT TPU HCIOJIb30BAHUU Of3-
(GUIBTPOB I COMPOBOXAEeHUs Tenell. CriocoObl OCHOBaHBI Ha 00paboTKe MH()OPMAIIUU O CHUTHAIAX
OmMrO0K U KO3 PHUIHEeHTaX HUIBTPAIIH.

C moMoIIpi0 MaTeEMaTHIECKOM MOJICIIH CONTPOBOXKACHUS 11esieil B MOP orieHeHBI XapaKTepUCTUKHI
pa3pabotanHoro anroputma. [lokazano, uro omenkun CKO ommOOK COMpPOBOXKACHHUS MONTYUYSHHBIX C
MMOMOIIBIO Pa3pa0d0TaHHOTO aNropuTMa ONU3KH KaK K 3TAJIOHHBIM OIMMOKAM COIPOBOXKICHUS, TIOTY-
YEHHBIM ITyTEM CTAaTHCTHYECKOT'0 MOACIUPOBAHUS, TaK U IPYT K APYTY.
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ASSESSMENT TECHNIQUE FOR SMOOTHED COORDINATES
ERRORS DURING TARGET TRACKING USING aB-FILTERS

S.0. Grachev, V.A. Dobrozhanskiy, A.V. Neskorodov

Assessment methods of smoothed coordinates errors using af-filters for target tracking are proposed.
The methods are based on information processing on error signal and filtration factor.

Using the mathematical model of targets tracking in multifunction radar (MFR) the characteristics
of developed algorithm were estimated. It was demonstrated that assessments of root mean square (RMS)
errors of tracking obtained via developed algorithm are close to both standard tracking errors achieved thorough
statistical modeling and to each other.

MocTtynuna 15 anpens 2019 ropa.
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B cmambe paccmampugaemcsi nocmpoeHue ghazocmaburibHo2o MOOyrsi aHano20-4ughposoeo rnpeobpal3osaHusi
cueHanos. [pedcmaerneH anzopumm JiuHeapusayuu ¢ha3oeoll xapakKmepucmuku mpakma aHanio2o-uughposoeo
npeobpasosaHus cueHasos. PaccmMompeHa peanusayusi npedcmasiieHHo20 aneopumma 8 ycmpolicmee u ripusede-
Hbl pe3yribmambl 3KcriepuMeHmaribHbIX UcCriedo8aHuli 4aCcmomHbIX Xapakmepucmuk.

Knroyesnle cnosa: hasa cuzsHana, spyrnnosasi 3adepxka, /luHeapusayusi pa3oeoli xapakmepucmuku, 610k
JuHeapu3ayuu.

The article examines set-up of phase-stable module of analog-to-digital signal transformation. The linearization
algorithm of phase characteristic of analog-to-digital data signal conversion path is performed. The implementation
of proposed algorithm in device is examined and experimental results of frequency characteristics are given.

Keywords: signal phase, group (envelope) delay, of phase characteristic linearization, linearization block.

B crarbe paccmarpuBaercs ciocod noctpoeHus (azocTabUIbHOT0 MOIYJISI aHAJIOro-I(poBoro
npeoOpa3oBaHus CUTHAIOB. [IpHBeNeHbI OCHOBHBIC AecTaOWIM3UPYIOMIKE (aKTOPbI, BIHSIOIIUE HA
CTaOMIBHOCTH (Pa3bl B yCTPOHCTBE MPeoOpa3oBaHHs CUTHAJIOB, U, KaK pe3yJIbTaT, BIUIIOIIUE HA 3(]-
(eKTUBHOCTH pabOThl MHOrO(YHKIMOHAIBHOTO PaJlojIOKaTopa, a MMEHHO Ha TO/AaBJICHUE ITIOMEXH B
peKUMe aBTOKOMIIEHcaluu momex. llpeicraBieHa cTpyKTypHas cxema (pa3ocTaOHIBLHOTO MOIYNS U
ANTOPUTM JIMHeapu3anuu (a3oBOl XapaKTEPUCTHKH TPaKTa aHaJoro-nmuppoBOro mpeoOpa3oBaHUs
CUTHAJIOB.

[MpuBeneHa GyHKIMOHANBHAS CXeMa IKCIIEPUMEHTANLHON YCTAaHOBKU U CTPYKTypHas cxema 0I1o-
Ka JIMHeapu3aluy IJs pean3alliy ajJropuTMa ¢ ucnosib3oBanuem cospemenno [IJIMC, a Taxxe pe-
3yJIBTaThl KCIIEPUMEHTAJIBHBIX HCCIEI0BAaHUN pa3paboTaHHOTO (ha30cTaOMIIBHOIO MOJYJISl aHaJoro-
IUQPOBOro NMpeodpa3oBaHMsl CUTHAJIOB, & UMEHHO aMIUIMTYIHO-4acTOTHas Xapakrepuctuka (AYX),
¢azo-dyactotHas xapaktepuctuka (OPUX) u rpynmnoBoe Bpems 3ajepxku (I'B3) Tpakra moxyns no
NPUMEHEHUS aJIrOpUTMa JIMHEApU3aluy 1 rocie. M3 npuBeeHHbIX TpaKOB BUAHO, YTO MIOCIE MPH-
MeHeHus nuHeapusanun @YX craHoBuTcs nuHeWHOH, a I'B3 nMeer nocTosHHOE 3HaYeHME B MOJIOCE
CUTHAaJA.
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PHASE-STABLE MODULE
OF ANALOG-TO-DIGITAL SIGNAL CONVERSION

A.A. Kapustina, K.A. Tihonova, A.M. Losev

The article examines set-up procedure of phase-stable module of analog-to-digital signal conversion.
Main disturbing factors are performed effecting on phase stability in signal-conversion device and as a result
effecting on operation of multifunction radar i.e. on noise suppression in noise auto-compensation mode.
The structural scheme of phase-stable module and linearization algorithm of phase characteristic of analog-
to-digital data signal conversion path is provided. The experimental device functional scheme is presented
including structural scheme of linearization block for realization of algorithm using modern FPLD and experimental
research results of developed phase-stable module of analog-to-digital data signal conversion i.e amplitude
frequency response (ARF), frequency-response (FRF) and group (envelope) delay time (GDT) of module path
before and after implementation of linearization algorithm. We can see at graphic chart that after implementation
of linearization the FRF becomes a linear, and GDT has a constant value within signal band.

MNoctynuna 8 anpens 2019 ropa.
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OKcrepumeHmarbHasi oueHka romeHyuana PJIC nposodumcsi o  pesynbmamam U3MEPEHUST OMHOLWEHUST
MOWHOCMU CUeHana K MouwHocmu wyma u danbHocmu rnpu pabome o UCKYCCMEEHHbIM criymHukam 3emnu (MC3)
¢ uzsecmuol IAP. OmnuyumensHOU KOHCMPYKMUBHOU 0cobeHHOCMbIO cospemeHHbIx PJIC sensemcs ux crnocob-
Hocmb, Komopasi r10360sisiem ycmaHasenueame cekmop o0630pa MnymémM MexaHU4YeCcKo2o 1oeopoma aHmeHHou
pewémku (ycmaHoeku ueHmpa cekmopa Mo asumMymy u yery Mecma) C 3/1eKMPOHHbIM CKaHUPOBaHUEM 8 CaMOM
cekmope. [pu 3mom MOXXHO cHumamb, Ymo pacrnpedesieHue nomeHyuana 8 cekmope He 3agucum om opueHmayuu
Hopmarnu K AP (HanpaeneHue yeHmpa cekmopa), orpedensieMoli MexaHU4eCcKUM spaweHueM. [naHuposaHue Kce-
pumeHmos o oueHke romexyuana PJIC ¢ yyémom amux ocobeHHocmell Mo360/1s5em CoKpamumb CPOKU UX Mpose-
OeHusi U CmouMoCcmkb.

Knroyesnle cnoea: sghgpekmusHas nnowadb pacceusarusi (31P), saHepeemuyeckull nomeHyuars, OmHOWeHUe
cueHana k wymy (OCLL), akmueHasi ¢ghasuposaHHasi aHmeHHasi pewémka (AQAP), uckyccmeeHHbIl criymHUK 3emnu
(UC3), opbuma, anzopumm, annpoKcuMayusl.

Experimental assessment of radar station potential is carried out based on measurement results of desired signal
ratio to background noise level and range during the operation on artificial satellites with the known radar cross-section
(RCS). Distinctive design feature of modern radar stations is its capability permitting to set a coverage sector via
mechanical rotation of an antenna array (installation of sector center in azimuth and elevation) with an electronic
scanning in the sector itself. Herewith, it is possible to consider that distribution of a potential in the sector does not
depend on orientation of the normal to array (direction of sector center) determined by mechanical rotation. Experiments
planning for assessment of radar capacity considering the mentioned features allows to reduce its performing time
and cost.

Keywords: radar cross-section (RCS), energy potential, signal-to-noise ratio (SNR), active electronically scanned
array (AESA), artificial Earth satellite, orbit, algorithm, approximation.

OKcriepuMeHTalbHas oleHka moteHmana PJIC npoBoauTcst mo pe3yiabTaTaM W3MEPEHHS OTHO-
IICHHUS MOIIHOCTH CHTHAJIa K MOIIIHOCTH IIIyMa M NaJbHOCTH MPpH pabOTe 10 UCKYCCTBEHHBIM CITyTHH-
kam 3emin (MC3) ¢ mzBectHoit DIIP.

B craThe mpencraBieHo 000CHOBaHIE METOIUKH OIICHKH dHEpreTHIeckux xapakrepuctuk PJIC ¢
MEXaHUYECKUM BpallleHUEM CEKTOpa 3JIEKTPOHHOI'O CKAHUPOBAHUSL.

OTimynTenbHONH KOHCTPYKTHBHON 0COOCHHOCTHIO coBpeMeHHBIX PJIC siBisieTcs ux crmocoOHOCTS,
KOTOpasi MO3BOJISIET YCTAHABIMBATH CEKTOP 0030pa IMyTEeM MEXaHMYECKOTO MOBOPOTa aHTCHHOU pe-
IIeTKH (YCTAaHOBKH IIEHTPA CEKTOPa 10 a3UMYTY U yIIIy MeCTa) C 3JIEKTPOHHBIM CKAaHUPOBAHUEM B Ca-
MOM CEKTOpE.



Breruncnenne norennuana PJIC npoBoautces mo pe3yiabTaraM U3MEPEHHS OTHOIICHUSI MOITHOCTH
CUTHaJa K MOIIIHOCTH IITyMa W JaTbHOCTH MpHU paboTe 1Mo MCKyCCTBEHHBIM crryTHHKaM 3eMin (MC3) ¢
n3BectHo DIIP.

[Tpu 5TOM MOXHO CUMTaTh, YTO pacHpeIelieHUE MOTCHI[MAIA B CEKTOPE HE 3aBUCHT OT OPHCHTA-
i HopMaid kK ADAP (HampaBieHHe MEHTpa CEKTOpPa), ONPEASIIEMON MEXaHUISCKUM BPAIICHHEM.
[InanmpoBanme 3KCTIEPUMEHTOB 110 orieHke noTeHnwana PJIC ¢ ygerom 3THX 0COOEHHOCTEH TO3BOIS-
€T COKpPaTHTh CPOKU UX MIPOBEACHUS U CTOUMOCTb.

B crathe Tak ke MmepedrcieHbl OCHOBHBIE ONEPAIMU MTPH OPraHU3aI[MK SKCIIEPUMEHTA 10 OIICHKE
noteniuana PJIC.

O6ocHOBaHa MaTeMaTHYecKas IOCTAHOBKA M pellleHa METOIaMH JIMHEHHOTO MPOrpaMMHUPOBaHUS
3ajja4ya BhIOOpa HANPABJICHHSI OPUCHTALIMU CEKTOPA 3JCKTPOHHOTO CKAaHMPOBAHUS, 00CCIICUHBAIOIICTO
MaKCHUMalbHOE BpeMs HaxoxacHus MC3 B Hem.

Jia onleHKH MOTEeHIMana 000CHOBAH BBIOOp MaTeMaTHdecKuxX (popmyi. OCOOEHHOCTBIO pacdera
MOTCHIIUAIBHOTO penbeda SBISICTCS BHIOOP CIIIaXKMBAOIIETO JIBYMEPHOTO IMOJIMHOMA, KOTOPBIHA HC-
MOJIL3YETCS B CTAThE U, B IIEJIOM, SIBJISICTCS 0000IICHHEM OJTHOMEPHBIX CIIIAKHBAIOIIUX TOJIMHOMOB,
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MAIN PROVISIONS VALIDATION OF RADAR POTENTIAL
ASSESSMENT METHOD BY RESULTS OF FULL-SCALE
EXPERIMENTS WITH USE OF SATELLITES

V.P. Krasnyy, K.V. Lushenkov, D.V. Krasnyy

Experimental assessment of radar station potential is carried out based on measurement results of desired
signal ratio to background noise level and range during the operation on artificial satellites with the known radar
cross-section (RCS).

The article states justification of assessment technique of radar power characteristics with mechanical
rotation of electronic scanning sector.

Distinctive design feature of modern radar stations is its capability permitting to set a coverage sector via
mechanical rotation of an antenna array (installation of sector center in azimuth and elevation) with an electronic
scanning in the sector itself.

Calculation of radar capacity is carried out based on measurement results of desired signal ratio to back-
ground noise level and range during the operation on artificial satellites with the known RCS.

Herewith, it is possible to consider that distribution of a potential in the sector does not depend on orienta-
tion of the normal to array (direction of sector center) determined by mechanical rotation. Experiments planning
for assessment of radar capacity considering the mentioned features allows to reduce its performing time
and cost.

The main operations during the experiment progress intended for assessment of radar capacity are also
listed in the article.

Mathematical statement is proved and the problem of direction selection of electronic scanning sector
orientation providing a maximum residence time of the artificial satellite within the sector is solved via linear
programming methods.

For potential assessment the mathematical formulas selection was validated. The calculation peculiarity
of a potential pattern is the selection of smoothing two-dimensional polynom, which is used in the article and,
in general, is generalization of the one-dimensional smoothing polynoms.

MocTtynuna 4 uroHsa 2019 roaa.
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Paccmampusatomces cueHarbi ¢ npsiMoy2osibHol ogubarowielti U €O CrieKmMpoM a8moKopPenayUOHHOU hyHK-
UUU KOCUHYC 8 3-cmereHu U KOCUHyc 8 4-cmeneHu. [ns amux crydaes npednaz2aromcsi an2opummbsi ¢hopMupo-
8aHusi cueHaros 8 gude npouedyp 8bIHUCIEHUS UX ¢ha3bl U npedcmassieHbl pesyrbmambl ModenuposaHusi ¢hop-
MUpoB8aHUsi U CxXamusi cueHarnos. HaliGeHbl 3Ha4YeHUs1 napamempos ana2opummos ¢hopMuUpPO8aHUSsl CUSHas08,
obecneyvusaruue MuHuUManbHbil YBIT cxameix cueHanos. pu cxamuu cueHanos ¢ masnbimMu 6asamu rpeorno-
JKEHO UCrnosib308amb Memod «obpamHbix Mynbcayuliy. BeiyucnieHbl momepu Ha paccoanacogaHue npu Ucrosb-
308aHUU 3mMoeao Memooda.

Knroyeenle crnoga: obpabomka cuzHanos, cuzsHarbl ¢ AUHelHoU u HenuHelHol YacmomHol modynsayued,
cxxamblil cueHar, coaracoeaHHbIl uibmp, yposeHb BOKO8bIX riernecmkos, eecosasi ¢hyHKyusi, baza cuzaHana,
OMHOWeHUe «cuzHan/wymy, nomepu Ha paccoasiacosaHue.

Signals with square envelope and spectrum of autocorrelation function, the cosine in 3-power and the cosine
in 4-power, are considered. For this cases signal shaping algorithms in a form of phase calculation procedures
are proposed and simulation results are presented for signal shaping and compressing. Shaping algorithm pa-
rameters has been found in order to minimize side lobe level of compressed signals. For compressing signals
with small base it is proposed to use «reverse ripple» method. Mismatch loss has been calculated at use 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.

PaccmarpuBaetcs 3agaua GOpMHPOBAHUS U CKATUSI CUTHAJIOB C MPSMOYTOJIBHOM orudaromieit u
HEJIMHEHHOW YaCTOTHOW MONYJIALIMEH, COOTBETCTBYIONIIEH CIIEKTPY aBTOKOPPEISAIMOHHONW (PYHKIINH
KOCHHYC B Ky0Oe M KOCHHYC B 4eTBepTOH cremnenu. [Ipennaraercs anroputM ¢GopMUpOBaHHS CUTHAIOB
9TOTO TUNA B BUJE MPOLEAYPHl BBIYUCICHHUS €ro (a3bl U MpeCTaBICHbI Pe3yIbTaThl MOACITHPOBAHUS
¢dbopMmupoBaHus U cxkatusi curaaios. [Ipenctasnensl cnektpsl HUM curnanos, chopMUpOBaHHBIX AJIS
pasnnuHbIx 6a3. [lo pe3ynapratam MoJenUpoOBaHUs HAIEHbl 3HAYCHUS! HACTPOCUHBIX MApaMETPOB all-
roputMa (GOPMUPOBAHUS CUTHAJIOB, OOECIIeUnBaIoIe MUHUMaIbHBIA Y BJI c:kaToro coriiacoBaHHbIM
(GUIBLTPOM CHTHAlIA B 3aBUCUMOCTH OT 0a3bl CUTHAJIA.

Hnst maneix 6a3 cnektp HUM curnana cymecTBEeHHO OTIMYAETCsl OT HPEAIoaraeMoro, 4yro He
no3sossger noctuub YBJI Takoro xe, kak mpu BecoBoil obpabotke JIUM curnainos. Ilostomy mpu
C)KaTUM CHTHAJIOB C MAIIbIMU 0a3aMH TPEI0KEHO HCIIONB30BaTh METOJ] «OOPATHBIX MyJbCallUiy ¢
MOIU(PHUIMPOBAHHBIMU BECOBBIMU (DYHKLHSMH, COOTBETCTBYIOLIMMHU CIEKTpaM (pOPMUPYEMBIX CHUTHa-
J0B. BBIUKCIIEHBI MOTEPH HAa PaccoriacoBaHME MPU HMCIOJIB30BAHUU 3TOTO METOAA, MO3BOJISIOLIETO
noctnab YBJI menee -53 b mpu motepsx Ha paccornmacoBanue -0.14 ab mis xkyOmdeckoro crmekTpa
ABTOKOPPEISIMOHHOW (yHKIMK U MeHee -70 nb npu motepsix -0.12 nb ans cnekTpa KOCHHYC B 4YeT-
BEPTOM CTEIIECHHU.
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NONE-LINEAR FREQUENCY-MODULATED SIGNAL
WITH AUTO CORRELATION SPECTRUM FUCNTION
OF CUBED COSINE AND QUARTIC COSINE

K.K. Sevostiyanov, V.S. Okoneshnikov

The problem of signals shaping and compression with square envelope and nonlinear frequency modulation
corresponding to auto correlation spectrum function of cubed cosine and quartic cosine is examined. The signals
shaping algorithm of this type in a form of its phase calculation procedure is proposed and simulation results are
presented for signal shaping and compressing.

The spectrum of none-linear frequency-modulated signals shaped for different bases are performed.

Based on simulation results the values of signals shaping algorithm setup variables were obtained providing
the minimum SLL compressed by the matched signal filter depending on signal base. For small bases
the spectrum of none-linear frequency-modulated signal considerably differs from the assumed one that prevent
from achievement of the same SLL as at weight processing of linear frequency-modulated signals.

Therefore, when we have signals compression with small bases it's suggested to use the «reverse ripple»
method with modified weight functions corresponding to spectrum of shaped signals.

The method gave a possibility to calculate mismatch losses providing achievement of less than -53 dB SLL
at -0.14 mismatch losses for cubic spectrum of autocorrelation function and less than -70 dB at -0.12 mismatch
losses for spectrum of quartic cosine.
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B cmamebe onucaH npoekm no asmomamusayuu rnpoekmuposaHusi ycmpolicme Ha OCHO8e reyamHbIx riam
8 yacmu pa3pabomku cxem 371eKmpuYecKux npuHyunuansHbix. OCHO8HbIE Uesnu rpoekma: paspabomka eOuHbIX
npasus npoekmuposaHusi padUo3/IeKMPOHHbLIX ycmpolicme, 8 cocmag Komopbix 8Xx00sm revyamHble rnamsi,
C MpuUMeHeHUeM cucmeM asmomamu3upogaHHo20 npoekmuposaHusi (CAlIP) e pasnuyHbix nodpasdeneHusix
MAO «HINO «Anmas»; co3daHue 6a3bi anekmpopaduousdenul; coddaHue ueHmpanuloeaHHol b6ubruomeyHol
cnyx6bl (no paspabomke kommnoHeHmos 0nsi CAIP P-CAD 2006, sedeHur0 KOHCMPYKMOPCKUX CrpagoYyHUKO8
u 6a3 0aHHbIx); asmomMamusayusi eblirycka KOHCmMpPYyKmMopcKol OoKyMeHmauuu.

Knroyeenle cnoea: P-CAD 2006, Schematic, PCB, SCH-gpaln, PCB-gbalin, NET-g¢hatin, Coro3s-PLM, 6a3a
OaHHbIX anekmpopaduousdenud.

The paper describes a project on computer-aided hardware engineering based on PC-boards concerning
the development of electric schematic diagram. The main objectives of the project: development of unified engi-
neering rules of radio-electronics composed of PC-boards, with application of computer-aided design system
(CAD) in different divisions of JSC «Almaz» enterprise; database creation of radio-electronic items; build-up
of centralized library service (on development of components for P-CAD 2006, engineering reference books and
database recording); release automation of design and engineering documentation.

Keywords: P-CAD 2006, Schematic, PCB, SCH-file, PCB-file, NET-file, Union-PLM, radio-electronic items
database.

B craTthe omnucaH mpoexkT MO aBTOMATHU3AIMU IPOEKTUPOBAHUS YCTPONCTB HA OCHOBE MEYaTHBIX
IJIaT B YaCTH pa3pabOTKU CXEM DJICKTPUUSCKUX MPUHIUMHAATLHEIX. OCHOBHBIC IIEJIH MTPOCKTA: pa3pa-
0OTKa €TUHBIX MPABIII MPOCKTUPOBAHUS PAAHOIICKTPOHHBIX YCTPOMCTB, B COCTAB KOTOPHIX BXOIAT
MEYaTHBIC TUIATHI, C PUMEHEHHEM CHCTEM aBTOMaTH3MpoBaHHOTO npoektupoBanus (CAIIP) B pas-
mmaHbIX noapasaeneHusx [TAO «HITO «Anmasy; co3manue 0a3bl AIIEKTPOPAIUOH3ACIHH;, CO3/IaHne
[EHTPAIM30BaHHON OMOIHOTEYHOM CiTy)0bI (1o pa3paborke kommonenToB st CAIIP P-CAD 2006,
BEJICHUIO KOHCTPYKTOPCKUX CIIPAaBOYHUKOB W 0a3 JaHHBIX); aBTOMATH3AIlMsl BBITYCKa KOHCTPYKTOP-
CKOU JJOKYMEHTAIIUH.
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HARDWARE DESIGN PROCESS AUTOMATION BASED
ON PC-BOARDS CONCERNING DEVELOPMENT OF ELECTRIC
SCHEMATIC DIAGRAM

T.S. Zharkovskaya, A.V. Shalamov

The paper describes a project on computer-aided hardware engineering based on PC-boards concerning
the development of electric schematic diagram. The main objectives of the project: development of unified
engineering rules of radio-electronics composed of PC-boards, with application of computer-aided design system
(CAD) in different divisions of JSC «Almaz» enterprise; database creation of radio-electronic items; build-up
of centralized library service (on development of components for P-CAD 2006, engineering reference books and
database recording); release automation of design and engineering documentation.
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B cmambe paccMompeHbl cywiecmeayoujue cmpameauu mexHU4ecko2o 0bCryueaHus, U, 8 4acmHocmu,
clenaH akyeHm Ha makoe He socmpebogaHHOE 8 rocredHee 8peMsi HarpaseHue, Kak npeoduKkmueHoe mexHu-
yeckoe obcrnyxueaHue, UCMonb3ywee 8 ceoeli 0CHOBE MEXHO02UU UCKYCCmMB8EHHO20 UHMesnekma u obpa-
b6omku 6onbwux OaHHbIX. [lposedéH aHanu3 nybnukayuli 8 yka3aHHoOU npedmemHol obrnacmu, Komopbil
rokasars, 4mo rnpumeHeHuUe Memo0o8 MawuHHO20 0byyeHus1 Onsi op2aHu3ayuu MmexHU4YecKozo obCryxusaHus
C/IOXKHbIX MHO203/1IEMEHMHbIX U30enull Haxo0um 8cé bosibuwee NpUMeHeHUEe 8 8€0YULUX 80EHHO-MPOMBbIUIEHHbIX
komnaHusix CLUA u Esponbi. B cmamee nipusodumcsi 0630p mexHosioaul u pa3pabomok makux Uu38eCmHbIX
3apybexxHbiX B0eHHO-MPOMbIWIIEHHbIX KoMaHul kak Raytheon, Thales Group, Lockheed Martin.

Knroyeeble cnosa: npedukmueHoe mexHU4Yeckoe obcryXueaHue, MawuHHOe O0byyeHue, B0EeHHO-
npombiwneHHble komnaHuu, Raytheon, DREAMachine, Thales Group, Rafale RBE2, Lockheed Martin, ALIS.

The article examines the current strategies of technical maintenance, particularly the predictive technical
maintenance was emphasized which uses an artificial intelligence technology and big data processing.
The publications analysis on mentioned subject area was performed which demonstrated that application
of computer-aided learning methods for organization of technical maintenance of complex multicomponent items
(products) attract a growing interest in leading US and Europe military-industrial companies. The article reviews
technologies and development works of the known foreign military-industrial companies such as Raytheon,
Thales Group, Lockheed Martin.



Keywords: predictive technical maintenance, computer-aided learning, military-industrial companies,
Raytheon, DREAMachine, Thales Group, Rafale RBE2, Lockheed Martin, ALIS.

TexHuueckoe 00CTy)KUBAHUE CIOXKHBIX TEXHUUSCKHX CHCTEM MpPEIHA3HAYCHO VIS MOJJICPIKaHHs
TpebyeMoro kadectBa MxX (yHKIHOHHpOBaHWS. Ha ceropnsmHuii 1eHb B MHPOBOIl MPAKTUKE CpeIu
CTpaTeruil TEXHUIECKOTO OOCITY)KMBAaHHS BBIICIAIOT CIEAYIONINE OCHOBHBIC HANPABJICHHS: 110 COOBI-
THIO (OTKa3y), perilaMeHTHPOBaHHOE (TIAHOBO-TIPEIYIPEAUTEIBHOR), TI0 COCTOSHUIO. AKTUBHOE pa3-
BUTHE B MOCJICAHUE HECKOJIBKO JIET TEXHOJOTIUI UCKYCCTBEHHOTO MHTEIUICKTa U 00pabOTKH OOJIBIINX
JIAHHBIX MPUBEJIO K MOSBJICHHIO €I OJJHOTO HAIPABICHUS - MPEANKTHBHOTO (TIPOTHO3HOTO) TEXHUYE-
CKOTO 00CITy)KHBaHHsI, B OCHOBE KOTOPOT'O JISKUT IPUMEHEHHE METO0B MAIIUHHOTO O0yUYCHHUS.

Ananu3 nmyOnMKauuii B yKa3aHHOW MpPEAMETHOW 00JacTH IMOKa3al, YTO MPHUMEHEHHE METOJ0B
MAaIIMHHOTO OO0YYeHHMS ISl OPTaHNU3AIMU TEXHUIECKOTO OOCITY)KUBAHHUS CIIOKHBIX MHOTO3JIEMEHTHBIX
M3JIENUA HaXOIUT BCE OOJbIlIe MPUMEHEHHS B BEAYIIMX BOCHHO-TIPOMBINUICHHBIX KommaHusax (BIIK)
CLIA u EBpomsl, Takux kak Raytheon, Thales Group, Lockheed Martin.

B Hacrosmee Bpemst kommanus Raytheon akTiBHO pa3pabaTbIBaeT MPOEKT IO Ha3BaHUEM
DREAMachine. IMpuniun padotst DREAMachine mosket ObITh MpeACTaBICH B CIICAYIONIEM BHIC:

MMIIOPT AaHHBIX MPOM3BOACTBEHHOTO MpOIIECcCa M3 HECKOIbKUX HH()OPMAIIMOHHBIX CUCTEM;

¢$ubTpanys, aHau3 U 00beANMHEHe COOpPaHHBIX JAaHHBIX B €ANHON 0a3e, CBSA3bIBaOLICH HHPOP-
Maluio 0 KOMIIOHEHTaX CHCTEMBI Ha BCEX €€ YPOBHSX;

aHaJIN3 JaHHBIX METOJAMH MAIIMHHOTO O0Yy4eHHs 0€3 YUUTENsl: MMEHHO 3TH METOJbI U alrOPUT-
MbI BBISIBIISIFOT 3HAYMMBIC «TPYIITHUPOBKUY JTAaHHBIX;

MPOTHO3MPOBAHHE BO3MOYKHBIX OTKa30B KaK Ha YPOBHE KOMIIOHEHTOB, TaK U Ha YPOBHE CHCTEMBI
B II€JIOM METOJJaMHU OOYYEHUSI C YIUTEIEM.

Hanbheiiiee pazsutine DREAMachine npenmnonaraer ynydiieHne aaropuTMOB IPOTHO3UPOBAHHS
Y [IPOHM3BOIUTEIIBHOCTH CUCTEMBI.

B Teuenne nocieqHUX ABYX JeT KommaHus Thales 3aHumaeTcst BHEIPEHHEM CHCTEMBbl TEXHHYE-
CKOTO 00CITy>KMBaHUS 10 COCTOsIHMIO J1si camosietoB Rafale RBE2 ¢paniyzckux BBC. Pa3pabarsiBa-
eMasi aBTOMaTH3UPOBaHHas IIaTGopMa B CBOCH OCHOBE MCIIOJIb3YET MOJICIU M aJTOPUTMBI IIPOTHO3H-
POBaHUS TEXHHYECKOTO COCTOSHHS OOOpYIOBAaHHUS 3a CUET aHauM3a MH(OPMAIMH, MOCTYIAIOIMEH C
JATYNKOB BCTPOCHHOT'O KOHTPOJS. AJTOPUTMBI, UCTIONb3yeMble B IUIaTopme, HACTPOEHBI Ha yCTa-
HOBJICHHE BEPOSITHOCTH OTKA30B KaXIIbI€ IMSTh IOJICTOB ISl KaXK0Tr0 dJIEMEHTa 000py/I0BaHuUs, KOH-
TPOJIMPYEMOTO B IIpEJIeax aBHanapkKa.

XapakTepHOH 0COOCHHOCTBIO pa3paboTaHHOW ITATGOPMBI SBISIETCS BOZMOKHOCTD OIPE/ICIICHHS
HOPOTOBOTO YPOBHSI, HEOOXOMMOTO JIJIsl 3aMEHBI OTKa3aBIlero 000pynoBaHus. B nanpHeimem pa3Bu-
THe TIaT(GopMbl OyJIeT HApaBlieHO Ha TIOBBIIICHUE TOYHOCTH MPOTHO3UPOBAHUS OTKa30B 000pYI0Ba-
HHS 32 CYET MPUMEHEHHMS ONpeIeNICHHOro Habopa noka3areneil 3pQpeKTHBHOCTH.

Komnanust Lockheed Martin ucnonbe3yer nmpeAnKTHBHOE TEXHHUUYECKOE OOCIY)KMBAHHE B TaKUX
cBoux npoektax kak C-130J u F-35 Lightning .

JIiist MakcUMU3alK BpeMeHu Oe30TkasHoi pabotsl C-130 B kommnanuu Lockheed Martin npumens-
ercst atgopma SAS. brnaronaps uHpOpMaIU ¢ pactoOKEHHBIX 10 BCEMY CAMOJIETY JTaTYMKaM KOH-
TPOJIS, @ TAKXKE JTAHHBIX OT IMOCTABIIUKOB 3aT4acTeil, MHKCHEPOB KOMITAHUH M 3KCILTYaTHPYIOLIHX Op-
TaHW3alMi, TTOCTYIAIOIINX B €HMHOE LEHTPAIM30BAaHHOE XPAHWIHIIE, IIaTopMa Ha OCHOBE aKTyallb-
HOM MH(pOPMALINK U PETPOCHEKTHBHBIX TAHHBIX JAET IPOTHO3 BBIX0/1A U3 CTPOS JeTajel CaMOJIeTOB.

Jpyroii cucremoi, paspabareiBaeMoit kommanwneii Lockheed Martin, siBisieTcst nradopmanmonHas
cucteMa aBTOHOMHO# noructuku (ALIS) s camonero F-35 Lightning 1. ALIS paccmarpuBaetcst
KOMITAaHUEH KaK OCHOBA yIpaBlieHHs omnepaiusMu F-35, koropas coOupaer u aHaIM3HPYeT JaHHBIE O
COCTOSIHUM M TEXHMYECKOM OOCITY)KUBAHUH KaK OTJEIBHBIX CaMOJICTOB, TaK M BCEro aBHanapka. B co-
cTaBe mporpaMMHOro obecrieuenust F-35 uMeeTcs: NpuiioKeHUe Uil MOHUTOPUHTA €ro TEXHUYECKOTO
COCTOSIHUSI, KOTOPOE TeHEPUPYET KOJIbI COOOIICHUI 0 pabOTOCIIOCOOHOCTH CaMoJIeTa U 3alUChIBAET UX
Ha MOPTaTHUBHBIA 3AIIUIICHHBIH KOMITbIOTEp. [loydyeHHbIe JaHHBIE C KQKIOr0 U3 SKCIUTyaTHPYEMBIX
CaMOJICTOB TIEPEIAl0TCs B €IMHY0 0a3y JaHHBIX, HA OCHOBE KOTOPOW METOJaMH MAalIMHHOTO 00yue-
HHS CHCTEMa MPOTHO3MPOBAHUS M YIPABICHUS COCTOSHHEM MPOTHO3MPYET BEPOSITHOCTH OTKa3a M
OCTaTOYHOT'O pecypca 000pyI0BaHHS CaMoJIeTa.



Pa3paboTka u mpuMeHEHHE aBTOMATH3UPOBAHHBIX TUIATGOPM, PEIIAIONINX 3a1aYH TPEIUKTHBHO-
T0 TEXHHYECKOTO OOCITYKHBAaHUS C MCTIOIB30BaHINEM METOIOB MAIIMHHOTO O0YYEeHHs, 10 MHEHHIO Be-
nynx npennpusituid BIIK, mo3BossieT mOBBICHTh Ka4€CTBO M HAIEKHOCTh (DYHKIIMOHUPOBAHUS, CO-
KpaTUTh 3aTPaThl Ha MPOBEACHHUE OMNEpPAlUi MO TEXHUYECKOMY OOCITY)KMBAHUIO M CHU3UTH MPOCTOU
CHCTEMBI (M3IeITHs).
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CURRENT STATE AND IMPROVEMENT TENDENCY
OF SPECIAL-PURPOSE COMPLEXES MAINTENANCE SYSTEMS
OF LEADING FOREIGN MILITARY-INDUSTRIAL COMPANIES

S.F. Boev, A.A. Rahmanov, A.S. Logovskiy, V.M. Medvedev, A.U. Perlov, A.M. Kazantcev

The purpose of technical maintenance of complex engineering systems is in keeping of required quality
of its functioning. Today, the world practice in technical support strategies highlights the following main directions
according to: event (failure), scheduled (regular preventive) time, condition. The active development in recent
several years of artificial intelligence technology and big data processing has led to introduction of another
direction — predictive (forecasting) technical maintenance based on application of computer-aided learning
methods.

The publications analysis on mentioned subject area was performed which demonstrated that application
of computer-aided learning methods for organization of technical maintenance of complex multicomponent items
(products) attract a growing interest in leading US and Europe military-industrial companies such as Raytheon,
Thales Group, Lockheed Martin.

The Raytheon company now works on development of DREAMachine project. The DREAMachine function-
ing principle can be performed in the following form:

— manufacturing process data import from several informational systems;

— filtering, analysis and fusion of collected data in a single base connecting the information on system
components at all levels;

— data analysis via computer-aided learning methods without teacher: exactly these methods and algorithms
show up the meaningful «grouping» of data;

— forecasting of possible failures both at components level and at the whole system level via learning
methods with a teacher.

The further DREAMachine development stipulates an improvement of predictive algorithms and system
capacity. The Thales company has been introducing for the last two years the technical maintenance system on
condition for the France Air Force Rafale RBE2 aircraft. The designed automated platform basically uses
predictive models and algorithms of equipment technical condition based on data analysis coming from built-in
monitoring sensors. The algorithms that used in platform are adjusted on record of failure probability every fifth
flight for each element of an equipment controlled within aircraft inventory.


https://www.researchgate.net/profile/Tiedo_Tinga
https://www.raytheon.com/sites/default/files/technologytoday/2018/issue1/wp-content/uploads/2018/08/Raytheon_TechnologyToday_Issue1_2018.pdf
https://www.raytheon.com/sites/default/files/technologytoday/2018/issue1/wp-content/uploads/2018/08/Raytheon_TechnologyToday_Issue1_2018.pdf
http://raytheon.mediaroom.com/2019-06-17-Raytheon-testing-AI-to-improve-CV-22-maintenance-planning

The specific feature of designed platform is a determination possibility of threshold level necessary for faulty
equipment replacement. Further, the platform development will be oriented towards increase of prediction
accuracy of failure equipment through application of distinct set of measures of efficiency.

The Lockheed Martin company uses predictive technical maintenance in its projects such as C-130J and
F-35 Lightning Il. For maximizing a fail-safe performance time of C-130 aircraft, the Lockheed Martin company uses the
SAS platform. Due to information from inspection sensors mounted across the cabin and data from SPTA suppliers,
company engineers and service providers coming to the unified central data storage, the platform provides forecasting
on aircraft assembly parts failure based on up-to-date information and product history data.

Another system developed by the Lockheed Martin company is an Automated logistics and integrated system
(ALIS) for F-35 Lightning Il aircraft. The ALIS is considered by the company specialists as a base for F-35 operations
control which collect and analyze data on condition and technical maintenance both of separate fighters and aircraft
fleet. The F-35 software package includes an application for monitoring of its technical condition, which generates mes-
sages codes on operational capability and records it in portable trusted computer. The received data from each opera-
tional aircraft comes to the unified database where the predictive and condition control system forecasts the failure
probabilities and aircraft equipment remaining lifetime via computer-aided learning methods.

The development and utilization of automated platforms solving the predictive technical maintenance tasks
using computer-aided learning methods, according to the leading military-industrial complex specialists, permits
to increase operational quality and reliability, reduce expenses on technical maintenance operations and
decrease a system (item) downtime.
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Paccmampuesatomcsi 80rpoChk! Ha3Ha4YeHUsl, cocmaea, CoO8pPeMEHHO20 COCMOSIHUS U repcriekmus pa3eépmabiea-
HUST 3eHUMHO20 pakemHoeo Komriniekca Patriot 8 CLLUA, Ha egporielickom KOHmMUHeHme u 8 A3uamcko- TUXOOKeaHCKOM
peauUoHe 8 paMKax pa3gumusi 21106arbHoU 3WenoHUPosaHHOU npomusopakemHoli 060POHbI.

Knroueenie cnioea: npomusopakemHasi 060poHa, 3eHUMHbIU pakemHbIl KOMIIIIEKC, pakema-repexeam-yuk,
paduosiokayuoHHast cmaHyusi.

The article examines issues of purpose, composition, current state and development prospects of US Army Patriot
air defense missile system, including its deployment on the US territory, in Europe and Asian-Pacific Region within
the implementation of the European Phased Adaptive Approach (EPAA) program.

Keywords: missile defense, air defense missile system, interception missile, aerospace threats, integrated air
and missile defense system.

B nacrosimee Bpems npasutenscTBo CLIA peanusyeT nporpamMmy 00beIMHEHHON CUCTEMBI ITPO-
THUBOBO3/YIIHON U nmpoTuBOpakeTHo# oboponbl (Integrated Air and Missile Defense — IAMD), koto-
past obecreynT B3aMMOAECUCTBUE PA3TMUHBIX KOMIIOHEHTOB cucteMbl [IBO-ITPO mo Bcemy mupy s
HazexHoU 3amuTel Tepputopun CIHIA 1 X COIO3HMKOB OT PaKETHBIX yJapOB U CPEACTB BO3AYIIHO-
KOCMHMYECKOTO HanaJeHusl pa3auyHbIX TUNOB. OcHOBY oraeBoro xommoneHta [IPO 6moka cocrtaBsar
MIPOTHUBOPAKETHBIE KOMIUIEKCHI, OCYIIECTBISIONINE MepexBaT Ha BepxHeM (cBblime 30 KM) U HIDKHEM
smenone (1o 30 km). IlepexBaT uenell Ha HMKHEM SIIETOHE HPEAINONATAeTCS OCYIIECTBISTh 3CHUT-
HbIMH pakeTHbIMH KoMiutekcamu (3PK) Patriot. 3PK cpenneit naspHoctu Patriot moaudukarmii PAC-1,
PAC-2, PAC-3 npenHazHaueH [Uis OpraHu3andd  OOOpPOHBI  KPYIHBIX —aJIMUHHCTPATHBHO-
MPOMBIIIIICHHBIX [IEHTPOB, BOGHHO-MOPCKHUX W BOEHHO-BO3JYIIHBIX 0a3 OT HamaJeHHs CPeJCTBAMH
TAKTUYECKON aBHAIlMH, a TAKXKE OT MAaCCUPOBAHHBIX YAapOB KPbUIATHIX M OAJUIMCTHYECKUX PAKET Olle-
PaTUBHO-TAKTUYECKOTO HA3HAUCHHS B YCJIIOBHSIX CHJIBHOTO BJIEKTPOHHOTO MPOTHUBOJIEHCTBHUS MPOTHB-
HUKA.

Komrutexcer Patriot kommuiektyroTcst kak 3eHHTHbIME paketaMu MIM-104A/B pa3nuyHbix Mo-
JuuKanui (Uit mopakeHus a3poAMHAMHUYECKHX Lelei), Tak u nporuBopakeTraMmu MIM-104C/D/E u
ERINT (anst mopakeHus: OaUIMCTHYECKHX paKeT Maioro paguyca aerictBus). Bcero 3PK Patriot
HaxXoAWTCA Ha BOOPYKEHUHM JBeHaauatu crpaH-coro3HukoB CIHA. Ilmanupyercs mnocraBka 3PK
Patriot B [lonpmry, IIBenuto, Katap, Pymeiauio. CILA nponomkaioT akTUBHOE COTPYIHHYECTBO CO
CTpaHaMHM, Ha TEPPUTOPHH KOTOPbIX pazBepHyT 3PK Patriot, B mensx ycuiieHHs HAlMOHAIbHBIX CH-
ctem [IBO-ITPO u noBeimeHust 00eBBIX BO3MOKHOCTEH KOMILIEKCA.
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CURRENT STATE AND DEPLOYMENT PROSPECTS
OF PATRIOT AIR DEFENSE MISSILE SYSTEM

V.l. Kolesnichenko, S.V. Golubchikov

At present the US Government implements Integrated Air and Missile Defense (IAMD) program that will
provide interaction of different air and missile defense components all over the world in order to assure reliable
protection of the US territory and its allies from missile and aerospace threats of different type strike.

The missile defense systems that perform interception in upper layer (above 30 km) and lower layer (up to
30 km) form the basis of missile defense architecture.

Target interception at lower layer is provided by Patriot air defense missile systems (ADMS).
The medium-range Patriot ADMS of PAC-1, PAC-2, PAC-3 modifications is intended for protection of large
administrative-industrial centers, naval and air force military bases from assault of tactical aviation, massive attack
of cruise and ballistic missiles (theatre ballistic missiles) in conditions of intensive enemy electronic
countermeasures.

The Patriot systems equipped with MIM-104A/B missiles of different modifications (interception
of aerodynamic targets) and MIM-104C/D/E and ERINT interceptors (engagement of short-range ballistic missile).

Overall, the Patriot systems are in service of 12 US-allied countries. It's planned to fulfill delivery
of the Patriot ADMS to Poland, Sweden, Qatar and Romania.

The US continues active cooperation with countries where the Patriot ADMSs are deployed in order
to strengthen its national air and missile defense systems and increase of the system combat capability.
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Ceun @., bympkattn M. MowHble TBEpaoTenbHble CBY-ycunurtenu. Mep. ¢ aHrnuickoro nop
pea. A.T.H. A A. CyntaHoBa. — M.: TEXHOC®EPA, 2018. — 416 c.

U3paHue ocywecTtBneHo npu nogaepxke AkunoHepHoro obuwectBa «HIMM «Uctok» mm. LWo-
KUHay.

Knwura Brinia B cepuu «Mup paguodIeKTPOHUKI.

B kHHUre paccMOTpPEHBI TPAIUIIMOHHBIC BOIPOCHI, CBSI3aHHBIE C pa3pabOTKOM YCHITUTENEH MOIITHO-
CTH, HAUYWHAS OT TOJIYIEeHUSI MOJIeTiell MpUOOPOB Ha OOJBIIIOM CUTHAJE M 3aKaHUYHBAs UCCIEAOBAHUEM
CyMMAaTOpPOB MOILIHOCTH U METOJOB POEKTUPOBAHMUSL.

Bonbioe BHUMaHKE B M3aHUH Y/ICTICHO PACCMOTPEHUIO (PU3NUECKUX OCHOB MPHOOPOB, (ha30BBIX
IIYMOB, CXEM CMEIIICHUS U TCINIOBOMY IPOCKTUPOBaHMIO. Takke B KHUre 0c000€ BHUMAHKE YACIsCT-
Csl pacCMOTPEHHIO (PyHTaMEHTABHBIX TPUHITUIIOB.

Nznanue 3aTparuBaet 00JIbIIOE KOJIMUECTBO 00IacTel, CBA3aHHBIX C (PH3UKOM MMOJTYyIPOBOIHUKOB
U aKTUBHBIX YCTPOUCTB.

Kawnra npencrasisier mHTEpEC U CHEIUATINCTOB, KOTOPBIE 3aHUMAIOTCS Pa3padOTKON yCHIINTe-
Tl MOIITHOCTH JUI OOpa3loB CIOXHOW TEXHHWKH. B 0COOEHHOCTH 3TO OTHOCHTCS K PAaCCMOTPEHHIO
po0JieM, CBS3aHHBIX ¢ ()a30BBIMHU ITyMaMH, METOJIOB IIPOSKTUPOBAHUS YCUIUTEICH MOIIIHOCTH, CIie-
UUATbHBIX KOHCTPYKLMHA YCUIUTENEH MOLIHOCTH U TEIUIOBOIO MPOESKTUPOBAHHUS.

Taxoxke maHHas KHUTAa MOXKET IMOCITYKUTh B Ka4eCTBE CIIPABOYHOTO IMOCOOMS TMpH YTriTyOiIEHHOM
nzyuyenuun CBY-ycTpoicTs.

Edpemoa M.B., UBaHoB U.M., KypywuH A.A. MopenuposaHue CBY-npn6opoB ¢ nomo-
wbto nporpammbl CST Particle Studio. — M.: COJIOH-lIpecc, 2019. — 332 c.

PeLeH3eHTbI: KaHAa. TeXH. HayK, npocpeccop JLA. Benos;
A-p TexH. Hayk, npodreccop C.J1. MopyruH.

Kuura nocssiieHa MoJeIMpOBaHUIO YCTPOHCTB C HOCUTENSAMHU 3apsiIoB. DTO 3JEKTPOHHBIE JIaM-
TTBI, KITUCTPOHBI, MATHETPOHBI, JIAMITHI OETyIIIel BOIHBI.

MonenupoBanre U MPOSKTUPOBAHNE TAKUX MPHOOPOB BBIMOHSIETCS C MIOMOIIBI0 COBPEMEHHBIX
CUCTEM IMPOSKTUPOBAHUs, B KaueCTBe KOTOpoi aBTopamu BeiOpana cuctema CST STUDIO SUITE wu
eé yruimra CST Particle Studio.

[Iporpamma pa3zpaborana ocHoBaHHOM B 1992 roxy xomnanueit CST, koTopas akTUBHO paboTaer
B obsactu MysbTudusndeckux CAITP CBY.

Kawnra mpennazHavueHa [Isl CHIEIHMATUCTOB, 3aHATHIX B 00JACTH MPOEKTHPOBAHUS 3JIEKTPOHHBIX
CBY npubopos.



