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NMPOBJIEMHbIE BOMNPOCHLI MOCTPOEHUA
CUCTEM U CPEACTB BKO

YK 331.108

LinoPOBAAl 3KOHOMUKA
N ObOPOHHO-TPOMBILLTEHHbIA KOMITIEKC POCCHN

© ABTOp, 2018

H.A. BanykoBa
eedywjuli memoducm, MAO «HIMNO «Anmas», e. Mockea
E-mail: info@raspletin.com

PaccmompeHa npobriemamuka pa3sumusi kKadpoeo2o rnomeHyuarna npednpusimud, obecrieqyusaroujux cozoaHue
cucmem 8030y WHO-KOCMUYECKOU 0BOPOHbI, 8 YCI08USIX UHMEHCUBHO20 pa3sumusi Uughposoli IKOHOMUKU 8 Poccuu.

Knroyesnlie crnosa: asmomamusayusi, obpasosameribHbIe rpoepaMmbl, MoebileHUe Keanugukayuu, npogec-
CUOHaJIbHbIe KOMIemeHyuu, rnpogheccuoHasibHasi nepernodzomoeka, y4ebHbIl nnaH, yugposasi IKOHOMUKA.

The article examines the problematics of human resource development of enterprises manufacturing an air and
missile defense systems in conditions of intensive development of digital economy in the Russian Federation.

Keywords: automatization, educational programs, professional development, professional competence, profes-
sional retraining, syllabus, digital economy.

B craThe mokazaHo, 4TO BO3pacTaroliee HayqHOe U TEXHOJOIMYECKOe Pa3BUTHE BJICUET BHIMbBIBA-
HUE PsiJia KOMIIETEHIUI U CBSI3aHHBIX C HUMH MTpodeccuii, 3aMeHsIeMbIX aBTOMaTH3aIield 1 BHEAPEHH-
€M DJIEMEHTOB MCKYCCTBEHHOTO MHTEIIeKTa. [Ipy 3TOM OHMM M3 BO3MOXKHBIX IIyTeH BO3BpAILEHUS K
NPAaKTUYECKON JESTENbHOCTH 3KOHOMHUYECKH aKTHBHBIX CYOBEKTOB SIBJISIETCS] peanu3anus HuppoBoi
SKOHOMUKH, B TIEPBYIO OYEPEIh, OPUEHTUPOBAHHON HA KOMMEPUYECKYIO COCTABIISIOUIYIO.

AHanu3 NOKa3bIBAa€T, YTO B CKJIAJBIBAIOIIEHCS CUTYAI[MM €IWHCTBEHHBIM pEIICHHEM SBISETCS
MIOCTOSIHHOE TIOTIOJIHEHHE MPO(ECCHOHATIBHBIX KOMIETEHIMH (3HAaHM) paOOTHUKOB, YUHUTBHIBAIOIINX
MPOUCXOJISIINE U3MEHEHUS B cepe MpodecCHOHaTBHOM IesITeIbHOCTH.

Ha npeanpusitusix 000pOHHO-TIPOMBINIJIEHHOTO KOMITIEKCa TPeOyIOTCS a/leKBaTHBIE OCHOBHBIM
HalpaBJICHUSIM AEATEILHOCTH MPEANPHUITHI 00pa3oBaTebHbIE MPOrpaMMBbl MOBBILICHHS KBaTH(HKa-
UM, MPOEeCCHOHANBHON MEPENOArOTOBKH, HEMPEPHIBHOTO NPO(ecCHOHATBLHOIO Pa3BUTHS KaapoB,
HaIpaBJIeHHBIE HA COBEPIIEHCTBOBAHHE HEOOXOIMMBIX PAaOOTHHKAM KITIOYEBBIX KOMIIETEHIIHH, obec-
MEYUBAIOIINX UX TOTOBHOCTh PEAM30BBIBATH COBPEMEHHBIE HAYUHBIE M TEXHOJIOTHYECKUE BBI3OBBI.

Peanuzanus mogoOHOrO METOAMYECKOro Mmoaxoaa KpaiiHe BaxkHa B cdepe OIIK s npeanpus-
THUH, CBA3aHHBIX C Pa3pabOTKON BHICOKOTEXHOJIOTUYHBIX HAYKOEMKHX CHCTEM BOOPYKEHHS, KOTOPBIE
JIOJKHBI COJIep’KaTh B cebe mepenoBble TEHACHIIMN Pa3BUTHS CaAMbBIX Pa3IMYHBIX O0JacTeld HAyKu U
TEXHHKH.
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B kadecTBe mpuMepa mpuBeeH YUeOHBIN TUTaH JOMOTHUTEIHLHONW MPOGECCHOHALHON MTPOrpaM-
MBI TTOBBIIIICHUA KBATM(UKAIIUN U y4eOHBIH M1aH 00pa3oBaTeIbHON MPOTrpaMMEl 10 (JOPMHUPOBAHHUIO
npohecCHOHANBHBIX HABBIKOB, peanmn3yemMbie B [IAO «HIIO «Ammasy.
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RUSSIA DIGITAL ECONOMY
AND DEFENSE INDUSTRY COMPLEX

N.A. Balukova

The article states that the growing science and technological development leads to removal of humber of
competence and profession associated with it, which are substituted by automatization and introducing of artificial
intelligence elements. Herewith, one of the possible ways to retain the practical activity of economically active
entities is implement the digital economy, which is foremost, oriented to commercial constituent.

The analysis shows that in the evolving situation the sole solution is the constant acquisition of professional
competence (knowledge) of employees, considering the ongoing changes in professional activity.

At enterprises of the defense industry complex (DIC), the adequate to main areas of enterprises activity
programs are required: educational professional development, professional retraining, continuous professional
employee development programs, which directed to improvement of necessary to workers key competence
providing their readiness to realize the modern science and technological challenges.

The implementation of such a methodological approach is crucial in DIC sphere for enterprises connected
with development of high-technology science-based weapon systems, which should comprise the advanced
development trends of different science and technology areas.

As an example, the syllabus of additional professional development program and educational program plan
on professional skills shaping, implemented at the PISC «RMA «Almaz» were introduced.

MocTtynuna 17 mas 2018 roga.
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AHAJIN3 CYLLIECTBYIOLLEA CUCTEMbI
UCIbITAHUA BOOPYXEHWUS1 U BOEHHOWU TEXHUKU
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U BOEHHOU TEXHUKH
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B cmamee aHanusupyemcs cywiecmsyrouwasi cucmema UcrbimaHull 800PYKEHUST U B0EHHOU MEXHUKU Ha MeX-
8ud0BOM [IOMUSOHE, @ MmaKXe Hay4YHo-Memoduydeckoe obecriedeHue Ons e€ aKcriepuMeHmarbHolU ompabomku.
Ha ocHoge aHanusza Hedocmamkog cyuecmsyrowel cucmemsl UCTbIMaHul U UMEeIOWUXCS 803MOXHocmel npedrna-
2aromcs nymu co30aHusi UHHOBaUUOHHOU cucmeMbl MOIU20HHbIX UCTbIMaHUl Ha Mexxeudo8bIX ro/IU20HaX.

Knrouesnbie criosa: cucmema nonu2oHHbIX UCTbIMaHul, rnokasamersnu 3¢hghekmusHocmu, HamypHsbil, nonyHa-
mypHbIt, MOOesibHbIU, OyarbHbIU SKCNepUMEHm, 8HympucucmeMHasi UHGhopMauusi, BHeWHemMpPaeKmopHbie U paduo-
mereMempu4yecKue UMEPEHUS.

The article analyses the current testing system of armaments and military equipment at joint service firing range,
and scientific-methodological support for its experimental exercise. Based on shortfalls analysis of the current testing
system and available capabilities the development routes of innovative field-testing system at joint firing ranges were
proposed.

Keywords: field-testing system, performance indicators, full-scale experiment, in-line simulation, model
experiment, duel experiment, intersystem information, extra trajectory and radiotelemetering measurements.

B crarse mpuBoanTCS yriyOJNEHHBIN aHAIN3 CHCTEMBI UCTIIBITAHUN BOOPY)KEHUSI U BOGHHOM TeX-
HUKHY, CYIECTBYIOLIEH B HACTOAILEE BpeMs HA MEXBHUJOBOM IIOJUIOHE. PaccMOTpeHBl cuctema mosu-
TOHHBIX MCHBITAHUM, peanu3yrolas METOJ HATypHBIX MCIBITAHUN, a TaK)KE CUCTEMa, pealu3yromas
OIIBITHO-TEOPETUYECKUI METOJ UCTIBITAHU.

OO00CHOBaHHO TIOKa3aHO, YTO CUCTEMa BTOPOTO THUIIA OCYIICCTBIISIET OLEHKY 3()()EKTUBHOCTH Ba-
pHaHTOB 00EBOr0 MPUMEHEHUS TPYNIUPOBKY, BKIIOYAIOLIEH B ce0sl IITATHBIA HCIBITBIBAEMBINA 00pa-
3ery BBT. IIpu 3TOM, B OTIIMYKE OT CHCTEMBI IIEPBOTO THIA, IIPUMEHSIOTCS BCE TPU M3BECTHBIX BHJIA
SKCIEPHUMEHTA: HaTypPHBIH, OIYHATYPHBIIA U MOJEIbHBII.

B craTtee npeanararoTcs MyTH cO3[aHUS WHHOBAIIMOHHOW CHCTEMBI ITOJIMTOHHBIX MCIIBITAHUN Ha
MEXXBH/IOBBIX ITOJIMTOHAX, JUIIEHHON CYIIECTBYIOIINX HETOCTATKOB.

ba30Byr0 OCHOBY MHHOBAIIMOHHON CHUCTEMBI IOJIUIOHHBIX UCIBITAHUNA COCTABIISIET MPOTPAMMHO-
MaTeMaTn4yeckoe odecneueHre 00pabOTKN JaHHBIX TOJIUTOHHBIX UCTIBITAHHMA.
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ANALYSIS OF CURRENT TESTING SYSTEM OF ARMAMENTS
AND MILITARY EQUIPMENT AT FIRING RANGE,
SCIENTIFIC-METHODOLOGICAL SUPPORT
FOR EXPERIMENTAL EXERCISE OF ARMAMENTS
AND MILITARY EQUIPMENT

V.l. Lobeyko, O.V. Kislov, S.P. Litvinov, S.P. Sokolov

The article states an in-depth analysis of the armaments and military equipment (AME) testing system
available at joint service firing range up to date. The field-testing system, realizing the full-scale method, and
the system that realizes the experiment-theoretical testing method, were examined as well. It was rationalized that
the second type system provides an efficiency variants estimation of grouping combat use, including the organic
tested AME prototype. Herewith, as opposed to the first type system, all three known experiment types were
implemented: full-scale, in-line simulation and model experiments. The development routes of innovative
field-testing system at joint firing ranges, deficient of substantial shortfalls, were proposed in the article. The basis
for the innovative field-testing system is a software-mathematical support of field-testing data processing.

Moctynuna 12 auBaps 2018 roaa.
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Ha ocHose ucrionb3ogaHusi ecex 8udo8 UHGoOpMauuu MOMUSOHHBIX UCrbimaHul  (8HympucucmemHod,
mpaeKkmopHou, paduomesieMempuyeckol), ydumbigasi mpu 3mMom e€ pasHyro UH8apUaHMHOCMb K UCIbIMbIGaEMbIM
cpedcmeam, a makke Ha OCHO8e UCIMOobL308aHUSI (hpeliMosbix modenel Ot cobbimuliHol obpabomku, rpednoxeHa
UHHOBaUUOHHas1 cucmema 06beKmuUBHO20 KOHMPOJIsi Orisi MeXX8UO08bIX M10/IUS0HO8.

Knrouesnble cnoea: cucmema nou2oHHbIX UcrbimaHul, cucmema 06beKMUBHO20 KOHMPOIIsl, BHYmMpucUcmem-
Hasi, mpaekmopHasi, paduomenemempudeckasl UHghopmMayusi.

On the base of all types of using information at firing range (intersystem, trajectory, radiotelemetering information),
considering thus its different invariance to tested capabilities, and on the base of frame models use for event
processing, the innovative system of objective control for joint service firing ranges was proposed.

Keywords: field-testing system, objective control system, intersystem, trajectory, radiotelemetering information.

BaxuneluM yclloBUEM peaiu3alldd WHHOBAallMOHHOW CHUCTEMbl TIOJIMTOHHBIX HWCIBITAHUN
cpenctB Bo3mymHo-kocmudeckux Cuil, obecreunBaromnieil OTHOBPEMEHHOE UCTIBITAHHE Ha MEXBHUJIO-
BOM IIOJIITOHE CUCTEM OOOpPOHBI ¥ CHCTEM HAIAJICHUS B peabHOM JYy3IIbHOM SKCIIEPUMEHTE, SBISETCS
HAJIMYUE COOTBETCTBYIOIICH CUCTEMBI 00BEKTUBHOI'O KOHTPOJIS.

OHa OCHOBBIBAETCS Ha OJJHOBPEMEHHOM HCIIOJIb30BAHUHU BCEX BUJIOB MH(POPMAIMU HOTUTOHHBIX
WCTIIBITAaHUH (BHYTPUCHCTEMHOW, TPACKTOPHOH, TEIEMETPUUYECKO), YIUTHIBAs TIPU 3TOM UX Pa3HYHO
WHBAapUAHTHOCTh K HCIBITBIBAEMBIM CPEICTBaM. UTO MO3BOJSET CO3/1aBaTh JOCTOBEPHYIO COOBITHIA-
HYIO KapTUHY MTOBEJICHUS UCIBITHIBAEMEIX CPEICTB B PEabHBIX YCIOBUAX 00EBOTO IPUMECHEHUIS.

[Ipennoxennas cucteMa 00bEKTUBHOTO KOHTPOJISI 00€CTIeUnBaET HOBBIM YPOBEHB IOCTOBEPHOCTH
1 WH()OPMATUBHOCTH HCHBITAaHUNA. B TOM 4mcie, momydeHre MoiHOro 00bhEMa MH(pOpPMAIH O BO3-
JTyIITHON 0OCTaHOBKE, YBOJIFOITUH MOBEACHUS 00BEKTOB KaK CHCTEMBI HAIIQJICHMSI, TAK U CUCTEMBI 000-
POHBI, a TAKXKE O JEHCTBHUSX UCTBITHIBAEMBIX 00pa3iioB Bo3aymHo-kocmudeckux CHit v Bcel TpyTIIu-
poBku Boznymno-kocmuueckux Cuil, co3gaBaeMoOM JUisl UX KOMIUIEKCHOM OLEHKU Ha MEXBHUIOBOM
MTOJIMTOHE.
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S

OBJECTIVE CONTROL SYSTEM -
THE BASIS OF FIELD-TESTING INNOVATIVE SYSTEM
IN AEROSPACE FORCES

V.l. Lobeyko, A.A. Kudryashov, S.A. Goremykin, S.A. Knyazev

The major condition of realization of innovative field-testing system of Aerospace Forces capabilities, providing
the simultaneous testing of defensive and offensive systems in real duel experiment at joint service firing ranges, is
the presence of corresponding system of objective control. It is based on simultaneous use of all types of information
of firing range tests (intersystem, trajectory, telemetering information), considering thus its different invariance
to tested capabilities. That allows creating credible event-driven behaviour picture of tested systems in real field
conditions. The offered objective control system provides a new level of reliability and informativeness of conducted
tests. Including, obtaining of full volume information on air situation, evolving of objects behaviour of defensive and
offensive systems, and on operations of tested items of Aerospace Forces and all grouping of Aerospace Forces,
formed for its complex estimation at joint service firing range.

MocTtynuna 8 cheBpans 2018 ropa.
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OL|EHKA MO PELUHOCTEN PAOUOTOKALMOHHBIX
N PAOUOMASYHbIX KOPABEJIbHbIX CUCTEM
MHCTPYMEHTAJIbHOU NMTOCALKU
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lpueedeHbi pe3yrnbmambl cmamucmu4eckol 0bpabomku 3apeaucmpupogaHHbIX Ha 6opmy nemamersibHbIX
annapamoe OMKIOHeHUll om 3a0aHHOU mpaeKkmopuu Mpu 6bIfoHeHUU 3axo008 Ha nocadKy Ha asuaHecyuull
Kopabrib Mpu UCnoIb308aHUU pPaduoIoKaUUOHHOU cucmeMbl MUiuMempog8oeo duanasoHa paduososiH U MUKPOBOST-
Hoeoli paduomasidyHol cucmembi rnocadku. NonyyeHHbie pe3yibmambsl Mo2ym 6bimb UCMO0Ib308aHbI Ofsi M08bILUEHUST
moyHocmu u G0CMOBEPHOCMU Cu2Hanoe HagedeHusi rpu rocadke, hopMupyeMbIX 8 an2opummax KOMIIEKCHOU
obpabomku uHgbopmayuu 8 60pmosbIX 8bIYUCIUMESTbHBIX yempolicmeax iemamesibHbIX arnrapamoes U 8bidagaeMbixX
Ha 6opmoeble UHOUKamopb! Uilu 8 cUCMeMy asmoMamu4yecKo20 yrpaesneHust nemamersibHO20 arnapama.

Knroyesble cnoea: rnocadoyHbili paduosiokamop, MUKPOBOSIHO8asi cucmema rnocadku, cmamucmuyeckue
XapakmepucmuKu cugHanose HagedeHUsl, HamypHbIE UCIbIMAaHUSI.

The results of statistical analysis deviations from the trajectory recorded aboard during landing approaches
to aircraft carrier using a milimeter radio wave range radar system and radiobeacon microwave landing system.
The results can be used to improve the accuracy and reliability of landing guidance signals generated by complex
information processing algorithms of onboard aircraft computing devices and given out in onboard indicators or in
automatic control system of the aircraft.

Keywords: landing radar, microwave landing system, statistical characteristics of guidance signals, field
(full-scale) test.

D¢ hekTHBHOCTh TPUMEHEHHSI MOPCKOHM aBUAIMK B 3HAYUTEILHON CTEIEHN 3aBUCHT OT XapaKTe-
PUCTHK WHCTPYMEHTAIBHBIX CHCTEM KopalOeiapHOH rmocaaku. B HacTosIee BpeMs mupoKoe MpuMeHe-
HUE HaXOJAT MOCAI0YHbIE PaAHOIOKAMOHHbBIE KOMITJIEKCHI U CHCTEMBI MUKPOBOJIHOBOM Mocaaku. Jis
pa3paboTUYNKOB OOPTOBBIX HABUTAIMOHHO-TIOCAI0YHBIX KOMITJIEKCOB JIETATENBHBIX ammmapaToB MOp-
CKOW aBHAIMy OOJIBIION MHTEpEC MPENCTABISET XapakTep MOBEACHHs ONMMOOK CHUTHAIOB HaBEICHUS
Ha Pa3HbIX y4acTKaxX INICCAbl 3aX0/a HA MTOCAJIKY B pealbHbIX YCIOBUIX dKCILIyaTalluu.

Pabora mocpsiiieHa MCCIEOBaHUIO CTATHCTUUYECKUX XaPAKTEPUCTHK CHUTHAIOB HABEACHUS TPH
BBITIOJTHEHUH MHCTPYMEHTAITFHOTO 3aX0Jla Ha TOCaAKy Ha KOpaOllb C MCIIOIB30BAaHWEM ITOCAIOYHOTO Pa-
JIMOJIOKAaTOpa M paIMOMasiyHON CUCTEMBI CAHTUMETPOBOTO TMAIIa30HA PaANOBOITH.

IlosydeHBl OLIEHKH CTATUCTUYECKMX XapaKTEPUCTUK CHTHAJIOB HABEAEHUS MOCAJOYHOTO paguo-
JIOKaTopa U CUCTEMbI MUKPOBOJIHOBOW Nocaakh. [locTpoeHs! rpaduuecKkiie 3aBUCUMOCTH BEIUYHH T10-
TPELIHOCTEN CUTHAJNIOB HABEAEHUS OT JAJBHOCTH O PACUETHOM TOYKU MOCAAKU. BBISBIEHBI Xapak-
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TEPHBIE OCOOCHHOCTH TOBECHHS OITHOOK CUTHAJIOB HABEACHUS LISl PACCMOTPEHHBIX CHCTEM U TPE]-
JIO)KEHBI MOJEIHN OIINOOK.

Pe3ynbTarhl OLIEHKH MOTYT HCIOJNB30BaThCA MPU pa3paboTKe alrOPUTMOB KOMIUIEKCHOW oOpa-
0oTku MH(OPMAIUU B HABUTAIMOHHO-TIOCAIOYHBIX KOMIUICKCAX JICTATCIBHBIX allapaToB C IENbIO
MOBBIIICHHS 3G (GEKTUBHOCTH IPUMEHEHHS K TOYHOCTH ITOCAIKH.
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ESTIMATION OF RADAR AND RADIOBEACON INSTRUMENTAL
AIRCRAFT CARRIER LANDING SYSTEM ERRORS

K.B. Amelin, O.l. Sauta

The effectiveness of naval aviation is heavily dependent on the characteristics of the ship's instrument
landing systems. Currently the radar landing systems and microwave landing systems are widely used. Charac-
teristics of guidance signal errors under field conditions on various sites of a glide path draw an utmost interest
for design engineers of onboard navigation and landing systems for naval aviation aircraft. The article relates to
research of the guidance signals statistical characteristics for instrument landing approach to aircraft carrier using
landing radar and radiobeacon microwave landing system. As a result, the estimation of guidance signals
statistical characteristics for landing radar and microwave landing system was obtained. The characteristic curves
of guidance signal errors value versus distance to the estimated landing point have been plotted. The specific
features of guidance signal errors behavior for considered systems have been revealed and error models have
been proposed. The result of estimation can be used for development of complex information processing
algorithms of onboard navigation and landing systems to improve operational effectiveness and landing accuracy.

Moctynuna 1 ¢eBpansa 2018 ropa.
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PACYET ®YHKLIUM [OMPABOK
MPY KOHTPOJIE YAENLHOO COMPOTUBIEHUS
MPOBOASALLMX NNEHOK SATYUKAMM
C NPIMOYIOJTbHbIM PACIIOIOXEHUEM 30HLOB
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OnpedeneHa yHKyuUs1 nonpasok 051 4embipéx30HO08020 Memoda, C MPSIMOY20sibHbIM PacrofoXeHUeMm
30HO008 8 damyuKax, rnpu KOHMposie yOesilbHO20 COMNPOMUBIIEHUST MOHKOMIEHOYHbIX S/IEMEHMO8 UHMezpasibHbIX
MUKDPOCXEM O2paHU4YeHHbIX PasMepos. YCmaHo8NeHOo 81UsIHUE Ha MOYHOCMb USMEPEHUS yOerlbHO20 Cornpomus-
JIEHUS1 MOHKUX MIEHOK PacCmMOsIHUST yOanieHUsi MOKO8bIX 30HO08 OM Hernpo8odAWUX epaHUL, KOHMPOUPYyemMo2o
obpasuya.

Knrouyeenlie csioea: 30HO08blIe MemoObl KOHMPOSs, 4Yembipéx30HO08bIl Memold, damyuKku KOHMPOIs,
UHmMeezpasibHble MUKPOCXeMbI, yOesibHOEe conpomusrieHue, yoesbHOe Mo8ePXHOCMHOE ConpomueneHue, MoHKue
MAEHKU.

The correction relationship for four-probe method was defined, with rectangular probe configuration
in sensors, at control of thin-film components specific resistance of small-scale integrated microcircuits.
The influence of removal distance of current probes from nonconducting limits of controlled sample on measurement
accuracy of thin-films specific resistance was determined.

Keywords: probe control methods, four-probe method, control sensors, integrated microcircuits, specific
resistance, sheet resistance, thin-films.

Onpez[eneHa (1)yHKI_II/I$I IONpaBoOK I YCTBIPECX30HAOBOIO0 METOJA, C NPAMOYTOJIbBHBIM PacCIIOJIO-
KCHUEM 30HIOB B JaTUMUKaX, IIPU KOHTPOJIC YACIBbHOI'O COIMMPOTUBIICHUSA TOHKOIIJICHOYHBIX 3JIEMCHTOB
HWHTETPAJIbHBIX MUKPOCXEM OT'PaHUYCHHBIX pa3sMEpPOB. YcTaHoBIGHO BIHMSHUE HA TOYHOCTH HU3MCPCHUA
YACIABHOI'O COMMPOTUBJICHUA TOHKHUX INICHOK PACCTOAHUSA YAAJICHUSA TOKOBBIX 30HA0B OT HCIIPOBOAA-
UX I'paHULl KOHTPOJIHUPYEMOT'O 06pa3ua. HpI/IBe,Z[eHBI AHAJIMTUYCCKUEC 3aBUCHUMOCTH (bYHKI_II/II/I rnorpa-
BOK IIPpU KOHTPOJIC YACIBHOIO U YJACJIBbHOTO IMMOBEPXHOCTHOI'O CONPOTUBJICHUA JJIA KOHCprKHI/Iﬁ qe-
TBIPCX30HAOBBIX MPAMOYT'OJIbHBIX NJATYUKOB, C PACIIOJIOKCHUCM 30HAOB 110 NEPUMCTPY U3MEPIACMOIr0
IJICHOYHOTI'O 06pa3ua, Q)opMpreMoro B IMPOLICCCC OCAXKICHUA B BaAKyyMC.
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CALCULATION OF CORRECTION RELATIONSHIP AT SPECIFIC
RESISTANCE CONTROL OF CONDUCTIVE FILMS BY SENSORS
WITH RECTANGULAR PROBE CONFIGURATION

A.A. Areshkin

The correction relationship for four-probe method was defined, with rectangular probe configuration in sensors,
at control of thin-film components specific resistance of small-scale integrated microcircuits. The influence of removal
distance of current probes from nonconducting limits of controlled sample on measurement accuracy of thin-films
specific resistance was determined.

The analytical dependences of correction relationship at control of specific and sheet resistance for four-probe
rectangular sensor structures, with probes arrangement along the perimeter of measured film sample, formed during
deposition process in vacuum were performed.

Moctynuna 27 cpeBpans 2018 roaa.
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lMpedcmasrnieHb! pe3ynbmamel NpoekmuposaHus omoesnbHbiX y3noe JIBB W-duana3oHa ¢ 8bix00HOU MOW-
Hocmbo 80 Bm, paboueli nonocoti yacmom 1 [Ty, yckopsirowum HanpsbkeHuem 17.5 kB u koagpgbuyueHmom
yecuneHus 40 8b. PaccmompeH 8orpoc mexHoso2uu usa2omosneHusi 3ameodnsouweli cucmemsi (3C) u coanacy-
OUWUX 311eMeHmMOo8 KOHCMPYKUUU.

Knrouyeenble cnoea: JI6B, munnumempossili duana3oH, 3amednsowasl cucmema, nemissowuli 80/1HO800,
yunuHApu4yeckull My4yokK, MazHUmMHas nepuoduyeckas ¢hokycupytowas cucmema (MINPC), 8600/8b1800 3HEP2UU.

The designing results of separate components of low-voltage W-band TWT are presented. The tube has
80 W CW output power, 1 GHz bandwidth, 17.5 kV accelerating voltage and 40 dB gain. The problems of precise
fabrication of slow-wave structure (SWS) and coupling circuits are considered.

Keywords: traveling-wave tube (TWT), millimeter range, slow-wave structure, folded waveguide, cylindrical
beam, periodic permanent-magnet (PPM) focusing structure, power input/output.

B cratbe mpeacTaBieHbl pe3ybTaThl MPOSKTUPOBAaHUs OTACHBbHEIX y3ioB JIBB W-nuanazona c
BBIXOHOM MomHOCTRI0 80 BT, paboueit momocoit 1 [T, yckopsrormmm Hanpspxkernem 17.5 kB u ko-
addunmentom ycunenus 40 ab.

[Mpennoxkena MOTUPHUIMPOBAHHAS KOHCTPYKIMS 3aMEUISIONICH CHCTEMBbl THIA «IIETIISIONIMN
BOJIHOBOZ». B TpajiWIIMOHHYIO KOHCTPYKLMIO OBUIM BBEJIEHBI HHAYKTHBHBIEC 3JIEMEHTHI B BUIE KOPOT-
KO3aMKHYTBIX OTPE3KOB B E-rutockocTh, 310 0becneumsio TpeObyeMyro Mojocy pabodmx 4acToT HpHU
JIOCTaTOYHO BBICOKOM COMPOTHBIIEHUH CBSI3U.

PaccmoTpens! npo6iieMbl IPELM3MOHHOTO M3TOTOBICHUS 3aMEUISIIOIIEH CUCTEMBI U COTJIacyro-
KX 371eMeHTOoB. [IpeioskeHo oTKa3aTbes OT NalKK OTAENBHBIX AuadparM 3aMeIsIomEel CUCTEMBI, a
TAKX€ BXOJHOTO U BBIXOJJHOTO BOJIHOBOJIOB, ITyTEM U3roTOBJIEHUS y3110B JIBB 13 ennHOl 3aroTOBKHU C
MOCJIEIYIOUIEN TEPMOKOMIIpECCUEN. BbUIM CIIPOEKTUPOBAHBl U PACCUMTAHBI BXOJHOM U BBIXOJIHOM CO-
rylacyronme TpancopMaTopsl A Takol cucteMbl. MakcumanbHoe pacdetHoe 3HaueHue KCBH Beeit
cucTeMmsl (¢ TpanchopMaTOpaMH U OKHAMH BBIBOJIa SHEPTUH) B padoueit monoce 1 ' — 1.07.

IIpenyiokeHbl KOHCTPYKLIIMHA IEKTPOHHO-ONTUYECKOM CHUCTEMBl U MAarHUTHON NEPHOAUMYECKON
(bokycHupyroliei CHCTEMBI.

PacueTrHas BBIXO/IHAs MOITHOCTH B paboueil monoce cocraBuna 80 Bt u pacuernsiit kosddumu-
eHT ycuieHus — 42 nb, 4to B 2.5 pa3a Oouibllle COOTBETCTBYIONIMX BEIWYHH B aHAJIOT'e HA OCHOBE 3a-
Memsronieii cucremsl Trma LICP.
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DESIGNING OF W-BAND TWT WITH 80 W CW POWER

E.A. Bogomolova

The article states designing results of separate components of low-voltage W-band TWT with 80 W CW
output power, 1 GHz bandwidth, 17.5 kV accelerating voltage and 40 dB gain.

The modified slow-wave structure of «folded waveguide» type was proposed. The L elements (inductive)
in form of short-circuited segments in E-plane were introduced into the traditional structure that provided the
required bandwidth at a quite high coupling resistance.

The problems of precise fabrication of slow-wave structure (SWS) and coupling circuits were examined.
It was proposed to avoid soldering of SWS separate irises (diaphragm), and input and output waveguides as well,
through TWT elements fabrication from a single slug with subsequent thermocompression bending. The input
and output matching transformers were designed and calculated for such system. The maximum estimated value
of voltage standing-wave ratio (VSWR) for all system (with transformers and window output) in 1 GHz bandwidth
is 1.07.

The electron-optical system and periodic permanent-magnet focusing structure design were proposed.

The estimated output power in bandwidth comprised 80 W and estimated gain — 42 dB, that in 2.5 times
more than corresponding values in analogue based on SWS of coupled cavities chain (CCC) type.

MocTtynuna 28 mapTa 2018 ropa.
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AHAIIU3 39PEKTUBHOCTU MHOIOOB30PHOIO HAKOINIEHUA
PALIUOJ/IOKALJWOHHBIX CUIHAJIOB
HA OCHOBE NIPEOBPA30BAHUA XA®A
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HaydarbHUK y4ebHoul nabopamopuu kaghedpbi paduomexHudeckozo soopysxeHusi, IBBY MNBO, a. Spocnasnb
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HayvanbHuk PIIC UCAHA JIWL, 929 ITINL MO um. B.I. Ykarnosa, e/4 15650, 2. AxmybuHck, AcmpaxaHckasi oo
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rpogheccop kaghedpbi KOMaHOHBIX MyHKITIO8 3eHUMHbIX pakemHbIx cucmem, SBBY MNBO, e. Spocnaernb
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PaccmompeHbi ocobeHHocmu pearnu3ayuu u nooxoobl K oUeHKe aghghekmusHocmu mMemodoo8 051umeibHo20
MHO0200630pH020 HabnoOeHUs1 Ha ocHose mexHosoaull track-before-detect 8 coepemeHHbIX paduookayUOHHbIX
cmaHyusx. lNokasaHo, Ymo npu oueHke aghghekmugHocmu Memodo8 Heobxo0uUMO y4umbi8amb He MOJIbKO Mpu-
pocm danbHOCMU OBHapy)KeHUsl, HO U GOMOSTHUMEIbHOE MPeuMyu,ecmeso, cesisaHHoe C rnosly4eHuUeM mpaccosol
uHghopmayuu.

Knroyeenie cnoega: criaboompaxarowjue uesnu, nopoza obHapyxeHuUsi, MHO200030pHOe HakorieHue, obHa-
py)xeHue rno Kpumeputo «n u3 k», MemooOsl track-before-detect, npeobpasosaHue Xaghba, sepossimHocmb 0bHapy-
JKeHus, 3oHa deticmausi PJIC, nompebHas 0anbHocmb 06HapyXeHus, a¢ghghekmueHocmb Memooda.

The particularities of implementation and approaches to performance analysis of continuous multi-scanning
coverage methods based on track-before-detect technology in modern radar systems were examined. It was
shown that during effectiveness estimation of methods it is necessary to consider as increment of detection range
and additional advantage connected with obtaining of track information.

Keywords: low-reflected targets, detection threshold, multi-scanning signal integration, «n from k» criteria
detection, track-before-detect, methods, Hough transformation, detection probability, radar coverage zone,
required acquisition range, method effectiveness.

PaccMoTpeHbl 0COOCHHOCTH peann3alii U MOJIXO/AbI K OleHKe d(P(PEKTUBHOCTH METOJOB JIJIH-
TELHOTO MHOT00030pHOT0 HaOIOIEHUs Ha OCHOBe TexHojoruii track-before-detect (TBD) B coBpe-
MEHHBIX PaJHOJOKALMOHHBIX CTAHLIUSX.

Mertonsl TBD pematoT eaunyto 3aaqy oOHapyKEHUS-U3MEPEHNUS, IPH STOM dTarlbl IEPBUYHON 1
BTOPUYHON 00pabOTKH paguoIOKAIMOHHON HH(pOpMaluu oO0benuHsI0TCs. JlocTikeHne Tpedyemoi
MHUHHMAJILHOW yCJIOBHON BEPOSITHOCTH JIOKHOW TPEBOTH B 3THX YCJIOBUSIX 00ECIIEUMBAIOT PE3YIIbTATHI
BTOPUYHON 00paboOTKHU. B cTaThe nmpeanoxeH BapuaHT peann3aliui IPUEMHOTO YCTPOHCTBA Pajnoiio-
KallMOHHOW CTaHIIMM C KaHAJIOM MHOT'00030pHOTO HAOIIIOJICHUSI M PacKphITa CTPYKTypa KaHala, pea-
JM3YIOLIEr0 aJlTOPUTM OOHApYXEeHHUs Tpacc Ha OCHOBe MpeoOpa3oBaHus Xada.

W3noxeH nmoaxof K oueHke 3()(EeKTUBHOCTH METOJOB AJTUTEIHHOT0 MHOTO0030pHOI0 HaOII0/e-
HUs. OXulaeMoe MPEUMYIIECTBO METOJIOB OOBIYHO CBSI3BIBAIOT C YBEJIMUYCHHEM JIaJbHOCTH OOHApy-
xenust PJIC. Ilpu ucnonp3oBaduu anroputMoB 1BD pybexx oOHapyXeHHsS yBEIHMYHMBACTCS 32 CUET
JUINTENTFHOTO HAaKOIUICHHS SHEPTUM CUTHaJoB. PemieHne eanHol 3amadn oOHapy>KEHUA-U3MEPEHHS C
MIOMOIIBIO AJITOPUTMOB MHOT0OO30PHOTO HAKOILICHHUS TIO3BOJISIET OJHOBPEMEHHO C OOHApYyKEHHUEM
[eNu 00eCTIeYNTh 3aBs3Ky TPACCHI 10 IeIH. JTa TpaeKTopHas HH(QOpMAIHsI MOXKET OBITh HCIIOB30Ba-
Ha B JaJbHEWIIEM JIJIs PELICHHUS 3a/1a4 yIIPaBJICHHUS.

[Ipu ouenke 3P PeKTUBHOCTH METOAOB HEOOXOJMMO YUHUTHIBATH HE TOJIBKO MPUPOCT AaTbHOCTU
0o0HapyKeHHs, HO U JIOTIOJIHUTEIbHOE KOCBEHHOE MPEUMYIIECTBO, CBI3aHHOE C MOJYYEHUEM TPacco-
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Boii uHpopmanuu. Hanmume Takoit mHGOpMAK NMPUBOAUT, HAIPUMED, K AOTIOIHUTEILHOMY YBEJIH-
YEHHIO pyOexel BblIauM LeJeyKa3aHus M0 ClIabo0Tpa)aroluM LeJsAM. B psane ciaydaeB 3T0 MOXET
MMETh pelIarollee 3HaUCHHUE 71 BHIITOIHEHHS IOCTaBJICHHOM 3aauu.
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PERFORMANCE ANALYSIS OF MULTI-SCANNING SIGNAL
INTEGRATION BASED ON HOUGH TRANSFORMATION

A.V. Golubev, S.A. Egorov, A.B. Silantyev

In this paper, we consider some special aspects of implementation and approaches to estimation of continu-
ous multi-scanning coverage methods based on track-before-detect (TBD) technology in modern radar systems.

The TBD methods solve the integrated problem of detection-measurement while the stages of primary and
secondary processing of radar information are combined. In such conditions the secondary processing results
provide the minimum conditional probability of false alarms. In the paper we offer a variant for implementing the
radar receiver with multi-scanning channel. In addition, we show the structure of the channel realizing the track
detection algorithm based on the Hough transformation. We give an approach to methods effectiveness
estimation of continuous multi-scanning observation. The expected benefit of the methods is usually associated
with detection range of radar system. If TBD technology were used, the detection range would be increased due
to continuous accumulation of signal energy. The solution of the integrated problem of detection-measurement
using the algorithms of multi-scanning integration provides track initiation simultaneously with target detection.
This trajectory information may be used thereafter for solving the problem of control.

By estimating the methods effectiveness, it is necessary to consider not only detection range gain, but also
the side benefit related to obtaining of track data. Availability of such data can lead, for example, to additional
increase of targeting range for targets with a small radar cross section (RCS). In some cases, this can play
a pivotal role for accomplishing of assigned task.

MocTtynuna 12 anpens 2018 roaa.
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Yeaxaembie yumamenu!

Peanusauma BOEHHO-TEXHUYECKOW MONWUTUMKU rocydapctBa B obnactm co3gaHust CRoXHbIX
HaAYKOEMKUX TEXHWYECKMX CUCTEM HaMpsIMyld 3aBUCUT OT YETKO CHOPMMPOBAHHOIO rocygap-
CTBEHHOro 060POHHOrO 3aKkasa.

CnenyeT nmeTb B BUAy, YTO NpU NPUHATUN peLleHns no hopMmMpoBaHmMio rocobopoH3akasa
OAHMM N3 OCHOBHbIX KpUTEPUEB ABMSETCH KPUTEPUN «3D(PEKTUBHOCTL-CTOUMOCTbY.

N ecnn ocHOBHOE HamnosIHEHWE HaLlero XypHana BKMo4vaeT maTepuansl, CBA3aHHbIE C UC-
cnefoBaHUsIMU, HanpaBneHHbIMU Ha CO3[aHNe BbICOKOI(MEKTUBHLIX 06pa3LOB NepCcrekTUBHON
TEXHUWKN, TO CTOUMOCTHasi npobnemarturka 3a4acTyto OCTaeTCs BHE HaLLEero nons 3peHus.

B cBA3W C 3TUM pedakums XXypHana npegraraeT cBouM yYuTtaTenam cratbio [locukosa B.C.
«AHTM3aTpaTHbIE CTUMYMbI B LleHOOOpa3oBaHNM Ha NPOAYKLMIO BOEHHOIro Ha3Ha4veHusi: BONpoChl
MEeTOA0MNorMm 1 Xo03sMCTBEHHON NpakTuky npeanpuatuin OMNK», B KOTOpor aBTOpPOM npeacTasne-
Hbl pesynbTaTbl aHanm3a onbiTa 060CHOBaHUA LIEHOOOpa3oBaHMSA MpU 3aKIYEHMM rocyaap-
CTBEHHbIX 000POHHbIX KOHTPAKTOB B Poccun 1 3a pybexxom.

Y[K 338.5

AHTU3ATPATHBIE CTUMYJbI B LEHOOEPA30BAHUU
HA MPOAYKLUKO BOEHHOIO HASHAYEHUA:
BOIMPOChI METOOOMMHU U XO35UCTBEHHOW MPAKTUKU
MPEQMNPUATHN OfK

© ABTOp, 2018

B.C. OocukoB O0OKMOp 3KOHOMUYECKUX HayK,
Oupexkmop Lienmpa skoHomu4yeckozo ¢hakyrnbmema MI'Y
10 3KOHOMUYecKUM uccriedosaHusim npobnem pazsumusi OFK, MY um. M.B. JlomoHocosa, 2. Mockea
E-mail: vdosikov@econ.msu.ru

B cmambe 0606weHbl meopemuko-memodonoaudeckue nodxoobl K UeHoobpa3osaHuto Ha MpoOyKYU
B80€HHO20 HasHauyeHusi, npouseodumyro npednpusmusamu OFK, u nposedeH cpasHUMeENbHbIU aHanu3 npakmu-
4ecKoeo orbima, HaKonmeHHo20 8 coomeemcmeyroujell npedmemHol obnacmu uccredosaHull 8 Poccuu u 3a
PYBEXOM, KOHMEKCMHO K (hOpMUPOBaHUID aHmu3ampamHbIX Cmumysios npoussodcmea obpasyo8 e00pyxeHul
U 80eHHoU crieyuarnbHOU MexHUKU.

Kmroyesble crnoea: yeHoobpasogaHue, npodyKyusi 80EHHO20 Ha3Ha4YeHUs, aHmusampamHble CmuMyIsibl,
060POHHO-MPOMBIWIIEHHBIU KOMIIEKC, Memodonoausi, X038UCmeeHHasi npakmuka, 20cy0apcmeeHHbIl 060pOH-
HbIl 3aKa3.

The article generalizes the theoretical and methodological approaches to pricing on military-purpose
products produced by enterprises of defense-industry complex (DIC); and the comparative analysis of practical
experience, accumulated in the corresponding subject field of research works in Russia and abroad, contextually
to the formation of anti-cost incentives for production of weapons and military special equipment, was performed.

Keywords: pricing, military-purpose products, anti-cost incentives, defense-industry complex, methodology,
economic environment (practice), state defense order.

JeiicTBytomass HopMaTUBHO-TIpaBoBasi 0a3a Poccuiickoii denepannn 3aKOHOAATENFHO yCTAHAB-
JMBAET MEPEeYeHb METOAOB, UCIOJIB3YEMbIX B OOOCHOBAaHMHU LIEH T'OCYAapCTBEHHBIX KOHTPAKTOB, 3a-
KIJIFOYaeMbIX C €IMHCTBEHHBIM ITOCTABITUKOM (TTOAPSATIUKOM). Tak, cratbeid 22 deneparbHOro 3aKOHA
ot 5 anpenst 2013 rona Ne 44-D3 «O KOHTpaKTHOH cucTeMe B cpepe 3aKylmoK ToBapoB, paboT, yciuyr
Ut obecrieueHHs TOCYIapCTBEHHBIX U MyHHLUIIAJIBHBIX HYXKI» MpeaycMarpuBaercs 5 (MaTh) OCHOB-
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HBIX METOJIOB, HCITOJIE3YEMBIX JIJIS eJIel OnpeaeieHUsI 1 00OCHOBAHHMS 3aKa3YUKOM HadaIbHOH (MaK-
CHUMAJTBHOI) IIEHBI KOHTPAKTA, 3aKIF0YAEMOT0 C €IMHCTBEHHBIM ITIOCTABIIUKOM (TTOAPSAIAKOM):

— METOJ] CONIOCTaBUMBIX PHIHOYHBIX IIeH (aHAJIM3a PHIHKA);

— HOPMAaTHBHBIN METOI;

— Tapu(HBIA METOS;

— NMPOEKTHO-CMETHBIN METOI;

— 3aTpaTHBIM METO/I.

Kaxxapiii u3 ykazaHHBIX METOJIOB UCIIOJIb3YETCS B COBPEMEHHOW MPAKTHKE CYOhEKTOB X03HCTBO-
BaHUS Pa3BUTHIX CTPaH U COOTHOCHUTCA C MHPOBBIM OIIBITOM, HAKOIUICHHBIM Pa3BUTHIMH CTpaHAMHU
MIPUMEHHUTENBHO K MPEIMETY UCCIICIOBAHNS.

B crathe [locukoBa B.C. « AHTH3aTpaTHBIE CTHMYJIBI B IIEHOOOPA30BaHUM HA MPOYKIIUIO BOCH-
HOTO Ha3HAYCHHUS: BOIPOCH METOMOJOTHH W XO3sSHCTBEeHHOW mpakTuku npeanpustuii OITK» mpuBo-
JIUTCS COAEPKATENbHBIA aHAIU3 YKA3aHHBIX METOJOB, MCXOAS U3 NEUCTBYIOLIEH OTEYECTBEHHOU H
MUPOBOI MPAKTUKU, & TAKXKE MPAKTUYCCKOTO OMbITA CYOBEKTOB XO3SMCTBOBAHUS — UCIOJHUTEICH
rOCyJapCTBEHHOIO0 0OOPOHHOTO 3aKa3a, MOCTABIISIONIMX MPOIYKIIMIO BOGHHOTO U JTBOWHOTO Ha3HaYe-
HUS, 1 000CHYETCSI BEIOOP KOHKPETHBIX METOAOB IIeHO0Opa3oBaHus, (JOPMUPYIONINX aHTU3AaTPATHEIE
CTHMYJIBI Y IPEATIPUATHI BEICOKOTEXHOJIOTHYHBIX OTpaciell 000pOHHOM MpoMBIILIeHHOCTH Poccu.
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ANTI-COST INCENTIVES IN PRICING
ON MILITARY-PURPOSE PRODUCTS: METHODOLOGICAL
AND ECONOMIC ENVIRONMENT QUESTIONS OF DEFENSE
INDUSTRY COMPLEX ENTERPRISES

V.S. Dosikov

The existing rules and regulations of the Russian Federation specify by law the methods list, used in substanti-
ation of government contracts prices concluded with the soul Supplier (Contractor). Thus, the 22 Federal Law article
Ne44-FL «On contract system in procurement of goods, works and services sphere for government and municipal
need» dated on April 5, 2013 stipulates the five basic methods used for determination and substantiation by
the Customer of initial (maximum) contract price concluded with the soul Supplier (Contractor): analogy cost
estimating method, engineering cost estimating method or engineering build-up method, tariff pricing method,
price-cap method, cost plus pricing method.

Each of the mentioned methods is used in today economic entities practice of developed countries and is
associated with the global experience accumulated by developed countries as for the research subject.

The V.S. Dosikov Article on «Anti-cost incentives in pricing on military-purpose products: methodological
and economic environment questions of defense industry complex enterprises» states the substantial analysis
of mentioned methods with regard to existing indigenous and world practice, and operational experience of economic
entities — the state defense contract acceptors delivering the military-purpose and dual-purpose products, and
selection of certain pricing methods is rationalized which form an anti-cost incentives among high-technology
enterprises of the Russian defense industry.

MocTtynuna 14 HosGpsa 2017 ropa.
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Yeaxaembie yumamenu!

A dheKTNBHOE NPUMEHEHNE CUCTEM U KOMMNEKCOB BO3AYLLIHO-KOCMUYECKOW OBOPOHBI Onpe-
[EensieTcss KayecTBOM NpOAYyKUMW, CO34aBaeMoin NpeanpusiTUs MU OTEYECTBEHHOTO OBGOPOHHO-
MPOMBbILLIIEHHOTO KOMMNJIEKCa.

MoBbileHVe KayecTBa NPOAYKLUMW, COOTBETCTBME €€ XapaKTEePUCTMK 3afdaHHbIM TaKTMKO-
TEXHUYECKMM TPeGOBaHWSM BO MHOIOM 3aBWCUT OT OpraHusauum Ha paspabaTbiBarowmx
1 MPOU3BOASLLMX NPEANPUATUSX CUCTEM MEHeIKMEHTA KayecTBa, GepexnmBbIX MPON3BOACTBEH-
HbIX CCTEM M CUCTEM MEHEeKMEHTa GepexriMBoro Npon3BoACTBa.

MeToauyeckne noaxonbl, HanpaeneHHbIE HA MOBbLILLEHWE KavyecTBa U HagEXHOCTU NPOoaykK-
UMK, pacrnpefenéHHble No KU3HEHHOMY LMKy BOOPYXEHWUSI U BOEHHOW TEXHWKM, COKpalleHue
n3gepxek NpeanpuUsTUA, NPON3BOAALLMNX 0OOPOHHYIO NPOAYKLMIO, PACCMOTPEHbI B LIUKIE, COCTO-
AILLeM 13 TPEX cTaTtel, koTopble ByayT onybnmkoBaHbl Ha4YMHas C TEKYLLEro BbiNycKa XypHana.

MpencraBnsiemMble BalleMy BHUMaHWIO NyGnuvkauum MOryT okasaTbCsl KpalHe Moryie3HbIMU
crneuyanvcTam, CBs3aHHbIM C CO34aHNEM MepCnekTUBHBLIX 06Pa3LIOB CMOXHBIX CUCTEM BOOPYXKe-
HUS, K KOTOPbIM, B NEPBYIO 04Mepeab, OTHOCATCSH CUCTEMbI BO3[YLLHO-KOCMMUYECKON 0GOPOHbI.

YK 658.012.2

MPOrPAMMHO-LIENEBOM 1OAX04
K CHYXXEHWIO U3LEPXEK MPON3BOLCTBA
U MOBbILLEHMIO KAYECTBA MPOAYKLMU
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Paccmampusaromesi npobrieMHble 80Mpockl, npensmemeyrowue 3¢hghekmusHoMy rMpUMeHeHU KoHuenuyuu be-
PEXIIUBLIX MPOU380OCMBEHHbIX cucmeM 8 npakmudeckoll dessimernisHocmu AO «KoHuepH BKO «Anmas — AHmel» u
e20 npednpusimud.

Knrouesnblie cnosa: bepexrnugoe rpou3soocmeo, U30EPKKU, Ka4ecmeo, HaOEXXHOCb.

The article considers the problems inhibiting effective application of lean manufacturing systems conception in
practice of JSC «Almaz — Antey» Air and Space Defense Corporation» and its enterprises.
Keywords: lean manufacturing, outlay, quality, reliability.

Hauwunas ¢ wrons 2015 r., ¢ MoOMeHTa BBIXOJa TUPEKTUBHI 3amectutens lIpencemarens IlpaBu-
tenbeTBa PO J1.0. Parozuna Ne 3666m-1113, Ha npeanpusatusx 060pOHHO-IIPOMBIIUIEHHOTO KOMILIEK-
ca pa3BepHYTHI PaOOTHI 10 BHEJPEHHIO cUcTeM OepexiBoro nponssojcTsa (BIT).

Benercst pazpaboTka, BHEIpEHUE U anpoOanus KOMIUIEKCa Mep TepeyuHsl MEpONpHTHIl, HalpaBs-
JICHHBIX Ha OpPTraHU3altIo, pa3paboTKy MPOEKTOB U BHeApeHue cucteM bl ¢ ompenenennem meneBbIx
3HAUEHU MMOKa3aTenel peanu3ay yKa3aHHbIX MEPONIPHUATHH.

Opnako, KaKk MoKa3asa MPaKTHKa, B OOJBIIMHCTBE CilydaeB paboTa HOCHUT (hOpMaNbHBIN Xapak-
Tep, B XO/€ KOTOPOH paccMaTpUBAIOTCA M (DPUKCHPYIOTCA TOJBKO MPOOIEMBI, HAXOAAIIUECS Ha TI0-
BEPXHOCTH.
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B cropoHe ocTaloTcsi KOMIUIEKCHBIE BOIPOCHI OLICHKH U MOBBIMICHUS PE3yIbTaTUBHOCTH MPOH3-
BOJICTBCHHOM JICSATEIBHOCTH MPEIIPHUITHH, TPEkK/IE BCEro KACAIOUINECs TaKMX BHUIOB M3JECPIKEK, KaK
YCIIOBHO TIOCTOSIHHBIE PAacXOJIbl, 3aTpaThl Ha oOecrieueHrne KadecTBa BBITYCKaeMOil 000pOHHOIT mpo-
JOYKIMU U BOCCTAHOBJIEHHE €€ paboTOCIIOCOOHOCTH.

B nexoTopom cmpicie nesrenbHOCTH B o0mactu BII mpeBparaercst B KaMIaHuio, pe3yabTaThl KO-
TOPOI1 He BCeT/1a OPUEHTHPOBAHBI HA KOHEYHBIC LIENTH MIPEATIPUSATHI.

Hcropuueckr mogoOHast CUTyalysl OBTOPSET KAMIIAaHUIO B YaCTH peai3aliy CTaHIAPTOB CEpUr
HCO 9000, 9100 B Buge CMK npeanpusaruii, KoTopas Ha npakTHke cBenach B cepTuduranun CMK,
YTO JaJeKO HE CHHOHNM Ka4eCTBa M HaJISKHOCTH ITPOTYKIIUH.

B mpennmaraemoii craTthe M37I0KEHBI HEKOTOpPBIE MOJXOABI M MPAKTUYECKHE MaTepHallbl, IO pe-
3yJNBTATUBHOCTH JAEATEIBHOCTH MPEANPUSTHH, MO3BOJISIONINE PACIIMPUTH 007aCTh MEPOIPUATHH 11O
BHEJIPEHHIO OCPEKITNBBIX IPON3BOJCTBEHHBIX CHCTEM.
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PROGRAM-AND-GOAL-ORIENTED APPROACH TO COST
REDUCTION AND PRODUCTS QUALITY IMPROVEMENT

S.N. Ostapenko, V.A. Lapidus

Beginning from June 2015, when the vice-chairman of the Russian Government D.O. Rogozin letter of order
Ne 3666p-P13 had been released, the works on introduction of lean manufacturing (LM) systems at defense industry
complex enterprises have been initiated.

The range of measures development, introduction and testing on events list is carrying out which are oriented
to organization, projects development and introduction of LM systems with designation of target indicator values
in implementing of the mentioned events.

However, in practice, the work generally has a formal feature that stipulates consideration and registration
of shallow problems.

The integrated issues of estimation and increase of enterprises manufacturing activity effectiveness stand on the
sidelines that connected primarily with the following outlays such as semi-fixed costs, defense products quality-related
expenses and its recovery.

To some extent, the activity in LM area turns into campaign the results of which are not always oriented to final
objective of an enterprise.

Historically, such situation repeats the campaign in standards realization of ISO 9000, 9100 series in form
of Quality Management System (QMS) of enterprises which in practice resulted to QMS certification that far from
the synonym of products reliability and quality.

The article states some approaches and practical information, as for enterprises activity effectiveness, permitting
to expand the events area in introduction of lean manufacturing systems.

Moctynuna 24 auBapsa 2018 roaa.
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N3MEPUTEIIU TAPAMETPOB ITACCUBHbIX ITOMEX

© ABTop, 2018
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Memodom makcumarnbHo20 rpasdornodobusi CUHMeEe3Upo8aHbl an2opummel UBMEPEHUS rnapamempos fnac-
CUBHbIX MOMEX — KO3hhuyueHmMos mexnepuodHol Koppensauyuu u dorneposckozo cdeuza ¢pasbl. [NpusedeHbl
CMpyKmMypHble cxeMbl usmMepumernel, NoCMpPOEHHbIX Ha OCHOBE CUHMEe3UPOBaHHbIX an2opummos U3MepeHUs.
lMpogedéH aHanu3 MOYHOCMU U3MEPEHUsT 8 3a8UCUMOCMU OmM KOPPessyUOHHbIX ceolicme rnomexu u obbéma
obyyaroweli 8bI6OPKU. Pe3ynbmambl UMUMAaUUOHHO20 CMamucmu4yeckoe2o ModenuposaHusi rnodmeepounu
acuMnMmomuyeckyro 3ghgheKmueHOCMb MosTydaeMbiX OUEHOK UCKOMbIX rapamempos nomexu.

Knroyeeble cnoea: aneopummbl UsmepeHusi, 0onneposckasi ghasa, KoaghgpuyueHmsl Koppensyuu, obyyaro-
wasi ebIbopka, naccusHble noMexu, CmpyKmypHble cxembl udmepumersiell, MOYHOCMb U3MEPEHUSI.

Using the method of maximum likelihood the algorithms for measuring the clutter parameters — interperiod
correlation coefficient and the Doppler phase shift were synthesized. The block scheme of meters constructed
on the base of the synthesized measurement algorithms were performed. The measurement accuracy analysis
depending on the correlation clutter properties and the volume of training sample was conducted. Statistical
modeling simulation results confirmed the asymptotic efficiency of the resulting estimates of the desired clutter
parameters.

Key words: measurement algorithms, Doppler phase, correlation coefficients, training sample, clutter,
meters structural schemes, measurement accuracy.

B craTbe MeTOJ0OM MaKCUMAaJIbHOTO MPAaBAONOA00UsT CHHTE3UPOBAHBI ATOPUTMBI H3MEPEHUS Ta-
paMeTpoB MACCHUBHBIX OMEX — KOA(P(PHUINEHTOB MEKIIEPUOIHON KOPPEISILIUK U JOIUIEPOBCKOTO CABH-
ra (asel 3a nepuoJ MOBTOpeHus. BeneHa QyHKIMs NpaBaonoao0us AJisi HICXOAHBIX OTCYETOB Tayc-
COBCKOH TIacCMBHOM MoMeXxu. B pe3ysnbrarte perieHus: COOTBETCTBYIOIINX YPaBHEHUH MPaBIomnon00us
MOJTY4Y€Hbl KOHEYHBIE aITOPUTMBI U3MEPEHUS KO3()(HUIIMEHTOB MEXIIEPHOAHON KOPPEISLMH U OILIe-
POBCKOro caura (ha3bl IOMEXH.

IIpuBeneHsl CTPYKTYpHBIE CXEMBI U3MEPHUTENIEH OLIEHOK COOTBETCTBYIOIIUX MapaMEeTPOB MacCCHB-
HOU TIOMEXH, KOTOPbIE MOT'YT OBITh HCIOJIb30BAHBI B aJaITUBHBIX PEKEKTOPHBIX (DUIIBTPaAX.

IIpoBenén aHaaM3 TOYHOCTH OLIEHUBAHMS NCKOMBIX AapaMETPOB MACCHBHOM MOMEXU B 3aBUCUMO-
cTH OT 00beMa oOydaromieil BBIOOPKH U KOPPEISIIMOHHBIX CBOWCTB MoMexu. CpaBHEHUE PE3yNIbTaTOB
pacyeToB W NMPOBEAECHHOIO UMHUTALMOHHOTO CTATHCTHYECKOTO MOJIEIMPOBAHUS MOATBEPIUIO aCHMII-
TOTUYECKYIO 3((EKTUBHOCTD MOIYYAEMbIX OLIEHOK KOPPEJSILIMOHHBIX IaPaMETPOB NOMEXH.
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PASSIVE JAMMING PARAMETERS METERS

D.l. Popov

Using the method of maximum likelihood the algorithms for measuring the clutter parameters — interperiod
correlation coefficient and the Doppler phase shift over period repetition were synthesized in the article. The likelihood
function for reference counts of Gaussian clutter was introduced. Upon solution of corresponding likelihood equations,
the terminating measurement algorithms of interperiod correlation coefficients and Doppler phase clutter were obtained.

The block diagrams of corresponding count clutter parameters meters, that may be used in adaptive rejecter filters
were presented.

The analysis of estimating accuracy of required clutter parameters was carried out, depending on the volume
of training sample and correlation clutter properties. The comparison of calculations results and conducted statistical
modeling simulation confirmed the asymptotic efficiency of obtained clutter correlation estimates.

Moctynuna 4 uroHsa 2018 roaa.
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Cmambs nocesiujeHa cpasHEeHUIo PasfuyHbIX annapamHbiX peanu3ayuli 8eKMOPHbIX peaysisimopos8 acuH-
XPOHHO20 3riekmporpueoda, ¢ MOYKU 3PEHUs Kadecmea yrpasneHus, mpebyemoz2o obréma pecypcos 1/INC
U MakcumasibHoU Yacmomasl cuHme3sa. PaccMompeHb! peayrnsimopsbl, NocmpoeHHsle Ha base ¢unbmpa Kanmvaxa
u Habnrodamens JlloeHbepeepa, peanu3osaHHble Kak npu nomMowu obbl4YHbIX onepauyuli Had UMMyibCHO-KOO080-
MOQYUpPO8aHHLIMU CU2Hanamu, mak u npu foMouwu UMMYbCHbIX Mamemamu4yeckux onepayuli Had cuema-
denibma MoQynupoB8aHHbIMU Cu2HaaMu, a makxe KomMbuHauyuu amux memodos. B pe3ynbmame cpasHeHUsl
cOenaHbl 8bI800b1 06 0b61aCMU MPUMEHEHUSs1 Kax0020 U3 pacCMOMPEHHbIX peayrsimopos.

Knroyesnle cnoea: sekmopHoe ynpasrneHue, ¢punbmp KanmaHa, counsmp JlroeHbepaepa, MNJ/INC, mampuy-
HbIl corpoyeccop, UMIynbCHbIe MameMamuyecKkue ornepayuu.

The article states the comparison of different hardware implementation of asynchronous electric drive vector regu-
lators from the viewpoint of control quality, required FPGA resources volume and maximum frequency synthesis. The
regulators based on Kalman filter and Luenberger observer, realized as by using standard operations with pulse-coded
modulated signals and by using pulse mathematical operations with sigma-delta modulated signals, and by combination
of these methods were examined. The comparison results lead to conclusion on application area of each examined
regulator.

Keywords: vector control, Kalman filter, Luenberger filter, field programmable gate array (FPGA), matrix
co-processor, pulse mathematical operations.

B pabote cpaBHUBaKOTCS J1Ba MOAXOAa K CO3JaHUIO BEKTOPHBIX PETYJISATOPOB ACHHXPOHHOTO
anekTponpuBona Ha 0aze [IJIMC. IlepBblii MOAXOJ] 3aK/IFOYAETCS B HMCIOIB30BAHUM B KAaueCTBE
HaOIroaTeNsl MOTOKOCUEIUICHHsT paciuupeHHoro ¢guibrpa KanMaHa, pealn30BaHHOIO NPH MTOMOILU
pa3paboTaHHOTO aBTOpaMU MaTPHYHOTO colpolieccopa, coBMecTHO ¢ IIM-perynaropamu u BeKTOp-
HBIMHU MIPe00pa3oBaHHUAMH, PEATU30BAaHHBIMU TPH TTOMOIIH UMITYJILCHBIX MaTeMaTHUYECKUX ONepamnii
(MMO). Bropoii noaxon oTauyaeTcsi NCHOIb30BaHUEM paclIMpeHHoro HaOmwonarens JlroenOeprepa
BMecTo ¢uibTpa Kanmana, 4To mo3BossieT 00ecneunTh annapaTHylo peaan3annio BCeX KOMIOHEHTOB
CHCTEMBI YIIpaBJIEHHUS 3JeKTponpuBofoM Ha 6aze MMO. B xome mccienoBaHHS paccMaTpHBAIOTCS
ocobeHHOCTH paboThl HabIIOAATENEl B YCIOBUSIX BHEIIHUX BO3MYIICHUH, LIYMOB M3MEPEHHUS AaTUH-
KOB TOKa W HETOYHOCTEH ompejeseHus napaMmeTpoB apurarens. CpaBHEHHE 000MX IMOAXOAOB MPOU3-
BOJINTCS KaK C TOYKH 3PEHHS KadyecTBa YIIPaBIIEHUS, TaK M C TOYKU 3peHHs Tpebyemoro oObema pe-
cypcoB ITJIMC. Ilo pe3ymbpraramM CpaBHHUTEIHHOTO aHATN3a JEIAIOTCS BBIBOJ O TOM, UTO ISl pabOTHI
CHCTEMBI B IIMPOKOM JIMAla30He CKOPOCTEH CIIEAYeT UCIOJIb30BaTh HaOM0AaTe b NOTOKOCIETIIICHUS
Ha 0aze uibTpa JlroenOeprepa. OH TOYHO OTpadaThIBAET 3aJaHKME MO0 CKOPOCTH JaXKe MPH HATHMYUH
BHEITHUX HE HM3MEPSIEMBIX BO3JEHCTBHI, B OTIWYHE OT Habmomatenst Ha Oa3e dmiprpa Kammana.
Taxoke HaOmonaTens JlroenOeprepa mokasan Jydiine pe3yiabTaThl paboThl B YCIOBUSAX M3MEPHUTEIIb-
HBIX IIYMOB JaTYMKOB. B cucremax, rae MOMEHT MHEPLUH CYIECTBEHHO U3MEHAETCS B IpoIecce pa-
0OTBI WM MPHUCYTCTBYET BEPOSTHOCTD Jipeiida mapamMeTpoB JABUraTess, Hanboee 1eecoo0pasHo Mc-
nosb3oBath GuibTp Kanmana. C Touku 3peHus ammnapatHoi peanusauuu Ha Oaze IIJIMC nabarona-
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TeJb MOTOKOCUETIeHHs Ha Oa3e ¢puibTpa JlroenOeprepa okaseiBaeTcs Oosiee ueM B 2 pasza 3P PeKTHB-
Hee Habmomarens Ha Oaze QuupTpa Kammana ¢ ToYkM 3peHHsT TpeOyeMoro KOJIHYECTBA PECypcoB
TIJIMC. Takoi pe3ynbTaT gfocTuraeTcs oiarogaps ero peanusanud mpu nmomormu UMO.
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HARDWARE IMPLEMENTATION COMPARISON
OF ASYNCHRONOUS ELECTRIC DRIVE REGULATORS BASED
ON FPGA

A.M. Romanov, B.V. Slaschev, M.A. Volkova

The article concludes comparison of two approaches to develop vector regulators of FPGA-based asynchro-
nous electric drive. The first approach stipulates using as an observer of extended Kalman filter flux linkage,
implemented through the designed by the author's matrix co-processor combined with Pl-controllers and vector
transformations, realized using the pulse mathematical operations (PMO).

The second approach differs by using the extended Luenberger observer instead of Kalman filter that
permits to provide hardware implementation of all control system components by the electric drive based on
PMO. The observers’ operation particularities are examined during the research work in conditions of external
disturbance, measurement noises of current sensors and inaccuracy of engine parameters determination.

The comparison of the both approaches is conducted as from the viewpoint of control and from the viewpoint
of required FPGA resources volume. Basing on the benchmarking study the authors came to conclusion that for
the system operation in a wide velocity range it's necessary to use the flux linkage observer based on Luenberger
filter. It precisely accomplish a task in velocity even when the external non-measured disturbance is existed
as against the observer based on Kalman filter.

The Luenberger filter also performed the best operation results in conditions of measured sensor noises.
In systems, where the inertia moment is subsequently changed during the operation or there is a possibility of an
engine parameters drift, the most reasonable to use the Kalman filter. From the viewpoint of the FPGA-based
hardware implementation the flux linkage observer based on Luenberger is twice more effective than the Kalman
filter from the viewpoint of required FPGA resources volume. Such result is achieved through its realization by
using the PMO.

Moctynuna 27 Hos6psa 2017 roga.
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B cmambe nposedéH Kpamkull aHannu3 umerowelicss HopmamuegHoU 6a3bl o mpebosaHusiM K UHgbopmauuu, rne-
pedasaemoli Mo yughposbIM KaHariaM Ce53U 8 UerisiX yrpasreHusi 8030yWHbIM O8UXKEHUEM, U npedroxeH rnopsidok
OUeHKU rpoussodumerisHocmu becripogodHol cemu cesisu Onisi nepedayu uHgopmayuu o 8030ywHol obcmaHoeke
Ha aspodpomax epaxkdaHCKoU u 20cydapcmeeHHOU aguayuu.

Knroyeenie cnoea: cemu cesasu u nepedayu OaHHbix (CCrl), mexHonoausi 6ecripo8oOHO20 WUPOKOMNOIOCHO20
docmyna (BLLL), nonHocesi3Has morooaus cemu, KOMIIEKC cpedcme paduomexHUYecKko20 obecrieqeHust nonémoes
(komninekc cpedcme PTOI), Ethernet chpetim.

The article states a brief analysis of existing regulatory base on requirements to the information transmitted via
digital communication channels to provide an air traffic control, and proposes the performance assessment sequence of
wireless communication network for data transmission on air situation at airfields of civil and military aviation.

Keywords: communication and data transmission networks (CDTN), wireless broadband access technology
(WBA), fully-connected topology, radio-technical flight support aids complex (RTFS), Ethernet frame.

B pamkax peanuzaiuu denepanbHON IesieBoi nporpammel "MopepHuszaius EnuHoN cucTeMsl
OopraHM3anuy Bo3aylIHoro aBmxeHus Poccuiickoit @exneparu (2009-2020 roas!)" ocyriecTBIseTCS
MOJICPHH3AIHS U TEXHHUYECKOE MepeBoopykeHue nHppacTpykrypsl (00bexToB) EC OpB/l, oqanm u3
HaTPaBIEHUH KOTOPOW SIBISIETCS MOACPHU3AIMS CeTell aBUAIIMOHHON (DMKCHPOBAHHOW AIIEKTPOCBSI3U
(ADDC). nsa moaepumzaruu cereit ADDC B kauecTBe Cpebl Iepeiadil JaHHBIX MTUPOKO HCTIOIb3Y-
I0TCSI TPOBOJIHBIE, BOJIOKOHHO-ONITHYECKHE U OeCTIPOBOHBIE JIMHUU CBs3U. [Ipu sToM 3 hekTHBHOCTD
MOJICPHH3AIINH 10 KPUTEPHIO PE3yNIbTaT-CTOMMOCTh CYIIECTBEHHO 3aBUCUT OT ONITUMAIBHOCTH 33/1aH-
HBIX K CeTH TpeboBaHuil. [Ipon3BoIuTENEHOCTD CETH Mepeaaur JaHHBIX (MaKCUMalIbHAs CKOPOCTH I1e-
pellavr JaHHBIX) SBISAETCS WHTETPalIbHBIM MOKA3aTeleM KavyecTBa CETH W JJisi OECIPOBOAHOMN cpejbl
nepeavyd JaHHBIX B3aMMOCBS3aHA C JTATBHOCTBHIO PAfMOCBS3H, JOCTYITHOCTHIO paJMoOKaHaia, mapa-
MeTpoM ¢opM-(akTopa 000pyIOBaHUS, KAYECTBOM KaHalla CBSI3U M €r0 CTOMMOCTBHIO. B CBSI3M ¢ U3-
JIOKCHHBIM KOPPEKTHAas OlleHKa TpeOyeMoi MPOU3BOIUTEIBHOCTH CETH IMEpeAayn JAHHBIX SBISIETCS
BaXHEHUIIINM 3JIEMEHTOM €€ MOJISpPHU3AIINH.

s onenku npousBoauTensHOCTH ceTd ADPDC MCHonb3yercss TUIOBOM COCTaB 00OpYAOBaHHMS
a’poJpoMa CpeICTBAMH pamuoTeXHUIecKoro odecnedenus mosietoB (PTOII) m mepedenp kaHAIoOB
CBSI3W W Tiepeliaydl JIAHHBIX, IPUMEHSEMBIX B X0J/i¢ OOCITYy>)KUBaHHS BO3JYIIHOTO JBMKEeHUs. OleHKa
MPOU3BOJAUTENBHOCTH CETH MPOM3BOAMTCS HA OCHOBAHMHM TPEOOBaHUI HOPMATHBHBIX JOKYMEHTOB U
TEXHUYECKUX XAPAKTEPUCTHK TPUMeEHseMOoro obopynoBaHua. OCHOBHBIM COJEpKaHHUEM METOTUKH
sBIseTcs omnpenenenue oobema Ethernet-gpeiima ¢ yueToM umerommxcsi MHTEpQEicoB mnepenadn
JaHHBIX 1 KOJIEKOB CXXATusl.

[Ipeanaraemas METOAMKa OLEHKH MPOU3BOJIUTEIBHOCTH OECIPOBOAHOM CETH CBSI3M I cOopa
WHQOPMAIUK O BO3AYIIHOW OOCTAHOBKE SIBJISIETCS YHHBEPCAJIbHON M MOXKET OBITh NMPUMEHEHa st
MPOBOJHBIX U U1l BOJIOKOHHO-ONITUYECKUX JIMHUH CBS3U.
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WIRELESS NETWORK PERFORMANCE EVALUATION
FOR DATA ACQUISITION ON AIR SITUATION

I.S. Skvarnik

Within the frames of «Integrated air-traffic management system upgrading of the Russian Federation (2009-
2020)» federal special purpose program implementation the modernization and technical infrastructure (objects)
re-equipping of IATMS is carried out, including upgrading of aerial fixed-electric communication (AFEC) networks.
In order to upgrade the AFEC networks as communication environment for data transmission the wire, fiber-optic
and wireless communications lines are widely used. Herewith the upgrading effectiveness according to result-cost
criteria is substantially depends on optimality of requirements to the network.

The data-transmission network capacity (maximum data transmission rate) is an integral performance index
of network and for the wireless data transmission environment is interconnected with radio communications
range, radio channel availability, parameter of equipment form factor, communication channel quality and its cost.
Therefore, the consistent assessment of required data transmission network capacity is a vital element of its
upgrading.

To estimate the AFEC network capacity the standard composition of radio-technical flight support aids
(RTFSA) to outfit an airfield is used, as well as communication channels and data transmission list that is used
during air traffic service. The network capacity estimation is carried out based on regulatory requirements and
technical characteristics of used equipment. The main principle of the methodology is the Ethernet frame capacity
determination with regard to available interfaces of data transmission and compression codecs.

The proposed methodology of wireless communication network capacity estimation for data acquisition
on air situation is a generalized one and can be used for wire and fiber-optic communications lines.

MocTtynuna 7 uroHsa 2018 roaa.
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B cmambe npugodsimesi pesyribmambl MamemMamu4yecko2o cuHme3sa Memooda onpedeneHuUst MECMONOIOXeHUST
obbeKkma npu NOMOWU naccusHol IoKayuU UCMOYHUKO8 U3TyYEHUS U38ECMHbLIX CU2HAII08, OCHOBAHHO20 Ha U3Mepe-
Huu amnnumydsl ux KonebaHul. KoopOuHambl UCMOYHUKO8 U3yYeHUs Ha O0b6bekme u3eecmHbl. AHanus memoda
raccusHoUl fiokayuu ocywecmernéH 8 aude pacdema abcornromHoU rnoepewiHocmu, 803HUKarouwel npu KOC8EHHbIX U3-
MepeHUsiX.

Knroyeesnble criosa: 06bekm, naccusHas riokayusi, KoOopOuHambl UCMOYHUKO8 U3/Ty4YeHUs], 3amyxaHue Koneba-
Hul, cucmembi KOopAuHam, riomMexa, cpedHekgsadpamu4yecKoe 3HadyeHue.

The article displays the results of mathematically synthesized “by object” position location method using the pas-
sive location of emitters known signals, based on measuring of regular oscillation amplitude attenuation. The emitters
coordinates on the object are known. The passive location method analysis is implemented through the calculation of
absolute error, arising by indirect measuring.

Keywords: object, passive location, emitters coordinates, oscillation attenuation, coordinate systems, interfering
signal, root-mean-square (RMS) value.

B crathe m3M0XKEHBI pPe3yabTaThl MATEMAaTUYECKOTO CHHTE3a METOa OMpPESICHHS] MECTOIOIO-
JKEHUSI OOBEKTOM TIPY TTOMOIIU MACCUBHOW JIOKAIIMM MCTOYHHUKOB H3JIYYEHUS M3BECTHBIX CUTHAJIOB,
OCHOBaHHOTO Ha M3MEPEHUH 3aKOHOMEPHOTO 3aTyXaHHs aMIUTUTYAbI UX konebanuii. KoopauHaTs! nc-
TOYHHKOB M3TyUCHUS HA O0BEKTE U3BECTHHI.

B pabote mpuBeneHO yTBEpXKIAEHUE, B COOTBETCTBUU C KOTOPHIM IMOJIYICH METOJ ONPEACIICHHUS
KOOpAMHAT 00BEKTa MOCPECTBOM MMACCUBHOW JIOKAIMM UCTOYHHUKOB M3NTydeHus. B oqHOMepHOM Ba-
pHUaHTe ONpEACICHUE NATBHOCTH 00BEKTOM OCYIIECTBISETCS OT OJIMKAMIIEro K 00beKTy MCTOYHHKA
W3ITyYeHUS TIPU U3MEPEHUU aMIUTUTY] IBYX MCTOYHUKOB W3MYUYEHHUS, OTCTOSIIHUX IPYT OT Apyra Ha
M3BECTHOM 0a30BOM PaCCTOSHUH, COBIAIAIOINIEM C HalpaBJIeHHEM Ha MCTOYHHK. [Ipu HecoBmameHUU
0a30BOT0 PACCTOSIHUS U MPSMOW JIMHUW, COSAMHSIOMEH 00BEKT ¢ ONMKAUIITNM HUCTOYHUKOM H3ITyde-
HUSI, YIUTHIBACTCS TIPOSKIIHS PACCTOSIHIS HA 3Ty JIUHUIO.

PacrionoskeHue Tpex MCTOUYHUKOB U3IYUYCHHS C B3aUMHO IMEPICHIUKYISIPHBIMU 0a30BBIMH pac-
CTOSIHASIMU Ha IJIOCKOCTH (JByMEpPHOE MPOCTPAHCTBO) MO3BOJISIET IMOJYYUTh aHATUTUIECKOE BBIpaXKe-
HUE IS OTpeNIeICHUs HaMpaBICHUs 00BEKTOM HAa WCTOYHHUK HM3IYYCHHS MO0 U3MEPEHHBIM aMIUIUTY-
JaM. 3HaUCHWE yTiia YIUTHIBACTCS MPH BEIYUCICHUN TATHOCTH.

Jl71st pacTioNIOKEHHBIX B TPEXMEPHOM MTPOCTPAHCTBE UCTOYHUKOB U3IYYCHHS C TIOMOIIBIO POpMyI
mepexojia IpU COBMEIISHHBIX CHCTEMax KOOPIWHAT — JIEKapTOBOHM, Ha OCSX KOTOPON HAXOIATCS HC-
TOYHUKHA M3JIyYEHHUs, U CPEPUUECKOH — IMOJIyUYEeHbl AHAJUTHUUECKUE BBIPAKEHMS IS ONpPEACICHUs
00BEKTOM MapaMeTpPOB KOOPAWHAT: TaJbHOCTh, YTOJI MECTa U a3UMYTAIbHEIHN YTOJL.

BECTHUK BO3YLUHO-KOCMUYECKOW OBOPOHbI N2 3(19), 2018 r.


mailto:bakaev.av@yandex.ru

PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX N TEXHOJTOTMYECKUX PABOT

IIpu 3amaHHBIX KOOpPAWHATAX WUCTOYHHKOB HM3ITyYeHUs B Teocepuyeckoil cucteme (IMpoTa U
JIONITOTA) MOTy4deHbI (POPMYITHI TEpexo/ia U3 MPSIMOYTOJIHHON T€OIEHTPHUIECKOI CHCTEMBI KOOPAWHAT B
reoc(heprIecKyro s BRIYUCIEHHUS KOOPIUHAT 00BEKTa, NCIOIB3YIOMIET0 PACCMAaTPUBAEMbI METO/T.

AHanu3 MeTo/1a MaCCUBHOM JIOKAI[MKM OCYIIECTBIICH B BHJIE pacuera abCONIIOTHOW MOTPEUTHOCTH,
BO3HUKAIOIIEH MPH KOCBEHHBIX M3MEPEHHUAX. AHATUTHYECKHIE BRIPAKEHUS IS OTPEeNieHUs] CpeHe-
KBaJIPATHYECKOTO OTKJIOHEHUs JajJbHOCTH M HANpaBJICHHS HA WCTOYHWK W3TYUYCHHS YUHTHIBAIOT KaK
ITyMBI IPUEMHBIX YCTPOMCTB, TaK U BHEIIHHE TOMEXHU.
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DETERMINING AN OBJECT COORDINATES
BY THE KNOWN EMITTER PARAMETERS

V.D. Sytenkiy, A.V. Bakaev

The article displays the results of the mathematically synthesized «by an object» position location method using
the passive location of emitters known signals, based on measuring of regular oscillation amplitude attenuation.
The emitters coordinates on the object are known.

The article gives an assertion, whereby an object position determination method via emitters passive location
has been obtained. In a one-dimensional variant, the distance determination by an object is carried out starting from
the nearest to the object emitter by measuring the amplitudes of two emitters spaced from each other at known locating
distance, that coincides with the direction to the emitter. When the locating distance does not coincide with straight line
joining an object with the nearest emitter, the distance projection onto this line is considered.

The positioning of three emitters with transversely-spaced locating distances on a plane (two-dimensional space)
permits to get an analytical expression for direction determination by an object to the emitter by the measured
amplitudes. The angle is considered when calculating the distance.

For emitters, positioned in three-dimensional space, the analytical expressions were obtained to determine
the following coordinates parameters by an object: distance, angle of elevation and azimuth angle. These calculations
are possible when using the conversion formulas with superposed coordinate systems: Cartesian coordinate system
with the emitters, placed on its axes, and spherical coordinate system.

At assigned emitters coordinates, given in geospherical system (latitude and longitude), the formulas have been
obtained for the conversion from rectangular geocentric coordinate system into geospherical one in order to calculate
an object coordinates using the examined method.

The passive location method analysis is implemented through the calculation of absolute error, arising by indirect
measuring. The analytical expressions for determination of mean square deviation of distance and direction to
the emitter are considered both as noises of receivers and external interfering signals.

MocTtynuna 5 anpens 2018 roaa.
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PaccmompeHbl ocobeHHocmu pabombl MepMO3iekmpuYeckoeo oxnadumensi Ha 0OHOKacKadHbIX mMepmMo-
anekmpuyeckux MoOysisix 8 WmamHoM U asapuliHoM pexumax. [MpednoxeHa memoduka pacdyéma MowHocmu
nompebreHusi MepMO3IEKMpPUYECKO20 0x1adumerisi Ha HadasbHOM amarne npoekmuposaHusi. [pusedeHbl oc-
HOBHble pacYémHble COOMHOWEHUS. [JaHbl npakmu4eckue pekomeHOayuu U noKasaHo npuMeHeHUe rnpeonoxeH-
HOU MemoOUKU Ha KOHKPDEeMHOM rpumepe.

Knroyesnie cnoea: mepmoanekmpuyeckuli Modyrb, MOWHOCMb riompebrieHusi, mennonpo8oodHocms, 006-
pomHocme, memrepamypa, menaoeoe CornpomueneHue, KoagguyueHm none3Hozo delicmeaus.

The operation particularities of thermoelectric cooler on single-stage thermoelectric modules in regular
and emergency modes are considered. The calculating technique for power consumption of thermoelectric cooler
at initial design stage is proposed. Basic calculation relations are given. Practical recommendations are given
and the application of proposed methodology with specific example is shown.

Keywords: thermoelectric module, power consumption, thermal conductivity, figure of merit, temperature,
thermal resistance, performance coefficient.

B nauane cratpu JaHO o0ocHOBaHUE MMPUMCHCHUSA TCPMOIJICKTPUICCKUX OXJIEII[I/ITCJ'ICI\/'I B CII€lu-
aJbHOM M BOCHHOH TeXHHKE. B OCHOBHOIl YacTH MOKa3aHa B3aUMOCBS3b MapaMETPOB TEPMOIIIEKTPHU-
YEeCKHX MOJIYJIeH M PacCMOTPEHBI 0OCOOEHHOCTH MX paboThl. Pa3paborana meTonuka pacyeTra MOILHO-
CTH TIOTPEOJICHUSI TEPMOIEKTPUIECKOTO oxJaauTens. [IpuBeneHsl pacuetHsle Gopmynbl. JJaHbl pe-
KOMEHJalluU TI0 BBIOOPY M CHOCOOY MOJKITIOUEHHS TEPMOIIEKTPHUYECKHX MOIYJIEH B OXJIQAWTEIE.
PaccMoTpeH KOHKpETHBIH NpUMeEp pacdeTa MOIIHOCTH MOTPEOIIEHUS] TEPMOIJICKTPHUECKOTO OXJIATH-
tens. [Tokaszansl rpaduky, oToOpaXkaroe pe3yabTaTel pacueTa. B 3akmodueHne qaHa KpaTkas Xapak-
TEPUCTHKA COBPEMEHHBIX TEPMOAIEKTPHUECKHUX MOAYJIEH OOIIeTo MPUMEHEHUSI.
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CALCULATION OF THERMOELECTRIC
COOLER POWER CONSUMPTION

A.V. Trifonov

At the beginning of the article, the use of thermoelectric coolers in special-purpose and military equipment
was justified. In the main part, the interrelation between parameters of thermoelectric modules is shown and
particularities of its operation are considered. A technique for calculating the power consumption of thermoelectric
cooler has been developed. Calculation formulas are given. Recommendations are given on selection and
connecting method of thermoelectric modules in the cooler. The specific example of power consumption
calculating of thermoelectric cooler is examined. The graphs showing the calculation results are shown.
In conclusion, a brief description of up-to-date thermoelectric modules of general use is given.

MNocTtynuna 15 pekabps 2017 roga.
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ApgpekmusHocmb anzopummos yughposoli 0bpabomku cusHaI08 8 Ko2epeHMmMHbIX paduosloOKaUUOHHbIX CU-
cmemax HanpsMyro 3agucum om crieKmpasnbHOU MIomHOCMU MOWHOCMU ¢ha308bIX WyMO8 MaKmogoeo cuzsHana
aHaozo-yugpoeozo rnpeobpaszosamens (ALI), ymo skeusaneHmHo Oxummepy (aHen. jitter — «OpoxaHue»)
80 8pEeMeHHOU obriacmu, KOmopblIl CHUXaem OMHOWEHUEe «CusHan/wymy» yugposoeo npuémHuka. Vicrnons3oea-
Hue dsyxkoHmypHbix @AY e cucmeme makmupoeaHusi AL no3sonsem MUuHUMU3UpO8amb 8UsIHUE ¢ha308bIX
WyMO8 makKimoeoeo cueHana u docmuaamb 8bICOKUX napamempos AL daxe npu ucronb308aHUU eeHepamopa
makmoeol Yacmombi C 8bICOKUM YPOBHEM ha308bIX WyMOe usu rpu deepadayuu e2o xapakmepucmuK co epe-
meHem. B cmambe onucaH npuHyun pabomel 6yghepoe makmoegoli 4Yacmombl Ha OcHoge @A[Y,
rokKasaHo 8/1usiHuUe rosiochl MPorycKaHusi nemimesbix huibmpos Ha UHmezparsbHbll ypo8eHb MOWHOCMU ¢ha3o-
8bIX WYMO8 (Ym0 3K8UBaNIEHMHO O)UMmmepy makmoeo20 cuzHasna 80 8peMeHHoUl obriacmu) Ha ebixode byghepa
makmoegol 4yacmomsl. [lpedcmasneHbl pesynbmambl npuMeHeHus 08yxkoHmypHoz2o ®AlNY LMK04803B
8 cucmemMe makmupoeaHUsi MHO20KaHallbHO20 LUughpo8o20 npuémMHuka Ha ocHose AL ADS6445.

Knro4deenle crioea: omHoweHue «cueHan/wymy» AL, cpasosbie wymbi, dxxummep, 08yXKoHMypHbIt PAIY.

The algorithms effectiveness of signals digital processing in coherent radar systems directly depends on
power spectral density of analog-to-digital converter (ADC) phase noise that is equivalent to jitter in temporary area
which reduces signal-to-noise ratio (s/n) of digital receiver. Use of double-loop phase-lock loop (PLL) in ADC clock
system permits to minimize the influence of phase noise of clock signal and reach high ADC parameters even at
using of clock frequency generator with high level of phase noise or at degradation of its characteristics in course
of time. The article describes operation principle of clock frequency buffers based on PLL, the influence of loop
filters bandpass on integrated power level of phase noises (which equals to clock signal jitter in the time area)
at output of clock frequency buffer. The implementation results of LMK04803B double-loop PLL in clock system
of multichannel digital receiver based on ADS6445 ADC were performed.

Keywords: signal-to-noise ratio, analog-to-digital converter (ADC), phase noise, jitter, double-loop PLL.

O} PexkTHBHOCTH aNTOPUTMOB U(PPOBOH 00PAOOTKH CUTHAJIOB B KOT'€PEHTHBIX PaUOIOKAIMOH-
HBIX CHCTEMax HaIIPSIMYIO 3aBHCUT OT OTHOIICHHUS «CHUTHAJ/IIym» IUGpoBoro mnpuemMHuka. [llymsbr
KBaHTOBaHUs, TermaoBbie mryMbl ALIIT u mxurrep (aHri. jitter — nposkaHne) TaKTOBOTO CHTHAJIa SIB-
JISIOTCSL TJIABHBIMU (DaKTOpaMH, OTPaHUYMBAIONIMMHM MAaKCHMAJIBHOE 3HAYCHHE OTHOIIEHUS «CHT-
Ha/mym» AL, Ha HU3kMX yacTOTax BXOJHOTO CHUTHAJIa MAKCUMAaJIbHOE OTHOIICHHE C/III OTPaHUYH-
BaeTCsl ypoBHEM TerioBbiX 1yMoB AIIIl, Torma kak Ha BBHICOKHMX YacTOTaX OTHOIICHHE C/III OrpaHu-
YHBACTCS JDKUTTEPOM YaCTOTHI TAKTOBOTO CUTHala. B MHOTOKaHaJIbHBIX ITU(PPOBBIX MPUEMHBIX CH-
cTeMax, TpeOYIOIIMX BBICOKOTO OTHOIICHUS C/III, JJIS CHUXKEHHs YPOBHS (Pa30BBIX ITYMOB TaKTOBOTO
CUT'Hajla MOTYT OBbITh HUCIIOJIB30BaHbI Oy(ephl TAKTOBOM 4aCTOTHI HA OCHOBE OJHOKOHTYPHBIX U JBYX-
KOHTYpHbIX DATIIY.
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B craree ommcan npuHIMN paboThl OydepoB TakToBOM 4yacToThl Ha ocHoBe DAITY, mokazaHo
BIIMSTHHIE TIOJIOCHI TIPOTTYCKaHUS METJIEBBIX (PIIFTPOB HA HHTETPABHBIH YPOBEHb MOIIHOCTH (ha30BBIX
ITyMOB (YTO 3KBHUBAJCHTHO [DKUTTEPY TAKTOBOTO CHTHAJIA BO BpeMEHHOU 001acTh) Ha BBIXo/E Oydepa
TaKTOBOW 4acTOTHI.

B npaxTudeckoil 4aCTH CTaTbU NPEACTABICHBI PE3YJIbTaThl IPUMEHEHUS JBYXKOHTYpHOro GAITY
LMKO04803B B crcreMe TaKTHPOBaHHS MHOIOKAHAIBHOIO HHU(POBOro mpueMHuka Ha ocHoBe ALIIT
ADS6445. Tlpumenenue nByxkoHTypHOro PAITY mo3BONMI0O MUHUMHM3UPOBAThH BIHUSHHE (HAa30BBIX
IIYMOB BHEUIHETO TeHepaTopa TaKTOBOW YacTOTHI U yBennuuTh oTHomeHue c/m ALl Oonee yem Ha
20 nb.
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USE OF DOUBLE-LOOP PLL TO IMPROVE PERFORMANCE
OF MULTICHANNEL DIGITAL RADAR RECEIVERS

S.S. Shust, E.P. Smirnov, A.A. Feimov

The algorithms effectiveness of signals digital processing in coherent radar systems directly depends
on signal-to-noise ratio of digital receiver. Quantization noise, ADC thermal noise and jitter of clock signal
are the main factors limiting the maximum value of ADC signal-to-noise ratio. At low frequencies of input signal
the max s/n ratio is limited by ADC thermal noise level, whereas at high frequency the s/n ratio is limited by jitter
of clock signal frequency. In multichannel digital receiving systems, requiring a high s/n ratio, in order to decrease
phase noise level of clock signal the clock frequency buffers can be used which are implemented on the base
of single-loop and double-loop PLL.

The article describes operation principle of clock frequency buffers based on PLL, the influence of loop filters
bandpass on integrated power level of phase noises (which equals to clock signal jitter in the time area) at output
of clock frequency buffer.

The practical part of the article states implementation results of LMK04803B double-loop PLL in clock
system of multichannel digital receiver based on ADS6445 ADC. The double-loop PLL use permitted to minimize
the influence of phase noises of external clock frequency generator and to increase ADC signal-to-noise ratio
to more than 20 dB.

Moctynuna 17 aBrycTta 2017 roaa.
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MNPEUMYLLECTBA CUCTEMbI CBA3U
TAKTUYECKOIO 3BEHA BKC P®
HA OCHOBE NPUMEHEHHA TPOTOKOJ1A IPV6
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Paspabomka cmpaHamu HATO 8o enase ¢ CLUA KoHuenuyuu HaHeceHuUs1i bbicmpoeao er106anbHo20 Hesidep-
HO20 ydapa o 80€HHbIM U HapOOHOX03AUCMBEHHbIM 0bbekmam nPomMueHUKa 051 HE803MOXHOCMU MPUHAMUS
umM omeemHbix Mep Oris 3alumal ceoell meppumopuanbHOU UesioCmHOCMU 8bIHy0aem 80€HHO-MOUMUYeCcKoe
pykosodcmeo Poccuu npuHuMame Mepbi 0715 npomugodelicmeusi B03MOXHbIM yepo3aM CO CMOPOHbI 8EPOSIMHO-
20 npomusHuka. OOHOU U3 0meemHbIX Mep, M038OMISOWUX CHU3UMb YPO8EHb orlacHocmu Ol cmpaHbl 8 cry4yae
B03HUKHOBEHUSI B0OEHHO20 KOHIIUKMA, S6/1emcsi cogepuieHcmeosaHue cucmemsl yrpasneHusi BKC, 8 m.u. 8
€20 MaKMmMu4eCKUX 38E€HbSIX, 8aXHelWuMU 3adadyaMu KOMOopbIX S8/15emcs peasuposaHue 8 peasibHOM Macuwma-
be epemMeHuU Ha 803HUKarWue y2po3bl CO CMOPOHbI cpedcmea 8030yWHO-KocMudeckoz2o HarnadeHust (CKBH) no-
MeHyuanbHO20 NPOMUBHUKa.

Knroyesble crnoea: spemeHHOU Uukin 60e8020 yrpasneHusi eolickamu, obMeH uHgopmayuel mexdy mak-
muyeckumu 38eHbsiMu BKC e peanbHom macuwimabe epeMeHu, CokpauweHue epemeHu obpabomku coobweHull 8
EduHol cemu anekmpocesiau P® Ha ocHoee ripomokona IPv6.

The development of the US-led and NATO countries Conventional prompt global strike conception towards
adversary military and economic objects to exclude the possibility for counter strike for protection of its territorial
integrity forces the Russian military-political leadership to assume countering measures for possible threats from
potential adversary. One of the countermeasures, permitting to reduce the hazard level for the country in case of
military conflict, is the improvement of control system of Aerospace Forces, including tactical levels, the critical
task of which is to response in rea-time scale to emerging threats of potential adversary aerospace attacks.

Keywords: forces battle management time cycle, data exchange between tactical units of Aerospace Forces
in real-time scale, time reduction of message processing in Unified Russian telecommunications network based
on IPv6 protocol.

CraTbsi MOCBAIIEHA OJHOMY M3 IyTeH MOBBIMICHUS 3()(PEKTUBHOCTH OTpaKEHHS BO3MOXKHBIX
yrpo3 CO CTOPOHBI BEPOSITHOTO TMPOTUBHUKA HA OCHOBE COBEPIICHCTBOBAHUS CHUCTEMBI YIPaBICHUS
Borickamu BKO P®. Jlannas 3amaga MoXeT OBITH pellicHa IPH MepeXojie Ha HCIO0IH30BaHUE HOBOTO
dopmara cereBoro aapeca B Enunoil cetu siektpocsizu PO Ha ocHoBe mportokona IPV6 (Internet
Protocol version 6). OtcyTcTBre HEOOXOIUMOCTH (parMEHTHPOBAHHUS AKETOB C JAHHBIMH M HCKITFO-
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YeHHE KOHTPOJBHOW CYMMBI M3 3arojioBKa MPOTOKOJA MO3BOJISIIOT YBEJIWYUTH CKOPOCTH 00pabOTKH
nH(GOPMAITH U CHU3UTH HarPy3Ky Ha CETEeBOE 000PYyIOBAHHE.
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TACTICAL LEVEL COMMUNICATIONS SYSTEM ADVANTAGES
OF RUSSIAN AEROSPACE FORCES BASED
ON IPV6 PROTOCOL IMPLEMENTATION

A.A. Zhilyaev, D.N. Hromov, |.N. Savostiyanova

The article states one of the ways to increase the countering effectiveness of potential threat from potential
adversary based on improvement of control system of Aerospace Forces of the Russian Federation. This task
could be solved at transition to a new format use of network (IP) address in Unified Russian telecommunications
network based on IPv6 protocol (Internet Protocol version 6). The absence of necessity in data package frag-
menting and exclusion of check sum from IP-header permits to speed-up data processing and reduce the load on
network hardware.

Moctynuna 5 peka6psa 2017 roaa.
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lpednoxeH anzopumm MawuUHHO20 MPOEKMUPOBaHUS MHO203/1eMEeHMHbIX ha3Upo8aHHbIX PeWEMmOK C o-
MOWbI0 MameMamu4ecko20 ModesuposaHuUsi, UCMOob3youle20 npo2pamMmMbl 8bICOKO20 371eKMpPOoAUHaMUYECKO20
ypoeHsi. B pesynbmame ydaémcsi 60 MHO20 pa3 Moebicumb Mpou3sodumesisHocmb mpyda paspabomyuxkos u
3HaYUMesbHO yMEeHbW UMb 3ampamsl U 06bEM IKCrepuMeHmarsbHbIx pabom.

Kntoyeenle croea: akmusHasi (ha3uposaHHasi pelwémka, aHmeHHbIU 3rieMeHm, WUPOKOMNOIOCHOE coa/laco-
saHue, naccusHble unnyyamesu, MamemMamuyeckoe ModenuposaHue.

The CAD algorithm of multi-element phased arrays via the mathematical modeling with use of high electro-
dynamic level programs was proposed. As result, it is succeeded to multiply the labor productivity of research
engineers and substantially decrease expenses and experimental works volume.

Keywords: active phased array, antenna element, wideband matching, passive radiators, mathematical
modeling.

CoBpeMeHHEBIE MTPOrpaMMBbl, HCIIOIB3YEMBIE ISl pacdeTa aHTEHH, UMEIOT BBICOKHMA 3JICKTPOAMHA-
MUYECKHI YPOBEHb M 0a3UPYyIOTCS Ha PEUNICHHH WHTETPabHOro ypaBHeHHs [loKIMHITOHA, COCTaB-
JIEHHOTO OTHOCHUTEIHFHO HEM3BECTHHIX TOKOB B METANTMICCKUX DIIEMEHTAaX KOHCTPYKITMHU aHTeHH. U H-
TerpajbHOE ypaBHEHHE PEIIACTCS METOJIOM MOMEHTOB B «TOHKOITPOBOJIOYHOMY MPHUOIMKeHuu. B pe-
3yJbTaTe yNaeTcsl OOSCIeUnTh BBHIIOJIHEHNE TPAHUYHBIX YCJIOBHU AJIEKTPOJWHAMHUKH Ha JOCTATOYHO
«TOJICTBIX» MPOBOJHUKAX, PAANYC KOTOPBIX MOXET AOCTUTaTh 1-3 % AIUHBI BOJHBI. DTO MO3BOJSET
JIOCTATOYHO TOYHO PEIIaTh 3371a4u ¢ 00beMHBIMHU H3TydaTeasimu gake B CBY nuanazone.

CoBpemeHHOe cocTosiHHE Napka DBM 1o3BoIsSeT B pealbHOM BpEMEHHU PacCUUTHIBATh (yparMeH-
Tl @AP ¢ 1ocTaTouHO OGONBIIUM KOIMYECTBOM H3ITydaTesel, ucroibiys 3D MatemaTnueckue Moje-
JIA QaHTCHH.

[IpumeHeHne METOA0B MaITMHHOTO TTpoeKTHUpoBaHuI DAP M0O3BOJSET CYIIECTBEHHO YMEHBIINUTh
00BeM MaKeTUPOBaHUS U, TEM CaMbIM, B 3HAUYUTEILHOW MEPE COKPATUTh KaK CPOKH MTPOEKTHPOBAHUS,
TaK ¥ 3aTPaThl HA MAKETUPOBAHNE.

MeTtoauka dKCIepUMEHTAIbHOW 0TpadboTKu parmeHTa AP, TpeOyrolias K TOMY e CO3IaHus
TPOMO3JIKMX U JOPOTOCTOSIIIKUX CTEHIOB AJISI U3MEPEHUS UX XapPAKTEPUCTUK, IIIUPOKO MCIOIb30BaNIaCh
B CEpEIMHE MPOIILIOr0 BeKa, KOr/la OTCYTCTBOBAJIM COBPEMEHHBIE BHICOKOMPOU3BOAUTENbHBIE DBM 1
He ObUIM pa3padoTaHbl COOTBETCTBYIOIIME MPOrPaMMbl MaTEMaTHUECKOTO MOJCIUPOBAHUS AHTCHH.
[ToaTOMy npUMeHEHHE METOJOB MAITMHHOT'O MPOEKTUPOBAHUS AHTEHH C UCIOJb30BAHUEM HX MaTeMa-
TUYECKUX MOJIENICH SBISCTCS aKTyalbHOU 3a7aueli pa3pab0TKH COBPEMEHHBIX aHTEHHBIX CHCTEM.

JIUTEPATYPA

1. MapkoB I.T., CasoHoB [.M. AHTeHHbI. — M.: OHeprus, 1975.
2. XaHceH P.C. CkaHupytowme aHTeHHble cuctembl CBY: B 3-x 1.: nep. ¢ aHrn. / nog pea. I.T. Mapkosa n A.®. YannuHa. —
M.: Cos. Pagwuo, 1966, 1.1; 1969, 1.2; 1971, 1.3.

BECTHUK BO3YLUHO-KOCMUYECKO OBOPOHbI N2 3(19), 2018 r.


mailto:nikolaev@niidar.ru

PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX U TEXHOJTOFMYECKUX PABOT

CAD ALGORITHM OF MULTIPLE-ELEMENT ANTENNA-FEEDER
DEVICES FOR ACTIVE PHASED ANTENNA ARRAYS

V.A. Nikolaev, O.A. Bakurova, D.V. Botov

The modern programs, used for antennas calculation, have a high electrodynamic level, and are based
on solution of integral equations of Pocklington composed relatively to unknown currents in metallic elements of
antenna structure. The integral equation is solved by the moment method in «solid» approximation. As a result,
it's possible to ensure the implementation of boundary conditions of electrodynamics in a sufficiently «thick»
conductors, the radius of which can reach 1-3% of the wavelength. This allows to quite accurately solve problems
with volume emitters even in microwave band.

The modern state of computers base allows providing a real-time calculation of phased arrays fragments
with a sufficiently large number of emitters, using the 3D antennas mathematical models.

Application of computer-aided designing (CAD) methods of phased arrays can significantly reduce
the amount of prototyping and thereby significantly reduce the development time and costs of prototyping.

Methods of experimental testing of fragment phased arrays, besides requiring the creation of cumbersome
and expensive stands for measurement of its characteristics, have been widely used in the middle of last century,
when there were no modern high-performance computers and corresponding programs of antennas mathematical
modeling was not developed. Therefore, the application of CAD methods of antennas using its mathematical
models is a relevant development task of up-to-date antenna systems.

MocTtynuna 28 mapTa 2018 roaa.
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AHAITUTUHECKUE UCCITIEQOBAHUA
3APYBEXHOIO OMNbITA

VIK 623.41

TEKYLYEE COCTOSIHNE PA3BEPTbHIBAHUS
CUCTEMbI PO AEGIS ASHORE HA TEPPUTOPWU I0/1bLLIN

© ABTOpbI, 2018

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

B cmambe npusodumcsa uHgopMayusi 0 COCMOSIHUU U fepcriekmusax pasgépmbieaHusi peauoHarnbHOU
cucmewmbi [IPO HasemHoz20 6asuposaHusi AEGIS ASHORE Ha meppumopuu B6 Ped3ukoso (lNonbwa).

Knrouyeenbie cnoea: npomusopakemHass obopoHa, EepollPO, cucmema PO AEGIS, cmpenbbogoe
ucribimaHue.

The article states the information on deployment status and prospects of the regional AEGIS ASHORE mis-
sile defense system at Redzikovo military base (Poland).
Keywords: missile defense, European Phased Adaptive Approach (EPAA), AEGIS missile defense system.

B crathe mpuBeneHa odwurmansHas wHOpMAIWA, OMyOJMKOBaHHAS BOSHHBIMH BEIOMCTBAMH
CIIA, o TexymeM cocTOosiHWM pa3BepThiBaHus cuctembl [IPO HazemnHoro OazumpoBanust AEGIS
ASHORE na teppuropuu Ilonbuu. Ocoboe BHUMaHUE YACIAETCS CMEIICHHIO CPOKOB CIayu KOM-
wiekca [IPO Ha 2 roma oTHOCHTENnsHO onmoOperHON MuHuctepctBoM oboponsl CIIIA nmaTel — Taxk,
paccMOTpeH ACUCTBYIOMIMK KOHTPAKT Ha CTPOUTENBCTBO KoMmrimiekca [IPO, a Taxke BepoSTHBIE MPo-
OneMbl ocHaleHus npoTuBopakeramu SM-3 Block 1IA u nmpoBeeHuUs cIaTOYHBIX CTPEBLOOBBIX HC-
MIBITAaHUH.

JIMTEPATYPA

1. Missile Defense. The Warfighter and Decision Makers Would Benefit from Better Communication about the System’s Capa-
bilities and Limitations// GAO. May 2018.

US Department of Defense. Contracts. February 2016.

MDA. AEGIS ASHORE fact sheet. April 2017.

Missile Defense Agency. Research, Development, Test & Evaluation, Defense-Wide // Department of Defense Fiscal Year
2018 President’s Budget Submission. — 2017.
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PA3AEN: AHAJINTUMECKUE NCCJTIEQOBAHUS 3APYBEXXHOIO OIMbITA

CURRENT DEPLOYMENT STATUS
OF AEGIS ASHORE MISSILE DEFENSE SYSTEM
IN POLAND TERRITORY

A.E. Svistunov, N.A. Maleeva

The article considers the official information issued by the US military agencies on current status deployment
of AEGIS ASHORE missile defense system in the Poland territory. The key problem addresses to rescheduling
the completion date of missile defense complex in two years relatively to the approved by the US Department
of Defense date — thus, the operating contract on missile defense complex construction, and possible problems

of SM-3 Block IIA missiles delivery and commissioning trials were examined.

MocTtynuna 12 ceHTA6psa 2018 ropa.
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HAYYHbIE PELLEH3U N OT3bIBbI

NMPOMbBILIIEHHBIE
TEXHOJIOTHH
H HHHOBALIHH

Benpepckun .M., PegopoB B.K., JlyueHko A.B. MNMpombiwneH-
Hble TexHornormu n uHHosauun: MoHorpacdua. — M.: UspaTenbcko-
ToproBas kopnopauus «[awkos n K°», 2018. — 932 c.

PeLieH3eHT: KaHA. TexH. Hayk B.1O. lnwkoB.

VYcnemHoe pa3BUTHE MAIIMHOCTPOEHHUS Halled CTPaHbl HEBO3-
MOKHO 0€3 TEXHOJIIOTHYECKOW MOJIEPHHU3AINN TTPOMBIIUICHHBIX TIPE-
npuatuil. B npoueccsl mpou3BOACTBA JTOJKHBI 3aKIIabIBATHCS COBpE-
MCHHBIC KOHKprHTOCHOCO6HI)IC u HayKOéMKI/Ie TE€XHOJIOTUHU I10 BCEM
TEXHOJIOTMYECKUM IepeAesiaM OT MPOU3BOACTBA MAaTepUajoB, U3ro-
TOBJICHHUS 3aTOTOBOK U UX 00PaOOTKH /IO COOPKH.

COBepLHeHHo OYEBUJHO, YTO pealu3alus 3TUX TEXHOJIOTHUH
HEBO3MOJKHA Ha YCTapeBIIEM TEXHOJOTHYECKOM 00OPYIOBaHWU U 0e3
TEXHOJOTHUYECKON OCHACTKH.

B mnepByro ouepeap 3TO OTHOCHUTCS K BBICOKOTEXHOJIOTUYHBIM
MPEINPUATHIM 000POHHO-TTPOMBIIIIIIEHHOT'O KOMILIEKCA.

B mpencraBnsieMol KHUTE MPHUBEICHO KOMIUICKCHOEC OIMUCAHWUE MPOMBINUICHHBIX TEXHOJIOTH,
MpeJICTaBRIeHa X KiacCu(MKaIMs, OMUCaHUe, PACKPBITHI OCOOCHHOCTH U TEXHOJIOTMUECKHUE BO3MOK-
HOCTHU CIIOCOOOB M METOJIOB U3TOTOBJICHHUS JeTaIeH U COOPOUHBIX €JIMHUII.

Ocoboe BHIMaHUE yaemseTcs KiaccuuKalui MaTepHalioB, a TAaKkKe BOIPOCAM OpPraHU3alyuy Ipo-
W3BOJICTBA, BKJIFOYAsl IIAHHPOBOYHBIC PEHICHHS MO PAa3IMYHBIM MPOU3BOJCTBEHHBIM TEXHOJIOTHSM.
HpI/IBe)Z[eHBI JAHHBIC U TUIIOBLIC HpI/IMepLI TEXHOJIOTHYHOCTHU KOHCprKHI/Iﬁ OCHOBHBIX BUJ10B HSI[GHI/IP'I
(meraneit, cCOOPOYHBIX SUHUII) U UX KOHCTPYKTHBHBIX 3JIEMCHTOB.

Kuura OyneT nosie3Ha sl CTY/ICHTOB, aCIIUPAHTOB, MPENOAaBaTeNicii TEXHUUECKUX YHUBEPCUTE-
TOB, a TAK)KE HH)KCHEPOB-TEXHOJIOTOB MPEANPUATANA MAITTHOCTPOCHHSI ¥ IPUOOPOCTPOCHUSL.

H.3. HEHAPTOBUY
5.H. FOPEBUY

CUMCTEMA =
NPOTMBOPAKETHOM OBOPOHbI CLUA.
AHANIU3 U MOOENUPOBAHUE

<+

HenapToBuy H.3., NopeBuy B.H. Cuctema npotnBopakeTHon o60-
poHbl CLUA. AHanu3 n mogenupoBaHue. — M.: [TAO «HIMO «Anma3y,
2018.-320 c.: un.

PeueH3eHTbI: AO-p. TexH. Hayk, npodeccop O.l0. AkceHos,
A-p TexH. Hayk B.C. OKOHeLIHUKOB.

B pabote Bemonnaen ananus cucremsl [IPO CIILIA, paccmaTpuBa-
e€MOH KaK COBOKYIHOCTh B3aUMOJIOTIONHSIONIMX HWHPOPMAIUOHHBIX,
OTHEBBIX M YIPABIAIONINX CPEACTB (JIEMEHTOB cucTeMbl). B cucrema-
THU3UPOBAaHHOM BUJE, B JMHAMMKE DPA3BUTHUS, IIPEICTABICHbl TEXHU-
YeCcKHe ¥ SKOHOMUYECKHE XapaKTePUCTUKU dJieMeHTOB cucteMsl [TPO.

Pa3paboranpl aHATUTHYECKWE MOJEIU JBIXKEHHUS OaJTUCTH-
YeCKUX pakeT (IeNield M MepexBaTuyMKOB), a TaKKe MOJeNn (PyHKINO-
HUPOBAHUS PaJMOJIOKAIIMOHHBIX cpencTB cuctemsl [1PO, mo3Bossro-
UIUE BBINOJHUTh KUHEMATUYECKUU aHau3 BO3MOXKHOCTEH CHCTEMBI
I[TPO mo mnepexBary OalNIMCTUYECKUX PAKET, OLEHHUTh BUAMMOCTH
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HAYYHbIE PELIEH31U U OT3bIBbl

U TpaeKTopHbIe MapameTpsl Henel B 30He aerictBusa PJIC ITPO. C uensto geMOHCTpaIii NpUMEHUMO-
CTH pa3pabOTaHHBIX MOJENIEH BBINOJIHEH aHAJIU3 XapaKTEPUCTUK Hauboyiee COBPEMEHHON MexO0am-
ctuaeckoit pakersl CeBepHoit Kopen «XBacoH-15» 1 mpoBeieHa OIleHKa BO3MOXKHOCTEH TPYTIITHPOBKH
I[TPO CIIIA, pa3BépHyToii Ha 3alaJHOM HAMpaBlICHHUH, IO JOKAMOHHOMY HAOJIOJCHUIO PaKeT
«XBacoH-15» u ux nepexsary ¢ ucroibs3zoBanuem cucrem GMD u Aegis BMD.

Anamms cuctemsl [1PO CIA n MoxenmpoBaHUe BBHITOTHEHBI IO MaTepraliaM, OITyOIHKOBAaHHBIM
B OTKPBITOM MeYaTH U pa3MEIIEHHBIM B ceTH VIHTepHeT, ¢ MpeArnouYTeHueM MaTepraiaM, pa3MelEH-
HbIM Ha caiitax ArentctBa [IPO CLUA, MunucrepctBa o6opons! CIIA, KOHTponbHO-(HhUHAHCOBOTO
ynpasnenns konrpecca CIIIA, a Taxoke KOMIaHui — pa3pabOTINKOB CHCTEM OPYXKHSL.

HcnonszoBanHbIe THPOPMAIIMOHHBIE MATEPHAIBI AKTyaJIbHBI IO COCTOSHUIO Ha WioHb 2018 roma.

Marepuansl paboTbl MOTYT MPEACTABIATH UHTEPEC AJIS1 CIIEHUATIMCTOB, PadOTAONIIMX B 00JIacTh
aHaJIn3a U MOJEIMPOBAHUS IPOTUBOPAKETHONH OOOPOHBI.

YBa)kaemble ynrartenm!
Pepakuma xypHana «BecTHMK BO3AYyLIHO-KOCMUYECKONn OBOpOHbI» obpallaeT Balle
BHMMaHuMe Ha TO, 4To B Bbinycke Ne2(10), 2016 roga Obinv ponywieHbl cnepywowme

HETOYHOCTU:

1. C1p. 43, nogpucyHo4YHas Hagnuck K puc. 2.
Cniegyet untatb: «Puc. 2. doTorpadms nasepHoro nanydennsa maketa LU ¢ Tpybyatbim
A3 - INC-22, tonwuHa AC — 5 mm, Bbicota — 100 mm, A, = 1,064 MKM: 8 — MOLLHOCTb Nam-

noson Haka4kn 800 BT; 6 — MmowHOCTbL namnoBon Hakadyku 1600 BT».

2. C1p. 48, nepebii ab3al cBepxy.
CnepgyeTr uutath: «... C y4étom oTHoweHus: 1/, rae I, — nopor 06bLEMHOrO
nepexofa B rasoobpasHoe cocTtosHue, s — ana XXAC — temnepartypa kunenus, ana TAC

— nopor paspyuweHusa nnn nopor HOBerHOCTHOﬁ BO3rOHKWN».

3. C1p. 49, 3akntodeHne, nepsbin ab3al, cBepXy.

CnepyeT uutaTh: «B HacTosiwee Bpems TBOpYeckon rpynnon Ha 6ase OAO «D3I3»
(PpAsUHCKMI  aKCnepuMeHTanbHbIN - 3aBod, . PpsA3MHO) Ha OCHOBE [OENCTBYIOLLErO
W paHee WCNbITaHHOrO MaketTa (cMm. puc. 1) paspaboTraHa aNEKTPOHHAs Bepcus
KOHCTPYKTOPCKOM [OOKyMEHTauum Ha 3KCnepuMMeHTanbHblii obpasel, TexXHONOormyeckoro

BapuaHTa WJT...».
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