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KypHan «BecTHMK BO3AYLWHO-KOCMUYECKON OOOPOHbLI» BKMOYEH B CHOPMUPO-
BaHHbIN MuHucTepcTBOM 0BpasoBaHnsa uU Haykm Poccuinckon Pepgepauumn nepeveHb
peueH3npyeMbIX Hay4HbIX U34aHWUA, B KOTOPbIX AOSMKHbI O6bITb 0Ny6nnkoBaHbl OCHOB-
Hble Hay4Hble pe3ynbTaTbl AUCCEepPTaUMii Ha COMCKaHUEe YYEHOM CTeneHu KaHauaaTa
HayK, Ha COMCKaHWe Y4YEHOW CTeneHn AOKTopa Hayk (nucbmMo MuHob6pHayku Poccum
ot 01.12.2015 roga Ne 13-6518. URL: http://www.vak.ed.gov.ru/87.html).



MPOBJIEMHbIE BOMNPOCbI NMOCTPOEHUA
CUCTEM U CPELCTB BKO

YK 621.396

_ METOLbI ObPABOTKU MHOOPMALINN
LA EE NNEPELJAYY BE3 TPAHCIIALINU 10 KAHAITY CBA3U

© ABTOp, 2017

B.U. KpbirkaHOBCKMI KaHOUGam mexHUYeCKUX HayK, cmapuiul Hay4YHbil compyOHUK,
eedywjuli cneyuanucm, NMAO «HIMO «Anmas», e. Mockea
E-mail: info@raspletin.com

lpednoxeHbl Mmemodsl obpabomku uHgopmayuu Ons eé nocnedyowel nepedaqu u3 nepedaruezo MnyHkK-
ma 8 nMpuémHbil, 0519 KOmMOoPbIX NPUHUUNUabHbIM S8/15emcs omka3 om mpaduyuoHHoU nepedayu uHghopmayuu
10 KaHarsy cesi3u (C uernbio e€ CoXpaHHOCMU, @ makKxe y8esudeHUs CKopocmu nepedayqu U SKOHOMUU pecypca
KaHasa), emecmo 4ez2o uHghopmayus 80Crnpou3sooumcsi Ha MPUEMHOM MyHKmMe C roMowbio nepedaHHo20 myoda
u3 nepedarouieeo MmyHKmMa KOMnakmHsoz2o criyxebHoeo cuesHarna.

Knroyeesnble crnioga: uHghopmayus, seHepayus, yuknudeckul Koo, nyHkm nepedayu, nyHKm npuéma, KaHas
ces3u, obpabomka uHgopmayuu, cryxebHbil cueHar, eocripousgedeHue UHgopMayuu, ckopocms obpabomku
UHopmayuu.

The information processing method were proposed for its further transmission from the transmitting point
to the receiving point, for which the refusal from traditional data transmitting via communication channel (for the
purpose of its integrity, transmission speed increasing and channel resource saving) is of principal, instead
of which the information is read-out at receiving point in form of compact service signal from transmitting point.

Keywords: information, generation, cyclic code, transmitting point, receiving point, communication channel,
data processing, service signal, reproduction of information, data processing speed.

I[pennoxeHbl MeTOaB! 00PaOOTKH MH(OPMAIMK Ul €€ MOCIEAYIOLIeH epeiaun U3 IMepeiatoero
ITyHKTa B IPUEMHBIN, U1 KOTOPBIX TPUHLIUIIMAIBHBIM SBISIETCS OTKA3 OT TPAAUIIMOHHOM IIEpejayn HH-
(dopmMaiyu o KaHary CBSI3U (C LETbI0 €€ COXPaHHOCTH, a TAKXKE — YBEJIMUCHHUS] CKOPOCTH IIepeiaun HH-
¢dopMaMu ¥ SKOHOMHH pecypca KaHalla), BMECTO 4ero MH()OpPMaLs BOCIPOU3BOIUTCS Ha TPUEMHOM
IYHKTE C HOMOIIBIO MIEPEIAaHHOr0 Ty/1a U3 ePEAIOIIEero IyHKTa KOMIIAKTHOT'O CITy’K€OHOT0 CUTHaJIa.
IIpennoxxeHHble METOABI PACHaJaroTCA HA ABE TPYIMIBI: METOJAbl CHHXPOHHOM 00paboTku nH(popMa-
muu Ui e€ nepenadd (Koraa nepearoni 1 NpuéMHBIA MyHKTH BO BpeMsl nepenadd uHpopManuu
B3aUMOJICHCTBYIOT JPYT C IPYTOM CHHXPOHHO) M METOJIbl aCHHXPOHHOU 00paOoTKH WHMOpMAIIUH JJIs
e€ nmepenaun (Korja nepenaromni U NpuEMHBIN MyHKTBI BO BpeMs niepeaadn naHdopmaun padboTarT
acMHXPOHHO). IIpu 3TOM MeToIbl MEpBOM TPYIIBI, KPOME KECTKOM CHHXPOHHM3ALMUH, TPEOYIOT HC-
TIOJIb30BaHUS HA MepeAaonieM U MPUEMHOM ITYHKTaX OJMHAKOBBIX alTOPUTMOB 00paboTKH nHPOpMa-
MU ¥ OJMHAKOBBIX T€HEPATOPOB LUKINYECKOTO KO/Ia, COOPAHHBIX HA OJHOW M TOW XK€ JIEeMEHTHOMN
0asze, BIUIOTH 10 CEPUU MHUKpOCcXeM. MeToIbl e BTOpOW IpyIIibl, TpeOys UCIIOJHEHUS €IMHOTO MaTte-
MAaTUYECKOTO 3aMbICIIA, JOIYCKAIOT HCIOJIB30BAHUE HA IEPENArOLIEM U IMPUEMHOM IIyHKTaX pa3HbIC
ANTOpPUTMBI 00Pa0OTKM WHPOPMAITUK M pa3HbIe TEHEPATOPhI IIMKIUYECKOT0 KO/Ia, KaK aImapaTypHbIe,
TaK U POrPaMMHBIE.

IIpuBOAATCS CKOPOCTHBIE XaPAKTEPUCTUKH MPENTIOKEHHBIX METOJIOB.

BECTHUK BO3YLUHO-KOCMUYECKOA OBOPOHbI N2 1(13), 2017 r.
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INFORMATION PROCESSING METHODS FOR TRANSMISSION
WITHOUT TRANSFER ON CHANNELS OF COMMUNICATION

B.l. Kryzhanovskiy

The information processing method were proposed for its further transmission from the transmitting point
to the receiving point, for which the refusal from traditional data transmitting via communication channel (for the
purpose of its integrity, transmission speed increasing and channel resource saving) is of principal, instead of
which the information is read-out at receiving point in form of compact service signal from transmitting point.

The proposed methods are divided into two groups: synchronous data processing method for its
transmission (when transmitting and receiving points during data transmission are interacting synchronously) and
asynchronous data processing method for its transmitting (when transmitting and receiving points during data
transmission are operating asynchronously). Herewith the first group methods, besides hard locking
synchronization, require using single data processing algorithms and equal cycling code generators at
transmitting and receiving points assembled at the same hardware components, to the extent of microcircuits.
The second group methods, by requiring the implementation of a single mathematical project, admit using
different data processing algorithms and different cycling code generators at transmitting and receiving points
both hardware and software.

The speed characteristics of proposed methods were specified.

Moctynuna 10 aBrycTta 2016 ropa.

BECTHUK BO3YLLUHO-KOCMUYECKOM OBOPOHbI N2 1 (13), 2017 r.



PA3AEJN: NPOBJIEMHbIE BOMNPOCbHI MOCTPOEHUA CUCTEM U CPEACTB BKO

Yeaxaembie yumamenu!

Peanusaups BOEHHO-TEXHUYECKOW MOMUTUKM rocyaapcTBa B obrnactv Cco3daHus HayKOEMKMX
CUCTEM BO3AYLIHO-KOCMUYECKON OOOpPOHbI BO MHOMOM 3aBUCMT OT OEATEeNbHOCTM  HaydHO-
nuccnegoBaTenbCKNX opraHusaumin. PaccmMoTpeHne BonNpocoB, CBA3aHHbLIX C MONyYeHMEM NOCTOAHHON
006beKTMBHON MHGOpMaUMM O OMHAMWUKE pPe3ynbTaTUBHOCTU HayyHOW AeATEeNbHOCTU HayYHbIX
opraHusauui, CcrnocobCcTBYyeT MNPUHATUIO OBOOCHOBAHHBLIX YMpPaBNEHYECKUX PEeLUeHUA Mo COoBep-
LUEHCTBOBaHMIO OeATESNTbHOCTU M CTPYKTYPbl Hay4HOro komnnekca Poccuiickon ®enepaumn.

B cBA3n ¢ 3TMM pefdakums KypHarna npegraraeT cBouMm yutatensam cratbio Mogonsckoro Al
Monspyca A.H., PognHa A.A. «O MOHUTOpUHIE pe3ynbTaTUBHOCTU HAay4YHON AeATEeNbHOCTU Hay4HO-
uccnegoBaTenbCKUX opraHM3aumii», B KOTOPOW aBTopaMu MpeAcTaBrieHbl pesynbTaTthl aHanusa
AENCTBYIOLLEr0 HOPMAaTUBHOIO NPaBoOBOro obecneyeHnss MOHUTOPUHIra AeATeNbHOCTU opraHM3aLuii,
OCYLLECTBIIAOLLNX HAay4HbIe UCCreJoBaHNsS — KaK B rpaXkaaHCKon cdpepe, Tak U BXOOSALWMX B BOEHHO-
Hay4HbI KOMMNJIEKC.

YOK 001.38

O MOHUTOPUHIE PE3YJIbTATUBHOCTH
HAYYHOU OEATENNBHOCTU )
HAYYHO-UCCIIEOBATE/IbCKUX OPITAHU3ALIUN

© ABTopbI, 2017

A.l'. MoponbCckun OKMOP IKOHOMUYECKUX HayK, rpogheccop,

e8edywuli Hay4YHbIl compyOHuk, ®IBY «46 LiHUW» MuHobopoHb! Poccuu, 2. Mockea

E-mail: podolskijag@mail.ru
A.H. Nonsapyc kaHOudam mexHu4YecKux HayK, doueHm,
cmapwuli Hay4YHbIl compyOHuk, ®IBY «46 LIHUW» MuHobopoHb! Poccuu, e. Mockea
E-mail: alexpolyarus@yandex.ru
A.A. PoovH

cmapwuli Hay4HbIl compyOHuK, ®IBY «46 LIHUW» MuHobopoHb! Poccuu, e. Mockea

E-mail: rodin_artem@bk.ru

B cmambe u3noxeHa Ccymb MOHUMOPUH2a pPesynbmamueHOCMU Hay4YHoU OesimenibHocmu  Hay4HO-
uccriedosamerbCKux opeaHusayul. Mposedér aHanus delicmeyrouieao HOpMamUHO20 NMPaso8o2o obecrieyeHuUs1 Mo-
HUMOpPUHaa OessimeribHOCMU OpeaaHu3ayull, OCyUWEecmesiouUX HaydHble uccriedosaHusi, 8 mom 4ucrie, 8xo0suux
8 B0EHHO-Hay4HbIlU Komrniekc. [lpednoxeHa cmpykmypa rokazamerel, Xapakmepu3yruwux pe3yibmamueHOCMb
Hay4yHoU OesimenbHOCMU Op2aHu3ayul, U rokasaHa eé ces3b C pe3y/ibmamusHOCMbi0 pabombl Hay4YHbIX pabomHu-
K08 U Hay4YHbIx nodpa3sdesneHudl. [NpednoxeHbl Mokasamenu u Kpumepuu 07151 OUEHKU pe3yribmamueHOCmuU Hay4yHOU
dessimeribHOCMU op2aHu3ayuu, a makxke rnpusedeHb! aHanumu4Yyeckue 3agucumocmu 0s1s1 orpedesieHusT Ux 3HaveHuU.

Knrouesnle crnoea: kameaopusi, MOHUMOPUHe, Hay4yHasi esimenibHOCMb, Hay4yHO-uccredosameribckasi op-
2aHu3ayusi, oueHka, fokazamersb, MOPO2080E 3HaYEeHUe, Pe3yrbmamueHOCmb, mpydoeble pecypchbl, 3hghek-
mueHocmeb.

The article states the core of effectiveness monitoring of research organizations scientific activity.
The current regulatory support of organizations activity monitoring that perform research works, including those
of military-research complex, was analyzed. The organizations scientific work performance indicators structure
was proposed, and its liaison with work performance of researchers and scientific units was shown. The indicators
and criterion were suggested for performance estimation of organizations research work and the analytical
dependence for its values determination was stated as well.

Keywords: category, monitoring, scientific activity, research organization, estimation, indicator, threshold
value, performance, manpower resources, effectiveness.

CraTpsl NOCBSAIIEHAa aKTYaJIbHOMY BOIIPOCY — MOHUTOPHUHIY DPE3YyJIbTAaTHBHOCTH HAy4HOH Jes-
TEJIbHOCTH HAY4YHO-HCCIEN0BATENbCKUX OpraHusanuii. Ha ocHOBe NpUBENEHHBIX B CTaThe PE3yJIbTa-
TOB aHaJIM3a OMyOJWKOBAaHHBIX HOPMATHBHBIX M HAYYHBIX MAaTEPHUAIOB B YKAa3aHHOW MPEAMETHOI 00-
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JIacTH MOKa3aHa He0OXOAUMOCTh JalbHEUIIEro COBEPIICHCTBOBAHNE METOAMYECKOT0 oOecreyeHus, ¢
[EBbI0 TIOBBIIMICHUST OOOCHOBAHHOCTH M OOBEKTUBHOCTH OIEHKH PEe3yIbTATHBHOCTH HAYYHOW Ies-
TETHHOCTH OPTaHM3AINNA, a TAaKXKe MPUHIATHAS OOOCHOBAHHBIX YIPABICHUECKUX PEIICHHUN, HAIIPABIICH-
HBIX HA MOBBIIIEHUE S PEKTUBHOCTH PACXOJOBAHUS BBIJICISIEMBIX UM OIOKETHBIX CPEICTB.

Jns pamXupoBaHWS HAyYHBIX OPTaHM3AlWN MO CTENEeHH Pe3yNbTATHBHOCTH MX HAyYHOU Jes-
TEIHHOCTH MPEIOKEHO HUCIOIB30BaTh YETHIPE KATETOPUU: OT OPTaHM3AIHA, SBITIONUXCA JIHAePaMU
B COOTBETCTBYIOLIMX OOJIACTSX HAYKH M TEXHHKH, 0 HAYYHBIX OPraHU3aIMi, UMCIOIIUX HEYIOBJIC-
TBOPUTENBHYIO PE3yIbTaTUBHOCTb.

s KOIM4eCcTBEHHON XapaKTEPUCTUKU HAy4YHOW NEATEIbHOCTH OpPraHU3alui MPEeJIOKEHbl Kak
YaCTHBIE TMOKA3aTeNd Pe3yIbTaTUBHOCTH, TaK W OOOOMIEHHBIN IMOKAa3aTellb Pe3ylIbTaTUBHOCTH, KOM-
TUIEKCHO XapaKTepHU3YIOUIUM TOCTUTHYThIE UMHU Pe3yabTaThl. [ 3TOro B cTaThe MPUBOJAATCSA COOT-
BETCTBYIOIIHE aHAUTHUECKHE 3aBUCUMOCTH. C MCIOIB30BaHHEM OOOOIIEHHOTO TTOKa3aTels pe3yib-
TaTUBHOCTH TPUBEIEHBI KPUTEPUH, KOTOPHIE HCITONB3YIOTCS IJIsl OTHECEHHsI OpraHU3aIiil K Kaxmoi
KaTEerOpuH pe3yJIbTaTUBHOCTH AESITEIbHOCTH HayUYHBIX OPraHU3aLnH.

s obecriedeHns: CONMOCTaBICHHS PE3YIbTATHBHOCTH OPTaHU3ALNN, UIMEIOMINX Pa3InIHOE KOJIH-
YECTBO HAYYHBIX COTPYTHHUKOB, MPEIJIOKEHO HCIIONH30BaTh OTHOCHTEIbHBIE 0000IIEHHBIE TIOKa3aTe-
JIA PE3YJIbTAaTUBHOCTH, XaPAKTCPUIYIOUIUC PEIYJIbTATUBHOCTDH Hay‘IHOI\/'I ACATCIIBHOCTHU OpraHu3aluu,
MMPpUXOAAIIYIOCA Ha CAUHUILY 3aTPauYCHHBIX (I)I/IHaHCOBI)IX " TPYAOBBIX PECYpPCOB.

Brenpenne n3I0XeHHBIX B CTaThe MPEUIOKEHNH B TIPAKTUKY MMPOBEIEHUSI MOHUTOPHHTA PE3YIIb-
TATUBHOCTH HAYYHOH JIEATEIIEHOCTH HAYYHO-HCCIIE0BATENIbCKUX OPTaHU3aIUil I03BOJIUT TIOBBICHTD
00BEKTUBHOCTh PE3YJIBTATOB €r0 MPOBEACHHS U OYAET CIOCOOCTBOBATH MPUHSITHIO 000CHOBAHHBIX
YIpaBIeHUYECKUX PEIICHUH 110 COBEPIICHCTBOBAHUIO JAESITETFHOCTH M CTPYKTYPBI HAYYHOT'O KOMILIEK-
ca Poccwuiickoit @enepanum, B TOM dncie Bxosmiero B Muno6oponsr Poccum.
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KOHCTPYKTOPCKME N TEXHOMOIMYeCcKMe paboTbl rPaXKaAaHCKOro Ha3HaYeHNS».
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SCIENTIFIC ACTIVITY EFFECTIVENESS MONITORING
OF RESEARCH ORGANIZATIONS

A.G. Podolskij, A.N. Polyarus, A.A. Rodin

The article considers the relevant issue — the performance monitoring of research organizations scientific
activity. Based on given analysis results of published regulatory and science materials in the mentioned
application domain the further improving necessity of methodological support was shown in order to increase
estimation validity and objectivity of organizations scientific activity performance and to make a reasonable
decisions aimed at expenditure effectiveness increase of allocated budgetary funds.

It was proposed to use four categories for ranking of research organizations in its science activity
performance degree: beginning from leading organizations in corresponding science and engineering fields and
on out to research organizations with unsatisfactory scientific work performance.

For the quantitative characteristic of research organizations scientific activity it was proposed to use both the
private performance indicators and the overall performance indicator which in a complex manner characterizes
achieved results. For this purpose the article states the corresponding analytical dependence. Using the overall
performance indicator the criteria are provided which are used for designation of organizations to each
performance category of research organizations activity.

To provide the performance comparison of organizations with varied amount of researchers it was proposed
to use relatively overall performance indicators, characterizing the performance of organization scientific activity,
accounted for the unit of consumed financial and manpower resources.

The practical implementation of proposals in performance monitoring of research organizations scientific
activity will permit to increase the objectivity of its fulfilment and will contribute to make reasonable management
decisions on activity and structure improvement of the Russian Federation science complex, affiliated to
the Ministry of Defense of the Russian Federation as well.

Moctynuna 14 oktA6psa 2016 roaa.
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B cmambe paccmampuearomcesi akmyarsbHble npobnembl npogheccuoHanbHoU nod2omoeKu NEMHbIX aKuna-
el u crnieyuanucmos 60e8020 yrpaesrieHusi, a makxe rnpeodcmassieHbl MpeorioXXeHUs Mo pa3sumuro CUCMEeMb!
némHo-makmuyeckol no02omoeku asuauyuoHHbIX Yacmeli BKC Poccuu Ha ocHoge 8HEOPEeHUs UHHOB8AUUOHHbIX
mexHoo2ull 8 UHgbpacmpyKmypy «31€KMPOHHLIX MOSTU20HO8».

Knroyeenble cnoea. «351eKmpoHHbIU MoueoH», ModesiuposaHue, Xxapakmepucmuku, 3agucuMocms, JIEMHO-
makmuyeckasi nodeomoska, 3ghheKmusHoCmb.

The article states the actual problems of flight crews and Combat Management specialists professional
training; the proposals to develop the Russian Federation Aerospace Forces aviation units tactical flight training
based on innovative technologies introduction into the «electronic firing ranges» infrastructure were performed
as well.

Keywords: electronic firing range, modeling, characteristics, dependence, tactical flight training, efficiency.

B cratee paccMaTpuBaroTCsi akTyajibHble NMpoOIeMbl MPO(EeCCHOHATBLHONW IMOATOTOBKH
JETHBIX PKUMAXeH U crenuanucToB 00EBOTO YHpPaBJIEHHUS, a TaK XKe MpeJICTaBlIeHbl Ipeasio-
KEHUS M0 PAa3BUTHIO CUCTEMBI JETHO-TAKTUYECKOW MOATOTOBKHM aBUAMOHHBIX yacTeit BKC
Poccun Ha ocHOBE BHEIpEHUsT MHHOBAIIMOHHBIX TEXHOJOTHH B MH(PPACTPYKTYPY «3JEKTPOH-
HBIX [TOJINTOHOBY, MO3BOJISIONIMX MAKCUMAJIBHO MPUOIMKATh YCIOBUS MOJATOTOBKHU U BBIOJI-
Henue 3anad JITII k peanbHbIM O0EBBIM AECUCTBUSAM C OTHEBBIM, PAJMO3JIEKTPOHHBIM U Ma-
HEBPEHHBIM MPOTHBOJICUCTBUEM B peaabHOM MacinTade Bpemenu (PMB). «DnexTpoHHbIii mo-
JMTOH» MPEJCTABISET cO0OK HOBOE HANpaBJICHUE B COBEPIIEHCTBOBAHMM CUCTEMBI OOEBOM
noaroroBku BBC 1 HOBBIN MHCTPYMEHT OOBEKTUBHOM OLIEHKHU pE3yJIbTaTOB OOEBBIX JeM-
CTBMH, KaK OTAENbHBIX dkunaxeu, ' TH, Tak u nmogpasnenenuii 1 yacre B ueinoM. B cratbe
MPEJICTaBICHbl MaTepUalIbl 10 OIIEHKE YKOHOMUYECKON 3(()EKTUBHOCTH MpesiaraeMoi KOH-
LEILHH.
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INNOVATIV - COGNITIV DIRECTION OF DEVELOPMENT
OF EDUCATIONAL TOOLSIN AVIATION

A.D. Filin, A.R. Bestugin, V.P. Rachkov, O.l. Sauta, Y.G. Shatrakov, A.V. Ushkov

The article states the actual problems of flight crews and Combat Management specialists professional

training; the proposals to develop the Russian Federation Aerospace Forces aviation units tactical training based
on innovative technologies introduction into the «electronic firing ranges» infrastructure permitting to at most
simulate training conditions and fulfill tactical flight training (TFT) missions close to real combat operations
with counterfire, electronic and maneuvering countermeasures in real time scale (RTS). The «electronic firing
range» is a new heading towards the Air Force combat training system improvement and is a new tool of combat
operations results objective estimation as for separate crews, tactical purpose groups (TPG) and for units in sum.
The article includes the data on economic efficiency estimation of the proposed conception.

Moctynuna 13 oktA6psa 2016 roaa.
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UCI10/Ib30BAHUE OTKITIOHAEMOIO BEKTOPA TAIN
1P B3JIETE CAMOJIETA
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8edywjuli Hay4HbIt compyOHuk, @IYTT « LAV um. npogheccopa H.E. XKykosckozo», 2. XKykosckuti, Mockosckasi obrn.
O.W. TkaueHKo KaHOuGam MexXHUYECKUX HayK,
HayvarnbHUK omdesna, @Yl « A um. npogheccopa H.E. XKykosckozon, e. XKykoeckuti, Mockosckasi obr.
E-mail: Flightl5@tsagi.ru

HaHHas cmambs riocesuweHa uccredo8aHUr 803MOXHOCMU UCIMOMb308aHUSI OMKIIOHAeMO20 eekmopa msau
rpu 0bbI4HOU cxeme 83n1éma. Paccmampueaemcsi uenecoobpa3HoCmb OMKIIOHEHUST 8eKmopa msiau rnpu nodbéme
HOCOB020 Korieca U ompbige camonéma om 831émHo-nocadoyHol nonockl. [lokaszaHo, YmMoO OMKIIOHEHUEe 8eKmopa
msiau yerecoobpasHo Ha amarie nodbéma HOCO8020 Koreca 8 criydae b6onbWoeo 3anaca o yary amaku rpu ompbiee
camonéma rnpu obbidHOM 83néme. [lpu ompbiee camonéma om 83némHo-nocadoyHol Morock! UeecoobpasHo,
4mobbl 8eKMop msau rpoxodus Yepe3 ueHmp Mmacc camonéma. [na u3bez2aHusi KacaHUs X80CMO80U Yacmbko
108epXHOCMU 0J10ChI MOOKITIOYEHUE yrpasieHust 6eKMOpPOM msi2u OO/MKHO Mpou3800UMbCS HA CKOPOCMSX, 6rU3KuX
K pacyémHoli ckopocmu ompbliea camonéma. OmKIIoOHeHUe 8eKmopa msau MoXXem 0360/1UMmb COKpamumb OnuHy
pasbeza Ha 30% o cpasHeHuUto ¢ OruHoU pa3beaa npu 0b6bIYHOM 831€me.

Knroyesnie criosa: eekmop msau, 8311ém, y2on amaku, Wwaccu.

The article covers the study of thrust vectoring use possibility at conventional take-off pattern. The reasonability
of thrust vectoring deviation at lift of nosewheel and at unsticking of an aircraft is considered. It is shown that thrust
vector deviation is reasonable at liting stage of nosewheel in case of large angle of attack margin at sticking of an
aircraft during conventional takeoff. At sticking of an aircraft from the runaway it is advisable that the thrust vector
passes through an aircraft center of mass .To ensure safety and avoid tailstrike the thrust vector control initiation should
be done at velocities close to the estimated takeoff speed. The thrust vectoring could reduce takeoff ground roll up to
30% compared with the takeoff roll at conventional takeoff.

Keywords: thrust vectoring, take-off, angle of attack, landing gear.

JlaHHas cTaThs MOCBSIIEHA UCCIEIOBAHNIO BO3MOKHOCTH HCIIOIB30BAHUS OTKIJIOHSIEMOTO
BEKTOpa TSTU MpHU 00bIUHOM cxeMe B3i€Ta. PaccMaTpuBaeTcs 11e1ecoo0pa3HOCTh OTKIOHEHUS
BEKTOpa TSATH MPU NOABEME HOCOBOTO KOJIECa U OTPBIBE CAMOJIETA OT B3JIETHO-TIOCAAOYHOU
nonockl. [Toka3aHo, 4TO OTKJIOHEHHE BEKTOpa TATH IieJecooOpa3HO Ha 3Tare MmoabéMa HOCO-
BOTO KOJIeca B ciiydae OOJIBIIOro 3amaca Mo yriTy aTakd MPU OTPBIBE CaMOJIETa TIPH OOBIYHOM
B3nére. [Ipu oTpriBe camonéra OT B3IETHO-IOCATOYHOMN MOIOCHI IIeIeCO00pa3HO, YTOOBI BEK-
TOP TSTHU MPOXOIUIT Yepe3 EeHTP Macc caMmoiéTa. Jms Toro, 4To0sl n30ekaTh KacaHUs XBO-
CTOBOM YacThIO MOBEPXHOCTH IOJIOCHI, MOJKIIOUEHUE YIPABICHUS BEKTOPOM TATH JOJAKHO
MIPOU3BOJIUTCS. HA CKOPOCTAX, OJMM3KUX K pacd€THON CKOPOCTH OTpbIBa camoniéra. OTKIOHE-
HUE BEKTOpa TATH MOXKET MO3BOJIUTH COKPATUThH ANUHY paszdera Ha 30% Mo cpaBHEHUIO C
JUTMHOH paz0era rnpu 0ObIYHOM B3JIETE.
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PA3AEN: NAPUMEHEHUWE C1 U CPEACTB BKO

[Tpu B31ETE camoiéra ¢ KOpadist C MOMOIIBIO KAaTaIlyJbThl UIMEETCSl YUaCTOK JBUIKCHHUS
1o nanxy0e Mmocie pacueruieHus ¢ YeJIHOKOM KaTaIyJbThl, HA KOTOPOM HEOOXOIMMO TOIHSTh
HOCOBOE KOJIECO JUIS yBENWYCHHs yria atakd. OTKIOHEHHE BEKTOpa TSATH Ha JTOM OTalle
JBIDKEHUS U HAa TIEPBBIX CEKYHJaX BO3YIIHOTO y4acTKa IMO3BOJIIET o0ecneuuTs Oosee ObICT-
pblii HAOOp yTIiia aTaku U, COOTBETCTBEHHO, HEOOXOAUMYIO st 6€301acHOro B3JIETA HOABEM-
HYIO ciily. B pe3ynbrare MOKET OBITh CHHIXKCHA BEJTMYMHA PAa3TOHHOTO YCUIIMS KATaIlyJIbThI.
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THRUST VECTORING INITIATION AT AIRCRAFT TAKE-OFF

Yu.B. Dubov, O.l. Tkachenko

The article covers the study of thrust vectoring use possibility at conventional take-off pattern.
The reasonability of thrust vectoring deviation at lift of nosewheel and at unsticking of an aircraft is considered.
It is shown that thrust vector deviation is reasonable at lifting stage of nosewheel in case of large angle of attack
margin at sticking of an aircraft during conventional takeoff. At sticking of an aircraft from the runaway it is
advisable that the thrust vector passes through an aircraft center of mass .To ensure safety and avoid tailstrike
the thrust vector control initiation should be done at velocities close to the estimated takeoff speed. The thrust
vectoring could reduce takeoff ground roll up to 30 % compared with the takeoff roll at conventional takeoff.

During an aircraft catapult-assisted take-off from the ship there is a run leg on the deck after the catapult
shuttle release where it's necessary to lift a nosewheel in order to increase the angle of attack. The thrust
vectoring at this leg of deck roll and at first seconds of airborne part permits to provide faster angle of attack
ascent and the desired for safety flight lifting force, respectively. As a result, the acceleration force value of
the catapult may be reduced.
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B cmambe nposedeHa Ka4ecmeeHHas U Koru4ecmeeHHasi OUEHKa 803MOXHOCIMU MacKupOoBKU 30HOUPYOUWUX cugHa-
nos PJIC epynnuposku NNBO. OripedeneHo, HYmo ¢ ysernuyeHUeM KouHecmea 30HOUPYOWUX CU2Haros 8 CMecu yeenuyu-
gaemcs eé 3HMPOnulHasi MOWHOCMb (Mepa HeornpedeiEHHoCMU) U, criedosamesibHO, y8enuHUe8aeICs Ka4ecmeo MacKu-
PO8KU muna u Hecywjel Yacmomhbl 3mux cugHarios. Takke yCmaHOoBIeHO, Ymo C y8eruYeHUeM Kormu4ecmaea 30HOUPYHLUX
cueHarios pacrpederieHue CMecu 8 UX roJioce Yacmom rpubsiuxaemcsi K HopMasibHOMY 3aKOHY (YMEeHbLIAemcsl 86posim-
HOCMb OWUBKU nepeoeo poda), Ymo coanacyemcsi C yeenudeHUeM rokasamersisi SHmMpPOnuUUHOU MOUWHOCMU, Xapakmepu-
3yrouie20 rnpubrLXKeHUe K pagHOMEPHOMY pacripedesieHUo SHepauUU 8 CrieKmpe CMEeCU.

Knroyesnle crnosa: paduomexHudyeckasi pa3sedka, paduosiokauUoOHHasi CmaHUyuUsi, SHMPOnuLiHasi MOWHOCb, Mpo-
8epKa Ha HOpPMaslbHOCMb, a8MOKOPPENAUUOHHBIL Memod, Memod YMHOXeHUST MOSIHOU gha3sbI.

The article states the quantitative and qualitative assessment of the radar sounding signals masking capability
of air defense force. It was determined that with increase sounding signals amount in mixture its entropic power
(measure of uncertainty) increases as well, and consequently the type and the carrier frequency masking quality
of these signals is improved. It was also found out that with sounding signals amount increasing the mixture distribution
in its frequency band approximates to the normal law (the probability error of first kind decreases) that coincides with
entropic power index describing an approach to the uniform energy distribution in mixture spectrum.

Keywords: electronic intelligence (ELINT), radar system, entropic power, test for normality, autocorrelation meth-
od, full phase multiplying method.

B paGote npoBenéH aHanu3 BO3MOKHOCTH MAaCKUPOBKH 30HAUPYIOLIUX CUTHAJIOB Paauo-
JIOKALIMOHHBIX CTaHLUHI IPyNIMPOBKH MPOTUBOBO3IYITHON 0OOOPOHBL. AHAIU3Y MO/ABEpraiach
aJINTUBHAs CMECh 30HIMPYIOUIMX CHUTHAJIOB, IOCKOJBKY W3BECTHO, YTO HAJIMYNE CYMMBI
30HIMPYIOIIMX CUTHAJIOB Ha BXoje NpuéMHUKa craHuuu PTP 3atpynsser oneHky napamer-
pPOB KaXJI0ro M3 HUX. B KkauecTBe Mepbl MacKHUpYyIOLIled CHOCOOHOCTH CHUTHAJIOB ObLIa HC-
IIOJIb30BAaHA SHTPOINMITHAS MOIIHOCTh, XAapaKTEPU3YHIOIIAasi MOLIHOCTh TAaKOIro IIymMa C HOp-
MaJIbHBIM paclipeielIeHHeM BEpPOSITHOCTEH M PaBHOMEPHBIM CIIEKTPOM, KOTODBIM oOsagaer
AQHAJIOTMYHBIMU MAacCKHpYIOIMIMMH cBoMcTBamMu. [loMuMo sHTpomuiiHOro moaxona, B padote
HCIIOJIB30BAJICS almapar MaTeMaTU4eCKOM CTAaTUCTUKHU, IO3BOJISAIOIINN OLEHUTDH CTEIEHb CO-
OTBETCTBHSI pacCMaTpUBAEMBIX pealin3alliii HOpMaJbHOMY 3aKoHy. B 3akitoueHue paboThbl
OLICHUBAJIaCh BO3MOXXHOCTH BBIITOJIHEHUS TEXHUYECKOIO aHalIu3a aJJUTHUBHOM CMECH METO-
JIaMU, PEATN30BaHHBIMU B CTAHIUAX PAIUOTEXHUUECKONW Pa3BEIKH.

B pesynbrare npoBeIEHHOIO UCCIIE0BAaHUS YCTAHOBJICHO:

— MPH YBEJIINYEHUN KOJIMYECTBA CUTHAJIIOB B CMECH ITPOUCXOAMT CYIIECTBEHHOE yBEJINYe-
HUE DHTPONUNHON MOIIHOCTH, YTO CBUIETEJIBLCTBYIOT O IMOBBIIEHUN MAaCKUPYIOIIUX CBOMCTB
CYMMBI 30H/IUPYIOIIUX CUTHAJIOB;

— MpH A00aBJICHUM CUTHAJIOB B PaCCMaTPUBAEMYIO CMECh €€ 3aKOH pacrpeeseHus npu-
OyXKaeTcst K HOpMaJIbHOMY;
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— aHaJIU3 HCIIOJIB30BAHMS METOJIOB TEXHUYECKOTO aHAIM3a, PEAJIM30BAHHBIX B CTAHIUAX
paTuOTEeXHUYECKON pa3BeAKH, MOKa3all CYIIECTBEHHOE 3aTpyAHEHUE JH00 MOTHOE MCKIIIoYe-
HUE BO3MOYKHOCTH OIPEAEICHUS TUIIOB 30HAMPYIOIINUX CUTHAJIOB B PACCMAaTPUBACMON aaJiu-
TUBHOHN CMECH.

[TonydyeHHble pe3ynbTaThl MOXKHO MCIOJIb30BATh B LEJIAX MOBBILICHUS (PYHKIHMOHAIBHOM
HEYA3BUMOCTHU 31Ie0oHMpoBaHHON rpynnupoBku [I1BO ¢ ucnonb3oBaHreM 36HUTHBIX pakeT-
HBIX KOMIUIEKCOB Pa3HOW JAJIbHOCTH JEHCTBUS.
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CAPABILITY ANALYSIS OF RADARS SOUNDING SIGNALS
MASKING OF AIR DEFENSE FORCE

N.N. Litvinov, A.M. Lawrent’ev

The article states the analysis of the radar sounding signals masking capability of air defense force.
The additive mixture of sounding signals was analyzed because it's known that the presence of sounding signals
sum at receiver input of ELINT station complicates the parameter estimation of each signal. As an effort of signals
masking capability the entropic power was used which characterizes the power of such noise with normal
probability distribution and uniform spectrum having the same masking properties. Besides an entropic approach,
the mathematical statistics device was used permitting to estimate compliance degree of examined
implementations to the normal law. The article concludes the additive mixture technical analysis execution
possibility estimation through methods that realized in ELINT stations.

As a result of fulfilled analysis it was determined that:

—at increasing of signals amount in mixture the considerable power improvement rises that testifies
to masking properties increase of sounding signals sum;

— at signals addition to the examined mixture its distribution law approximates to the normal;

—the estimation of technical analysis methods implementation, realized in ELINT stations, showed the
significant difficulty or complete possibility elimination of sounding signals types determination in examined
additive mixture.

The obtained results could be used with a view to increase the functional invulnerability (survivability)
of the layered air defense force (grouping) deploying air defense missile systems of different ranges.
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B ces3u ¢ 6onbwol ydanéHHOCMbIO opbumbl 2e0cmayuUoHapHbIe CrlymMHUKU CrioCObHbI KOHMPOUpPo8ams ullb
HaseMHble ornmu4eckue cpedcmea. Onmuyeckue mMemoOb! HabritoOeHUSsI UCKYCCMBEHHbIX CIYMHUKO8 3eMru umMerom
ozpaHu4eHuss U mpebytom 8bIrosIHeHUS yCri08uli onmuyeckol audumocmu criymHukos. [lony4deH kpumepul 803MOX-
Hocmu HabmoOeHUs Ha3eMHbIMU ONMuUYecKUMU cpedcmeamu 2eo0CmauyUoOHapHbIX CrlymHUKO8, Ko2da UX Mosepx-
Hocmb riodceedu8aemcsi MOMOKOM COITHEYHOZ0 U3/TydeHUsl U He nornadaem 6 meHb 3emnu.

Knroyeeble cnoea: ucKyccmeeHHbIU CrymHUK 3emnu, 2eocmauyuoHapHasi opbuma, meHb 3emiiu, HaseMHoe
onmu4yeckoe cpedcmeo, (hazoshbill y2ori, ycriosusi onmu4Yeckoli sUGUMOCMU CrlymHUKa.

Due to the orbit remoteness the geostationary satellites are capable to control only the ground-based optical
systems. Optical surveillance methods of earth satellite vehicles (ESV) are having limitations and require fulfilling
the satellites optical visibility stipulations. The ground-based optical systems observability criterion of geostationary
satellites was obtained when its surface is illuminated by the solar radiation flux and does not fall into the Earth's
shadow.

Keywords: artificial satellite, the geostationary orbit, the shadow of the Earth, terrestrial optical means, the phase
angle, optical satellite visibility conditions.

KonmdecTBo OpOUTANBHBIX MO3HUINN, B KOTOPHIE MOTYT OBITH TIOMEIIEHBI T€0CTaIIHOHAD-
HbI€ CITyTHUKH, CTPOTO OTpaHUYeHO 0€30MacHbIM PacCTOSHUEM JIpYT OT apyra. TeopeTruecku
WX KOJIMYECTBO JIOJDKHO OBITh He Oosiee 720 MmITYK, HO B MOCJEAHEE JECATUIIETHE ITO TPeOOo-
BaHHe He BhINoyHsAeTcs. CpefiHee pacCTOSIHUE MEXy CIIYTHHUKaMM Pa3iIMuHBIX KOCMHUYECKUX
TPYIIIAPOBOK MOXKET COCTABIATH OT 500 10 HECKOJIBKUX JECATKOB KHIOMETPOB JIPYT OT APY-
ra. OTo MOXeT BbI3BaTh HE TOJILKO IIOMEXHU MIPU OpraHU3alluu CBS3U, HO U IPUBECTH K CTOJIK-
HOBEHHIO CITyTHHUKOB, MIO3TOMY HEOOXOJUMO OCYIIECTBIATh UX HAOIIOIEHUE C LENbI0 TOCTO-
SIHHOT'O KOHTPOJIsl pab0TOCTIOCOOHOCTH.

B cBsi3u ¢ Gonpiiol ynan€HHOCTbIO OPOMUTHI N€OCTAMOHAPHBIE CIHYTHUKH CIIOCOOHBI
KOHTPOJIMPOBATH JIMIIb HAa3eMHbIE ONTHYECKHE cpeacTBa. ONTHYECKHE METO bl HabII0AeHUs
UMEIOT OTPaHHUYCHHSI W TPEOYIOT HAIWYHS MPSMOW BHUIMMOCTH MEXKIy ONTHUYECKUM Cpe-
CTBOM M T€OCTAIl[MOHAPHBIM CHYTHUKOM. B03MOXHOCTH OOHapyX eHHs TIeOCTallMOHAPHOTO
CIyTHHKA BO3HHKAET JIMIIH TIPU OTPeIeIEHHOM 3HaueHUH (a30BoTo yria ®, BeIWYHHA KOTO-
POro 3aBUCHUT TOJBKO OT MOJIOKEHUS T€OCTAIIMOHAPHOTO CITyTHHKa OTHOCUTENbHO CONHIA U
HA3eMHOT0 OITHYecKoro cpenactBa. lloayyeHo yciioBUE, BBIIOJIHEHHWE KOTOPOIO SIBISETCS
KPUTEPHEM TOTO, YTO I€OCTAllMOHAPHBIN CIYyTHUK, HAXOISIChb Ha opOHTe, OyJeT MOoJCBeYeH
COJTHEYHBIM ITOTOKOM W3JTYYEHUs, HE MONanET B TeHb 3eMJIM M OyJeT oOHapy>KeH Ha3eMHBIM
ONTUYECKUM CPEICTBOM.
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CRITERIAL CONDITIONS OF GROUND-BASED OPTICAL
SYSTEMS SURVEILLANCE POSSIBILITY OF GEOSTATIONARY
COMMUNICATIONS SATELLITES

S.V. Logunov, D.A. Rogov, S.V. Chistyakov

The number of orbital positions, where the geostationary satellites can be located, is strictly limited by the
safe distance from each other. In theory, its number should be not more than 720 pieces, however in recent dec-
ade this requirement is not met. The average distance between satellites of various space groups can be from
500 up to a few dozens of kilometers from each other. This may cause not only the communication organization
interference, but also lead to satellites collision; therefore it is necessary to carry out its surveillance in order to
provide constant performance ability monitoring.

Due to the orbit remoteness the geostationary satellites are capable to control only the ground-based optical
systems. Optical surveillance methods have limitations and require the presence of direct visibility between optical
system and geostationary satellite. The ability to detect a geostationary satellite occurs only at a specific value of
the phase angle ©, the value of which depends on the geostationary satellite position relative to the Sun and
ground-based optical system. The obtained fulfilled stipulation is a criterion that is the geostationary satellite while
on orbit will be illuminated by the solar radiation flux, does not fall into the shadow of the Earth and will be detect-
ed by ground-based optical system.
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B cmambe npedcmasrieHbl pe3yribmambi paspabomku Memoda u3MepeHusi paduasibHOU cKopocmu 08UXEHUST
8030yWwHo20 obbekma paduonoKayUuoHHOU cmaHuyuel npu 30HOUPOBaHUU CEEPXKOPOMKUMU paduouMrlyibcamu.
lpednaeaembili Memod ocHosaH Ha JlUHelHOU annpokcumauyuu u OughghepeHUUpo8aHUU Mep8UYHbIX OUEHOK
danbHocmu Ao 8030yWHO20 06 bEKMA.

Knroyesnble cnoea: paduarnbHasi CKOPOCMb, CEEPXKOPOMKUL paduoumrysibc, OugghepeHyuposaHue OaribHO-
cmu, fuHeUHas annpoKcuMayusi.

The article states the method formulization results of aerial object radial motion velocity measuring by the
radar at ultrashort radio pulses sounding. The proposed method is based on linear approximation and initial range
estimations differentiation to aerial object.

Keywords: radial velocity, ultrashort radio pulse, range differentiation, linear approximation.

B crarbe paccMOTpeHBI BOIIPOCH M3MEPEHUS PAINATIBbHON CKOPOCTH JBHKEHUS LEIH pa-
JUOJIOKALIMOHHON CTAHLMEW IPU 30HAUPOBAHUM CBEPXKOPOTKMMM paauouMityibcamu. Mc-
IIOJIB30BAaHUE JIOIUIEPOBCKOTO METO/Aa B ATOM CIIy4ae 3aTPyAHHUTENIBHO, BCIEICTBHE CIIydai-
HOT'O Xapakrepa 3Xo-curnaia. Mismepenue cCKopoCTH IpeuiaraeTces Npou3BOIUTE B JBa dTala.
Ha nepBoM mpou3BOAUTH aNIIPOKCUMALAIO MOCIEAOBATEIIBHOCTA OLEHOK JAJIBHOCTH, U UX
KOPPEKLHUIO ¢ y4ETOM IOTEHIMAIIBHON TOYHOCTH UX U3MepeHus. Ha BTopom drtare nmpousBo-
JUTh MOBTOPHYIO alMpOKCUMAIUIO M BBIUUCIATH CKOPOCTh TU(pdEepeHIIMpOBaHUEM alIPOK-
CUMHUPYIOIEH 3aBUCUMOCTH. Pe3ynpTaThl CTaTUCTUYECKOTO JKCIEPUMEHTA IIOKA3alld, YTO
npeiaraéMblii METO/] MO3BOJISIET YMEHBIIUTh CPETHEKBAIPATUYECKYIO OIIMOKY OLIEHKH CKO-
pocTH Ha 4—15 M/C O CPaBHEHUIO C CYIIECTBYIOIIMMH, B 3aBUCUMOCTH OT IapaMeTpOB 30H-
JUPYIOILEH MMOCIEN0BATEIBHOCTH.
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TARGET VELOCITY MEASURING METHOD
THROUGH DIFFERENTIATION OF RANGE ESTIMATES
AT ULTRA-SHORT-PULSE SOUNDING

P.V. Pustozerov, S.S. Kozorez, M.G. Koryagin, A.M. Lawrent’ev

The article considers the target radial velocity measuring issues by the radar at ultrashort radio pulses
sounding. The Doppler method implementation in this case is challenging due to the random character of an echo
(return) signal. It's suggested to carry out velocity measuring in two stages. The first stage assumes the sequence
of range estimates approximation and its correction with regard to potential accuracy of its measuring.

The second stage stipulates fulfillment of repeated approximation and calculation of velocity through the
differentiation of approximated dependence. The statistical experiment results demonstrated that the suggested
method permits to decrease the velocity estimation mean-square error to 4-15 m/sec as compared to the existing,
depending on sounding sequence parameters.

MNoctynuna 17 HosA6ps 2016 roaa.
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B cmambe paccMompeHbl Mymu peweHusi yka3aHHbIX npobriem Ha npumepe KoHcmpykuuu ADOAP
X-Ouana3oHa 3PK Hoeozo nokoneHus. OnucaHbl 0coObeHHOCMU peanu3ayuu npuHyuna modyribHO20 nocmpoe-
Husi anepmypbi AY, obecriedeHue npoYHOCMHbIX XapakmepucmuK cusiogo2o Kapkaca AY, ebibop mamepuarna
KOHCMpyKuuu kapkaca AY, mexHosnoausi cbopku kapkaca u AY. lNoka3aHbl annemeHmbl cucmembl obecriedeHust
mennosbix pexumos pabomsi AY. lNpusedeHbl KOHCMpYKyUU ycmpolcmea duazpammoobpasogaHusi 8 cocmase
A®AP, paduonpo3payHoeo yKpbImusi, WUH 3AeKkmponumanusi u psida Opyaux cocmasHbix Yyacmed.

Knrouesnle crnoea: akmusHasi ¢hazuposaHHasi aHmeHHas pewémka, KOHCmpyuposaHue, paduo3ieKmpoH-
Hasi annapamypa.

The article considers the mentioned problems solution approaches through the example of X-band active
phased antenna array (APAA) configuration of the next generation surface-to-air missile system. The implementa-
tion features of the antenna system (AS) aperture modular architecture principle, the AS bearing frame strength
characteristics assuring, the AS frame construction material selection, the frame and the AS assembly technology
were described. The thermal control system elements of the AS operation were performed. The APAA
beam-former design, radar dome, power bus lines and a set of other component elements were mentioned.

Keywords: active phased antenna array, designing, radio-electronic equipment.

B cratbe paccMOTpeHbI OCHOBHBIE TPEOOBAaHHUS K BHICOKOIIOTEHIIMAIbHBIM aKTUBHBIM (pa-
3UpPOBAHHBIM aHTEHHBIM petéTkaM (ADAP), ycranaBiaMBaeMbIM Ha aBTOMOOMIIBHOE IIACCH, a
TaKk)Ke€ KOHCTPYKTOPCKHE PEILIEHUs M0 BBIOJHEHUIO 3TUX TpeOoBanuil. [IpeacraBnensl kpu-
Tepuu U 000CHOBaHKE BbIOOpAa KOHCTPYKTUBHOIO MCIOJHEHUSI U MaTepHalia CUJIOBOrO KapkKa-
ca, yIOBJIETBOPSIONTNE TPEOOBAHUSIM K MPOYHOCTH M KECTKOCTH ADAP mpu MexaHHMYECKUX
BO3/CUCTBUSX, a TaKKe TeXHOJorus coopku. s obecneueHust TpeOGOBaHUS K MOAYJIbHOCTH
noctpoeHuss ADPAP pa3paboraHa KOHCTPYKIMS yHUBepcalbHOro Onoka moppemietku (BII),
OCHOBHOM KOHCTPYKTHBHOH OCOOEHHOCTBIO KOTOPOTO SIBJISIETCSl €r0 OECKOPITYCHOE MCIOIHE-
Hue. Takxke, Ay oOecriedeHus: ONTUMANbHBIX XapakTepucTuk ADAP mpeacraBieHO KOH-
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CTPYKTUBHOE PEIICHUE MO Pa3MEIICHUI0 BCTpoeHHOro B kapkac ADAP ycrpoiicTBa nua-
rpammooOpa3oBanus. [Tokazano pemenue npoodaeMsl 3PHEKTUBHOTO OXJIAKICHUS (QYHKIHO-
HaJbHBIX y3510B BII B BHJle MOCTpOEHUSI CUCTEMBI KOJUIEKTOPOB JKUJIKOCTHOTO OXJIAXKJICHUS
BII u Bceit ADAP B nieniom. B utore neranbHO MpeacTaBlieHa KOHCTPYKIUS BHICOKOIOTEHITU-
anbHON ADAP 1151 MOOMIIBHON paInOJIOKAIIMOHHON CHCTEMBI, OTBEUYAIOIasi BCEM OCHOBHBIM
TpeOOBAHUSAM U 33JIaHHBIM TTapAMETPAM.
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DESIGN-ENGINEERING ISSUES OF HIGH POTENTIAL
ACTIVE PHASED ANTENNA ARRAY DEVELOPMENT

V.A. Abdullin, A.A. Osipov, A.N. Bulisov, U.V. Shitov, V.N. Peskov, V.G. Lisovskiy

The article states the main requirements to the high potential active phased antenna arrays (APAA),
mounting on a vehicle chassis, and engineering solutions to fulfil these requirements. The criteria and selection
rationale of engineering solution and bearing frame material complying with requirements to the APAA strength
(integrity) and stiffness during mechanical effects, and assembly technology as well were performed. To assure
the requirement to the APAA modular design the construction of general-purpose subarray block (SB) was
developed, the main construction feature of which is its frameless design solution. Besides, to provide the APAA
optimum characteristics the design solution on placing of APPA frame built-in beam-former was presented.
The SB functional nodes effective cooling problem solution was performed in form of SB manifolds liquid cooling
system construction and the whole APAA. As a result the article represents in details the construction of high
potential APAA for mobile radar system complying with all main requirements and predetermined parameters.

Moctynuna 25 pekabps 2016 ropa.
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Paccmampueatomcesi 80rpOCh! COBEPLUEHCMBO8aHUST cicmeM UHGhopMauUoHHOU ModOepKKU obCryxusaoue20
repcoHana rpu pabome C ANEKMPUYECKUMU CXeMamu paduoannekmpoHHol annapamypsbl. [pednazaemcsi nodxod K
10CMpoeHUIo cucmeM UHGOPMaUUOHHOU MoOOepXKU, UCMOMb3YoUuUll COBOKYMHOCMb KOHUENMYarbHbIX U 06bekm-
HbIx Molenel paduoanekmpoHHol arnapamypbl. OcHogy rnodxoda cocmaessisiem Memold UHEOPMaUUOHHOU Mo0-
OepxKu, peanu3yrowuli 803MOXHOCMb LCIOb308aMb CXEMHO-OPUEHMUPOBaHHbIe 3arpockl, Ymo criocobecmeyem
YMEHbUWEHUIO 8DEMEHU 80CCMAaHOB/IEHUSI padUO3IeKMPOHHOU annapamypsb.

Knrodeebie cnoea: uHgopmayuoHHast noddepxxka, CXeMHO-OpPUEHMUPOBaHHbIU 3anpoc, gpelimosast Modersib,
nammepH.

The informational support systems improving issues of operating personnel at operating with electrical circuits
of electronic equipment were examined. An approach to design the information support systems is proposed using
a set of conceptual and object models of electronic equipment. The basis of the approach is the information support
method, permitting to use the circuit-oriented queries assisting to reduce the time of electronic equipment recovery.

Keywords: information support, circuit-oriented queries, frame-based model, pattern.

CoBeplIeHCTBOBAaHUE METOAOB (HOPMHUPOBAHMS UATHOCTUYECKOH HH(POpPMALUU pac-
CMaTpPUBAETCS KaK CPEJCTBO MOBBIIIEHUS 3P (HEKTUBHOCTH pabOThl 0OCITYKMBAIOIIETO EPCO-
HaJla CO CXEMaMHM IIPY BOCCTAHOBJIEHMM PaJMO’JIEKTPOHHOM ammaparypsl. [Ipeanaraercsa me-
TOJ NUH()OPMALIMOHHON MOAJIEPKKH, TO3BOJISIONINI Ha OCHOBE KOHIIETITYaJIbHBIX MOJIENel pa-
JIMO3JIEKTPOHHOM anmaparypsl (OpMHpPOBATh AMArHOCTHUYECKYIO0 MH(pOpMalUIo B BUjae ¢par-
MEHTOB 3JIEKTPUUYECKUX CXEM JJIsl MpEeCTaBlIeHUs1 oOcIy ) uBatouiemMy nepconainy. [Ipu atom
OINHUCAHMsI CTPYKTYPHO-(DYHKIIMOHAIBHBIX CBOMCTB JMAarHOCTUYECKON MH(pOpMAaLUU Omnpese-
JSIeTCSI B YCJIOBUAX CXEMHO-OPHUEHTHPOBAHHBIX 3allpOCOB HA €CTECTBEHHO-TIOJJOOHOM SI3BIKE.

MeTto o3BoJIIE€T NEPENUTH OT YCIOBUH, 3aJaHHBIX B TOJIOCOBOM WJIM TEKCTOBOM CXEMHO-
OpPUEHTUPOBAHHOM 3aIpoce, K rpaduuecKkoMy NMpeACTaBICHNI0 TpeOyeMOl TUarHOCTUYECKON
uHpopMaluu B BUE (GParMEHTOB JMEKTPHUUECKUX CXEM IITaTHBIMHU CPEICTBAMM BHU3yalln3a-
MU cucTeM MHGPOpPMAIMOHHON mojyepkku. [IpumeHeHne meToga crocoOCTBYET COKpalle-
HUIO BPEMEHHU BOCCTAHOBJIEHHUS PaJMO3JIEKTPOHHOM anmaparyphl 3a CUET YMEHBIIEHUS Bpe-
MEHH U3BJI€UYEHUs TpeOyeMOol TuarHocTu4eckoi nHpopMaluu.
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INFORMATIONAL SUPPORT METHOD ON CIRCUIT-ORIENTED
QUERIES OF OPERATING PERSONNEL DURING
RADIO-ELECTRONIC EQUIPMENT RECOVERY
OF SPECIAL-PURPOSE COMPLEXES

O.V. Anisimov

The improving methods of diagnostic information forming is examined as means of performance efficiency
increasing of operating personnel with circuits during recovery of electronic equipment. The information support
method is proposed permitting, based on radio-electronic equipment conceptual models, to generate diagnostic
information in the form of electrical circuits segments in order to represent it for the operating personnel. Herewith
the structural and functional properties descriptions of the diagnostic information are determined amidst
circuit-oriented queries in natural-like language.

The method allows shifting from conditions defined in the text or voice circuit-oriented query, to the graphic
representation of required diagnostic information in the form of electrical circuits segments through organic
visualization tools of information support systems. The method implementation contributes to electronic
equipment recovery time reducing via retrieval time decreasing of required diagnostic information.

MocTtynuna 29 Hos6ps 2016 roaa.

BECTHUK BO3YLUHO-KOCMUYECKOA OBOPOHbI N2 1(13), 2017 r.



PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX N TEXHOJIOTMYECKUX PABOT

YOK 621.833.3

MNEPCIIEKTUBHBIE PO/IUKOBUHTOBBIE MEXAHU3MbI
S/IEKTPOMEXAHWUYECKUX [1PUBOLOB
LA ABUALUIMOHHOU U PAKETHOU TEXHUKU

© ABTOpbI, 2017

0.C. BnuHoB 00KMOp mexHU4YecKuUX HayK, doueHm,
npogbeccop, MI'TY um. H.3. baymaHa, e. Mockea
C.K. leoHTbeB kaHOUdam MexHUYECKUX HayK,
3aMm. eeHeparnbHo20 oupekmopa, @Y « HUNCY», 2. Mockea
M.N. Mopo3soB
HayarnbHuk omoena, @IYr « HUMCY», e. Mockea
E-mail: mihailmi@mail.ru
H.B. Manb4yeHko kaHOUdam mexHU4YecKUX Hayk,
HayaribHUK Hay4HO-mexHu4yeckozo ueHmpa, @Yr « HUNCY», e. Mockea

Cmambsi nocesiujeHa 0630py, pPasguUMUI0 U CPaBHEHUK BUHMOBbLIX MEXaHU3MO8, KOmopble WUPOKO
MPUMEHSIFOMCS 8 cocmase 3/1eKmpoMexaHu4eckux rnpugsodos usdenuli aspokocmuyeckol ompacnu. B Hawel
cmpaHe 8 Kayecmee yKa3aHHbIX SUHMOBbIX MEeXaHU3MO8 4Yauje 6Ce20 MPUMEHSIIOMCS XOpOoWO OCB0EHHbIe
rpou38o0cmeoM WapuKosuHMosbie MexaHu3mbi (LUIBM). OOHako muposoul npakmukol fMpu3HaHo, Ymo 8 Hacmo-
Awee spems Haubosiee nepcrneKkmMueHbIMU 8UHMOBLIMU MeXaHU3MaMu S8JISIF0MCS POSTUKOBUHMOBbIE MeXaHU3MbI
(PBM), komopbie ycriewHo npumeHsitomcs Ha 3anade yxe Heckonbko Oecsamunemul. OHU 3Ha4umesbHoO
npesocxodssim LIBM no Haepy3o4Hol crnocobHocmu, xécmkocmu, bbicmpodelcmsuto u pecypcy. B MITY
um. H.3. baymara u @Iryr «HUNCY» 6bin ebinoniHeH KoMmmnekc pabom, Komopsbili Mo3eossiem Hadamb 0C8oe-
Hue npousgodcmea rnepcrnekmusHbix PBM Ha coepemeHHbix npednpusimusax Poccuu u e OanbHelweM OCHa-
wame 3MuUMU MexaHU3MaMu 8bICOKOMEeXHOT02UYHbIe U30esusi.

Knrodeeble croga: WapuKo8UHMOSbIE MeXaHU3Mbl, PO/TUKOBUHMOBLIE MEeXaHU3Mbl, Hagpy3o4Hasi criocob-
Hocmb, xécmkocmb, bbicmpodeticmeue, pecypc, macca.

The article covers a review, development and comparison of screw mechanisms which are widely used
within electro-mechanical drives of aerospace industry items. For this mentioned screw mechanisms the ball-screw
mechanisms (BSM) are more frequently used in the Russian Federation which are well set by the manufacturing sector.
However it's admitted worldwide that nowadays the most advanced screw mechanisms are roller-and-screw
mechanisms (RSM) which have been successfully used in the West for several decades. The RSM considerably
exceeds the BSM in loading capacity, stiffness, operating speed and operational life. The N.E. Bauman Moscow State
Technical University and the Federal State Unitary Enterprise «NIISU» (Standardization and Unification Research
Institute) accomplished a set of works permitting to begin manufacturing mastering of advanced RSMs at the modern
Russian enterprises and further to equip with these mechanisms the high-technology items.

Keywords: ball-screw mechanisms, roller-and-screw mechanisms, loading capacity, stiffness, operating speed,
operational life, mass.

CoBpeMeHHbIE U3/1eTHs a3POKOCMUUECKOM TEXHUKU JOJKHBI 00J1afiaTh BBICOKOW Harpy-
304HOM CITOCOOHOCTBIO, HA/IEKHOCTBIO, JOJITOBEYHOCTBIO, OBICTPOJEHCTBUEM M TOYHOCTBIO
pabotel. C pyroit cTopoHbl OHU JTOJKHBI UMeTh Beicokor KITJI, manyto maccy u raGapursl,
XOPOUIYIO YIPaBIIEMOCTb, MIPOCTOTY OOCIY)KMBAaHUS U PEMOHTa U T.A. UTOOBI COBMECTHTH
BCE 3TU TPeOOBaHMs B M3/EJIMHU, a CIEI0BATEIbHO B arperarax, MEXaHW3Max, y3jax M JeTa-
JSIX, KOTOpPbIE BXOJAT B €r0 COCTaB, HEOOXOJUMO MOCTOSIHHO COBEPIICHCTBOBATH KOHCTPYK-
LUIO0 U3JIEJIUS U €0 COCTAaBISIOLIUX, BHEAPSATh HOBBIE MaTe€pHalIbl U TEXHOJIOTHU, a TaKkKe
pa3pabaTbIBaTh U3/, HE UMEIOLIHE aHAJIOTOB B OTEYECTBEHHON HJIM MUPOBOM MpPAKTHUKE.
Takum npumepoM siBnsietcst paspaborka B CIHIA ponukoBuHTOBBIX MexaHu3MOB (PBM), ko-
TOPBIE IIUPOKO U YCIIEUTHO CTAIM NPUMEHSATHCS Ha 3anajie B BBICOKOTEXHOJIOTMYHBIX U3/EIH-
AX, HAaIIpUMep B OTBETCTBEHHBIX MPHUBOJIAX YIPaBJICHUsI ABUTATEISIMU CBEPX3BYKOBBIX Macca-
XKHUpcKuX JaiiHepoB «KoHkopa». MHoOrue M3 HUX OTCIYXWUJIM O€3 OTKAa30B Ha JIBHUTraTessx
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«Konkopaos» o 15000 nétubix yacoB. B konue 80-x rogos nponuioro Beka B CCCP, nonu-
Masi riepcreKTuBHOCTE PBM, mimaHupoBajgock MOCTPOUTH U OCHACTUTH 00OPYIOBAaHUEM B TO-
pone Bnanumupe crnenvalbHbI HAYyYHO-TEXHUYECKHUW LIEHTP IO M3YYEHUIO MU OCBOCHHIO
npousBojcTBa PBM, u naxe Hayajioch €ro cTpouTenbcTBO. OHAKO 110 U3BECTHBIM IPUYUHAM
9TOT LIEHTP He ObLI co3aH. B HacTosmiee BpeMs 1okazaHo, uto PBM sBisitoTcst cambiMu niep-
CHEKTHBHBIMH BUHTOBBIMH MEXaHU3MaMH Kau€HUs, a OTCTaBaHUE OTEYECTBEHHBIX HApabOTOK
OT 3amagHbIX HCYHUCISIETCS AecATHIeTUsIMHU. [Ipu 3TOM pa3pO3HEHHBIMH HCCIEIOBAaHUSMHU
PBM 3anumarorcs Bo Buaal TY, MI'TY um. H.D. baymana, I'K «/luakont», ®I'VII
«HUHNCY» u B gpyrux opranu3anusx. B HUX HaKOIUIEH OMpeIeICHHBIA OMbBIT, pa3padoTaHbI
pa3iMyuHble KOHCTPYKTHBHBIE HcnoyiHeHus: PBM, pazpaboTraHbsl METOMKM pacdera, onpoodo-
BaHbI OMNBITHBIE 00pa3iel PBM u T.1. B crarhe npuBenena nadopmaids 0 HOBOM KOHCTPYK-
i PBM, paspaborannoii cnennamuctamu MI'TY um. H.O. baymana u ®I'VII «<HUUCY », n
€€ BO3MOXHOCTAX. YTOOBI TOCTUYDL 3HAUUMBIX PE3y/IbTaTOB B OCBOCHHH Mpou3BojcTBa PBM
U BHEJIPEHUS UX B BBICOKOTEXHOJIOTUYHBIC U3/IENINSI HEO0X0IMMO coOpaTh BOEINHO BCEX yue-
HBIX U CHEUAINCTOB, n3ydaromux PBM, ckoopauHupoBaTh ycuinus, U B IEPCIEKTUBE HA OC-
HOBE OIIbITA 3KCIUTyaTallUd 3TUX MEXaHHW3MOB Pa3paboTaTh HOPMATUBHO-TEXHUUECKUE JOKY-
MEHTHI.
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ADVANCED ROLL-SCREW MECHANISM
OF ELECTRO-MECHANICAL DRIVES FOR AVIATION
AND ROCKET TECHNOLOGY

D.S. Blinov, S.K. Leontiev, M.l. Morozov, N.V. Palchenko

The up-to-date aerospace industry items should have a high loading capacity, reliability, durability, operating
speed and accuracy. From another side the items should have high performance efficiency, small mass and
dimensions, good controllability, maintenance and repairing simplicity, etc. In order to combine all these
requirements with the item and consequently with constituent machineries, mechanisms, assembly units and
parts, it's necessary to improve constantly the item constructional design and its components, to introduce new
materials and technologies, and to develop an items unequal to the national and world practice.

Such an example is the US developed roller-and-screw mechanisms (RSM) which widely and successfully
have been implemented by the west countries in high-tech items e.g. in heavy-duty engine control drives of the
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«Concord» supersonic passenger airliner. The service life of the most engine mechanisms without failures
comprised of 15000 flight-hours. In the late 1980" the USSR realized the RSM potential and planned to build and
equip in Vladimir city the special science-technical center for the RSM manufacturing study and mastering, and
even its construction was initiated.

However due to the known circumstances this center was failed to be build. Nowadays it's proved that the
RSMs are the most perspective screw mechanism of rolling, and underrun of the indigenous exploratory studies
from the west ones is calculated in decades. Herewith the segmental research works on RSM are conducted
by the Vladimir State Technical University, the N.E. Bauman Moscow State Technical University, CG «Diacont»,
the Federal State Unitary Enterprise «NIISU» and by other organizations. Some certain experience have been
accumulated by them, the different RSM structural designs were developed, the design procedures were
developed as well, the RSM prototype models were tested, etc.

The article states information on the new RSM design developed by the N.E. Bauman Moscow State
Technical University and «NIISU» specialists, and its capabilities. To gain significant results in the RSM
production mastering and its introduction to high-tech items it's necessary to join together all scientists and
researchers, studying the RSM, coordinate their efforts and in prospect based on its mechanisms operational
experience to develop technical standards and regulations.

MocTtynuna 24 anpensa 2016 roaa.
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YBEJIMYEHUE BPEMEHU PABOTBI
CUCTEMBbI TA3OIUTAHUA PAKETBI-MULLEHA

© ABTOpbI, 2017

M.E. Bei6puk
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UccnedosaHa 803MOXHOCMb y8ETUYEHUsT 8peMeHU pabombl cUCMeMb! 2a30MUMaHUst pakembl-MULUEHU, paspa-
bomaHHoU Ha 6a3e 3YP. lNposedéH aHanu3 pabomsi cucmembl 2asonumarusi 3YP, paspabomara memoduka dopa-
bomku cucmembl 2asonumarus 3YP, nposedéH pacyém napamempos OopabomaHHOU cucmeMbl 2a30rnumaHusi
u rpusedeHb! thakmudecKue napamemps! o pe3yribmamam 02He8bIX CMeHO08bIX UCbimaHu.

Knroueeblie cnoea: pakema-muweHb, 3YP, cucmema eazonumanusi, CITI, 2a3oeeHepamop, peaysisimop,
OasreHue.

The target-missile gas-supply system operation time increase possibility was examined which is developed on the
base of Surface-to-Air Missile (SAM). The SAM gas-supply system operation analysis was fulfilled, the SAM gas-supply
system refinement procedure was developed, parameters estimation of improved gas-supply system was carried out,
and actual parameters as a result of firing bed tests were performed.

Keywords: target-missile, SAM, gas-supply system (GSS), gas generator, controller, pressure.

HccnenoBaHne BO3MOXKHOCTH YBEJIMYEHHUS BPEMEHHM pabOThl CHUCTEMBbI Ta30MHTaHUS
(CI'TI) mpoBeneHo B paMKax pa3pabOTKU pakeThl-MullieHH Ha 6a3e 3YP cpennelt nanpbHOCTH
JUIsl aBTOHOMHOT'O MUIIIEHHOTO KOMILJIEKCA.

[lenecooOpa3HOCTh UCCIIEOBaHUS 00YCIIOBIEHA TPEOOBAaHUSMH K MPOJOJIKUTEIbHOCTU
NoJIETA JUI BCEX MPOTpaMM PAKETHI-MUIIEHH 1 MUHUMAJIBHO BO3MOXKHOM CTOMMOCTBIO J10pa-
60T1ku Tunosoi 3YP.

CI'TI pakeTbl-MUIIEHH MpeJHAa3HAYeHA Ul BBIPAOOTKU TOPSYEro raza BBICOKOTO JaBiie-
HUS, 00ecreynBaroero paboTy pyJaeBbIX NPUBOJOB BO BpeMs Moyiéta. OCHOBHBIM MapaMeT-
pPOM, IMO3BOJISAIOUIMM YIPABIATh pekuMaMu paboTel razoreneparopa CI'TI sBnserca napie-
Hue. [Ipu aTom pexumsl padotel CI'TI orpannunBaroTcs AaBlieHUEM, IPH KOTOPOM MTPOUCXO-
JUT YCTOWYMBOE FOPEHME TOILIMBA I'a30T€HEPATOPA, U JABICHUEM B PYJIEBBIX MPUBOAAX, J10-
CTaTOYHBIM JJIs1 UX (PYHKIIHMOHUPOBAHUSI.

B mporecce nccnenoBanusi mpoBeeHa OlleHKa MOTpeOHOro pacxoja rasa, odbecrneunBa-
IOIIETO TpeOyeMblil ypOBEHb JaBIIEHUSI B PYJIEBBIX MpUBoJAax. Paccunran razonpuxoj oT 3a-
psiia razoreHeparopa NpH 3aJaHHOM JaBJICHHUM M OIpeJesieHa BeIMYuHa pabodero cBoja
TOIUIMBHOTO 3apsjia razorereparopa. Paccunrano Bpemsi pabotel CI'TI pakeTbl-MullIeHH 1O
pabouemMy CBOJy TOIUTMBHOTO 3apsijia ra3oreHeparopa.

KoncTpykTuBHO 3amaua yBenuueHus BpeMeHu pabotsl CI'TI pemena myTéM 3aMeHbI pe-
TYJISTOpa BBICOKOTO JaBJICHUS, MPEAHA3HAYEHHOTO Ul MOJAJEpkKaHUsA TPeOyeMOro ypOBHS
nasienus B razoreneparope CI'TI. Hactpoiika perynstopa CI'TI pakeTbl-MUIIIEHN Ha OCHOBE
tunoBoi 3YP 3akirodaercs B CHUKEHUH JaBJICHUS OTKPBITUS KJlalaHa.

Pe3ynbratel oraeBbix creH10oBbIX HcnbiTanuit (OCH) nopadorannoit CI'TI moarBepxkaa-
IOT BO3MOXXHOCTb yBenuueHus Bpemenu padotsl CI'TI tunosoit 3YP cpenneit nanbHocTu.
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TARGET-MISSILE GAS-SUPPLY SYSTEM OPERATION
TIME INCREASE

M.E. Vibrik, V.N. Akimov, N.S. Zinetc

The gas-supply system (GSS) operation time increase possibility was conducted within frames of target-missile
development works on the base of medium range surface-to-air missile (SAM) for the autonomous target complex.

The research viability is stipulated by requirements to flight duration for all target-missile programs and minimal
possible refinement cost of the common SAM.

The target-missile GSS is intended for the hot gas generation of a high pressure providing flight control actuators
operation in flight. The main parameter permitting to control the GSS gas generator operation modes is a pressure.
Herewith the GSS operation modes are limited by the pressure at which the gas generator stable combustion is
provided, and by the pressure in flight control actuators sufficient for its functioning.

The research included the estimation of gas flow demand providing the required pressure level in actuators.
The gas inflow from gas-generator charge at set pressure was calculated and the value of gas-generator operating
propellant web was determined. The target-missile GSS operation time was calculated according gas-generator
operating propellant web.

In terms of design, the GSS operation time increase problem was solved by the high pressure controller
substitution designed for required pressure level maintaining in GSS gas-generator. The target-missile GSS controller
adjustment is confined in valve opening pressure decrease.

The results of firing bed tests (FBT) of the improved GSS confirm the possibility of the GSS operation time
increase of the medium range common SAM.

Moctynuna 20 oktA6ps 2016 roaa.
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METOZ BbIYUCIEHNS 3ABUCUMOCTU YACTOTbI
OT BPEMEHU B CUIHAJTAX C HENTMHEAHOU YM,
WUMEIOLLIMX CIEKTP MOLHOCTH B BUJE KOCUHYC
B N-OU CTEINEHN
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U3gecmHble ebipaxeHuUsi 3agucuMocmu 2pyrnosol 3adepXKu Hacmombl Om 6PeMeHU COoa/laco8aHHbIX
¢unbmpos npeobpasyomces 8 6bIpaxeHUs, COCMOSAWUE U3 HECKOJNIbKUX CilazaeMblX, KOmopble npedcmassisom
coboli NUHeUHy0 unu mpu2oHOMEMmpPUYECKy0 8 eude chyHKUUU Sin(x) 3asucumocmb 2pyrnogol 3adepXKu om
yacmomsl. Bbiqucnsiomesi obpamHbie ¢hyHKUUU Om r1oflyYeHHbIX CrlazaeMbiX, Komopbie npedcmasrnsiom cobol
JTUHEUHY0 Uuiu 0bpamHO mpu2oHOMEMPUYECKYo 8 sude (hyHKUUU apKCUHYca 3a8UCUMOCMb 4acmombl OM 8PeMeHU.
[ns kax0oe20 3HavyeHus1 Yacmomel opOuHamhbl (8 dekapmoesoU rpsMoy20sibHOU cucmeme KoopduHam) onpedesnistom-
¢s abyuccbl 06pamHbix hyHKUUU U no amum abcyuccam 8bIHUCIISIOMCS 3a8UCUMOCIU Yacmombl OM 8pPeMeHU 8 cue-
Hanax ¢ HenuHelHol YM, umerowjux criekmp MouHoCmu 8 8ude «KOCUHYC 8 n-oli cmeneHu», 20en =1, 2, 3, 4.

Knrouyesble cnoea: HenuHeliHO-4acmomHo-modyrnuposaHHsle (HYM) cueHanbl, 3asucumocmb 2pyrnosol
3adep)KKuU 0m Yacmombl, 3a8UCUMOCITIb Yacmombl OM 8pEMEHU, CIIeKMpP MOUWHOCMU, KOOPOUHaMHOE 8bI4UCIIEHUE.

The known dependence expressions of envelope (group) frequency delay versus time of matched filters
are converted into expressions consisting of several addends which perform the linear or the trigonometric
dependence (in functional form of sin(x)) of group delay versus frequency. The inverse functions from obtained
addends are calculated which are the linear or antitrigonometric dependence (in functional form of arcsine)
of frequency versus time. For each ordinate frequency value (in Cartesian coordinate system) the inverse function
abscissa is determined and according to these abscissas the dependence of frequency versus time in signals with
none-linear frequency is calculated, having power spectrum in form of «cosine in n-power», where n=1, 2, 3, 4.

Keywords: none-linear-frequency modulation (NLFM) signals, group delay versus frequency dependence,
frequency versus time dependence, power spectrum, coordinate calculation.

[IpencraBieH METOJ KOOPAWHATHOTO BBIYMCIICHUS 3aBUCHUMOCTEH YacTOThI OT BPEMEHHU
CUTHAJIOB C HeMIMHENHOM UM Ha OCHOBE aHAIIMTUYECKUX BBIPAXKEHUN 3aBUCUMOCTEHN TPYIIIO-
BOM 3aJIep’)KKH OT YacTOThI COTJIACOBAHHBIX (PWJIBTPOB ITHX CUTHAJIOB, UMEIOIIHUX CIEKTP
MOIIHOCTH B BHJIE KOCHHYC B n-cTemneHu. [IpuBeneHbl npeoOpa3oBaHus BhIPAXKEHUN 3aBHCH-
MOCTH TPYIIOBOM 3aIep>KKHM OT YacTOTHI COTJIACOBAHHBIX (PHIIBTPOB, KOTOpPHIE MO3BOJISIOT
BBINIOJIHUTH KOOPAMHATHOE BBIUMCICHUE 3aBUCUMOCTHU YaCTOTHI OT BPEMEHU B CUTHAJIAX C He-
nuHerHoM UM U CrieKTpOM MOIIHOCTH B BUJE KOCHHYC B N-CTENIEHU. BBIYMCIIEHBI 3aBUCUMO-
CTH YaCTOTBI OT BPEMEHU CUTHAJIOB C HEIMHENHON UM M CIEKTpOM MOIIHOCTH B BUJE KOCHU-
HYC BO BTOPOM, TPEThEN 1 YETBEPTOU CTEIICHH.
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COMPUTATION METHOD
OF FREQUENCY VERSUS TIME DEPENDENCE IN SIGNALS
WITH NONE-LINEAR FREQUENCY MODULATION HAVING
POWER SPECTRUM IN FORM OF COSINE IN N-POWER

V.N. Zavaliy, V.S. Okoneshnikov

The coordinate calculation method of frequency versus time dependence of none-linear-frequency
modulation (NLFM) signals based on analytic dependence expressions of group delay versus matched filters
frequency of these signals having power spectrum in form of cosine in n-power. The dependence expressions
conversion of group delay versus matched filters frequency are given which permit to fulfill coordinate calculation
of frequency versus time dependence in signals with NLFM and power spectrum in form of cosine in n-power.
The frequency versus signals time with NLFM and power spectrum dependence in form of cosine in second-,

third-, and fourth-power were calculated.

MocTtynuna 1 Hosi6psA 2016 roaa.
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AkmueHble anemeHmb! (A3) u3 crinasos ¢ namamsio (Cl) sensomcs 6a308bIMU 35ieMeHmamu S3HEP2eMUYECKUX
ycmaHogoK (3Y), npeobpasyrowjux meriosyro sHepauro 8 anekmpudeckyro. Omcymemaeue wupoKol npakmuyeckol
peanu3ayuu KOHCMpPYKMmMugHbIX peweHul 3Y Ha ocHoge CI1 cesizaHO ¢ HeAoCmamoYHbIMU MeopemuyecKuMU uccrie-
dogaHusiMu 8 OaHHOU obriacmu, 8 YacmHocmu, He paspabomarb! cucmeMHble nodxodbl 8 peweHuu rnpobremsl. B
cmamee fpusodumcsi memod pacyéma u rnpoekmuposaHusi A9, npedHasHavyeHHbIX Ornisi pabomsi 8 Y mypbuHHO20
muna, pabomarowjux 8 dsyx cpedax C yposHeM MoujHocmu, docmamoyHol Orisi MPakmMuU4YeCKo20 UCIOb308aHUSs.
lNpedcmaeneH npumep pacyéma A3 Ha npumepe Y mypbuHHO20 mura.

Knrodeenle cnoea: crinasbi C naMsimslo, 3Hepeemuyeckasi ycmaHoeka, peKyrnepayusi, akmueHbil aremeHm,
pac4yém, npoekmuposaHue, mepmMomexaHudeckuli npusoo.

Active elements (AE) composed of memory alloys (MA) are the base elements of heat engine (HE) which convert
the thermal energy into the electrical power. The gap in wide implementation of heat engine construction solutions
based on memory alloys is connected with poor theoretical research in this area, particularly, there is no system
approach to the problem solving. The article provides the analysis and design method of active elements which are
intended for operation in turbine-type HEs ,operating in two medium with power level sufficient for the practical use.
The HE analysis example is given using the turbine-type HE.

Keywords: memory alloys, heat engine, recuperation, active element, analysis, design, thermomechanical drive.

B aBnacTpoeHnH, KOCMMYECKON U paJUOJIOKALIMOHHOM TEXHHUKE, KaK B IPOU3BOJCTBE, TAK
U B KCIUTyaTalluu CYLIECTBYIOT Oousbline notepu sHepruu. Haunbonee 3ppekTuBHBIM crioco-
OOM CHMIKEHUS MOTEPH SIBISIETCS MPUMEHEHUE YHEPreTHUECKUX YCTaHOBOK (DY), CTOCOOHBIX
PEKYNEpUpPOBATh TEIUIOBYIO 2HEPrui0. OCHOBHBIMU 3JIEMEHTaMU DY SBJISIOTCS aKTHUBHBIE
aneMeHThl (AD) u3 criaBoB ¢ namsTbio (CII).

Ilenb cTraThy 3aki04YaeTcs B pa3paboTKe MeToja pacyéra U MPOEKTUpOBaHUSA AD, mpea-
Ha3HAYCHHBIX 7151 paboThl B DY TypOMHHOTO THMa, pabOTaOIMX B JBYX Cpelax ¢ ypOBHEM
MOIIHOCTH JOCTATOYHOM JUIsl MPAKTUYECKOTO UCIIOJIb30BAHMS.

[TocnenoBarenbHOCTh pacu€éta AD cieayrolas: onpeaeieHue NeoOMETPUYECKUX mapa-
MmeTpoB DY, omnpeneneHue KoaudectBa AD, omnpeaereHne pabounXx 30H, pacy€T JBHXKYILEro
MOMEHTA U yCWJIHS pa3BuBaeMoro AD, ompe/ieieHrue YCIOBHH paboTOCTIOCOOHOCTH, JUHAMHU-
YECKUU pacyer.

[IpencraBieHHBI METOJl YUYUTBHIBACT IUKIMYECKUH pexuM paboTel AD U B3auMopei-
cTBUE AD C BHEIIHUMHU cpeiaMu. MeToJ1 03BOJISIET IPOU3BOAUTH PACUET U MPOEKTUPOBAHUE
AD He TOJBKO Ul DHEPTeTUYECKUX YCTAaHOBOK, PEKYNEPUPYIOIIUX TEIUIO MPOMBIIIJICHHBIX U
TEXHUYECKUX OOBEKTOB HMJIM BBICTYNAIONIUX B POJM albTEPHATMBHOIO MCTOYHHMKA DHEPTUH,
HO U JIJI1 TEPMOMEXAHUYECKOTO MPUBO/JIA.

B crarse npuBenén npumep pacuéra AD sHEpreTHYECKON YCTaHOBKH TYpOMHHOTO THIIA.
PoTop npuBoauTCs B ABMXKEHHE C MOMOILBIO CIHUL, KOTOPbIE COCTOST U3 Habopa AD B BUIe
IPOBOJIOKH, paboTaromiell Ha ckatue. HarpeB n oxnaxaenue AD ocyiiecTBIseTCs BO3AYLI-
HBbIM IIyTEM. B pe3ynprare pacyéra moJrydeHsl CIECIYIOUINE XapaAKTEPUCTUKHA SHEPreTHIECKOM
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YCTaHOBKM W AD: mpejmnosiaraeMasi MOIIIHOCTh YCTaHOBKHU — 3 KBT, nmuamerp portopa — 550
MM, aiauHa potopa — 300 MM, yrioBasi CKOpOCTh poTopa — 5 paj/c, 4ucio cnuil — 48 IIT., 9uc-
710 AD B kaxaou cruie — 50 wr., ruametp AD — 0,73 MM, aiuHa AD — 268 MM. XapakTepu-
ctuueckue temneparypsl CIT: An =51 °C, Ak = 51,5 °C, Mu = 50 °C, Mk = 49,5 °C.
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MEMORY ALLOY-BASED ACTIVE ELEMENT
ANALYSIS METHODFOR HEAT ENGINE ENGINEERING

V.A. Zenin

There are heavy energy losses in aircraft, space and radar engineering either in the production or during
operation service. The most effective way to reduce losses is to use the heat engine (HE) capable to recuperate
the thermal energy. The main HE components are memory alloy-based (MA) active elements (AE). The objective
of the article is to develop the analysis and engineering method of AEs intended for operation in turbine-type HEs,
operating in two medium with power level sufficient for the practical use. The AE analysis sequence is the
following: define the HE geometrical parameters, calculate the AE amount, estimate the operating areas, evaluate
the driving torque and AE drive force, and determine the performance capability conditions, dynamic analysis.

The proposed method considers the AE cyclic operation mode and the AE interacting with external
environment. The method permits to fulfill the AE analysis and engineering not only for heat engine, recuperating
of industrial and technical facilities heat or acting as an alternative energy source, but for the thermomechanical
drive. The article exemplifies the AE analysis of turbine-type heat engine. The rotor is driven by spokes which are
consisted of a set of active elements in a shape of wire resisted to compression. The AE heat and cooling is
provided by air. The analysis results showed the following characteristics of the HE and AE: estimated system
power — 3 kW, rotor diameter — 550 mm, rotor length — 330 mm, rotor angular rate — 5 radian/sec, spokes
number — 48 pcs, AE number in each spoke — 50 pcs, AE diameter — 0,73 mm, AE length — 268 mm. Memory
alloys characteristic temperatures: As = 51 °C (onset of austenitic transformation), As = 51,5 °C (end of austenitic
transformation), Ms = 50 °C (onset of martensite transformation), Ms = 49,5 °C, (end of martensite transformation).

Moctynuna 6 peka6psa 2016 roaa.
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B cmambe npednoxeHbl 08a MoKOOpOUHamHbIX Memoda cuHmesa Hynel 6 OuaspaMme HarpagreHHOCmu
(4H) akmueHolU ¢hasuposaHHoU aHmeHHoU pewémku (ADAP). llepebili Memod u3MeHsem Kak ¢hasbl, mak
u amnnumyobi 8036yx0eHull anemeHmos ADAP, a emopoli Memod ucronb3yem Orss cuHmesa nuwb aMnaumy-
Obl. lNony4eHbl aHanumuyYeckue ebipaxeHusi, HeobxodumMbie Onsi peanusayuu an2opummos rnpeoioKeHHbIX Me-
modos. lpedcmasneHsb! pe3yrnbmamel cuHmesa Hyns 8 [JH ebicokornomeHyuansHol APAP npu nomouwu 0aHHbIX
mMemodos, rnosy4yeHHble Ha MameMamu4eckol Modenu.

Knroyeenie cnosa: cunmes Hyrned, Ouagpamma HarpasneHHocmu, amrnnaumyOHoe yrpasrieHue.

The article proposes two coordinate-wise methods for the synthesis of nulls in the directional pattern (DP)
of an active phased antenna array (APAA). The first method changes both phases and excitation amplitudes
of APAA elements, the second method uses for the synthesis only amplitudes. Analytic expressions that are nec-
essary for the algorithmic implementation of the proposed synthesis methods have been obtained.
The methods are applicable to the PAAs of an arbitrary geometry and take into account discreteness of
the control of the element amplitudes and excitation phases. The results of the null synthesis in the APAA DP with
the use of these methods have been obtained on a mathematical model.

Keywords: synthesis of pattern nulls, directional pattern, amplitude control.

Jiis 5pPeKTUBHOTO CHUKEHUS BIMSHUS IOMEXOBBIX CHUTHAJIOB Ha paboTy pajuoTeXHHYe-
CKOM CHCTEMBI 3a4acTyl0 IPUMEHSIOT METO/Ibl cCuHTe3a Hynei [IH, mo3pomstomue chopmupo-
BaTh B HAIPaBICHUSIX MOMeEX TITyOOKHe MpOBaibl B nuarpamme HampasieHHocTd (JIH) aktus-
HOW (hasupoBanHOW aHTeHHOU peméTku (ADAP). Ha ceroansmHuii 1eHb U3BECTHO OOJIBIIOE
pasHooOpa3ue MeTo10B cuHTe3a Hynel [IH, KoTopsie B 3aBUCHIMOCTH OT THIA YIPABICHUS aM-
IUIUTYIHO-(a30BbIM pactipeniesnienueM B packpbiBe ADAP MoryT ObITh MOJI€TI€HBI HA TP KaTe-
TOPHH: aMIUIUTYIHBIC, (Da30BbIe U aMIUTUTYIHO-(a30Bbie. B MaHHON cTaThe MpeiaraloTes 18a
HOBBIX MeTozia cuHTe3a Hynel JJH ADAP, ocHOBaHHBIX Ha MOKOOPAMHATHOM IMOJXOJI€ U HC-
MOJIB3YIOIINX aMIUTUTYTHO-(a30BOE M aMILUIUTYIHOE yripaBieHue hopmoii J1H.

B cooTBeTcTBUU C MEPBBIM METOJIOM, MCHOJB3YIOIIUM aMIUTUTYIHO-(pa3oBoe yIpasie-
HHE, Ha KaXJOM IlIare UTEPalMOHHOI0 AJITOPUTMA IOCJIEI0BATEIBHO HILETCS ONTUMAIbHOE
KOMILIEKCHOE 3Ha4YE€HHE BO30YXKIeHUsT Kaxaoro snemenTa ADAP, cooTBeTCTByIOIIEe MHUHU-
MyMYy 3aJIaHHOTO (pyHKIIHOHaNA. Onepaliys MorcKa BBIOIHAETCS 10 TEX MOp, Moka (QyHKIU-
OHAJI HE IOCTUTHET TpeOyeMOoro ypoBHs, MO0 /10 TOrO MOMEHTa, KOT/ia MOocje MOJHOro Mpo-
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xonaa mo snemeHTaM ADAP Bce ammumutyasl win ¢asel daemeHToB ADAP ocranyrcs Hems-
MEHHBIMHU.

B cootBeTcTBHM cO BTOpBIM MeTOAOM cuHTe3a Hyneil JIH dbukcupyercs ucxoanoe daso-
BOE pacnpe/ieJICHUe U aHaJIOTUYHO TIEPBOMY METOy UTEPALIMOHHO MOCIE0BATEIIbHO PACCUH-
TBIBAETCSI ONTHUMAaJIbHAS aMIUIUTYAA BO30YXAeHUs Kaxaoro snementa ADAP. ITpu stom mo-
Jy4YE€HHOE 3HAYEHUE aMIUIUTYbl MOXKET OKa3aThCsl OTpULIATEIbHBIM. B 3TOM ciyuae npenna-
raercs HCHOJIb30BaTh JMO0 Onikaiiinee paspeniéHHOe 3HAUY€HHWE aMILUTUTY/bI, JTUOO BBIMNOJ-
HUTbH MOBOPOT (pa3sl Bo30yxkaeHus snementa Ha 180 rpamycos.

[TpoBenénHoe MaTeMaTH4ECKOE MOJAEIUPOBAHUE MPEIIOKEHHBIX METOJOB, YUHUTHIBAIO-
1iee OrpaHMYEHHOCTh JUAaNa3oHa PEryJIupOBaHUs aMIUIUTYAHBIM PACHpe/IeICHUEM, a TaKKe
JTUCKPETHOE YIpaBJICHUE aMIUIUTylaMu U (a3zaMu 3JIEMEHTOB, MOJITBEPAMUIIO BBICOKYIO (-
(eKTUBHOCTH METOJIOB B 3ajjaue cuHTe3a Hynei JJH.
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UNIVARIATE METHODS FOR THE NULL SYNTHESIS
IN THE RADIATION PATTERN OF AN ACTIVE PHASED
ARRAY ANTENNA USING POTENTIALITIES
OF THE AMPLITUDE CONTROL

A.O. Manichev, V.A. Balagurovskiy, A.S. Kondratiev, A.N. Tyuvaev

In order to effectively decrease the effect of interference signals on operation of a radio-engineering system,
the directional pattern (DP) synthesis methods are often used. Such methods allow one to form deep nulls
in the directions of interference signals in the DP of the active phased antenna array (APPA). Nowadays there are
lots of different DP null synthesis methods which, depending on the type of the control over the amplitude-phase
distribution in the APAA aperture, could be divided into three categories: amplitude-only methods, phase-only
methods, and amplitude-phase methods. The article proposes two new iterative methods for the synthesis
of the APAA DP nulls, which are based on the coordinate-wise approach and use the amplitude-phase and
amplitude-only controls of the DP (beam) shape.

According to the first method, which uses amplitude-phase control, at each step of the iterative algorithm,
the optimum complex excitation value of the current APAA element, corresponding to the minimum of a nonlinear
functional is sought. The iterations proceed successively for different APPA elements and are carried out until
the functional reaches the required level or until the moment when, after the successive (may be, multi-loop)
passage over all APAA elements, all amplitudes and phases of the APAA elements remain unchanged.

According to the second DP null synthesis method, the initial phase distribution is fixed and, similarly to the
first method, the optimum excitation amplitude of each APAA element is iteratively and successively calculated.
Here, the resulted amplitude value could be negative. In this case, it's proposed to use either the nearest allowed
amplitude or change of the element excitation phase by 180 degrees.

The mathematical modeling of the proposed methods, which was performed with consideration for
limitations on the range of controlled amplitudes and discrete control of both the element amplitudes and phases,
confirmed the high efficiency of the proposed methods for solution of the DP null synthesis problem.

MocTtynuna 17 Hos6psa 2016 roga.
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B cmambe paccmompeHa KoHCcmpykyusi 6rioka noopewémku u exodsawux e eeo cocmae modynel. Pac-
CMOMpPEHbI OCHOBHbIE MPUHYUMbLI MOCMPOEHUST KOHCMpyKyuu 6r1oka nodpewémku. [NpugsedeHbl KOHCMpPyKmMue-
Hble ocobeHHoCcmU 8x00suux Modyrnel U KOMMOHOBKU amux modynel e brioke nodpewémku. PaccmompeHa
KOHCMPYKUUS u3ydaroue2o sremeHma u 0cobeHHoCmuU pasmeweHusi usryqarowux anemeHmos 8 6s10ke noo-
pewémku. MNpusedeHa KOHCMPYKYUS cucmeMbl oxnaxoeHusi brioka nodpewémku.

Knroyeenle cnoea: 6510k nodpeLuémku, KOHCmMpPYKyusi, MoOyb.

The article considers the subarray block constructional design and its integrated modules. The main design
structure principles of the subarray block were examined. The constructional features of integrated modules and
its layout in subarray block were presented. The radiating element design and installation features of radiating el-
ements in subarray block were examined. The subarray block cooling system design was performed.

Keywords: subarray block, constructional design, module.

B cratee paccMOTpeHBI OCHOBHbIE TPEOOBAaHHS K KOHCTPYKIUH OJIOKa MOJPELIEeTKH, a TaK-
e MPUMEHEHHBIE B pa3pabOTKe KOHCTPYKTOPCKUE perieHus. biok moapemeérku spisercst oc-
HOBHOU (YHKIIMOHAJIBHOM cocTaBHOU yacTbio ADAP, dhopmupyromieil nmpuéMonepeaaroniyto
JarpaMMy HalpaBJ€HHOCTH C HE3aBUCUMBIM 3JIEKTPOHHBIM CKAHHPOBAHUEM.

OCHOBHOI 0COOEHHOCTBIO KOHCTPYKLIMH OJIOKa MOJPEIIETKH SBJISIETCS €ro OeCKOpIycHOe
ucrnonHeHue. biok moapemérky He UMeeT CHJIOBOIO KapKaca M BHEIIHEro Kopryca. B Omoke
NOJAPEMIETKH IPUMEHEH MOLYJIbHBIN TPUHLIUI IOCTPOEHMS, TTO3BOJISIFOIMI TPOU3BOANTE KOH-
TPOJIb MApaMETPOB KAXKIOTO MOJYJIS, YIPOIIAIONINK cOOpKY OJ0Ka M OOECIeUMBAIOIINNA €ro
PEMOHTOIIPUTOTHOCT. B cocTaB 610Ka MOAPEIIETKN BXOJAT M3ITydarolIue 3JIeMeHThI, chop-
MHUPOBaHHbIE B OJOKM m3mydareneit. Kaxmprii 670K mu3mydyaTeneid CnpoeKTUPOBAaH KaK COCTaB-
HOM MAarHUTOAMAIICKTPUUECKHA BONHOBOA. [l oOecriedeHus: BO3MOXKHOCTH KOHTPOJIS
Y HACTPOMKH IAapaMeTPOB M3ITydaTelss KOHCTPYKIHUS €ro KOpITyca CAeNaHa cocTaBHOM. Jlonmoir-
HUTEJBHO MPELYCMOTPEH CIELUAIBHBI MEXAHU3M 3aKpEIUIEHUS U MO3UIMOHUPOBAHUS U3ITY-
yaresel B 6JI0Ke MOAPEIETKH.

Kaxnpsiit npuémonepenatomuii Mmoayns (I1TIM) 610ka noapeméETKn MMeeT B CBOEM COCTa-
BE BCTPOCHHYIO CHCTEMY JKUIKOCTHOIO OXJIAXKIECHHUS, B KOTOPOM KMJIKOCTHOM KaHaji oOecrie-
YHMBAET OXJIAXK/IEHUE TEIUIOBBIIEIISAIOLINX IEMEHTOB C JIByX cTOpoH kopmyca IIIIM oxnHoBpe-
MeHHO. J[i1s1 popMHpoBaHUs KaHaa OXJIaXKACHUS pa3paboTaHa crielagbHasi TEXHOIOTUS U3ro-
TOBJIEHUSI KOpITyCa.
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Pa3zpaboranHas cucrema Kperexa OJOKa MOAPEMIETKH IO3BOJISIET CO3JaTh CILIOLIHYIO
aneptypy Bceil ADAP u ocymiecTBisTh HEOOXOIMMYIO 3aMEHY JIF000ro OJ0Ka MOAPEHIETKH
B IIpolLiecce dKCIUTyaTanuu. B nemom 010k moapeméTky No3BOIsieT MAaKCUMAIbHO HCIOIb30-
BaTh BCE 3aJI0KCHHBIC B HETO (PYHKIIMOHATIHHBIE BO3MOXXHOCTH HE TOJBKO MPUMEHUTEIHLHO K
KOHKpeTHO pa3padoranHoii ADAP, HO U B JaJIbHEHUITUX MEPCIEKTUBHBIX pa3padOTKax COBpeE-
MEHHBIX aHTCHH.
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CONSTRUCTIONAL FEATURES OF APAA SUBARRAY BLOCK

U.A. Shugaev, V.A. Abdullin, V.N. Peskov, A.N. Bulisov, U.V. Shitov, P.L. Batov

The article considers the main requirements to the subarray block construction and design solutions applied
during R&D works. The subarray block is the main functional component of the APAA, shaping the transceiving
directional pattern with stand-alone electronic scanning.

The main constructional feature of the subarray block is its frameless perform. The subarray block has no
bearing frame and outer casing. The modular construction principle is used in subarray block permitting to check
out each module parameters that simplifies the block assembling and provides its repairability. The subarray
block consists of radiating elements, shaped into radiators blocks. Each radiators block is designed as composite
magnetodielectric waveguide. To provide adjustment and control possibility of radiator parameters its frame con-
struction is made as a composite. Additionally it's envisaged the special radiators fastening and positioning
mechanism in subarray block.

Each transmit-receive module (TRM) of subarray block has its own liquid-cooling system in which the liquid
channel provides cooling of heat-producing elements by two sides of TRM frame simultaneously. The special
frame manufacturing technology was developed to form the cooling channel.

The developed subarray block fastening system permits to build-up a uniform aperture of the whole APAA
and carry out necessary replacement of any subarray blocks while in service. So the subarray block permits max-
imum using of all embedded functional capabilities not only with respect to certain developed APAA but also for
the further advanced research and development works on up-to-date antennas.

MocTtynuna 29 oktA6ps 2016 roaa.
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Paccmampusaemcsi  803MOXHOCMb  [PUMEHEHUS mexHonoaull  eupmyanu3ayuu npu  paspabomke
Ha UHOycmpuasbHOU OCHOBE MpoepaMMHO20 obecrieyeHus: 6onbLUX asmoMamu3upo8aHHbIX cucmem yrnpasse-
HUSI 80€HHO20 HasHauyeHus. [lpusedeHbl pesynbmambl MakemuposaHusi 6o5bwol asmomamu3uposaHHOU
cucmembl yripasneHusi 8 supmyarsnbHol cpede Ha cmeHOe. Noka3aHbl npeuMyuiecmea mexHonoaul supmyarnu-
3ayuu npu nocmpoeHuu nodobHbix cucmem yrpaesneHusi. CchopmynuposaH nepedyeHb OCHOBHbIX 3aday u 0omnosi-
HUMesbHbIX 803MOXHOCMeU, pewaeMbix Mpu MOMOWU MexHOA02Ul supmyanusayuu, a makxe npedcmasneH
oxudaeMbili MeXHUKO-3KOHOMUYECKUU 3¢hghbekm om 8HeOpPeHUs1 OnMuUCaHHbIX MEXHOI02ul.

Knrodeeble cnoea: npozpammHoe obecriedeHue, eupmyanu3ayusi, asmomamu3uposaHHasi cucmema
ynpasneHusi, UHOycmpuanu3sayusi paspabomok.

The article considers the virtualization technology implementation possibility at industrial-based developing
of software of large military-purpose automated control systems. The modeling results of large automated control
system test bed in virtual environment were performed. The virtualization technology advantages at developing of
such control systems were shown. The primary objectives and optional capabilities list was formulated which is
solved thorough virtualization technologies implementation, and the expected engineering-and-economical effect
due to introduction of described technologies was provided as well.

Keywords: software, virtualization, automated control system, industrial method of developments.

B Hacrosimieil crarbe paccMmaTpuBaroTCsA MpoOJIeMbl CO3/1aHHMS OOJBIIMX aBTOMATHU3UPO-
BaHHbIX cucTeM ynpasieHus (bBACY), a B BoenHoil cpepe v BO3MOKHbIE METOABI UX PELICHHUS,
Oazupyromuecs Ha IPUMEHEHUH TEXHOJIOTUI BUPTYaIN3aI|H.

ABTOpamMH pacCMOTPEH BapUaHT MPUMEHEHHs] METOJI0B MOJIHOM BUpTyanu3auuu. Otmeue-
HBI OOJIBIIME MEPCHEKTUBBI BHEIPEHHUs] TEXHOJOTUHN BUpTyanu3anuu Juis nocrpoenuss BACY
Y UHyCTPUAIN3allU METO/IOB UX pa3pabOTKH.

[TpruMeHeHNnEe TEXHOIOTUI BUPTyaJIN3alui JA€T HEOCIIOPUMBIE ITPEUMYILECTBA NIEPEN «pe-
AJIbHBIMU» TEXHOJIOTUSIMHU.

BupTtyanbHble TEXHOJIOIMM YacTO JAKOT JONOJHUTEIbHBIE BO3MOXKHOCTH, HE MPEAYCMOT-
pEHHbIE pa3pabOTYNKAMU POTPAMMHOTO 00eCTIeueHHsI.
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PA3AEN: MPUK/AAHBIE 3AAAYM MPUMEHEHUS MHOOPMALIMOHHbIX TEXHOJIOMMIA

[TpuMeHeHreM METOI0B BUPTYyaIU3alMU MOTYT ObITh PELICHBI CIeAYIOIKEe TPOOIeMbl:

® CO3/IaHKe YHUBEpCAIbHOW TaTdopmsl it pazpabotku u Mojepau3zanun BACY;

® CHIDKEHHUE 3aBHCHMOCTH IPOTPaMMHOrO O0ecHeueHHs] MPUMEHSEMBIX OT ammapaTHBIX
CPEJICTB;

® YBEJIMUEHUE CKOPOCTH Pa3BEPTHIBAHUS CUCTEMBI;

e 1érkas Macmrabupyemocts BACY;

® [10/1/Iep>KKa MPUHIMIIA MOIYJIbHOCTH IIPHU CO34aHUK U MojepHu3auuu bACY.

OXHaeMbIil TEXHUKO-DKOHOMHYECKUI 3()(eKT oT BHEApPEHHs] TEXHOJOTUN BUPTYyaIH3a-
uuu npu nocrpoenuu bACY:

e oOecrieueHre COBMECTHMOCTH (MHIycTpuanusanus) monayneii BACY, co3maHHBIX pas-
JIMYHBIMU KOJUIEKTHBAaMU pa3pabOTUHKOB;

® 3HAUMTETILHOE COKpallleHne BpeMeHu pa3BEépToiBanus BACY Ha o0bekTax;

® [IOBbIIIEHUE HAAEKHOCTH 3Kcrutyatauuu BACY, moBbllleHHME OTKa30yCTOMYMBOCTH U
JKUBYYECTU CHUCTEMBI;

® [IpOJIEHUE CPOKA JKU3HHU CYIIECTBYIOIINX CUCTEM HE MEHee, 4YeM B 2-3 pasa;

® 3HAYUTEIbHOE CHU)KEHUE PAacX0/10B HA TEXHUUECKOE 00CITYKUBAHUE;

® [TOBBIIICHUE 3aUIIEHHOCTH CUCTEMBI.

IIpumeHeHHEe TEXHOJIOTHH BUPTYAIN3AlMM MOYKET CTaTh YHUBEPCAJIBHOM OCHOBOM IIPO-
MBIIIJIEHHBIX METO/10B pa3pabotku BACY.
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VIRTUALIZATION TECHNOLOGY IMPLEMENTATION
AND DEVELOPING OF VERSATILE BASIS
OF AUTOMATED CONTROL SYSTEMS

Yu.V. Bezgodkov, G.B. Gurov, Yu.B. Lepikhin, S.F. Semin

The article states the developing problems of large automated control systems (LACS) in military sphere
and possible ways of its solution basing on virtualization technologies implementation. The authors examined
the implementation methods variant of a full virtualization. Large perspectives of virtualization technologies
introduction for the LACS developing and its development methods industrialization were mentioned. The virtualization
technologies implementation gives an undeniable advantage over the «real technologies». The virtualization
technologies often provide auxiliary capabilities which were not foreseen by software engineers.

The following problems could be solved through virtualization methods implementation:

— build-up of multipurpose platform for the LACS developing and updating;

— decline of software dependence implemented in hardware;
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— system deployment velocity increase;

— LACS easy scalability;

— modaularity principle support during LACS developing and updating;

The expected engineering-and-economical effect as a result of virtualization technologies introduction during
LACS developing is the following:

— LACS modules assuring compatibility (industrial development) developed by various software engineering
groups;

— Considerable LACS deployment time at facilities;

— LACS operational reliability improvement, system resilience and endurance increase;

— Life cycle extension of existing systems to not less than 2-3 times;

— Considerable cost reduction for technical maintenance;

— System security improvement.

The virtualization technologies implementation could a versatile basis for industrial LACS development
methods.

MocTtynuna 24 okta6psa 2016 roaa.
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CUCTEMA I1PO MOPCKOI'O bA3UPOBAHUA AEGIS
KAK SJIEMEHT I'TIObAJIbHOU CUCTEMbI
NPOTUBOPAKETHOU OBbOPOHBI CLLIA
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PaccmompeHbl OCHOBHbIe HarpaesieHusi pa3sumusi cucmembl rnpomusopakemHol obopoHsbl CLUA u eé
MOpPCKOU KOMMOHEHMbI, OCHOBY Komopol cocmasnsgem cucmema AEGIS. [aHbl cocmas u 60eebie 803MOX-
Hocmu cucmembi PO AEGIS, kopabrnu, ocHawéHHble amoli cucmemodl, nnaHbl rno co3daHuro enobasbHoU
cemeesoli cucmembl [NMPO mopckozo ba3uposaHusi cmpaHamu brioka HATO u ux coro3HUKaMU.

Knroyesble cnoea: npomusopakemHasi 06opoHa, bannucmudeckasi pakema, rpomusopakema, rnpomugo-
pakemHbIl KOMIIEKC, paduosioKayUOHHasi cmaHyusi.

The main development directions of the US missile defense system and its naval component, the principal of
which is the AEGIS ballistic missile defense (BMD) system, were examined. The composition and combat
capabilities of AEGIS BMD system; ships that are equipped with this system, development plans of sea-based
missile defense global network system by NATO countries and its allies were provided.

Keywords: Ballistic Missile Defense, ballistic missile, interceptor, countermissile system, radar station.

OcHOBY Mopckoro komnoneHTa riodansHoi cucremsl [TPO CIIA coctaBistoT Kpeiicepsl
npoekTa Ticonderoga (CG-47) u acmuniel npoekta Arleigh Burke (DDG-51), ocHaménusie
MOJIEPHU3UPOBAHHON MHOTO(QYHKITMOHATLHOW cHCTeMOW yripaBieHus opyxuem (MCYO)
AEGIS BMD 5.0 u npotuBopakeramu SM-2 Block IV, SM-3 pa3muunbix momudukammii, a
Taxke SM-6.

Crparernueckoe 3Ha4eHHE MOPCKOr0 KOMIIOHEHTa aMmepHkaHckoi cucreMmsl [IPO 3axiro-
YyaeTcs B YCWJICHUU U JIOTIOJIHEHUU €0 JPYIMX KOMIIOHEHTOB IJI00abHOW CETEBOW CHCTEMBI
[TPO CIIA mpu ycloBHM JTOCTHKEHHS CIETYIOIMX KOHEUHBIX Pe3yJbTaTOB MPOrpaMMbl MOJI-
HOTO pa3BepThIBaHUS MojepHU3upoBaHHO MCYO AEGIS:

— obecrieyeHue nepexnara BCceX TUIOB a3pOIMHAMUYECKUX IIeNIel Ha BCceX BO3MOXKHBIX BbI-
coTax uX MoJyéra u nopaxenue d6amumctruueckux paker (bP) manoi, cpenneil u nmpomexxyrou-
HOI anmbHOCTH pakeTaMu SM-2/SM-6 1 SM-3 Ha pa3rOHHBIX U MapUIEBBIX Y9aCTKaX TPACKTO-
pHH TOJIETa B paMKax pernoHaibHoi cuctemsl [1PO;
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— TOpaXE€HUE a’pOJMHAMUYECKUX lienel, Taktuueckux bP m BP cpenneil maapHOCTH Ha
KOHEYHOM y4acTKe TpaeKTopuu ux nojéra pakeramu SM-2 Block IV/SM-6 u SM-3 nocieannx
MoaupHKaIUil mpy opraHu3anui 00bekToBo# cucreMsl [1PO;

— oOHapy>XeHHE 3aIyCKOB U conpoBokaeHe bP 00bioil fanbHOCTH ¢ Tiepenaveid napa-
METpOB Lielel pa3BelbIBATEIbHBIM U HWHGOPMALIMOHHBIM 3JE€MEHTaM TIJI00aTbHON CHCTEMBbI
[TPO CIHA mis obecrieveHus: 3axBara Takux 1enei crarponapasiva PJIC u mocnemnyromiero
WX TIepeXBaTa Ha3eMHBIMU TPOTUBOpPaKeTHbIMU KoMiuiekcamu GMD unmu THAAD.

['maBHbIM nocTtonHCTBOM cuctembl AEGIS siBisieTcss BO3MOXKHOCTE OOBEAMHHUTH IO 00-
UM YIpaBieHUEM Bce OOEBbIe CUCTEMBI KOPaOJis, OT YHUBEPCAIbHBIX apTyCTaHOBOK U 3€HUT-
HBIX PAKETHBIX KOMILJIEKCOB JI0 KPbUIATBIX PaKET AAJbHEr0 IeUCTBUS.
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AEGIS SEA-BASED BALLISTIC MISSILE DEFENSE WEAPON
SYSTEM AS THE US GLOBAL MISSILE DEFENSE ELEMENT

G.B. Gurov, S.V. Golubchikov, M.V. Zhestev, V.I. Kolesnichenko

The base of the US Global Missile Defense system naval component is the Ticonderoga (CG-47) type
cruisers and Arleigh Burke (DDG-51) type destroyers, equipped with updated multifunctional weapon control
system (AEGIS Weapon System) AEGIS BMD 5.0 and with SM-2 Block IV, SM-3 of different modifications and
SM-6 interceptors.

The strategic role of the US Global Missile Defense system naval component concludes in augmentation
and supplement of other US GMD components under condition of achieving the following final results in full
deployment of updated AEGIS Weapon System program:

— Provide aerodynamic targets interception of all types at all possible altitudes and destruction of small,
medium and intermediate range ballistic missiles (BM) with SM-2/SM-6 n SM-3 missiles at boost and midcourse
phase within the frames of regional missile defense system;

— Engagement of aerodynamic targets, tactical BM, medium range BM at terminal phase with SM-2 Block
IV/ISM-6 n SM-3 missiles of different modifications during organization of point (terminal) missile defense;

— Detection of launches and tracking of long range BM with target designation to reconnaissance and
informational US GMD elements to provide the targets lock-on by stationary radars and its interception by
ground-based missile defense complexes of GMD or THAAD systems;

— The primary advantage of AEGIS System is the possibility to join under the common control of all ship
combat systems including multipurpose gun mounts, AA missile system and long rage cruise missiles.

Moctynuna 8 cheBpana 2017 ropa.
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HAYYHbIE PELLEH3U U OT3bIBblI

AHTOXMHa 10.A., BabypoB C.B., Bectyrun A.P., MNepeno-
moB B.H., Cayta O.U. Pa3BuTne HaBUraumoHHbIX TEXHONOIUN Ans
noBbiWeHnsa 6e30MacHOCTM noneToB: MoOHorpadmsa / nop pea.
LWaTpakora HO.I'. — CI6.: I'Y All, 2016. — 298 c.

PeueH3eHTLI: O-p TexH. Hayk, npodeccop AxkoeneB B.T.,
O-p TexH. Hayk, npocpeccop B.B. NoHomapeHko.

B KkHuUre OIICHMBAIOTCS BOMPOCHI MOBBIINICHUS OC30MACHOCTH
MOJIETOB Ha MaJbIX BBICOTaX. PaccMaTpuBaeTcCsl MePCIEKTUBHOE HAYY-
HO€ HampaBJeHHE TI0 CO3JAaHHI0 KOMIUIEKCHBIX CHCTEM O0eCIIedeHHS
HaBHUTallMU U MOCAJKH JIETATEIbHBIX aapaToB MPHU BHITOJIHEHUU Ma-
JIOBBICOTHBIX IMOJIETOB, B TOM YHCJE MpPH B3JIETE U MOcaake. ABTOpPHI
YACIAOT BHUMAHHEC NEPCICKTUBHBIM TEXHOJIOTUAM CO3JaHHus
KOMIUIEKCHBIX CHCTEM O€30TacHOCTH Ha OCHOBE pa3IMYHBIX HABUTA-
UUOHHBIX mousied. [IpencraBneHHbie B MOHOTpadMH  pe3yabTaThl
MO3BOJIMIIM pa3paboTaTh HOBBIM METOMOJIOTMYECKUI MOIXOM K pelle-
HUIO 337129 TOBBIIICHUsT OE€30MACHOCTH MOJIETOB JIETATENFHBIX alllapaToB KakK IyTEM HCIOIB30BAHUS
TEXHOJIOTHHA TIO0AaTbHOW HABUTAIIMOHHOW CIYTHUKOBOW CHCTEMBI IO OTAENBHOCTH B CHUCTEMax
npeaynpexaenus cronkaoBenuit ¢ semneit (CIIC) u B cucremax cnyraukoBoid nocaaku (CCII), Tak
Y IIyTeM IPUMEHEHUSI HOBBIX METO0B IIpU KOMILIEKCHOM uctonb3zoBanuu CIIC u CCIIL.

Monorpadwus nmpegHa3HaYeHa IS CIIEHUANTNCTOB PAIUOTEXHIHYECKOTO MPOMUIIL: paTloIOKaIs,
paanoHaBuranvsd, HaBUranysa U yrnpapJICHHUC BO3AYUIHBIM JIBUKCHUCM, CUCTEMHBIN aHaJInu3, pa3pa60T-
Ka U MOACIMPOBAHUEC PAAUOTCXHUUCCKUX CUCTCM.

PaGora BeImONHEHa mpu moxanepxkke Poccuiickoro ¢goHma (QyHAAMEHTAIBHBIX HCCIEIOBaHUM,
rpanTel Ne 15-07-00065-a u Ne 16-07-00030-a.
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