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MPOBJIEMHbIE BOMNPOCbI NMOCTPOEHUA
CUCTEM U CPELICTB BKO

YK 621.396.96:621.391.26

NMPUMEHEHUE OﬂTMMAJleOﬂ ObPABOTKHU CUTHAJIA
B PJiC C UNoPOBON AHTEHHOU PELLIETKOU

© AsTop, 2017

A.L. X3amansiH dokmop ¢hu3uKO-MamemMamu4eckux HayK, cmapuwiull Hay4Hbil compyOHUK,
enasHbll cneyuanucm HanpasneHusi, [MTAO «HIO «Anma3s», e. Mockea
E-mail: info@raspletin.com

PaspabomaHbl aneopumm u npoepamma yugposol obpabomku cueHana 8 PJ/IC ¢ aHmeHHoU pewémkod,
8K/oYasi nodassieHue rnomMex, rnosiydeHue onmumarsibHbiX OUeHOK OanbHocmel u ckopocmel uenel (nubo mene-
mMempuyeckol UHGopmayuu) U HecMewEHHbIX OUEHOK HarnpaeneHull Ha rnomexu u yenu. Peanu3oeaHa obpa-
6omka keasuHenpepbieHo20, JTYM u ®KM cuzHanos, ekmodasi cuesHan menemempuu. OUeHKU epemMeHU cYyéma
yKasbleatom Ha 803MOXHOCMb peanu3ayuu npozpamMmbl 8 peasibHOM 8PEMEHU.

Knrouyesnble cnosa: paduonokayus, yugposasi obpabomka cusHanos, aHmeHHas peweémka.

An algorithm and a digital signal processing code for a radar with an antenna array are developed, including
interference suppression and optimal estimation of target ranges and velocities (or telemetry information), and of
unbiased target and interference directions. Processing of pulse-doppler, chirp, and PSK (including telemetry)
signals are realized. Execution time measurements show that the code may be implemented in real time.

Keywords: radar, digital signal processing, antenna array.

Pazpaboransl anroput™ U nporpamma 1 poBoit 0opadotku curnana B PJIC ¢ anTeHHoi# pemérkoit. O6paboTka npo-
BOJUTCS B CIEKTpaibHOI obnactu. CUrHaNbL, NMPHUHSITHIE 2JIEMEHTaMH aHTeHHBI (ToApeIETkaMu), IpeodpasyoTcs Ha Mpo-
MEXYTOUHYIO YacTOTY, OLN(POBBIBAIOTCS M BBIYHCIIIOTCS MX JUCKPETHBIE CHEKTPHI B MpejiesiaX UX IOJIOCH 4acTOT. DTH
CIIEKTpBI Jlajiee MOABEPraroTcs cienyomei oopaboTke. [IpoBoauTes aganraius 1 U3 CIEKTpa Pe3yJIbTUPYIOLIEro CyMMapHO-
TO CHTHAJIA, OYHIIEHHOTO OT IOMEX, C MOMOIIBIO MPOIEAYPHl ONTHMH3AINH ONPEEIIIIOTCS YHCIIO Leliel, HX CKOPOCTH U
IambHOCTU. VICTIONB3ysl 3TH pe3ynbTaThl, M3 CHEKTPOB CHUTHANOB MOApemeToK ¢ momombio Metona MUSIC nHaxomsTcs
HaIpaBJICHUS TIPUXO0Ja TIOMEX M CHTHAJIOB, OTPAKEHHBIX OT Ienel. V3zmepeHHOE BpeMs pabOThI IPOTpaMMBbI AT KBa3HHE-
npepbBHOTO, JTUM 1 ®KM curnanoB (BKiIrOYas CUTHAN TEJIEMETPHH) YKa3bIBAIOT HA BOSMOXKHOCTH €€ MCIIONB30BAaHHS IS
00pabOTKH CHTHAJIOB B PEATLHOM BPEMEHH.
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PA3AEJ: NPOBJIEMHBIE BOMNPOCHI MOCTPOEHUA CUCTEM U CPEACTB BKO

APPLICATION OF OPTIMAL DIGITAL SIGNAL PROCESSING
IN A DIGITAL ANNTENNA ARRAY RADAR

A.D. Khzmalyan

An algorithm and a digital signal processing code for a radar with an antenna array are developed.
The processing is implemented in the spectrum region. Signals received by the antenna elements (subarrays),
are converted to the intermediate frequency, digitized, and their discrete spectra within the bandwidth are
calculated. These spectra are then processed as follows. Adaptation is performed, and the resultant interference-
free sum signal is used to retrieve the number of targets, their velocities and ranges by an optimization procedure.
These results and the subarray spectra are used to find the interference and return-signal directions through
the MUSIC method. The measured processing time for quasicontinuous (pulse-doppler), chirp, and PSK
(including telemetry) signals shows that the code may be used for real-time processing.

Moctynuna 14 ¢eBpana 2017 roaa.
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PA3AEJ: NPOBJIEMHBIE BONPOCHI NMOCTPOEHUA CUCTEM U CPEACTB BKO

YOK 338.1; 338.2; 338.4

9KOHOMWYECKAS OLIEHKA MEXAHU3MA ®OPMUPOBAHUA
PEHTABE/IbHOCTU NPOLYKLMA rOCYLAPCTBEHHOIO
OBE0POHHOIO 3AKA3A 10 ®OPMYJIE 20(25) + 1

© AsTop, 2017

C.C. YeboTapeB A0KmMoOp 3KOHOMUYECKUX HayK, npogheccop, 3acnyxeHHbIl dessimerib Hayku P,
Oupexkmop [enapmameHma 3KoOHOMUYecKux npobnem pa3sumusi 060pOHHO-MPOMbILLIIEHHO20 KOMII/IeKca,
AO «UHWW skoHomMuKu, uHGbopmamuKu u cucmem yrpasneHus», 2. Mocksa
E-mail: StSt57@yandex.ru

HaHa skoHomuueckas oyeHka Oelicmgyoueao 8 CO8PEMEHHBIX YCII08USX MexaHu3Ma hopMuUpPO8aHUsi PeH-
mabernbHocmu rpodykyuu eocydapcmeeHHo20 060POHHO20 3aka3sa no ¢ghopmyrne 20(25)+1.

Knroyeesnbie crosa: usdepxku, MexaHusm, npednpusimue, rnpubbinb, npouecc, peHmabesnbHOCMb, cucmema,
ynpasrneHue.

The economic evaluation of the current state defense products profitability mechanism was performed using
a 20(25)+1 formula.
Keywords: costs, mechanism, enterprise, profit, process, profitability, system, management.

DKOHOMHYECKHE OTHOIICHHUS I10 BBINOJHEHUIO OCYIapCTBEHHOr0 ob0opoHHOro 3aka3a (I'O3) B 3BeHe rocynapcTBeH-
HBIHA 3aKa39MK U TOJIOBHOH HCTIOMHUTEND (MCIOIHNUTEh) B COBPEMEHHBIX YCIOBUSX CTPOSTCS HAa OCHOBE MeXaHM3Ma (HOopMH-
poBaHus perrabensHOCTH Mpoaykuu ['O3 mo gopmyre 20(25) + 1, KOTOPHIHA MOABEP>KEH KPUTHKE B OOJBITMHCTBE CIIy4acB
CO CTOPOHBI HCIIOJHHUTENA. B craThe mccnemyercs mpeaMmer (CyIIHOCTB) OmpeaeneHus peHtabenpHOCTH npoxykuuu ['O3
npeanpuatusivu OIIK no ganHOo# hopmyie.

BennunHa npuObUTH B COCTaBe HayaJ bHOM (MaKCHMalbHOI) IIEHBI TOCYJapCTBEHHOTO KOHTPAKTa, a TAk)Ke IIeHbI TOCY-
JTAPCTBEHHOTO KOHTPAKTa, 3aKJII0YaeMOI0 C €JIMHCTBEHHBIM IOCTaBLIMKOM (TIOJPSIYMKOM, HCIIOJNHHUTEIEM) Ha MOCTAaBKY
npoaykuuu (padot, yenyr) o 'O3 siBisieTcs: pacueTHOM BEINYUHOM M ONpesielsieTcsl B COOTBETCTBUY C 3aKOHOJIATEIbCTBOM
Poccuiickoii @enepali 1 HOPMAaTUBHBIMH NTPABOBBIMH aKTaMH, PETJIAMEHTHPYIOIIMMH TaHHBIH Borpoc. OObEKTHBHBIM MO-
KazaTesieM, OTPAXKAIOIINM YPOBEHb MPHOBUIN OPTaHU3AINH, SBISETCS PEHTA0eIbHOCTh MPOAYKINH, TaK KaK OHA, YIUTHIBAS
pa3IuuMs MEXIy € 0JKHIAeMBIM U TIOJYYSHHBIM YPOBHEM, BBINIOJIHACT 4YeThIpe OCHOBHbIC (QyHKIMH: 1) OCHOBA MPHHATHS
WHBECTUIIMOHHOTO PEIICHUS; 2) U3MEPHUTENb Pe3yIbTaTOB IeATeIbHOCTH OPraHU3aIiY; 3) HCTOYHIK CaMO()HMHAHCHPOBAHUS
opranm3anuy; 4) BO3HArpaXXJIeHHE BIaJeIbl[aM KalluTana.

Pacmipenenenne mpuOBUT MOXKET MEHSTHCS BMECTE ¢ M3MEHEHHEM HAJIOTOBOTO 3aKOHOAATEIHbCTBA, COOTBETCTBEHHO
OyneT KOppeKTHPOBAThCS U pacyeT IieIeBoi HOpMbI peHTabenbHOoCcTH. OHA OyJIeT UMeTh TaKkKe 0COOCHHOCTH MCUUCIICHHS B
3aBUCHMOCTH OT XapakTepa U BUJa AEITENbHOCTH mpeaAnpustas. [lostoMy, ecian npeanpustie OyAeT UMETh B ieHe IPHObLTH
Ha ypOBHE HE MEHBIIIE, YeM PAaCCUMTAHO 10 HOPME, TO B IIAHMPYEMOM IEpPHOJIe B pe3yNbTaTe peau3aliiy MPOIYKIHU 10
TaKUM IIEHaM OHO 00ecreYuT ceOe MOCTYIUICHHE HEOOXOAMMOW MpHObUTH. DTOH MPHOBLIH OyJIeT MOCTaTOYHO, YTOOBI HC-
MOJTB30BaTh €€ 0 BCEM IUIAaHUPYEMbBIM HaNpaBICHHUSAM U YIUIATHTH Hajoru. LleneByro HOpMy peHTabelbHOCTH HA/I0 3HATH B
KauecTBEe OPHUEHTHPA U IIPU IIPUMEHEHUH APYTUX METOJI0B IEHOOOPAa30BaHMS MPH 3aKITIOYEHIN JOTOBOPOB HA MIPOM3BOICTBO
WM TIOCTaBKy MPOAYKINH. B paMkax accopTHMeHTa peHTaOenbHOCTh MPOAYKIINH Ha IPEIPHATHN MOXKET 3aTeM Tuddepen-
IIIPOBATHCS B 3aBHCHMOCTH OT CIIPOCA HA MPOAYKIHIO, €€ COIHAIBHOM 3HAYMMOCTH, HO IEHOBAs TOJIMTHKA B IIEIOM JOJDKHA
OBITH OPHEHTHPOBaHA Ha €€ 11eleBOE 3HaUCHHE.
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ECONOMIC EVALUATION OF STATE DEFENSE ORDER
PRODUCTS PROFITABILITY MECHANISM USING
20(25) + 1 FORMULA

S.S. Chebotarev

The economic relations in terms of state defense order (SDO) execution in State customer and Leading
contractor (contractor) relation in present-day conditions are built on the base of the SDO products profitability
mechanism using a 20(25)+1 formula, which is the subject to criticism from the Contractor side in the most cases.
The article examines the subject matter in determination of SDO products profitability by the defense industry
complex (DIC) enterprises according to the formula.

The profit margin as part of initial (maximum) price of the state contract, and including the state contract
price with the single supplier (contractor, acceptor) for products (works, services) delivery according to the SDO is
the calculated value and is defined in accordance with the Russian Federation legislation and regulations,
specifying the issue. The objective index, representing the organization profit level, is the products profitability as
it performs (taking into account the difference between its estimated and received level) the four main functions:
1) the basis of investment decision-making; 2) the organization performance results estimator; 3) the organization
self-financing source; 4) fund holders reward.

The profit distribution can be changed with the tax legislation amendments; correspondingly the target profit-
ability rate estimation will be corrected; and it will have the calculation particularities depending on the enterprise
activity nature and profile. Therefore, if the enterprise would have the profit in price at level not less than was
estimated through the rate, then due to products sales at such prices within the planning period it will provide itself
the income of essential profit. This profit will be enough to use it in all planned areas and for tax payment. The
target profitability rate should be learned as reference point and during other pricing methods application when
there are contracts for manufacturing or products delivery. In the frames of products range the production
profitability at the enterprise could be then differentiated depending on product demand, its social significance, but
the pricing policy as a whole should be oriented to its target value.

MocTtynuna 20 sauBaps 2017 ropa.
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[POBJIEMbI UHXXEHEPHOIO ObPA30BAHUA
N «PYCCKUU METOL» NOLOIOTOBKU CIIELUAIIUCTOB
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B.WU. 3aBap3uH dokmop mexHu4ecKux Hayk, npogeccop,
OekaH ¢pakynbmema O3[1, MI'TY um. H.3. baymaHa, 2. Mockea

lNoka3aHo, Ymo cospeMeHHbIe npPobremMbl UHXEHEPHOU WKOSblI Xapakmepusymcs Hedocmamo4YyHOCMbIO
npakmuku. Ommeyaemcsi 603MOXHOCMb HE2amUBHO20 8/USIHUSI MexOyHapoOHoU npoepammbl CDIO Ha peuwe-
Hue 80rpocoe nod20moeKu KeanuguyuposaHHbIx kadpoe ons npednpusimuti OFK, obecrnieyeHusi npednpusimudi
OFIK uHxeHepHbIMU Kalpamu. O6cyxdaemcs no3umueHbIl OfbiM MPUMEHEHUs] UHHOBAUUOHHBIX MexHoo2aul
no02omoeKu UHXeHepo8 Ha ompacresbix ¢hakynsmemax MITY um. H.O. BaymaHa, ¢hyHKUUOHUPYOWUX rpu
rpombiwneHHbix npednpusmusx OFIK.

Knrouesbie crnioea: uHxeHepHoe obpasoeaHue, MpakmMuKo-opueHmuposaHHoe obydyeHue, HerpepbigHasi
npakmuka, ompacrnesol gakynsmem, «pycckuli Memod» oby4eHus, npozpamma CDIO.

The article demonstrates that the current problems of the School of Engineering are characterized by lack
of good practice. There is a possibility of negative impact of the international CDIO programs on the issues
of training qualified personnel for the defense industry complex. The positive experience of using innovative
technologies in engineer training at the Bauman Moscow State Technical University (BMSTU) industrial-based
faculties attached to the defense industry enterprises is discussed.

Keywords: engineering education, practice-oriented education, continuous practice, industry-based faculty,
Russian teaching method, CDIO program.

CoBpeMeHHBIE MTPOOIEMBI HHKCHEPHOTO 00pa30BaHMs 00YCIOBIICHBI TITYOOKAM Pa3phIBOM C PEATbHBIM MHPOM HHIKE-
HepHOM aesTensHOCTH. OHM aKTyalIbHBI IPAKTUYECKH BO BCEX PETMOHAX MHPA U MAJIO 3aBUCAT OT HAIMOHAIBHBIX OCOOEHHO-
creil. Jlnst pemrenust 9Toil mpoGiieMbl BRIIBHHYTa MeXayHapoaHas mporpamma «CDIO» (Conceive, Design, Implement, Op-
erate), kotopyto CIIIA akTUBHO BHeApSIOT 10 BceMy mMupy. Ero npemycmatpuBaercst peopMUpoBaHHE HHXEHEPHOTO 00pa-
30BaHUs, OPUEHTHpYIOLIEe yIeOHBIN Mpoliecc Ha NPHOOPETeHHEe CTYIeHTaMU KaK TEOPETHYECKUX 3HAHWMH, TaK U MpaKTHde-
ckux HaBbIKOB. B cerb CDIO BoOIIIM COTHH BeIyIIUMX TEXHUYECKHX YHUBEPCUTETOB MHOTHX CTpaH, B TOM uncie u Poccun.

TpeboBaHus K BEITYCKHUKY, mpoBo3rnamaemsie nporpammoit CDIO, mis Poccun He HoBocTh. B wactHOCTH, B MI'TY
uM.H.D. baymana maBHO HCHONB3YIOT 00pa30BaTeNbHBIE TEXHOJIOTHH, PEHIAIONINe aHAJTOTHIHbBIE 3a/1adl, ONMUPAsCh Ha HC-
MOJTE30BaHNE «PYCCKOTO METO/a» MOATOTOBKH crienuaancToB. OHH SIBISIOTCS OCHOBHBIM NIPUHIUIIOM B CHCTEME IOJTO-
TOBKHM Ha (haKynbTeTax IpH MPOMBIIIIEHHBIX MPENPUATHAX: BBITYCKHUK JOJDKEH OBITH MOATOTOBIICH TaK, YTOOBI cpa3y Io-
Cclle OKOHYaHUSI YHUBEPCUTETa MOT Ha BBICOKOM MPO(ECCHOHAILHOM YPOBHE BBHINOJHATH CBOM MH)KCHEPHBIE OOS3aHHOCTH.
KOHL[el'lTya.]'leaﬂ OCHOBA TaKuX O6paSOBaTeHbeIX TEXHOJIOTUH — MaKCUMaJlbHas UHTErpanus yHUBEPCUTETCKOI'O 06pa303a—
HUSI, OTPACIECBOM HAyKH M MPOM3BOJCTBA. Peanusyercs mpeienbHO MOJIHOE MOTPYKEHUE CTYAEHTOB B MPO(ECCHOHAIBHYIO
Cpeay TBOPUECKOI'0 KOJUIEKTUBA MPEANIPUATHUS. CTa)KI/IpyﬂCb Ha NpeanpusaTu BECb NEPUOL o6y'-[eHm{, CTYACHT INOCTOSAHHO
y4acTByeT B HAy4HO-IIPOM3BOJICTBEHHOM Mpolecce. Takas cucTeMa 00ydeHusl CTyIeHTa 00eCceunBaeT [epexo 1 OT MO3HAHUS
4yepe3 BOCIPOU3BE/IeHNEe NH(DOpPMAIMU K TTO3HAHHUIO Yepe3 MOHMMAHHWEe CYTH M3Y4aeMBIX SBIEHHH M NPOLECCOB Ha OCHOBE
MBIIUICHUS U IPAKTHYECKOTO OTIBITA.

O0pazoBaTeIbHBIE TEXHOJIOTHH METOIOM «IIOTPYKEHHSD» B MPO(EeCcCCHOHANBHYIO cpefy MPHOOPETaloT ceifuac 4pe3BhI-
4JaitHO OOJIbIIOE 3HAYCHHUE, KOT/[a CONMEPHUYECTBO CTPAH MHpa Bce Ooliee SIBHO MEPEXOUT B 00IaCTh HAI[HOHAIBHBIX CHCTEM
00pa3zoBaHHsI.

BECTHUK BO3YLUHO-KOCMWYECKOA OBOPOHbI N2 2(14), 2017 r.



PA3EN: NPOBJIEMHBIE BOMPOCbHI MOCTPOEHNA CUCTEM U CPEACTB BKO

JINTEPATYPA

1. Mep.bit BcemupHbii goknag FOHECKO no uHXeHepHbIM Haykam: HexBaTKka UHXeHepoB — yrposa passutuio // UNESCO.ORG:
PpaHums. 2010. — URL: http://unesdoc.unesco.org/images/0018/001897/189753e.pdf (nata obpaieHus: 25.01.2014).

2. The 1* International Education Forum on Aeronautical and Astronautical Engineering // POLYU.EDU.HK: MekuH. 2012. —
URL: http://www.polyu.edu.hk/me/en-us/Staffevents/detail/44 (nata obpawenus: 23.12.2013).

3. JmeanoB [.B. CteHorpamma: OdmumansHoe oTkpbiTre MexayHapoaHoro ceMnHapa no Bornpocam MHHOBaLuWii 1 pechopMmposa-
HUIO MHXeHepHoro obpasoBaHus / OLD.MISIS.RU: Mocksa. 2011. — URL: http://old.misis.ru/ru/4556/ctl/Details/mid/9959/ItemID/
5980 (nata obpaiyeHus: 18.01.2014).

4. MAW Bctynun Bo BcemumpHyto Nunumatvey CDIO / MAILLRU: Mocksa. 2009. — URL: http://www.mai.ru/events/news/detail.php?
ELEMENT_ID=34817 (nata obpatieHus: 27.01.2014).

5. CumoHbsHLY P.M., ®okuH KO.I". Cyctema HanpaBneHHON UHXEHEPHOW NOArOTOBKU CTYAEHTOB Ha dhakynbTeTe npu 6asosom HIMNO
/ nop, peg. KO.I'. ®okuHa // CopepxaHue, opMbl 1 MeToabl 06yyeHust B BbicLuen wkone. — M.: 1994, HUMBO: Bbin.3. — 24 c.

6. CumoHbsHY P.MM. AapokocMmuyeckuii bakynbTeT roToBUT anuTHble kagpbl ans «HMNO mawwmHocTpoeHus» // AapokocMuye-
ckue TexHonorum, 2004—2007 // Tpyabl Becepoccuiicknx n MexayHapoaHow HayyHO-TeXHUYeckux koHdepeHumin (PeytoB —
Mocksa, 2004 — 2007) / nog, peg. P.MN. CumoHbsHua. — M.: N3g-Bo MI'TY nm. H.3. BaymaHa, 2008. — C.314-316.

7. CumonbsHy P.M., KypaHoB E.I. HenpepbiBHasi Hay4YHO-NMPOM3BOACTBEHHAs MpaKTUKa CTyAeHTOB A3POKOCMUYECKOro
dakynbteta MITY um. H.O. BaymaHa n eé cBsi3b C pelueHMeM MPOU3BOACTBEHHbIX 3ada4 «HMO mawwwmHocTpoeHus» //
Aapokocmuyeckne TexHonorun: Matepuansl [NepBoli MexayHapoaHOW HayYHO-TEXHUYECKOW KOHMEPEHLUMM, MOCBSALLEHHOW
90-neTnio co AHA poxaeHust akagemuka B.H. Yenomes (PP, Mocksa — PeyTtoB, 24-25 masa 2004) / nog pea. P.IN. CuMOHb-
sHua. — M.: MI'TY um. H.3. BaymaHa, «HIMO mawmHocTpoeHus», 2004. — C.350-351.

8. XpomyiwkuH A.B., Koznos J1.U. Ponb Aspokocmuyeckoro cdakynbteta MI'TY um. H.3. BaymaHna B coxpaHeHun kagpoBoro
noteHumana HMO mawwuHocTpoeHus // AspokocMuyeckne TexHonorun: Matepuansl MepBon MeXayHapOAHOW Hay4vHO-
TexXHU4Yeckon KoHdepeHUmmn, nocssaweHHon 90-neTuio co AHS poxaeHusi akagemuka B.H. Yenomes (P®, Mocksa — PeyToB,
24-25 masi 2004) / nog peg. P.M. CumoHbsHua. — M.: MI'TY um. H.O. BaymaHa, «HIMO mawuHocTpoeHus», 2004. —
C.355-357.

9. CumoHbsHY P.M. 3ddekTMBHOCTL 06pa3oBaTeNbHOM TEXHONOMMN UHXEHEPHON NOArOTOBKW C MOrPY)XeHWEM CTyOEHTOB B
npodeccroHarnbHylo cpeay Hay4HO-MPOVM3BOACTBEHHOrO Npeanpusitust // AkTyanbHble npobnembl pOCCUNCKOA KOCMOHAaBTUKM:
Tpyabl XXX Akagemunyeckux YTeHui no kocMoHaBTuke. Mocksa, siHapb 2006 / nog obwew pea. A.K. Megseaesont. — M.: Komuc-
cua PAH no pa3paboTtke Hay4HOro Hacrneamust MMOHEPOB OCBOEHMSA KOCMUYECKOro NpocTpaHcTea, 2006. — C.289-291.

10. F'epau B.H., ®anees A.C., KpextyHoB B.l1., BonbiHueB A.A. OtpacneBoy dakynbTeT kak apdekTnBHas dopma uHTe-
rpauum obpasoBaHusi, Hayku 1 npoussoacTea // COOpHUK cTaTel 1 AoknagoB HayvHo-npakTnyeckon koHdepeHumm, Noces-
weHHoun 100-netuio BoeHHo-Bo3gyLwHbIx cun, MITY um. H.O. baymaHa «[logroToBka KagpoB AN BbICOKOTEXHONOrMYECKOro
KOMMnekca: onblT M nepcrnektuBbl», 17 Hosbps 2012 roga / nog ped. akagemuka PAH W.B. depopoa. — M.: MI'TY
um. H.9. baymana, 2012. — C.89-94.

11. 3aBap3uH B.WU. lMogrotoBka crneunanucToB-onTMKOB Ha dakynbtete «OnTuKo-anekTpoHHoe npubopocTpoeHne» MITY
um. H.3. BaymaHa // C6opHuk ctaten «Ontuyeckune npubopsbl n cuctemol» / cocT. A.A. AHukeeB. — M.: MI'TY um. H.3. bay-
maHa, 2013, Ne 609. — C.25-30.

12. CumoHbsHY P.M. Mpobnembl nHxeHepHOro 06pa3oBaHns U UX peLleHne C y4acTueM npoMbiwneHHocTu // Hayka n obpaso-
BaHue. MI'TY nm. H.3. BaymaHa // OnekTpoH. xypH. 2014, Ne3. — DOI: 10.7463/0314.0699795.

13. lOpaveB C.C., NNemanckun O.A., FaneB A.B. OnbIT 3¢hhekTMBHOrO NapTHeEpPCTBa MO MOArOTOBKE WHXEHEPHbIX kaapoB //
XKypHan «BecTHUK Bo3ayLHO-kocMuyeckoi 060poHbI». — M.: MAO «HIMO «Anmas», 2016, Ne2(10). — C.35-39.

14. ®apeeB A.C., l'epau B.H., BantaH B.K., ®epopoB B.I'. NHTerpauns obpasoBaHus, Hayku 1 npom3BoacTea: mofens bay-
MaHcKoro yHusepcuTeTa // Boicluee obpasosaHmne B Poccun. — 2016, Ne4. — C. 55-63.

15. Obrom Ox. MNcyxonorms n negarorvka Mblwnexus (Kak mol mbicnum). — M.: NabupuHT-K, 1999. — 192 c.

ENGINEERING EDUCATION PROBLEMS
AND «RUSSIAN METHOD» OF SPECIALISTS TRAINING

S.S. Yudachev, R.P. Simonyants, V.N. Gerdi, V.I. Zavarzin

The up-to-date engineering education problems are stipulated by the gap with the real world of engineering
activity. They are relevant in almost all regions of the world and are barely dependent on national peculiarities.
To solve this problem the CDIO (Conceive, Design, Implement, Operate) program was performed, which is actively
introduced all over the world by the USA. It provides for engineering education reforming, orienting the educational
process towards theoretic knowledge acquisition by the students and skills as well. The CDIO network comprises
a hundreds of leading technical universities of many countries, including the Russian Federation.

The requirements to alumnus within the CDIO program frameworks are known to the Russian side.
Particularly, the BMSTU have been used the educational technologies for a long time which solve the same tasks
basing on «the Russian method» of specialist training. The technologies are the main principal in training system
at faculties attached to industrial enterprises: an alumnus should be trained so that after the university graduation
he can fulfill the engineering duties at high professional level. The conceptual base of such educational
technologies — is the maximum integration of university education, sectoral science and manufacturing.
An ultimate students dipping into the professional environment of an enterprise creative team is realized. During
the on-the-job training for the whole education period the student is constantly involved in scientific and production
(R&D and manufacturing) process. This education system for a student provides the pass from learning through
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information reproduction — to learning through core understanding of studying phenomena and processes based
on brainwork and practical experience.

The educational technologies through the «dipping method» into the professional environment are assuming
nowadays a great importance when the world competition is more evidently switches to the indigenous education
systems area.

MocTtynuna 1 peka6bpsa 2016 ropa.

BECTHMK BO3[YLUHO-KOCMUYECKO OEOPOHbI N2 2(14), 2017 r.



NPUMEHEHWE CHIN U CPEOCTB BKO

YOK 519.212.2

W3MEHEHUE NAPAMETPOB OPBUTBI
KOCMUYECKOro ObbEKTA
[OCJIE KWHETUHECKOIO BO34EUCTBUA

© ABTopbI, 2017

C.M. AHTponoBa
enaeHbIl cneyuanucm HanpasneHus, lNMAO «HIMO «Anma3s», 2. Mockea
E-mail: info@raspletin.com
B.A. HoBMKOB doKmMop mexHU4ecKux Hayk, rnpogeccop,
HayanbHuk CKB, MNMNAO «HIMO «Anma3s», 2. Mockea
0.B. NMonkoBa
uHxeHep 2 kameeopuu, NAO «HINO «Anma3s», e. Mockea

Paccmampusaemcs 3a0adYa OUeHKU COCMOSsIHUSI Kocmudeckoeo obbekma (KO) e crnydae KuHemu4yeckozo
go3delicmeusi npsiMbIM ronadaHueM cmyrneHu pakemsbi-Hocumens (PH). [Npou3zsodumcsi modenuposaHue
npouecca KuHemu4eckoeo eo30elicmeusi, uaMmeHeHusi rnapamempos 0suxeHusi KO u oueHka 803MOXHOCMU
¢ukcayuu MomeHma epemeHu go3lelicmeusi cpedcmeamu HabnrodeHusi paduosiokayuoHHoU cmaHyuu (PJIC)
o koopOuHamHouU uHgopmayuu o dswxeHuu KO.

Knroyesble crnoea: usmeHeHue napamempos 08UXEHUS, KOCMUYecKuli 06bekm, ModenuposaHue KuHemu-
yeckoeo 8o30elicmeusi, oueHka napamempos osuxxeHusi KO.

The estimation problem of space object (SO) state in case of kinetic effect after direct hit of launch-vehicle
(LV) stage is examined.

Keywords: movement parameters change, space object, kinetic effect modeling, SO movement parameters
estimation.

B crartpe paccmarpuBaeTcs 3a1aua OIEHKH MapaMeTPOB JBIKEHHSI KOCMHIECKOTO 00BEKTa JI0 M MOCIe KHHETHIECKOTO
BO3JIEUCTBHUSI. AKTyanbHOCTh IAaHHOHU 3aJa4y 00YCIIOBICHa HEOOXOANMOCTBIO OTIEPATHBHOTO MPUHATHS PEIICHUs 00 H3MeHe-
Hn coctosiHus KO ¢ momomsio ukcammu GakTa KHHETHIECKOTO BO3IEHCTBUS C IIENNBI0 CBOEBPEMEHHOTO HH(POPMHPOBAHUS
CpPEICTB MPOTHBOPAKETHON M MPOTHBOKOCMIUYECKOH 000pOHBI. [10/] KNHETHYECKNM BO3/ICHCTBHEM B paccMaTpHUBaeMoil 3ama-
Je nojjpasymMeBaeTcs cTonkHoBeHue kpymHoro KO ¢ mocnennelt ctynensto paketsi-Hocutens (PH). B pesynsrate cronkHo-
Benus KO npuobperaeT npupanieHne JMHEWHOH CKOPOCTH, M OCTENIEHHO CXOAUT CO CBOEH N3HAYaNbHOIT OpOUTEL

Jns  perieHus paccMaTpuBaeMoil 3ajaud pa3paboTaHa MOJENb, KOTOpas MO3BOJIIET pAacCUMTATh H3MEHEHHE
napamerpoB opoutsl KO B 3aaBaeMbIX yCIOBHSAX KMHETHUecKoro BozzaeiictBus. C momomipio pa3paboTaHHOI Mojend B
CTaTHCTHYECKOM MOJIETTMPOBAHUU IIOMYYeHBI PE3yNIbTaThl, B XOJ€ aHAIN3a KOTOPHIX BBIIBICH KPUTEPUH (HOPMHPOBAHUS
MpU3HaKa W3MEHEHUs mapaMeTpoB opoutsl KO B ciencTBre KMHETHYECKOTO BO3JAeHCTBUS. [IoKa3aHO, 9YTO MPEeAIosKeHHBIH
MOAXO/ K PEUIeHHIO 3a7adn OLeHKH cocTossHus KO Mo3BONSET OCTOBEPHO M ONEPATHBHO NPHHHUMATH pPEIIeHHE O (aKTe
KUHETHIecKoro Bo3zeicTus Ha KO 1o m3MeHeHHIo mapaMeTpoB OpOUTEL.
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SPACE OBJECT ORBIT PARAMETERS CHANGE
AFTER KINETIC EFFECT

S.M. Antropova, V.A. Novikov, D.V. Popkova

The article states the esimation problem of space object movement parameters before and after kinetic
effect. The relevancy of the task is stipulated by the on-line decision-making necessity on SO state change
using the fixation of kinetic effect fact in order to timely inform the AD and MD systems. The kinetic effect within
the examined task reffers as impact of large SO with terminal stage vehicle. As a result of impact the SO acquires
increment of linear speed, and gradualy shifts from its initial orbit.

To handle the considered problem the model was developed which permits to calculate parameters change
of SO orbit in assigned conditions of kinetic effect. Using the develoved model in static modeling the results were
obtained which show the indicator forming criterion of SO orbit parameters change due to kinetic effect. It was
demonstrated that the suggested aproach to solve the esimation problem of space object state permits to credibly
and in-line make a decision on kinetic effect fact on space object according to orbit parameters change.

Moctynuna 18 auBapsa 2017 roaa.
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B cmambse npedcmasneHbi pe3yrnbsmamsi uccredosaHuli 8 obnacmu co30aHus annapamHo-uMumayuoHHoOU
modenu, obecneyusaroweli 0bocHogaHuUe adanmueHo20 anzopumma yrnpaesneHusi anepoHamu naaybHo2o camo-
niéma ¢ HecUMMEMPUYHLIMU BHEWHUMU NOOBECKaMU, YNyHWalouweao xapakmepucmuku yrnpasensemocmu npu
8biMNoIHeHUU brxHe20 MaHE8PeHHO20 8030ywWHo20 6051 U nocadku Ha asuaHecywuli Kopabrib.

Knrouesnble cnoea: yripasnseMocms, adanmusHasi cucmema yrpaeneHus, udeHmucbukayus, ModesiuposaHue.

The demonstrates the research results in hardware-simulation model development area, providing ailerons
control algorithms of carrier aircraft with asymmetric external loads, improving handling characteristics during
close maneuvering dogfight and aircraft carrying ship landing.

Keywords: handling, adaptive control system, identification, modeling.

HaydaHo-MeToaaeckoe COMpOBOXK/ICHUE MPOIecca MCHBITAaHKS, OCBOCHUS M Oe3aBapUIHON SKCILTyaTaIlld JIeTaTeIhb-
HBIX aIlllapaToB HEMBICINMO 0e3 NMPUMEHEHHs IOCTIDKEHUH aBHAI[MOHHOI HayKH M OOraThIX BO3MOXKHOCTEH COBPEMEHHBIX
MpPOrPaMMHO-AMMapaTHBIX CPEACTB U UIMHUTAIIMOHHOTO MoAenupoBaHus. [101 MMHUTAIIMOHHBIM MOJETMPOBAHUEM ITOHUMAETCS
METOJ] UCCIIEIOBAaHMsI, IPH KOTOPOM H3ydaeMasi CHCTeMa 3aMEHsIeTCS MOJIEINbIO, C JI0OCTATOYHON TOYHOCTBIO OMHCHIBAIOIIEH
(YHKIMOHMPOBAHUE PeabHON CHCTEMBI. MIMHTAIlMOHHOE MOJCIUPOBAHKE MIMPOKO PACIPOCTPAHEHO IPH OTPAOOTKE BBICO-
KOABTOMaTH3HPOBAHHBIX U(POBBIX CHCTEM YIIPABICHUS] COBPEMEHHBIX CAaMOJIETOB U PEaIM3yeTcs C UCIOIb30BaHUEM CTCH-
JIOB THIIA «dJIEKTPOHHAs nTHia [1].

[NpaxTrka SKCIUTyaTallMy pa3IMgHBIX MOAN(HKAIHH caMoineéToB Mul-29, ocHAIEHHBIX MEXaHMYECKOW CHCTEMOH yIpas-
JIeHMS, BBISIBHJIA CYIIECTBEHHBIM HEOCTaTOK, CBA3aHHBIA C yXy/IICHHEM a3pOJHHAMIIECKOH 3 dekTnBHOCTH >1epoHOB. [Ipn
ux audQepeHImaIbHOM OTKIOHSHHH CO3/[aeTCsl MOMEHT PHICKAaHHS, MPUBOAIINN K PA3BUTHIO HEOJIATOTIPUSTHOTO CKOIBKEHHS.
B pesynbrare camMoi€T HaYMHAeT pearnpoBaTh KPEHOM Ha CKOJNBKEHHE B CTOPOHY, NPOTHBOIOJIOKHYIO OTKJIIOHEHHOH pydke
yIpaBJeHHs B KaHasle KpeHa. DTO TPUBOJNUT K YMEHBIICHHIO pacioyiaraeMoi CKOPOCTH KpeHa MM Jjaxke 0OpaTHOM peakiu Ha
OTKJIOHEHHUs! py4ku ynpapieHus. [lamy6usrii camonér Mul-29K(KVYB), ocHamEHHBINH BBICOKOABTOMATH3MPOBAaHHOW LH(POBOI
KOMIIJIEKCHOI CHCTEMOI! yIpaBleHus, He JIMIIEH 9TOT0 HEAOCTaTKa B CHIIYy (PM3NUECKOI MPUPOIBI CO3JaHHs CHII M MOMEHTOB,
BO3HHUKAIOMUX NpH T depeHnanbHOM OTKIOHEHHH 31epoHOB. [Ipobiema emé B Gompleii cTernenn yeyryOseTcs B TOM CITy-
4ae, eCIIM Ha CaMOoJIETe Pa3MeIIeHbI BHEIIHNE MOABECKH, IPUUEM HX KOH(UTypanus SBIsIeTcsl HeCHMMeTpraHOH. Hecummerpus
MOJKET OBITh BBI3BaHA aBapHITHBIMU CUTYAIIMSIMH FJIM IITAaTHEIM BapHAHTOM BOOPYKEHHSL.
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HARDWARE-SIMULATION MODEL
OF CARRIER AIRCRAFT FLIGHT DYNAMICS
AT CLOSE-IN DOGFIGHT AND DECK-LANDING MODES

U.O. Vereshagin, I.V. Snegireva

The methodological support of test process, assimilation and trouble-free operation of aircraft is unconceivable
without application of aeronautical science achievements and comprehensive possibilities of up-to-date
software-hardware and simulation modeling. The simulation modeling means the research method in which the
studied system is substituted with the model, adequately outlining the functioning of the real system. The simulation
modeling is widely known during adjustment of highly-augmented digital control systems of modern aircraft and is
realized by using the test-beds of «digital bird» type [1].

The operating practice of different MiG-29 aircraft versions equipped with mechanical control system exposed
the substantial defect dealing with ailerons aerodynamic efficiency deterioration. At its differential deflection the side
(yawing) moment is created coming to evolving of unfavorable sliding. As a result an aircraft starts to respond with
roll to sliding to the opposite direction of deflected control stick in roll channel. This leads to decrease of available roll
velocity or even to reversal. The MiG-29K (KUB) carrier aircraft equipped with highly-augmented digital integrated
control system is inherent to this demerit due to physical nature of force and moment generation arising at ailerons
differential deflection. The problem is worsening with the case when there are external loads on aircraft where its
configuration is an asymmetric. An asymmetry can be caused by an emergency situations or standard weapons
version.

MocTtynuna 12 anpensa 2017 roaa.
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OO0HoU u3 3aday QuHamuku camosiéma rpu 6bINnosIHeHUU nocadKu serisiemcsi cokpaujeHue OnuHbil rnpobeaa
camonéma no BIIl1. o0 6onbwumu yenamu amaku rpu rocadke camosniéma umetomcs 8 gudy yernbl amaku,
npesblwarowue 3HavyeHus, 0onycmuMbie C MOYKU 3peHuUsi omcymcmeusi kacaHusi BT xeocmoeol 4yacmbto
camonéma. Nocadky camonéma c 8bixo0oM Ha bosbluue yarbl amaku U maHaaxa uyenecoobpasHo 8bIMosHsMb
¢ ucrionb3osaHuem OBT u ¢ asmomamuyeckum yrnpasneHuem Ha rpedrnocado4yHoM MaHéspe, obecrnedyusaowem
kacaHue BIIl ¢ donycmumbiM yeriom madeaxa u 0onycmumol Haepy3kol Ha Hocoeoe waccu. [pednoxeH
aneopumm ynpasseHusi, 3akdaruwulics 8 ebidepxueaHuu 3adaHHOU y2/1080U CKOpOCcmMU maHaaxa. BbinonHe-
Hue maHéspa mpebyem obecrneyvyeHus1 UHhopMayuu o ebicome camonéma omHocumersnibHo Bl ¢ docmamoyHo
8bICOKOU MOYHOCMBIO.

Knrouyesnble cnosa: sekmop msiau, nocadka, y20s1 amaku, waccu.

One of the aircraft dynamics tasks at landing is the shortening of landing run. High angles of attack during
aircraft landing are the angles of attack exceeding the values acceptable in terms of no runaway touchdown by
the tail. The landing with high angles of attack and pitch is reasonable to carry out with thrust vector control (TVC)
initiation and with automatic control at final maneuver that ensures touch down operation with the acceptable pitch
angle and allowable load on the nose gear. The control algorithm to maintain a predetermined pitching angular
velocity is proposed. Completion of the maneuver requires information support on aircraft height relative
to runway with a quite high accuracy.

Keywords: thrust vectoring, landing, angle of attack, landing gear.

OpHoli U3 3a/1a4 TMHAMHUKK CaMOJIETa IIPU BBINOJHEHUH TIOCAIKU SBJISIETCS COKpalleHue JUIMHBI IIpodera camonéra 1o
BIIII. TTox GonbImMMy yriaMu aTaky MPH IIOCaAKe CaMOJIETa UMEIOTCSI B BUJLY YIJIBI aTaKH, IPEBBILIAIOIINE 3HAYCHHS, I0ITY-
CTUMBIE C TOUKHU 3peHus oTcyTcTBuUs kacaHus BIIIT xBocToBoif uacTeio camonéra. Ilocaaky camonéra ¢ BEIXOJOM Ha 00Ib-
LIMe YIJIbl aTaKu U TaHTraXka IeJecoO00pa3HO BBHINOJHATH ¢ Ucnonb3oBaHueM OBT u ¢ aBTOMaTuueckuM yIpaBiIeHHEM Ha
MpeArnocagoyHoM MaHEBpe, obecrieunBaromeM kacanue BIIII ¢ momycTUMBIM yriioM TaHTaXa M JOMYCTHUMOW Harpy3Kod Ha
HocoBoe 1maccu. [Ipeanoxken alropuT™ ynpaslieHHs, 3aKII0YAIOIUMCS B BBIACPKUBAHUY 3aJaHHOH YIJIOBOM CKOPOCTH TaH-
raxxa. BemmonHeHne manéBpa TpebyeT obecnieueHus: nHGopMmanueit o BeicoTe camonéra otHocutenbHO BIIII ¢ mocrarodno
BBICOKOH TOYHOCTBIO.

PaccMoTpeHbl BapuaHThI MOcaiky Ha yriax ataku 20...25° ¢ moBOpoTOM caMoiéTa 10 JOIMYCTUMBIX 3HAYEHUH yria
TaHTaXka IPH BHINMOJIHEHUH MpeanocagouHoro Manéspa. [Ipu nmocanke ¢ GOIBIIMME yIIIaMH TaHTaka IMEeT MecTo mpobdieMa
otcyrctBusi 0630pa BIIIT u paiiona mpusemieHust u3 kaOuHbl nérunka. [JanHas mpobiieMa MOXET OBITh pellieHa 3a C4éT
YCTQHOBKHU Ha CaMOJIETe TeJIEBU3MOHHON KaMephl U Iiepeaul H300pakeHnsl Ha SKpaH MOHUTOpa B KaOMHE caMoJETa.
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THRUST VECTOR CONTROL INITIATION
DURING AIRCRAFT LANDING

U.B. Dubov, K.V. Zakharov, O.l. Tkachenko

One of the aircraft dynamics tasks at landing is the shortening of landing run. High angles of attack during
aircraft landing are the angles of attack exceeding the values acceptable in terms of no runaway touchdown by
the tail. The landing with high angles of attack and pitch is reasonable to carry out with thrust vector control (TVC)
initiation and with automatic control at final maneuver that ensures touch down operation with the acceptable pitch
angle and allowable load on the nose gear. The control algorithm to maintain a predetermined pitching angular
velocity is proposed. Completion of the maneuver requires information support on aircraft height relative
to runway with a quite high accuracy.

Landing variants at angles of attack of 20...25° with aircraft turn to the admissible values of pitch angle
during a pre-landing maneuver are considered. During landing with high pitch angles there is a problem of zero
runway and landing area visibility from the pilot's cockpit. The problem can be solved by installing TV camera
on the aircraft and transmitting the image to head-down display (HDD).

Moctynuna 1 Hos6ps 2016 roaa.
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B OanHoOU pabome 0Onsi aHanu3a OUHaMuku camoHaseleHusi 3YP npumeHéH aHanumuyeckuld memood
C ucrnonb3oeaHueM MoOesiu KOHmMypa HasedeHUsi ¢ y4émoM UHepYUOHHbIX ceolicme. B pesynbmame aHanusa
8bisi8/ieHa 3a8UCUMOCMb KOHEYHO20 npomaxa camoHasoldsiuelicss 3YP om epemeHu Havyana mMaHéepa uenu.
Knrouesnble croea: caMoHasedeHue, ynpasnsemasl pakema.

To analyze the SAM self-homing dynamics the analytic method was applied using the guidance loop model
with regard to inertial properties. As a result of the analysis the dependence of terminal miss of self-homing SAM
from target maneuvering start time was found out.

Keywords: self-homing, missile.

OOBEKTOM HCCIIeT0BaHMS SBISIETCS Ipoliece caMoHaBeneHus 3Y P Ha HHTEHCHBHO MaHEBPUPYIOIIYIO LIEJb.

Llenp craTey — TeOpeTHYeCcKasi OLEHKA KauecTBa CHCTEMBI caMOHaBeieHNs 3YP s onpezienieHnst BO3MOXKHOCTEN ynpaBs-
JICHUS paKkeTo! IIpU MepexBaTe MaHEBPUPYIOILUX LieJIel B YCIOBUSAX OIpaHMYECHUI BEIMUMHBI PACIOIAraeMbIX HOPMaJIbHBIX
YCKOPEHUH.

OCHOBHBIE PE3yIbTaThI:

® BBINOJHEH Ka4eCTBEHHBIH U MPUOIKEHHBIN KOJIMUECTBEHHBI aHaNN3 TUHAMHKU CaMOHAaBEJICHUS 3eHUTHOM paKeThl
Ha MaHEBPHUPYIOIIYIO I[ETb;

e OmpeJeNeHO BO3MOXHOE HANPaBIICHNE Pa3peIIeHNs IPOTHBOPEUHS MEX/y CHIDKCHHEM HHEPIIHOHHOCTH KOHTYypa ca-
MOHAaBEJICHNUS 10 IOMYCTUMBIX 3HAUYSHUH M COXPAHEHHEM €0 yCTOHIHBOCTH.

AKTyalnbHOCTh MaTepHasa CTaThbU 3aKJIF0YaeTCs B:

® TPUMEHEHWH aHAINTHYECKOTO METOJa MCCIIeJOBAaHNS AMHAMHUKH CaMOHABEJCHHS JUIS MOTYyUSHUS] TOYHOTO PEIIeHHS
cucTeMbl U epeHIANbHBIX YPaBHEeHNH, ONMHUCHIBAIOMINX 3TOT MIPOLECC, ¢ aNNPOKCHMAINEH anmapaTypHOH 9acTH 3€HHUT-
HOM pakeTsl;

® HEeoOXOJMMOCTH HAayYHOTO OOOCHOBAHHUSI BO3MOXKHBIX IMyTeil 3()()eKTUBHOIO IepexBaTa MHTCHCHBHO MaHEBPHPYIO-
HIMX BO3AYLIHBIX IleJel 3¢ HUTHBIMU YIIPABIsIEMbIMU PaKeTaMU C CAMOHABEICHUEM.
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ANALYTIC DESCRIPTION OF SAM SELF-HOMING DYNAMICS
AT MANEUVERING TARGET

S.V. Zharkov, A.V. Guenko

The research subject is the SAM self-homing process at intensive maneuvering target.

The object of an article is the theoretical estimate of SAM self-homing system to determine missile control
possibilities during interception of maneuvering targets amidst available normal acceleration rates boundaries.

The main results:

— the qualitative and approximate quantitative analysis of SAM self-homing dynamics at maneuvering target
is fulfilled;

— the possible conflict resolution direction between respond time reduction of self-homing loop up to permis-
sible values and maintaining of its stability was determined.

The article relevancy consists in:

— applying of analytic research method of self-homing dynamics to obtain the accurate solution of differential
equation system describing this process with approximation of SAM equipment part;

— scientific rationale necessity of possible ways for an effective interception of intensive maneuvering aerial
targets by SAMs with self-homing systems.

Moctynuna 10 ¢peBpans 2017 roaa.
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AHanusupyemcsi 803MOXHOCMb  UCIMOMb308aHUsT 6eCrunomHbIX JsiemamesibHbIX anrnapamos npu oueHKe
Xapakmepucmuk 3eHUMHbIX pakemHbIx cucmeM. PaccmompeHb! ycriogusi MposedeHusi OUEeHKU; 3adayu, Or1s1 peweHust
KOmopbIX Ueriecoobpa3sHo UConb308ame 6eCrunomHUKU, U 803HUKaroUWUe rpu 3mMoM 02paHUYEeHUS.

Knroyeenle crnoea: 3eHUMHbIe pakemHble CUCMEMbI, OUEHKa Xapakmepucmuk, 6ecruiomHble iemameribHbie
annapamel, 06rém.

The unmanned aerial vehicles (UAV) usability is analyzed at assessment of air defense missile systems charac-
teristics. The analysis carrying conditions were examined, and problems, for solution of which is reasonable to use
UAVSs, where constrains can arise.

Keywords: air defense missile systems, characteristics estimation, unmanned aerial vehicles, fly off.

AxruBHOe pa3sutie BITJIA BbI3bIBaeT HHTEPEC K PACCMOTPEHHIO BO3MOYKHOCTH MX MPUMEHEHHUS ISl OLIEHKH XapaKTe-
PHCTHK 3€HUTHO-PAKETHBIX CHCTeM. AHAIM3 YCIOBUH MPOBEACHHS OL[CHKH MTO3BOJISIET BBIICIUTH TAKUE HAMIPABICHUSI TPUME-
Henust BITJTA, kak obecrieuenne 001ETOB paHOIOKAIIMOHHBIX CPECTB, CO3/IaHUEe MUIICHHONW 00CTAHOBKH, OIIEHKA BEINYH-
HBI TPpOMaxa pakeTsl, obecrieueHne 6e30MacHOCTH MyCKOB PAKeT, TOUCK MECT MaeHHs SJIEMEHTOB PAKeT U MHUIIICHEH.

B nporiecce npoBesieHus 00IETOB BO3MOXHO PEIICHHE 3a/1a4 10 OIPE/ICICHUIO 30HbI OOHAPYKEHHUS PaIHOIOKAIMOH-
HBIX CTaHIIUi, OIIEHKE MapaMeTPOB 30HBI PAAMOKaHANA «3eMJII-00PT», OIIEHKE OCHOBHBIX XaPAKTEPUCTUK I'OJIOBKUA CAMOHa-
BEACHWA U PaIMOB3PbLIBATEIA. ﬂpM 9TOM OXXHUIAACTCA HE TOJIbBKO CYHIECTBEHHOC CHUKECHUE MATCPUAJIBHBIX 3aTpaT, HO U I10-
BBIIIICHUE Ka4€CTBa pCIIa€MbIX 3a1a4, o6ecneqex—me BBICOKOI'O YPOBHs 6630H3CHOCTI/I JIETHBIX OKCHEPUMEHTOB.

Opnnako coBpemennbie BITJTA He B COCTOSIHUM MOJHOCTBIO 3aMEHUTH IIPHMEHEHHE O0EBO aBHAIMHU B TIPOIIECCE OLCH-
K{ 3CHUTHO-PAKETHBIX CHCTEM, TaK KaK UX JIETHO-TEXHHMYECKHE XapPaKTePHCTUKU HE BCErIa YIOBJIETBOPSIOT TPEOOBAaHHUSIM
MPOBOIMIMBIX JIETHBIX IKCIIEPUMEHTOB.
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USE OF UNMANNED AERIAL VEHICLES ASSESSING AIR
DEFENSE MISSILE SYSTEMS CHARACTERISTICS

A.A. Raev, V.l. Voronik, A.V. Kononenko, M.M. Kuznetsov, A.A. Raev

An active UAV development sparks interest in its employment possibility analysis in order to determine
air defense missile systems characteristics. The estimation carrying conditions analysis permits to highlight the
following UAV employment directions: ensure the fly off of radars, built-up of target layout, missile miss distance
estimation, ensure the missiles launch safety, search of drop points of missile and target vehicle components.

During fly off it's possible to solve tasks of determining the radar detection area, parameters estimation
of uplink radio channel zone, estimation of seeker and radio fuze main characteristics. Herewith it's expected
not only the considerable reduction of material expenses but the quality increasing of solving tasks and ensuring
a high level of flight experiments safety.

However the up-to-date UAVs can’t fully substitute the combat aviation employment during analysis of air
defense missile systems since its flight characteristics are not always comply with requirements of conducted
flight experiments.

Moctynuna 23 pekabps 2016 roga.
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Ana pewerusi 3adayu rnoucka onmumaribHo20 6oeKkoMriekma epynnupo8KU 3eHUMHbIX pakemHbIX 80UCK
CMewaHHo20 cocmasa paccmMompeH 00uH U3 nodxo0o8, Mo38ossUWUl onpedenums MUHUMAbHYH MOWHOCMb
obrnacmu npocmpaHcmea peweHut, He umeroueli demepMUHUPOBaHHbIX 2paHul, HO NPU 3MOM 2apaHmMuUpPo8aH-
HO codepxkauiyto onmumym.

Knroyeeble crnoea. 60ekoMmmnekm, 2pynnuposka 3eHUMHbLIX pakemHbIX 80UCK CMeWwaHHO020 cocmasa,
AuckpemHasi onmumu3ayusi, cueHapud, nonucyeHapHas 6asa, yenesasi (hyHKUUSI.

To solve the search problem of optimal ammunition allowance of air defense missile grouping of mixed type
the one of approaches is examined permitting to determine the minimum power of solution space area without
deterministic boundaries but herewith reliably containing an optimum.

Keywords: ammunition allowance, air defense missile grouping of mixed type, discrete optimization,
scenario, polyscenario base, objective function.

C uenbio ompeseeHns COCTaBa M XapaKTEPUCTHK Pa3HOPOIHOTO OOEKOMIUIEKTa TPYNIUPOBKY 3€HUTHBIX PAKETHBIX
BOMCK CMEIIAHHOTO THUIIA, ONTUMAJIBLHOTO VISl YCJIOBUI pa3IM4HbIX BAPHAHTOB YAAPOB BO3AYIIHOIO NPOTUBHUKA, IPEI0KEH
T0/IX0J1, 00ECIIeUNBAIOIINIT ONpe/ieNieHNe TPaHNI] i MHHUMAIbHYIO MOIIHOCTH ITPOCTPAHCTBA PELICHHI 3a/1auu, TapaHTHPO-
BaHHO COJeprKaIluX IJ00adbHbll onTUMyM. OCHOBHAs Ujes 3aKJII0YAaeTCsl B MAKCUMAIbHOM «CXKATUH» MCXOAHOTO MHOXeE-
CTBa BApUAHTOB I'PYNIUPOBOK, AIPHOPHO HE MMEIOILEro YETKUX I'PaHull, A0 MNOJMHOKECTBA BAPUAHTOB, ONTUMAIbHBIX UL
COOTBETCTBYIOMINX YAaCTHBIX CIIEHAPHEB, C MOCIEAYIONIIM BOCCTAHOBICHHEM U CHCTEMATH3alNeH MOJMHOKECTBA TAKUM 00-
pa3oMm, 4To ToBeAeHNe (HYHKINH KauecTBa ITOMHOXKECTBA BApHAHTOB OyJeT anmnpOKCHMHPOBAHO BOTHYTOH MOBEPXHOCTEIO.
B 5TOM ciiydyae BapuaHTBI JOKAJIbHO ONTUMAJbHBIX TPYNIUPOBOK SABJAIOTCS ONOPHBIMU TOYKAMU OKPECTHOCTH ONTUMYMA,
OTHOCHTEJIBHO KOTOPBIX BOCCTAHABJINBACTCS M CTPYKTYPUPYETCS MOJMHOXKECTBO. J[aHHOE MOJIMHOXKECTBO OyaeT MMEeTh MHU-
HUMaJIBHO HEOOXOAUMYIO MOIIHOCTb [UI TapaHTUPOBAHHOM JIOKAIM3aLUU U OTBICKAHUS ONTUMYMa CUCTEMBL.
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APPROACH TO GLOBAL OPTIMUM SEARCH IN
DETERMINATION PROBLEM OF RATIONAL AMMUNITION
ALLOWANCE OF AIR DEFENSE MISSILE TROOPS GROUPING
OF MIXED TYPE FOR DIFFERENT STRIKE VARIANTS AGAINST
AERIAL ENEMY TARGETS

S.L. Starchak, V.V. Khramshin

In order to determine the composition and characteristics of different-type ammunition allowance
of air defense missile grouping of mixed type, optimal for different strikes delivering conditions against enemy
aerial targets, an approach was suggested providing the boundaries determination and minimum power
of solution space area of task, reliably containing the global optimum. The main idea concludes in maximum
contraction of groupings variant-richness initial set, prior not having clear boundaries, up to subset of variants,
optimal for corresponding private scenarios with subsequent recovery and systematization of subset in such way
that fithess function behavior of variants subset will be approximated by the concave surface. In this case
the locally optimal groupings variants are the reference points of optimum surroundings, relatively to which
the subset is recovered and structured. This subset will have the minimum requirement power for assured
localization and finding of the system optimum.

Moctynuna 6 pexka6ps 2016 roaa.
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Paccmampuearomcesi 6onpockl peaucmpayuu u obpabomku uHgopmayuu 8 xo0e npoeepKU hyHKUUOHUPO-
8aHUs1 MHO20QhyHKUUOHaIbHO20 paduoiokamopa.

Knroyeeble cnoea: M®P, pesucmpauyusi u obpabomka uHgbopMmauuu, rnposepka hyHKUUOHUPOB8aHUS,
rpoepamMMHbIl KOMIT/IEKC.

Questions of information logging and processing are considered during multifunctional radar functioning
check.
Keywords: multifunctional radar, information logging and processing, functional check, software package.

Jlnst omepaTHBHOI MPOBEPKN (PYHKIIHOHNPOBAHHS POTPAMMHO-AJITOPUTMUIECKOTO o0ecredeH s u paboThI yCTPOHUCTB
M®P, u ouenkn xapakrepuctuk M®P pazpaboTaH mporpaMMHBIN KOMIUIEKC PETUCTPALINH U 00pabOTKN HH(POPMALIUH.

[TporpaMMHBIl KOMIUIEKC BKJIFOUAET B ceOsl MPOTrpaMMBl PETHCTPAINH, KOHBEPTAI[UN 3apETUCTPUPOBAHHON nH(OpMa-
11, 00pabOTKH U 0TOOpaYKeHNsSI 3apeTUCTPUPOBAHHON HH(OPMAIMHU 1 TPOTPaMMHOE 0OecTiedeHre 00IIero Ha3HAUCHNS.

OmnycaHo Ha3Ha4YEeHHE BCEX YaCTEH MPOrpaMMHOro KoMiuiekca. [IpoBeneHo pasjeneHne Ha OCHOBHbIE HH(OPMAIMOH-
HbIE TPYIIIBI U OIIEHKa 00bEMa perucTpupyeMoit nHdpopmarmy.

[Toka3aHO THUIOBOE NPHUMEHEHHE IPOrPAMMHOIO KOMIUIEKCA JJIsi TPOBEPKH (YHKIHOHMPOBAHHS IPOTrPAMMHO-
ITOPUTMHYECKOro oOecredeHus u padboTsl yctpoiicts MOP.
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REGISTRATION AND INFORMATION PROCESSING
FOR MULTIFUNCTION RADAR FUNCTIONING RESULTS
ANALYSIS

S.O. Grachev, S.S. Troitskiy

The information logging and processing software package was developed for on-line software-algorithmic
functioning check, for multifunctional radar (MFR) blocks operation and MFR performance evaluation.
The software package includes logger, conversion program of logged information, logged information

processing and displaying programs and general-purpose software.
The purpose of all software package parts is described. The package was divided into main information

groups and the volume of logged information was estimated.
The typical application of the software package was performed to check the software-algorithmic functioning

and MFR components operation.

MNoctynuna 18 auBaps 2017 ropa.
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PaccmompeH crocob yMeHbweHUs1 nomepb 8 OBHapYXXEeHUU M01e3H020 CueHana rpu UcCMosib308aHUU areo-
pumma nodassnieHusi HeCUHXPOHHOU umrlyibcHoul rmomexu 8 PJIC ¢ 00HO3Ha4yHOU OaslbHOCMbH.

Knrodeebie crioga: MHO20mopozosasi obpabomka, HECUHXPOHHas UMIMyIbCHas rnomexa, paduosiokayuoH-
HbIU cuzHarl.

The loss reduction method in friendly signal detection using nonsynchronous impulse noise suppression algorithm
in radar with a single-valued range was examined.
Keywords: multithreshold processing, nonsynchronous impulse noise, radar signal.

INoporoast 00pabOTKa CMECH HOJIS3HOTO CUTHala C IIYMOM He o0ecreunBaeT KaueCTBEHHOE OOHapy)KEeHHE LIeNH C
HPUEMIICMOH BEPOSITHOCTBIO IOXKHBIX TPEBOT». Perienne 31oii 3a1aun nocturaercst 00pabOTKOM MavyKH pagnoIoKalliOHHBIX
curaanos. D(HeKTUBHBIM CIIOCOOOM SBISIETCSI HEKOTEPEHTHOE HAKOIUICHUE TTAYKH PaJHOTIOKAIHOHHBIX CUTHAJIOB.

IIpumenenue Takoro crnocoba oOpabOTKH MAaYKM CHTHAJIOB OTPAaHUYEHO BO3JACHCTBHEM HECHHXPOHHOW HMMITYJIBCHOM
nomexu (HUIT). dns nogasnennss HUII B npruéMHIKaX UCTIONB3YIOT U3BECTHBIA aNTrOPUTM 00paOOTKH TMPHHATHIX CUTHAIOB
o kpureputo «K m3 M» [1].

Kputepuitnas o6paboTka IPUMEHSETCsl MOCe MOPOroBOii 00pabOTKH M HMCIOJB3YeT OTIMYHE YaCTOTHI TOBTOPECHUS
curnanoB HUII ot wactoTsl noBTOpeHust 3oHaupytonmx curaioB PJIC npu oOpaboTke mauyky NMPHUHATHIX CUrHamoB. J{is
NOAYEPKUBAHUS 3TOTO OTIMYMS ¥ TEM CaMbIM 00JierdeHust penienus 3aaaun nogasnenuss HUII ncrnonp3yrot BoOysIIuIO me-
pHoJia IOBTOPEHUS 30HANPYIOIINX CUTHAJIOB. BoOymsinus 3aTpyaHsIeT MocTaHOBKY HcKyccTBeHHbIX HUII, T.k. 3aKoH m3Me-
HeHus nepruona noropeHus B PJIC moxer ObITh citydaiiHbIM. [IpuMeHeHHe KpuTepuitHOH 00pabOTKH B cOYETaHHH C BOOY-
Jsueit ocTaéTes akTyalbHBIM 10 HACTOSIIIETO BPEMEHH.

OnHaKko B CPaBHEHHM C HEKOTEPEHTHHIM HAKOIUIEHHEM KpHUTEepHiHas 00pabOTKa BHOCHT JIOMOIHHUTEIBHBIE TTOTEPH B
00OHapyKEeHUH MOJIC3HBIX CUTHANOB [2].

CyIecTBEHHO YIIy4YIIUTh 00HAPYKEHHUE e, COXPaHUB 0coOeHHOCTH 0OHapykernss HUII, mo3Bomsier kpurepuitHas
00paboTKa NpeBbIIIeHHH HeCKOJIBKUX MoporoB «K u3 M». 3HaueHHs TOPOroB, HX KOJIMYECTBO U KPUTEPHI 00HAPYKEHUS
K onpenensrotcst CTaTUCTHYECKUM MOAEIUPOBAHHUEM.

JIUTEPATYPA
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MULTITHRESHOLD RADAR SIGNAL BURST PROCESSING

O.V. Denisenko

The mixture thresholding of friendly signal with noise doesn’t provide high-quality target detection with
acceptable probability of «false alarms». This problem solution can be achieved through radar signals burst
processing. The effective method is a noncoherent accumulation of radar signal burst.

The application of signal burst processing method is limited by influence of nonsynchronous impulse noise
(NIN). For NIN suppression in receivers the known processing algorithm of received signals as for criteria
«K from M» [1] is used.
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The criterial processing is applied after threshold processing and uses the NIN repetition rate difference from
the radar sounding signals repetition rate during processing of received signal burst. To underline this difference
and thus to ease the problem solution of NIN suppression the wobbulation of sounding signals repetition period
is used. The wobbulation complicates NIN jamming as the repetition period variation law in the radar can
be random. The criterial processing application issue coupled with the wobbulation remains relevant up to date.

However, compared with the noncoherent accumulation the criterial processing introduces the additional
losses in detection of friendly signals [2].

The criterial processing of several «K from M» thresholds crossing permits to substantively improve
the target detection, maintaining the NIN detection particularity. The threshold values, its amount and K detection
criteria are obtained through statistical modelling.

Moctynuna 10 cdeBpansa 2017 ropa.
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lpedcmaeneHb! pesynbmamai pa3pabomku manozabapumHo2o nepedaruwez0 ycmpolcmea ¢ 8bIXO0HOU UM-
nynbcHoU mousHocmbtio 15-25 kBm, pabomarouwie2o 8 d8yxcaHmumMemposom duarasoHe Yacmom.

Knroyeesnie cnosa: CBY-nepedamuuk, 2-cm QuarasoH, paspabomka, uccredogaHue, CO8peMeHHbIe rnosynpo-
B800HUKOBbIE PaGUOKOMIOHEHMbI, MUHUaMOpU3ayus.

The development results of small-size transmission unit, with 15-25 kW output pulse power and operating in 2-cm
frequency bandwidth are performed.

Keywords: UHF-transmitter, 2-cm wavelength, development, research, up-to-date solid state radio components,
miniaturization.

B cratpe «Pa3paboTka U uccleqoBaHHE MajJoradapUTHOTO IMEPEAaloIIero yCTPOWCTBa» MPEAOCTAaBICHBI PE3yIbTaThl
pa3paboTKH ManorabapuTHOTO MEPENaroIero YCTPOHCTBa, PabOTAIOMIEro B IByXCAaHTHMETPOBOM JIHAla30HE YacTOT C BHI-
XOIHOM UMITYJTECHOM MOIITHOCTBIO 15-25 KBT.

B nponecce monepumzanuu PJIC Bo3HMKIIA 3aja4a YMEHBIICHUS Beca W rabapUTHBIX Pa3MepoB IepeaTinKa ¢ Iebio
ero pasmenienus Boau3u AP unn Ha €€ o6paTHO# cTopoHe. JlaHHas 3a1a4a MOXKET OBITh PelIeHa ¢ MOMOIIBIO TPUMEHEHUS
COBPEMEHHBIX MOJIYNPOBOJHUKOBBIX KOMIIOHEHTOB. Pa3zpaboTaHHOe Iepenaroniee YCTPOWCTBO BBIMOJHSET ITOCTABICHHYIO
3ajady. B craThe mpuBeeHb! OCHOBHBIE ITApaMeTpPhl MePEIaloIero yCTPOCcTBa U IS 4ero OHO MpeAHa3HaueHo. Takke nmpu-
BEJICHbI OCHOBHBIE HANPABJICHHS PELICHHS TIOCTaBJICHHOM 3a/1au.

Jnis yBenmyeHnsT HaA&KHOCTH M PEMOHTONPHUTOJHOCTH TepeIaloliee YCTPOUCTBO UMEET MOAYIBHYIO KOHCTPYKIIHIO,
MpUBe/IeHa CTPYKTYpHAsI CXeMa MepeIaloIero yCTpoicTBa U KpaTKOe OMMUCaHNe OCHOBHBIX Y3JIOB MEPEAalOIIero yCTpoicTBa.

[lo cpaBHEHHIO ¢ HCHONB3YEMBIM aHAJIOTOM pa3pabOTaHHOE Tepefarliee YCTPOUCTBO MMEET Bec B 3 pa3a MEHBIIE
(98 kT) 1t 06BEM B 6 pa3 MeHsIe (600 am°). TIpn 5TOM OHO 0BGECIIeUNBACT TAPAMETPHI HE XyKe aHATOTd W MOYXKET OBITh ITep-
CIEKTHBHBIM JTUTEIBHOE BPEMsL.
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RESEARCH AND DEVELOPMENT
OF SMALL-SIZE TRANSMISSION UNIT

S.B. Dobrovolskiy, O.V. Izhendeev, O.A. Sokolov, A.A. Fedotov

The article states the development results of small-size transmission unit operating in 2-cm frequency
bandwidth with 15-25 kW output pulse power.

During the radar updating process an objective to reduce the transmitter weight and overall dimensions
emerged in order to install it nearby the phased antenna array (PAA) or at the backside. This task can be resolved
using the up-to-date solid-state elements. The developed transmitter satisfies the given objective. The article
performs the transmitter main parameters and its purpose. The main directions of the problem solving are given
as well.

To increase reliability and maintainability the transmitter has a modular structure; the transmitter schematic
block diagram and brief description of main components are performed.

Comparing with the analog the developed transmitter has a three times lower mass (98 kg) and a six times
less dimensions (600 cubic dm). Herewith, it performs at least analog parameters and can be a advanced one

for a long time.

MNoctynuna 18 auBaps 2017 ropa.
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CUCTEMA ABTOMATU3UPOBAHHOIO YIPABIEHUS],
3ALYMTBI Y KOHTPONS BbIXOGHOIO YCUITUTENS
MEPEQAIOLYEIO YCTPOACTBA
MHOIO®YHKLMOHAIILHOIO PALMONOKATOPA
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A.H. An6yToB
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B cmambe npedcmasneHa Hogasi cucmema asmoMamu3upoB8aHHO20 yripaessieHus], 3aljumbl U KOHMPOJIs
8bIX0OOHO20 ycunumensi rnepedarouwie2o ycmpolcmea MHO20hyHKUUOHaNIbHO20 paduosiokamopa. [lpusedeHsb!
OYHKUUOHAsbHbIE CXeMbl CUCMEMbl asmoMamu3upO8aHHO20 YyrpaeneHusi 8 UesoM, a makxke 6rioka ynpaeneHusi
U KoHmponsi. OnucaHbl npeuMywecmsa Hogol cucmeMsI.

Knroueesble croea: cucmema asmomMamu3uposaHHO20 ynpasneHusi, 8biXOOHOU ycunumerns nepedatoue2o
ycmpoticmea, bbicmpodeticmaue.

The article states a new automatic control, monitoring and protection system (ACPS) of multifunctional radar
(MFR) transmitter output amplifier. The ACPS functional block diagrams are performed, and monitoring and control
block as well. The new system advantages are described.

Keywords: automatic control system, transmitter output amplifier, quick response.

B mepenaromux ycTpoicTBax COBPEMEHHBIX MHOTO(MYHKIHOHATEHBIX paanoiokatopoB (M®P) B kauecTBe BEIXOAHOTO
YCUWJINTENIs] IPUMEHSETCSI MOLIHBINA NPOJETHBIIT MHOTOJIy4eBOM KJIMCTPOH. BBIXOAHAS MOLIHOCTH KJIMCTPOHA 3aJaéT dHepre-
THKY 30H/AMPYIOIIET0 CHTHAJIA U BIUSIET Ha JanbHOCTD AeiictBust MOP. Hanéxuas pabora KiaucTpoHa BivseT Ha paboTocIo-
co6HocTb 1 3 dexTrBHOCTE MDP B 11e10M.

Hanéxnas paGorta KiIMcTpoHa 00eCHEeYHBACTCS CHCTEMOH aBTOMATH3MPOBAHHOTO YIPABJICHUS, 3alIUTBI M KOHTPOJIS
BerxoHOTO yennutens (CAY). [lapamerpst CAY cymecTBeHHO BIMSIOT Ha CPOK CITYXKOBI KIMCTPOHA U €0 SIEKTPHUSCKHE
XapaKTepPHUCTHUKH, TOATOMY JaHHAast paboTa SBIACTCS aKTyadbHOH JUIST COBPEMEHHOH PaaANOTOKAIOHHON TeXHUKH.

Tpaguorno CAY i mepefaromux yCTpOHCTB CTPOMIINCH MO CXeMe ¢ IMPHMEHEHHEM SJIeKTPOMATHUTHEBIX pele, a
Taroke JUCKPETHBIX 3IIEMEHTOB JKECTKOW IM(POBOH JIOTHKHU, YTO OTPAHUYUBAIO OBICTPOJCHCTBHE CpabaThIBAaHMS 3AIIUT, U
UX HaA&KHOCTh. Takas cucTeMa YCJIOXKHSET almaparypy, yBeJHMUUBAET OTPEIHOCTh U3MEPEHUH, 3aTpyIHsIET OMCK Heuc-
l'lpaBHOCTeP’I " 3aHUMAacCT 061>CM HECKOJIbKUX CTaHAapTHBIX 6J'IOKOB.

B cratee npeacTaBjicHa NPUHIUIIMAIIBHO HOBAasA CX€Ma aBTOMAaTHU3MPOBAHHOI'O YIPAaBJICHUA, 3alllUThl 1 KOHTPOJIS BbI-
XOJIHOTO YCHJINTENs mepepatoniero ycrpoiictea M®OP ¢ mpumeHenneM coBpeMeHHO#H siemenTHol 6asbl (IIJIMC, mukpo-
kouTposepsl, LIAIT u T.11.), obecreunBaromas B3anMoeiicTBHEe BCeX OJIOKOB M CHCTEM Iepe/aloIiero yCTpOHCTBa, a TakKe
3aIIUTy BEIXOJHOTO YCHJIUTEIS OT AECTAOMIM3UPYIOMHUX (PAKTOPOB M KOHTPOJIE OCHOBHBIX ITAPAMETPOB C BEIBOJIOM CITYKEO-
HOH nH(OpMaINHI Ha HIIEKTPOIIOMUHECIIEHTHBIH ANCIIIEH.
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AUTOMATIC CONTROL, MONITORING AND PROTECTION
SYSTEM OF MULTIFUNCTIONAL RADAR TRANSMITTER
OUTPUT AMPLIFIER

S.V. Zaholotnaya, E.V. Emelianov, A.U. Tsytsarev, A.N. Albutov

In transmitters of modern multifunctional radars (MFR) the powerful multiple-beam klystron is used as an output
amplifier. The output klystron power sets the sounding signal energetics and affects the MFR range. The klystron
reliable operation effects on the MFR performance ability and effectiveness.

The reliable klystron operation is provided by the automatic control, monitoring and protection system (ACPS).
The ACS parameters are significantly effect on klystron lifetime and its electrical specifications; therefore this work is a
relevant for the up-to-date radar engineering. Conventionally, the ACSs for transmitters have been developed according
to electromagnetic relay scheme and discrete elements of hard digital logic as well that limited the protection relays
response tine and its reliability. Such system complicates the equipment set, increases the measurement errors,
troubles the trouble-shooting and has a dimensions of several standard blocks. The article performs a brand new
automated control, monitoring and protection system scheme of MFR transmitter output amplifier using the up-to-date
hardware components (FPLD, microcontrollers, DAP etc.), providing interacting of all transmitter blocks and systems
and protection of output amplifier as well from destabilizing factors and main parameters checkout with operation
information readout at electroluminescent display.

Moctynuna 14 ¢eBpana 2017 ropa.
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C10COB OLIEHKY ®NYKTYALMOHHbIX OLIMEOK
CITIAXEHHbIX KOOPLMHAT IPU CI10/Ib30BAHUM
af-OUIIbTPOB /151 CONPOBOXEHUS LIENEN
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lpednazaemcsi crnocob OueHKU @bryKmyauyUuoHHbIX OWUBOK CerlaXeHHbIX KoopOuHam rpu UCrosib308aHUU

aB-cpunbmpoe 01151 cornposoxxoeHusi yerel.
Knrouyesnie cnoea: M®P, conposoxdeHue uenu, af-gbunbmpbl, MOYHOCMb COMPOBOXOEHUS, (hilyKmyauuoH-
Hble OWUBKU COrnpoBOXXOEHUS.

The fluctuating errors estimating method of smoothed coordinates using an aB-filters for targets tracking
is proposed.
Keywords: multifunctional radar (MFR), target tracking, aB-filters, tracking accuracy, fluctuating tracking errors.

[Ipennoxen crnoco0 OUEHKH (UIYKTYalHOHHBIX OMIMOOK CrIaKEHHBIX KOOPIMHAT MPU MCIIOIB30BaHUH Of-(QHIBTPOB
JUISL COTIPOBOYKICHHUS Liesieil. Pa3paboTaH adropuT™ OLEHKH (IIYKTYal[MOHHBIX OIIHOOK CTJIaKEHHBIX KOOP/AMHAT.

C nOMOIIBI0 MaTEMaTHYECKOH MOJIEIN CONPOBOXKICHHS Lelei B MHOTO(YHKIMOHAIBHOM PaHOJIOKaTOPEe OLICHEHBI
XapaKTepUCTHUKHU pa3paboTanHoro anropurma. [lokazano, uro onenky CKO (iyKTyalioHHBIX OIIMOOK COIPOBOKACHHUS, T10-
JIy4eHHBIE C TIOMOIIBIO pa3pabOTaHHOTO aNrOPUTMA, OJM3KU K 3TAJIOHHBIM OLIMOKAaM CONPOBOKICHUS, ITOIYYEHHBIM MyTEM
CTaTHCTHYECKOTO MOJCIUPOBAHNSI.
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FLUCTUATING ERRORS ESTIMATING METHOD OF SMOOTHED
COORDINATES USING aB-FILTERS FOR TARGETS TRACKING

A.V. Neskorodov

The fluctuating errors estimating method of smoothed coordinates using an ap-filters for targets tracking
is proposed. A smoothed coordinates fluctuating errors estimating algorithm is designed.

Using the mathematical targets tracking model in multifunctional radar the designed algorithm characteristics were
estimated. It's shown that RMS fluctuating tracking errors estimations obtained via designed algorithm are close
to benchmark tracking errors obtained through statistical modeling.

Moctynuna 18 sauBapsa 2017 roaa.
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®EPPUTOBbBIE MATEPUATIbI 1A ¢AV3OBPAI.LIA TE/IEUA ®AP:
COCTOSIHUE TEXHOJIOMMU U CEPUNHOE NMPON3BOACTBO
B «Kb-1»
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A.B. HoBukoB |
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B Hacmosiwee epemsi Ha ¢heppumosom npousgodcmee «Kb-1» co3daHbl ece rnpednockiniku Onsl nepexooda
om smana u32omossneHusi heppumosbix Oemareli K cepuliHol cbopke U HacmpoUlike KOMIekmos ¢hasospauia-
menel. 3mo HanpasneHue pazsumus sensemcs Hauborsee nepcrnekmusHbIM, MOCKOMbKY cmasum npednpusmue
8 00uH psd ¢ nudepamu omevyecmeeHHO20 pbiHKa 8 obriacmu npou3godcmea cheppumosksix ¢hasospawamernel
0ng 6opmoebix U HaseMHbIX MobusnbHbIX PAP, pabomarowjux ¢ 8oiHaMu pa3nnuyHol nonaspusayuu.

Knroyeenbie cnoea:. CBY-gheppumsi, gheppumossie ghazoepalwyamernu, ¢hasuposaHHasi aHmeHHasi peLuémka.

At present, all preconditions for the transition from the stage of manufacturing of ferrite parts to the serial
assembly and adjustment of sets of phase shifters are created on the ferrite production of «KB-1». This direction
of development is the most promising because it puts the company on a par with the leaders of the domestic
market in the production of ferrite phase shifters for on-board and ground-based mobile Passive Phase Arrays,
operating with waves of different polarization.

Keywords: microwave ferrite, ferrite phase shifters, passive phase array.

OcHoBoit ¢eppuroBoro nmpousBoactsa B AO «Konctpykropckoe 61opo-1» sBuiics «peppuToBBIi OTAET», OPTaHN30-
BaHHbI B LIKb «Anmas» B cepenune 60-x ronos npouuioro Beka. [IpoBeneHHbIe 3a AecATHICTUS PabOTHI HCCIEA0BaHNUS,
HAKOIUICHHBIN MPaKTHUECKU OIBIT, @ TAKXKE MOJIeP)KUBAEMbIN BBHICOKUII YPOBEHb TEXHOJIIOTHH MPOU3BOJICTBA (hePPUTOBBIX
MaTepHaJIOB TIO3BOJISIET CEro/IHs pa3paboTunKaM MosrydaTh (ha3oBpaIiaTeIn B pa3inyHbIX YaCTOTHBIX JHaNa3oHax ¢ He0OXo-
JUMBIMHA TEXHUYECKUMM IapaMeTpaMH IpU Pa3IM4HbIX yclaoBusAX skcmyatauun OAP. Mmeromuecs mpou3BOACTBEHHBIE
momrHocTH B «Kb-1» yxke ceftuac obecnieunBatoT cepuiiHoe mpon3BoacTBo HY n CBY ¢GeppHUTOBBIX KOMITIEKTYIOIINX IS
psiia IpeanpusATHi-n3roToBUTENeH (azospamateneil. B Hacrosmmee Bpems Ha deppuroBoM mponsBoacTse «Kb-1» cozmans
BCE MPEATIOCHUIKU IJISI TIEPeX0/ia OT 3Tara U3TOTOBICHUS (DePPUTOBBIX JIETANeH K CepUiHON cOOpKe M HACTPOIKE KOMILIEK-
ToB (hazoBpamareneif. ITo HampaBICHUE Pa3BUTHSA ABJIACTCS HanOoJee MePCIIeKTUBHBIM, TOCKONBKY CTaBUT MPEATIPUSITHE B
OJMH DA C IHAECPAMH OTEUYECTBEHHOTO PBIHKA B 00JAacTH MPOM3BOACTBA (heppUTOBBIX (ha3oBpamarenell Aas OOPTOBBIX H
Ha3eMHBIX MOOMITBHBIX D AP, paboTaronyx ¢ BOJIHAMU Pa3IMYHON TTOJISIPU3ALIIH.
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FERRITE MATERIALS FOR PHASE SHIFTERS PASSIVE PHASE
ARRAYS: STATE OF THE TECHNOLOGY
AND SERIAL PRODUCTION IN «KB-1»

D.V. Chernikin, N.M. Pletneva,

The basis of ferrite production at Joint-Stock Company «KB-1» appeared to be «ferrite department,
organized in CKB «Almaz» in the mid-1960s. The decades of research work, the accumulated practical
experience, as well as the supported high level of technology for the production of ferrite materials, allows
developers today to produce phase shifters in different frequency ranges with necessary technical parameters
under different operating conditions of Passive Phase Arrays. The available «KB-1» production facilities
at present provide the serial production of low-frequency and microwave ferrite components for a number
of manufacturers of phase shifters. Nowadays, all preconditions for the transition from the stage of manufacturing
of ferrite parts to the serial assembly and adjustment of phase shifters sets are created at «KB-1» ferrite
production line. This development direction is the most promising one because it puts the company on a par with
domestic market leaders in ferrite phase shifters production area for on-board and ground-based mobile Passive
Phase Arrays, operating with waves of different polarization.

MNoctynuna 20 auBaps 2017 ropa.
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lMpedcmasneH memod paspabomku mamemamuyeckux modesiell OuHaMU4YecKux credsawux cucmem
8 rpocmpaHcmee cocmosiHUll ¢ HesluHeUHOCMsAMU ha308bix KoopduHam, UcCnonb3yrowul 8 Kadecmee mame-
Mamu4yeckoeo ornucaHusi cucmemy dughghepeHyuarnbHbIX ypagHeHUl 8 HopmarbHolu opme Kowu. Takoe onuca-
Hue rno3gosiiem y4yecmb HenuHelUHocmu @ha308bIX KOOpOUHam, 8 YacmHOCMU, O2PaHUYEHUs] MepPemMeHHbIX
COCMOSIHUS muna «HacblweHue», «mépmeasi 3oHa» u Op. [uHamuka cucmembl 3adaémcs cucmemHol
yHKyuel — xenaemol nepedamoyHol ¢hyHkyuel, KoaghgpuyueHmsl Komopoul ornpedesnsom KoaghpuyueHmMbI
cucmembl OuchghepeHyuarbHbIX ypagHeHul. [To0x0d Moxem MPUMEHSIMbCS Ha PaHHUX cmadusix npoekmuposa-
Hus Ona oueHku pabomocrnocobHocmu (ycmouldyugocmu) U rokalamesel Kadecmea OUHaMUYecKux cucmem
C y4Yyemom oOepaHu4eHull nepeMeHHbIX COCMOsIHUA. B kauyecmee npumepa npedcmasrieHbl pe3yribmambi
modenuposaHusi 8 cpede Matlab/Simulink acmamuyeckoli crnedswel cucmeMbl ¢ 02paHUYeHUSIMU Ha Makcu-
MarnbHOoe/MUHUMaIbHOE 3HaYeHUe 10 CKOPOCMU U Ha MakcuMaribHoe 3HavyeHue yckopeHrusi. [lpoeedeHa oyeHka
8nusiHUS HenuHeliHocmel Ha rokasamersiu kayecmea credsueli cucmemsil.

Knrouyesnbie cnoea: credsujue cucmemsbl, MPOCMPaHCIMBO COCMOSHUL, NepPeMeHHbIE COCMOSIHUS, Xerae-
Mmas nepedamoyHasi hyHKYUs, HopmarbHas ¢ghopma Kowu.

The design method of dynamic follow-up systems mathematical models in state space with phase
coordinates nonlinearity is performed using the differential equation system in normal Cauchy form as mathematical
description. Such description permits to consider phase coordinates nonlinearity, particularly state variables
constraints of «saturation», «dead zone» types etc. The system dynamics is given by the system function —
intended transfer function, coefficients of which determine the system coefficients of differential equations.
An approach can be applied at different designing stages for estimation of performance (robustness) and dynamic
systems quality index with regard to state variables constraints. The modeling results in Matlab/Simulink of astatic
follow-up system with constraints on maximum/minimum value according to velocity and on maximum accelera-
tion value were performed as an example. The nonlinearity impact assessment on quality index of follow-up
system was carried out.

Keywords: follow-up systems, state space, state variables, intended transfer function, normal Cauchy form.

[lepen n3roroBieHNeM JTUHAMUYECKUX CUCTEM U UX COCTABHBIX YacTel akTyaJbHOM SBISETCS 3aJadya OLIEHKU TeXHUYe-
CKUX pEICHUH, IPUHATHIX Ha 3Tale MpoeKTupoBaHud. OIEHKY paboTOCIIOCOOHOCTH M TOKa3zaTeleld KauecTBa CHCTEM B
OOJIBIIMHCTBE CITy4aeB MPOBOAAT METOJAMH MAaTEMaTHYECKOTO MOJCIHPOBAaHUSA. B pexiMe Mallbix OTKIOHEHHH COBOKYII-
HOCTh OOBEKTa YIPABIICHUS, PETYIUPYIOMIUX OPTaHOB, WCIIOJHUTENBHBIX MEXaHH3MOB OIHCHIBACTCS C TpeOyeMoil TOYHO-
CTBIO JIMHEWHBIMH YpaBHEHUSIMHU, KOTOPBIE JISKAaT B OCHOBE OOJBLIMHCTBA METOJOB CHHTE3a AMHAMUYECKUX CUCTeM. Marte-
MaTHYECKUE MOJIEIH B KJIACCE JIMHEHHBIX CUCTEM HE MO3BOJIIOT OLEHUBATH BIMSHUE KOHCTPYKTUBHBIX OIpPaHUYEHUH, IPH-
CyLUX PEeAIbHBIM CUCTEMaM. YUET OrpaHUYEeHUI NIEPEBOIUT CUCTEMY B KJIACC HEJIMHEMHBIX. B muTepaType U3oKeH Noaxon
K aHaJIM3y HEJNWHEHHBIX CIeIsSUIUX CUCTEM, COCTOSIIUN U3 ABYX oTamnoB. [IepBblil aTam — cUHTE3 JUHAMUYECKHX CHUCTEM B
KJlacce JIMHEWHBIX. BTOpoii aTam — BHECEHNE HEIWHEHHOCTEH B MOJIETh O0BEKTa YIPaBICHHUS JHHAMUYECKUX CHCTEM C TpO-
BeJleHHeM MojenupoBaHusi. Ha mepBom sTane MOTYT MCHOJIB30BaThCs Pa3luvHbIe METOAbI CHHTE3a, OJTHUM U3 KOTOPBIX, SB-
JISIeTCST METOJ CHHTE3a JIMHEHHBIX IHMHAMHYECKAX CHCTEM MO 3aJaHHBIM TOKa3aTelsiM KadecTBa. OH COCTOHMT M3 JABYX
nojaTanoB. [lepBelii momaTan — BEIOOP KelaeMod mepenaToyHON (GYHKIUHM CHCTEMBI, YJOBJIETBOPSIONICH MOCTaBICHHBIM
TpeOOBaHUAM K KadecTBY YIIPaBIEHHs, KOTOpas ONKCHIBAeT IMHAMHUKY CHCTEMBbI B IieJloM. Bropol momdranm — cuHTes
yCTpOHCTBA yNpaBIeH!s U3 YCIOBHSl PaBEHCTBA XKeTaeMOH U peanbHOH nepeaTouHbIX GYHKIUH 3aMKHYTON CUCTEMBI C yue-
TOM YpaBHEHMH 3aJaHHOro 00beKTa ympapieHus. Ho Ha paHHUX CTaAMAX MPOEKTUPOBAHUS CTPYKTypa U OOJBIIMHCTBO Ia-
paMeTpoB 00BEKTa YIpaBJIEHHUS YaCTO HEU3BECTHBI. [103TOMY HCIIONIB30BATh TAKOW MOAXO0 3aTPYAHUTEIBHO.
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B pabote npemaraercs MeTo pa3pabOTKH MaTeMaTUIECKUX MOJeNel TMHAMHUECKUX CHCTEM C yUeTOM OrpaHH4eHUI
MEPEMEHHBIX COCTOSHMS, HCTIOIB3YIOMUil B KaUeCTBE MATEMAaTHIECKOTO ONUCAHUs cucTeMy AU epeHIHaNbHbIX YpaBHEeHUIT
B HOpManbHO# (opme Komm. [lMHaMHMKa CHCTEMBI 3a1aeTCsl CUCTEMHOW (yHKIHEl — xKeTaeMoi mepeaaTouHoil GyHKuuel,
KO3 QUIEHTEl KOTOPOIl OmpenerstioT Ko3h(GUIUEHTHl cucTeMbl MU GepeHIMaIbHEIX ypaBHeHni. B kadectBe mpumepa
paccMOTpeHa acTaTHUYecKas CIesas CUCTeMa C y4eTOM TaKUX OTpaHHYCHUH, KaK «HACBILEHHE» [0 CKOPOCTH U yCKOpe-
HUIO U «MepTBas 30Ha» 0 CKOpocTH. [IpuBenieHbl pe3yabTaThl MOJCIHMPOBAHHS C YIETOM HEIMHEHHOCTEH IepeMEHHBIX CO-
ctosiHu. IIpoBeneHa olleHKa BIMSHUS BEIUMYMHbI OTPaHUUYCHUS HA II0KA3aTeIM KauecTBa.

Hanmmune HenmnHeNHOCTEH MepeMEHHBIX COCTOSIHUSI IPUBHOCHT B PabOTy CHCTEMBI 3HAUHTENIbHbIE U3MEHEHHS, 00BIYHO
NPUBOAAIINE K yXyIIIECHUIO TTOKa3aTeIell KadecTBa CUCTEMBI. Y MEHBIINTh HETATHBHOE BIMSHUE HETMHEHHOCTEH MOXKHO ITy-
TeM U3MEHEHHs TPeOOBAHUI K OrPaHMYEHUSM CHCTEMBI, HAIPUMED, U3MEHSS TEXHUYECKHUE XapaKTEPUCTUKU HUCTIOTHUTENb-
HOTO MeXaHu3Ma. Tak ’e MOKET ITOMOUYb MOCTPOSHUE CEMENCTBA XapaKTEPUCTHK, OMHCBHIBAIOLINX 3aBHCUMOCTD MOKa3aTeNeH
KauecTBa CHCTEMBI OT 3HAUCHUI OrpaHHYeHHi. AHAIN3 ceMelCcTBa MTO3BOJIUT Pa3paboTInKy BHIOPATh JOITyCTHMBIC 3HAUCHUS
OrpaHUYEHUI U IapaMETPOB UCIIOJIHUTENBHOIO MEXaHU3MOB.
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DYNAMIC FOLLOW-UP SYSTEMS MATHEMATICAL MODELS
IN STATE SPACE WITH NONLINEARITY
OF PHASE COORDINATES

A.V. Chernov, A.V. Semenov

Before producing of dynamic systems and its component parts the relevant task is to estimate technical
decisions took at designing stage. The performance and quality index evaluation of systems in most cases
is performed through mathematical modeling methods. In small departures modes the aggregation of control
object, regulatory bodies, actuating mechanisms is described with required accuracy by linear equations which
form the basis of the most dynamic models synthesis methods. The mathematical models in linear systems class
do not permit to estimate the effect of structural constraints inherent to the real systems. The constraints
satisfaction shifts the system to nonlinear class. The references state an approach to nonlinear follow-up systems
analysis consisting of two phases. The first phase — dynamic systems synthesis in linear class. The second
phase — nonlinearity introducing to control object model of dynamic systems with modeling performing. At first
phase the different synthesis methods can be used of which is the linear dynamic systems synthesis method
on preset quality index. It consists of two substeps. The first substep — the selection of intended transfer function
of the system, satisfying assigned requirements to control quality, which describes the system dynamics
as a whole. The second substep — the controller synthesis from equality condition of intended and real transfer
functions of close-loop system with consideration of preset control object equations. However, at early designing
stages the structure and the most of control object parameters are frequently unknown. Hence, the use of such
approach is complicated.

The article proposes the mathematical models design method of dynamic models with respect to state
variables constraints using the differential equation system in normal Cauchy form as mathematical description.
The system dynamics is given by the system function — intended transfer function, coefficients of which determine
the system coefficients of differential equations. The astatic follow-up system with regard to constraints, such
as «saturation» in velocity and acceleration, and «dead zone» in velocity. The modeling results due to nonlinearity
state variables were performed. The constraint impact assessment on quality index was carried out.
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The presence of nonlinearity state variables introduces considerable changes in the system operation,
usually resulting in worsening the system quality index. To reduce the nonlinearity negative influence is possible
by requirements change to the system constraints, e.g. by changing technical characteristics of actuating
mechanism. Likewise the build-up of characteristics family can be helpful, describing the system quality index
dependence from constraints values. The family analysis permits the design engineer to select allowable values
of constraints parameters of actuating mechanism.

MocTtynuna 16 mapTa 2017 roaa.
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[ns Koppekyuu 80/1H08020 (hpoHMa ¢ rnomouwibro 0eghopmupyemozo 3epkana (H43) npednoxeH anzopumm,
8 KOmMopoM rpoucxodum 803MyLeHuUe UCX00HOU Mo8epxHOCmuU 3epkarna (U 80/IHO8020 ¢hpoHma) crneyuarnsHbIMU
b6a3ucHbIMU KOMIOHeHmMamu. Arneopumm OCHo8aH Ha napabosiuyeckol 3agucumocmu keadpama 3¢hghekmusHo20
paduyca pokanbHO20 nsimHa om KoaghguyueHma npobHo20 8o3MyueHUs1 Onsi kKaxdol u3 ba3ucHbix abeppayu-
OHHbIX KOMIIoHeHmM. Mamemamuydeckue ceolicmea ucrosib3yemoli ba3ucHol cucmembl abeppauyuli Mo3eossiom
nposodume modasnbHoe yripasneHue. ModenuposaHue pabomsbi anzopumma npoeodumcsi ¢ UCMob308aHUEM
pearbHbIX yHKUUU enusiHUs npusodos [3.

Knroyeenble crnoea: 8osHogoU (bpoHm, anzopumm ynpasreHus, O0egopmupyemoe 3epkasno, paduyc
¢okanbHo20 nssmHa, abeppayuu, ModarnbHoe yripasneHue, hyHKUUU 8TUSHUS pu8odos.

An algorithm for the wavefront correction via deformable mirror (DM) in which the mirror (and the wavefront)
initial surface is being perturbated with the special basic components is proposed. The algorithm is based on a
parabolic dependence of a square of the effective focal spot radius value on the probe perturbation coefficient for
each basic component. The mathematical properties of the used basic functions system let to do modal control.
Algorithm work modeling has been carried out with the use of the real influence functions of the DM actuators.

Keywords: wavefront, control algorithm, deformable mirror, focal spot radius, aberrations, modal control,
actuators influence functions.

B cratke mpemiokeH aNropuT™ yrpaBieHHs aJanTHBHOIN ONTHYECKOil cucTeMol mo ¢okambHOMY maTHY. Heobxonu-
MOCTB JJAaHHOTO METOJ[a CBSI3aHa C TEMH CIIy4asMH, KOTJIa IaTYMK BOJHOBOTO (ppoHTa HE MOXKET OBITH MPUMEHHM; B 4aCTHO-
CTH, TAKOE BO3MOYKHO TPH HESPKOM M3JIyYEHUH OT 00BEKTa.

B ocHOBe MeTOa CITyXKHT TEOpETHIECKH OnpeieNéHHas TapadoImaeckast 3aBHCHMOCTh KBaJpaTa paaryca (poKaabHOTO
MATHA OT KOA(QHUITEeHTa TPOOHOTO BO3MYIICHHS U Ka)X10i 13 0a3MCHBIX abeppallMOHHBIX KOMIIOHEHT. AJITOPUTM Pa3BHUT
B NPHUOIIDKEHNH T€OMETPUIECKOH ONTUKH M M3HAYAIBHO CIY)KUT ISl KOPPEKIHH BOJTHOBOTO ()POHTA U3ITydeHHs Heau(ppak-
IIHOHHOTO KadecTBa. B oTimdme 0oT anropnTMoB, UCHONB3YIOMNX B KaYECTBE KPHTEPHAITHLHOTO TTapaMeTpa MHKOBYIO HHTEH-
CHBHOCTb B IISITHE, JJAHHBIN ITOJIXOJ HE COJACPXKUT MPOOJIEMBI JIOKAIBHBIX MAaKCHMYMOB, KOTOPYIO B OOILEM CIydae Helb3s
pasperuTh. Takum 00pa3oM, pelraeMmas 3a1ada ONTHMU3AINK SBISCTCS MOHOIKCTpEeMasbHOMN. J|aHHBINA, TaKk Ha3bIBACMBbIiA
HENpsIMOi METO/I M3MEepEeHUs BOJTHOBOTO (ppOHTA MO CBOEH MaTeMaTHYeCKOH CTPYKType He UMEeT OrpaHHYCHHi B MOPSIKe
u3MepsieMbIx abepparuid. [l anropuTMa HCHojb3yeTcs creluaibHas pa3padoTaHHas cucteMa O6a3ucHbIX abeppauuil. OHa
o0JrafaeT TeM CBOMCTBOM, UTO KaxJas abeppalloHHass KOMIIOHEHTA HE3aBUCHMO OT JPYTHX BIMSET Ha paguyc (OKaIbHOTO
ISTHA, 9TO JaéT BO3MOXKHOCTH OCYIIECTBIISITE MOJAIBHYIO KOPPEKIIUIO BOJTHOBOTO (DPOHTA.

B craTtpe npuBeneHO pacu€THO-3KCIIEPUMEHTANFHOE MOJEINPOBAaHHE KOPPEKIIH BOJHOBOTO (hpoHTa AehOopMUpYEeMBIM
3epKaJIOM C YIETOM peasIbHEIX (QyHKIHH BIUSHUS IPUBOJIOB 3epKaia. Ha mpumMepe nprBeneHs! KOG OUIIMEHTH pa3ioKeHHs
BOJIHOBOTO (ppoHTa 710 M mocie Koppekiuu. [aHbl rpaduky BOJHOBOTO (POHTA 10 M MOCIE KOPPEKIUH, a TAK)KE COOTBET-
CTBYIOLINE UM TOYEUHbIC AUArpaMMbI Jiyueil (MpeacTaBieHus pOKaIbHBIX MATEH B TEOMETPUIECKO ONTHKE).

Takum o6pa3oM, pa3paboTaH aJrOpUTM yHpaBICHUS aJalTHBHOI ONTHYECKOW CHCTEMOIl 1o (hOKaNIbHOMY ISTHY, B KO-
TOPOM HCIOJb3YIOTCS NEPEUUCIICHHbIE TEOpeTUYeCKue 3aKOHOMEPHOCTH. JlaHHbIe MPOBENEHHOIO MOJAEIUPOBAHUS CBHIE-
TENBCTBYIOT O BOSMOXKHOCTH NPAKTHIECKOH peasT3aI(iy aJrOpuTMA.
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FAST FOCAL SPOT-BASED CONTROL ALGORITHM
FOR THE ADAPTIVE OPTICS SYSTEM TO CORRECT
ABERRATIONS OF A PREDETERMINED ORDER

D.A. Yagnyatinskiy, D.M. Lyakhov, A.N. Borshevnikov, V.N. Fedoseyev

In the article the focal spot-based control algorithm for the adaptive optics system is proposed.
The relevance of this method is connected with situations when the wavefront sensor cannot be used; particularly
it takes place during the work with the faint objects of radiation.

The method is based on a theoretically specified parabolic dependence of a square of the focal spot radius
value on trial perturbation coefficient for each basic aberration component. The algorithm has been developed
in a geometrical optics approximation and initially serves to correct wavefront of non-diffractive light beams.
Unlike the algorithms that use the focal spot peak irradiance value as a criteria parameter, this method doesn’t
suffer from the local maximum problem, which cannot be solved in general case. Thereby, the optimization
solving problem is a mono extremum.

The algorithm implements so-called indirect wavefront sensing technique and formally has no limits in
a predetermined order of aberrations to be detected and corrected due to used mathematical principles.
Practical limitations foremost are caused by the incompleteness of the actuators influence functions system
of the deformable mirror. The special developed basic aberration system is taken for the algorithm. It has
a property that each aberration component independently from the others affects the focal spot radius value,
which lets to carry out the modal wavefront correction.

For the article the computational-experimental modeling results of the wavefront correction by deformable
mirror with respect to real actuators influence functions have been performed. The wavefront expansion
coefficients, the wavefront graphs and the corresponding ray spot diagrams before and after correction have been
presented as an example.

Therefore, the control algorithm for the adaptive optics system by the focal spot, in which the mentioned
theoretical regularities are used, has been developed. The computational-experimental modeling results show
the possibility of implementation of the algorithm in practice.

MocTtynuna 26 auBapsa 2017 roaa.
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PaccmompeHa pacripedenéHHas cucmema umMumayuoHHo20 ModenuposaHusi MHO20ghyHKUUOoHansHol PJIC.
lMepeducneHbl OCHOBHbIE Mpeumywecmsa pacrnpedenéHHol cucmembl ModesuposaHusi. [poeedéH aHanus
criocobos ynopsidoyusaHus coobujeHuli Ons pa3pabambigaembix ¢edepamos u pa3pabomaH anzopumm
UX CUHXPOHU3auUU.

Knrodeenle cnoea: pacrnpedeniéHHasi cucmema MoOOesupo8aHusi, apxumekmypa 6bicoKoeo yposHsi (HLA),
uHebpacmpykmypa epemeHu ebinonHeHusi (RTI), gpedepam, cpedepayus, crocob yrnopsidoyusaHus coobujeHul,
peaynupyrouue spemsi hedepamai, coepusaemMble Mo epemMeHu pedepameil.

The distributed simulation modeling system of a multifunctional radar station is considered. The main
advantages of distributed modeling system are listed. An analysis of messages arrangement methods
for developing federates was performed and an algorithm for its synchronization was developed.

Keywords: distributed modeling system, high-level architecture — HLA, runtime infrastructure — RTI, feder-
ate, federation, messages arrangement method, time-regulating federates, time-constrained federates.

B nanHol crathe mpeacTaBieHa OpraHu3alys pacripeaeaeHHON UMUTAIMOHHONW cUcTeMbl MoaenupoBanus. [lepeunc-
JICHBI OCHOBHBIE 33/1a4H, pelIaeMble eif. PackpbITo Ha3HaYeHNE apXUTEKTYpHI BRICOKOTO YpoBHSI — HLA 1 mabpacTpyKTyphI
Bpemenu BoinosiHeHust — RTI, ncnons3zyemble mpu opranusanuu pacnpeaeneHHoro Mmoaenuposanus. [Iposeaeno cpaBHeHne
MEX/1y 4EThIpbMs CIIOCOOaMH YIOPAJOYMBAHMS COOOIIEHHUH, KOTOPHIMU OOMEHHMBAIOTCS MEXKIY COO0I MMHUTAIlMOHHBIE MO-
nenu — deneparsl. M3 aTHX criocoboB ObuT BeIOpaH Hanbosee MOXOSIIMN Ul yHOPS0YUBAHHS MO0 BPEMEHHBIM METKaM.
[IpencraBneHa peanusanus CUCTEMbI PaclpeIeICHHOTO MOJICIMPOBaHus, cocTosiuei u3 geneparos «Hanér», «Monenp du-
3ndeckoro [IpoctpancTBay u «PaJnoNOKaMOHHAs CTAaHIUS» C pean3alieil aropuT™Ma CHHXpOHU3anuy (eepaToB MExKIy
cO0OH, ITPH YCIIOBHH, YTO KAXKIBIHA (eliepaT SBISETCS PETYIUPYIOIINM BPEMs U CACPKUBAEMBIM 110 BPEMEHH.
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TIME MANAGEMENT IN DISTRIBUTED SIMULATION MODELING
SYSTEM OF MULTIFUNCTIONAL RADAR STATION USING HLA
TECHNOLOGY

A.O. Zubtsov, |.A. Selyanova

This article presents the arrangement of distributed simulation modeling system. The main performing tasks
are listed. The purpose of high-level architecture — HLA and the runtime infrastructure — RTI, used in distributed
modeling arrangement were performed. A comparison was made between four methods for arrangement
of messages which are exchanged between simulation models — federates. The most appropriate method for or-
dering by timestamps was chosen. The implementation of a distributed modeling system consisting of the «Raid»,
the «Model of Physical Space» and the «Radar Station» federates with synchronization algorithm implementation
of federates between each other is provided, subject to condition that each federate is time regulating
and time-constrained.

MocTtynuna 25 anpens 2017 ropa.
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METOL OBECIIEYEHUS COBMECTUMOCTH
MUHOOPMALIMOHHOM OBJIACTH
AIMAPATHO-TIPOrPAMMHbIX BCTPAUBAEMbIX YCTPOUCTB
HA PAHHUX 3TATIAX TPOEKTUPOBAHUA

© ABTop, 2017

C.B. Kuproxun
HayanbHUk cekmopa, NMAO «HIMNO «Anma3s», e. Mockea
E-mail: info@raspletin.com

B daHHOU cmambe paccmampuearomcsi 80MpoChkl COBMECMUMOCMU 8 UHGhOpMayUOHHOU obnacmu, cesi3aH-
Hble C s0poM, paspsiOHocmblo, 6ubnuomekamu U Opya2uMu MPUIOXEHUSIMU, OrnpedensuuMU OCHOBHbIE
ceolicmea ornepauyuoHHoU cucmembl Ha nnamgopme Linux. lNpednoxeH u ¢hopmanu3oseaH an2o0pumm, UcCrosb-
3y KOmopbIl MOXHO Gobumbcsi obecriedeHusi coeMeCmMUMOCMU 8 UHOPMayUoHHOU obrnacmu annapamHo-
MpoepaMMHbIX CmpaugaeMbix ycmpolicme aemomMamu3upo8aHHbIX CUCMEM.

Knrodesnble crnoea: 6CmpoeHHble cucmeMbl, npoespamMmMHasi COBMeCMUMOCTb, COBMECMUMOCMb PO2pamMM,
obecnevyeHue cosmecmumocmu ycmpodlicms.

The article considers issues of compatibility in information area connected with a core, digit capacity,
libraries and other applications determining the main properties of Linux operating system. An algorithm
was proposed and formalized the use of which permits to provide compatibility in information area of hardware-
software built-in systems of automated systems.

Keywords: built-in systems, software compatibility, program compatibility, unit-to-unit compatibility ensuring.

OJHMM U3 BOXHBIX AJIEMEHTOB 00€CHeYeHHsT COBMECTHMOCTH aIlllapaTHO-NPOrPAMMHBIX BCTPAMBAEMBIX YCTPOWCTB Ha
paHHMX ATarax MPOEKTHPOBAHUS SIBIISIETCSI COBMECTHMOCTD B HH(pOpMannoHHON obmacTi. COBMECTUMOCTh B HH(OPMAIIHOH-
HOHM 00J1aCTH, CBSI3aHHA C SAPOM, Pa3psTHOCTBIO, OMOINOTEKaMH M APYTUMHU TPHIOKEHUSIMU (OHOIMOTEKaMHt s13bIKa MPO-
rpaMMUpPOBAHUS, BepCUel KOMIUIATOpA, ApaiiBepaMu), ONPEACsIFOLMMI OCHOBHbIE CBOMCTBA ONEPALIOHHOM CUCTEMBI (Ha
npumepe miatrdopmsr Linux). Tlepen paspaboTynkamu MpOrpaMMHO-ANIapaTHbIX CHCTEM BCTAIOT MOPOil HE paspelinMbie
BOIIPOCHI 00€CHeYeH s COBMECTIMOCTH IIPOTPAaMMHO-aNNAPaTHBIX YCTPOUCTB, M3TOTOBICHHBIX PA3TMIHBIMU pa3pabOTIHKa-
mu. Hanbonee BaKHBIMU aclieKTaMH, BIMAIOMINMA Ha 0OecIiedeHHe COBMECTIMOCTH B MH(OPMAIIMOHHO 0071acTH, SIBISIOT-
csl: PO, ApaiiBep - MporpamMma, OMOIMOTEKN ONEPalMOHHON CHCTEMBI M Pa3psIHOCTh OMEPAIIOHHON CHCTeMbl. B cBs3m ¢
BBIIIECKA3aHHBIM BCTPEYAIOTCS HEKOTOPHIE KOH(DINKTHBIE CUTYAIUH.

Takum 00pa3oMm, B CBsI3M C BBIIIECKa3aHHBIM HEOOXOIMMO C/IeNIaTh CIIEAYIOIINE OCHOBHBIC BHIBOIBL:

e st oOecledeHHs COBMECTHMOCTH B HH(OPMAIMOHHONW OOJACTH ammapaTHO-NPOTPAMMHBIX BCTPAMBAEMBIX
YCTPOICTB HEOOXOAUM Y4eT MHOT'HX aCIEKTOB;

e I pemeHust MpobaeMbl 00ecTIedeHnss COBMECTUMOCTH B MH(OPMAIOHHON 00IacTH ammapaTHO-MPOTPaMMHBIX
BCTPAaMBAEMBIX YCTPOMCTB, NMPH pa3pabOTKe ammapaTHO-NPOrPaMMHBIX BCTPAUBAEMBIX CHCTEM Pa3pabOTUHKy HEOOXOIUMO
UMETb TI0J] PYKOil METOANKY, KOTOpask MOXKET 00ECTIeUNTh HAyIHO 0OOCHOBAHHOE PEIIeHNe U COOTBETCTBEHHO CIIOCOOCTBO-
BaTh KaUe€CTBEHHOMY IPOEKTHPOBAHUIO.

B mHTepecax pemreHHs 3TOH 3aJadM MpeiaraeTcs HCHONB30BaTh alTOPHTM, KOTOPBIH ITOJIOKEH B OCHOBY METOJa
obecriedeHns1 COBMECTUMOCTH B HH()OPMAIOHHOH 00IaCTH anapaTHO-NPOTPAMMHBIX BCTPAUBAEMBIX YCTPOMCTB aBTOMATH-
3MPOBAHHBIX CUCTEM Ha PaHHUX 3Tallax NPOEKTUPOBaHUs. Ero cymHocTh 3aKiodaeTcs B MOMAPHOM U IHOCJIEI0BATEIbHOM
CPaBHEHUH XapaKTEPUCTHUK, HECKOJIBKHX BCTPAUBAEMBIX YCTPOUCTB, C MOCIEAYIOIMM IPOBEACHHUEM aHAIN3a U B KOHEUHOM
UTOTe CHHTE3a XapaKTePUCTUK YAOBIETBOPSIOLIMM 331aHHBIM TPEOOBAHUAM K CHCTEME.

Dopmanu3zanusi MeTo/[a 00ecreueHns] COBMECTUMOCTH arapaTHO-MPOrpaMMHBIX BCTPaUBAEMbBIX YCTPOUCTB B MH(OP-
MaIOHHON 00JIaCTH Ha PaHHUX JTaIax MPOEKTHPOBAHNS, IIOCTPOEHA Ha MCIOJIL30BAaHNH TEOPHH MHOXKECTB M IIPETUKATOB.

Takum oOpa3om, peanusyst (HOpManN30BaHHBII aNTOPUTM METo/a 0OecIeYeHIsT COBMECTUMOCTH B WH(OPMAIIMOHHOIT
obJracTH anmapaTHO-MPOTPaMMHBIX BCTPAaUBAEMBIX YCTPOWCTB, MBI MOJTydaeM MeETO]| oOecredeHHss COBMECTUMOCTH B HH-
(hopMarMoHHOM 06JIACTH aNMapaTHO-IPOrPAMMHBIX BCTPAaHBAaEMBIX YCTPONCTB HA PAHHMX 3Tarax MPOSKTHPOBAHNSL.
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INFORMATION AREA COMPATIBILITY ASSURING METHOD
OF HARDWARE-SOFTWARE BUILT-IN SYSTEMS AT EARLY
DEVELOPMENT STAGE

S.V. Kiryuhin

One of the most important elements to ensure compatibility of hardware-software built-in systems at early
development stages is compatibility in information area. The compatibility in information area in connected with
a core, digit capacity, libraries and other applications (software language libraries, compiler version, drivers),
determining the main properties of operating system (using the example of Linux platform). The hardware-
software systems designers meet sometimes unsolvable problems of ensuring the hardware-software systems
compatibility designed by different design engineers. The most vital aspects effecting on compatibility ensuring
in information area are: core, software-driver, operating system libraries and operating system digit capacity.
The abovementioned can lead to some conflicting situations.

Therefore, due to the above-mentioned it's necessary to conclude the following:

—to ensure the compatibility in information area of hardware-software built-in systems it's necessary
to consider many aspects;

— to solve the compatibility in information area problem of hardware-software built-in systems the designer
needs to have at fingertips the procedure which can provide scientifically based solution and consequently
contribute to qualitative engineering.

To solve this problem it's suggested to use an algorithm which is taken as a basis of compatibility ensuring
method in information area of hardware-software built-in systems of automated systems at early development
stages. The subject-matter concludes in pair-wise and sequential characteristics comparison of several built-in
systems with further analysis and finally with characteristics synthesis satisfying specified requirements to the
system.

The method formalization of compatibility ensuring of hardware-software built-in systems at early
development stages is based on theory of sets and predicates.

Therefore, by implementing the formalized algorithm of compatibility ensuring method in information area
of hardware-software built-in systems we can obtain the compatibility ensuring method of hardware-software
built-in systems at early development stages.

Moctynuna 12 ceHTA6psa 2016 ropa.
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lNpednacaemcsi Modenb paduoanekmpoHHOU annapamypbl Ha OCHO8e OHMOJIo2Ull, MO380sOUWast OMNUCHI-
8amb 8 mepMuUHax U rnoHImusix npedmemHol obnacmu MHOXecmea hakmos u ceolicms, Heobxodumbix obciy-
JKusarouleMy rnepcoHarsny 8 npouecce 0uazHOCMuUpPOBaHUsi.

Kmroyesble crioga: soccmaHognieHue paduoanekmpoHHOU annapamypbl, UHhopMayuoHHass nod0epikka,
mexHu4Yeckoe duasHocmuposaHue, decKpunmueHasi Mooesib, OHMOoo2uu.

The radio-electronic equipment model on the base of ontologies is proposed permitting to describe
the assertion set and properties in terms and notions of subject area, necessary for operating personnel during
the diagnosis process.

Keywords: radio-electronic equipment recovering, informational support, technical diagnosis, descriptive
model, ontologies.

DKCIUTyaTanusi COBPEMEHHBIX CIIOXHBIX TEXHUYECKHX KOMIUIEKCOB TPeOyeT OT 00CITyKHBAIOIIET0 MepCOHaa He TONb-
KO HABBIKOB TI0 HCIOJIb30BAHUIO M3[EIHI 10 HA3HAYCHHIO, HO M UX TEXHUYECKOMY OOCIY)XKHBAHUIO M BOCCTAHOBICHHIO B
CBSI3H C HEOOXOAUMOCTBIO MOJISPIKAHUS TAKUX CHCTEM B PaOOTOCIOCOOHOM COCTOSIHUM. [Ipr 3TOM OJHMM M3 OCHOBHBIX MH-
(hOpMAIMOHHBIX PECYPCOB sl 0OCTY)KHBAOIIEr0 MMEPCOHANA SIBISIETCSI KOMIUIEKT JKCIUTYaTallHOHHBIX JOKYMEHTOB HA pa-
JIMOYJIEKTPOHHYIO annaparypy.

CrocoObl ¥ CpeICTBa M3BIICUCHUS PA3HOPOHON TEXHUYESCKOW MH(GOPMAIIUK TIPH JHMATHOCTHPOBAHHH PAJUOIJICKTPOH-
HOM anmnaparypsl, p€ajln30BaHHLIC B CyLl.leCTByI'OIJ_U/IX CUcTeMax I/IH(I)OpMaL[I/IOHHOP'I noaACPKKU, OCHOBaHbI Ha MCHOJIb30Ba-
HUU (popManbHBIX Mojenel ycTpoicTs. [Ipu 3TOM 3HauMTENbHBIH 00beM HH(OpPMAIMK OMHMCATENILHOTO XapaKTepa, cojep-
JKamieics: B 9KCIUTyaTal[HOHHBIX JOKYMEHTaX, OKa3bIBAETCS HE MPEACTABICHHBIM B 3THX MOJEISIX, YTO SIBISETCS CYIIECTBEH-
HBIM OTPaHMYIEHHEM BO3MOYKHOCTEH CYIIECTBYIOIINX CPEACTB aBTOMATH3AIMU HH()OPMAIIMOHHOM MOIEPIKKU 00CITY:KHBAO-
niero nepcoHanga. OMHIM W3 HalpaBlICHUH TMOBBINICHHS YPOBHS aBTOMATH3AIMU SBIISETCS UCIIONB30BAHUE B CHCTEMax HH-
(hopMaIMOHHOM MOAIEPIKKH MOJIeNel, MO3BOJISIONINX Ha OCHOBE YKCIUTYaTAHOHHBIX JOKYMEHTOB OIKMCHIBATH B TEPMHUHAX H
MOHATHAX MPEIMETHOM 00JacTH MHOXeCTBa ()aKTOB U CBOWCTB, KOTOPBIE MOTYT NMPHUMEHSITHCST 00CITY)KUBAIOLIUM MEPCOHA-
JIOM B NIpOIIeCCe JUarHOCTUPOBAHMS PaIHO3IEKTPOHHOM anmapaTypsl.

Co3paHne Takux MOJIENIeH MPeACTaBIseT co00it akTyalbHyI0 Hay4YHYIO 33aady, pelIieHne KOTOPOH MO3BOJISIET UCIIONb-
30BaTh KOHIENTYyaJbHbIE NHTEP(ENCH MPU MOCTPOSHUH CHUCTEM MH(OPMAIMOHHON MOISPIKKH MPOoLiecca BOCCTAHOBICHUS
Paaro3IEKTPOHHON aIapaTyphl.

B pabote B KauecTBe MOJENH, MO3BOJSIIONIEH OMUCHIBATH B TEPMHUHAX U TMOHATHSAX MPEIMETHOW 00JIaCTH MHOYKECTBA
(haKkToOB ¥ CBOICTB, HEOOXOUMBIX OOCIYKHBAIOIIEMY MEPCOHATY B MPOIECCE JAUATHOCTHPOBAHUSI, MpeIaraeTcsi paspabo-
TaTh AECKPUITHBHYIO MOJIENb PaJHO3IeKTPOHHO anmaparypsl. B kadecTBe popMaabHONH OCHOBBI IIOCTPOEHHUS JECKPHUITTHB-
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HOHI MOJIenu MpezsiaraeTcsi HCIoNb30BaTh MaTEMaTHUECKUIl anmapaT OHTONOTHM, YTO MO3BOJAET OTHECTH TaKyl MOJEIb B
KJIacCc KOHIENTYyalbHBIX MOJEICH.

OO0ocHOBBIBaeTCS IBYXYPOBHEBas CTPYKTypa JECKPUINTUBHOM MOJEIM PaaMO3NIEKTPOHHOHM ammapatypsl. IlokasaHo,
YTO B 9TOH MOJENH HIKHUH YpOBEHb 00pa30BaH COBOKYITHOCTBIO NMPUKJIATHBIX OHTOJIOTHH KOMIIOHEHT PaJnOdIEKTPOHHOM
anmaparypbl, a BepXHHH YpPOBEHb - COBOKYITHOCTBHIO NPEIMETHBIX OHTOJIOTHH JUIS NMPEAMETHOH 00JacTH TeXHHMYECKOH JKC-
IUTyaTallluy CIO0XKHBIX TEXHHUECKHX KOMILICKCOB.

[MpemtoskeHHBIH TOX0 IPEIOCTABISIET 00CITY)KUBAIOLIEMY ITEPCOHATY BO3MOXKHOCTH HCIIOJIBL30BaTh B 3aIIpOCax Tep-
MHHBI €CTECTBEHHOTO SI3bIKA, YTO OTKPBIBAET BO3MOXKHOCTh Pa3BUTHS CPEACTB aBTOMATH3aLUM CUCTEM HH()OPMAIHOHHON
MOAJEPKKH AT OpraHu3anuy HHTepdeiica ¢ 00CTyKUBaIOIINM MEPCOHANIOM Ha €CTECTBEHHO-TIO00HOM SI3BIKE 3aIIPOCOB.
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RADIO-ELECTRONIC EQUIPMENT DESCRIPTIVE MODEL ON
THE BASE OF ONTOLOGIES FOR INFORMATIONAL SUPPORT
AUTOMATION OF COMPLEX TECHNICAL SYSTEMS DIAGNOSIS
PROCESS

A.S. Priveten, A.U. Pugachev, O.V. Anisimov, V.A. Kurchidis

The servicing of modern complex technical systems requires from operating personnel not only the skills
in items intended use but in its technical maintenance and recovering due to necessity to maintain such systems
in serviceable condition. Herewith, one of the main informational resources for operating personnel is an
operating documentation kit for radio-electronic equipment.

The ways and means of heterogeneous technical information acquisition during radio-electronic equipment
diagnosis, implemented in existing informational support systems, are based on use of formal systems models.
Where the considerable volume of descriptive information contained in operating documentation is happen
to be not introduced in these models; that represents a meaningful possibilities constraints of existing information
support automation systems of operating personnel. One of the directions to improve the automation level is use
of models in information support systems permitting on the base of operating documentation to describe
the assertion set and properties in terms and notions of subject area which can be applied by the operating
personnel during radio-electronic equipment diagnosis process.

These models represent the relevant scientific objective, the solution of which permits to use concept-based
interfaces during construction of information support systems in recovering process of radio-electronic equipment.

The article suggests designing a descriptive model of radio-electronic equipment as a model, permitting to
describe the assertion set and properties in terms and notions of subject area necessary for operating personnel
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during the diagnosis process. As a formal basis for descriptive model construction it's suggested to use
the mathematical ontologies tool that permits to treat this model as a class of conceptual models.

The bilevel structure of descriptive radio-electronic model is demonstrated. It's shown that the lower level
in this model is formed by aggregate of applicable ontologies of radio-electronic equipment components, and top
level — by aggregate of domain-specific ontologies for technical maintenance subject area of complex technical
systems.

The proposed approach gives the possibility for the operating personnel to use terms of natural language in
requests that affords ground for information support automation systems development to arrange a natural-like
requests language interface with the operating personnel.

Moctynuna 16 mapta 2017 ropa.
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BPE[JOHOCHOE AIINAPATHOE OBECIEYEHUE
U [NPOTUBOLAENCTBUE EMY HA PA3JTU4HBIX ITATTAX
XWU3HEHHOIO LINKITA BOOPYXXEHWUA N BOEHHOU TEXHUKU
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PaccmompeHa npobriema KubepuurnuoHaxa ¢ Ucnob308aHUeEM 8pe0OHOCHO20 arnapamHo2o 0becrneyeHus.
OnucaHo eo30elicmeue pasfuYHbIX MUMO8 arnnapamHbIX 6UpYyco8 Ha MUKDOCXeMbl 8bl4UCIUMENbHbIX
yempoticms. [pednoxeHb! crnocobbl yMeHbLWEHUS 8MUSHUS annapamHbiX 8UPYC08 Ha MUKDPOCXEMAI.

Knroyeesnble cnoea: annapamtbie supychl, 8030elicmaue 8upycos8 Ha Kpunmoepaguyeckue IP-s10pa, memo-
Obl 3aUUMblI MUKPOCXeM om arfapamHbix 8Upycos, arnnapamHbie peaucmpamophbl, 3apaXEHHbIE MbILUU.

The article considers cyber espionage problem using malicious hardware. The impact of different types
of hardware viruses on computer microcircuits is described. Methods of reducing the hardware viruses impact
on microcircuits are proposed.

Keywords hardware viruses, hardware viruses impact on cryptography IP cores, microcircuits protection
methods from hardware viruses, hardware loggers, virused-up PC mouse.

B cratee npuBOIHTCS OIMMCaHNE OCOOCHHOCTEH THIIOB alapaTHBIX BUPYCOB M UX (QyHKIIMOHMPOBaHMS. Bupychl pas-
JUYAIOT 1O NMPHUHLIHMIY paboThl, METONy aKTHBAMK M THUIy HaHOCHMOTro Bpena. OHM MOTYT NPEJCTaBIATBCS B BHAE IPO-
CTEHIIMX JJOTHYECKUX CXEM, PETU3YIOIINX ONpe/eIEHHBIE JIOTHYECKHE OIIepaluy, a TAKXKe UMETh 00Jiee CI0KHYIO CTPYKTY-
PY, BKITIOUAIOIIYIO CXeMY HaMsTH, CUCTEMY SKCHUIBTPAIMU JTaHHBIX. PaccMaTpuBaeTcs BIMSIHUE BUPYCOB Ha pa3JIMYHbIC Ya-
CTH BBIYMCIUTEIBHBIX YCTPOMCTB. ANMapaTHbIE BUPYCH OKa3bIBAIOT BPEAOHOCHOE BO3EHCTBIE Ha Kpunrorpadudeckue IP-
spa 3a cu€T BCTPaMBaHUS B CXeMy MH(POBAaHHUS MyJIbTHILIEKcopa. K BpemoHOCHOMY anmapaTHOMY 00€CHEeYeHHIO OTHOCST
U YCTPOICTBA, PETNCTPUPYIOMINE pa3IMIHbIe JeHcTBUS omeparopa OBM (HaxaTws KIaBUII Ha KJIABHAType KOMITBIOTEpA,
JBI)KCHHS M HOKATHS KJIABUII MBIIIN) — PETUCTPATOPBI. B CTaThe MpeuIoKeHbl COcOObl 0OHAPYKEHMS U 3alUThI OT arma-
paTHBIX BUPYCOB MUKPOCXEM.
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MALICIOUS HARDWARE AND COUNTERMEASURES AT
VARIOUS STAGES OF WEAPONS AND MILITARY EQUIPMENT
LIFE CYCLE

A.S. Rusakova, J.S. Smirnova

The article describes particularities types of hardware viruses and its functioning. Viruses are classified
by operating principle, activation method and harm type. It can be written in the form of simple logic circuits,
realizing some certain logical operations, or have a more complex structure, including memory layout and data
exfiltration (leakage) system. The malicious virus impact on different parts of computing device is considered.
Hardware viruses affect the cryptographic IP-core due to embedding into a multiplexer encryption circuit.
Hardware loggers, which register different PC operator activity (keystrokes, mouse movements and clicks) also
belong to malicious hardware. The article provides detecting and protecting methods of microcircuits from
hardware viruses.

Moctynuna 30 HosAGpAa 2016 roaa.
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PA3PAGOTKA HOBOM PJIC /151 ABUAHOCLIEB
N OECAHTHBIX BEPTOJIETOHOCLIEB BMC CLLIA
HA OCHOBE KOHCTPYKL{WM INEPCIEKTUBHOM PJIC
AN/SPY-6 CUCTEMbI PO CLLA AEGIS
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B cmambe paccmampusaemcs pa3pabomka komnaHuel Raytheon Hoeol PJIC Ha ocHogse mexHomoaud,
co030aHHbIX U UcCrblMaHHbIX 8 pamKax npozpammbl co3daHuss PJIC S-OuanasoHa 0nsi cucmembsl [NIPO AEGIS
AN/SPY-6 (unu AMDR-S). lNpoekm Hosol PJIC, HassaHHoU EASR (Enterprise Air Surveillance Radar), 6ydem
sKk/moYamp 08a KOHCMPYKUUOHHbIX eapuaHma Orsi pa3Hbix murog kopabned. Hoeas PJIC EASR 3ameHum
ycmapeswue PJIC AN/SPS-48 u AN/SPS-49 u 6ydem ebinonHsme 3adaqu 0630pa 8030ywHO20 npocmpaHcmea,
yrnpassieHusi 8030yWHbIM 08UXEHUEM, @ makxe, Kak rnpednosiazaemcs, noddepxky cucmembi NIFC-CA.

Knrodeesnie cnoea: lBO, PJIC, aguaHocHasi yOapHas epynna.

The article states new radar developed by the Raytheon Company based on the technology developed and
tested in the frames of S-band SPY-6 radar (formerly AMDR-S) development project initiated to support AEGIS
BMD system. The new radar designated as EASR will be produced in two variants for several types of ships.
The new EASR is expected to replace old-fashioned AN/SPS-48 and AN/SPS-49 radars and will support
air surveillance and air traffic control missions, and as expected NIFC-CA program support.

Keywords: anti-air warfare, radar, aircraft carrier battle group.

Kommanus Raytheon 19 asrycra 2016 roga o0bsiBuIa 0 3aKIF0YEHHH KOHTpakTa ¢ MuHucTepcTBoM 060poHsl CIIIA Ha
paszpaboTky HOBoOM PJIC, o60opynoBanHOit ADAP ¢ 31eKTpOHHBIM CKaHHPOBAHHEM U NPEIHA3HAYEHHOW IS yCTAaHOBKH Ha
aBHAHOCI[B M YHUBEpCaIbHbIe AecanTHbIe kopabmu BMC CIIA.

Konctpykiust HoBoi PJIC, momyuuBmeit o6osnauenue EASR, Oyner anamormuna konctpykuuu PJIC o63opa
S-nuamazona AMDR-S, Bxomsiieit B coctaB paspabareiBaemoro aist cuctemsl [IBO-TTPO AEGIS PJIK AMDR.

3aKIII0YeHHBI KOHTPAKT Mpeamnonaraet pa3pabotky nByx moaudukauumit PJIC EASR: ¢ BpamaromumMcs mojxoTHOM
A®AP 15 yCTAHOBKH Ha JeCaHTHBbIC KOpabuik mpoekra America u Tpemst CTallMOHaPHBIMH TTOJIOTHAMH JUI YCTAHOBKU Ha
aBmanocis! poekra Gerald G. Ford.

Bei6op PJIC AMDR-S B kauecTBe MpOTOTHIIA CHIEHATHCTHI KOMIMaHuK Raytheon o0bscHAI0T 3KOHOMHEH BIAENAEMO-
ro (\MHAHCHPOBAHUS W JETKOH MacmTabupyeMocTsio nosiotHa ADAP mpu ycraHOBKe Ha pa3iYHbIE KIIACCHl X MPOEKTHI KO-
pabneit BMC CILIA.

Kpome toro, BMC CIIA manupytot 3akynute PJIC X-auama3zoHa ¢ nensio compsbkeHus: ¢ paspabarsiBaemoit PJIC
EASR. Pasmenienne PJIC EASR Ha GopTy aBHAHOCIIEB M JIECAHTHBIX BEPTOJICTOHOCIIEB B COCTaBe aBHAHOCHOW yIapHOM
IPYIIBI TAKKE MOXKET ObITH 000CHOBaHO UX 3aaeiicTBoBanueM B cucteme NIFC-CA.
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NEW RADAR DEVELOPMENT FOR US CARRIERS
AND AMPHIBIOUS ASSAULT SHIPS BASED ON THE NEW SPY-6
RADAR PROJECT FOR AEGIS BMD SYSTEM

A.E. Svistunov, N.A. Maleeva, V.A. Kulbyakina

The Raytheon Company was awarded a contract on August 19, 2016 to develop new active electronically
scanned array radar for deployment onboard the US Navy carriers and amphibious assault ships.

The new radar designated as EASR is based on S-band radar design — AMDR-S, which is a key part
of AMDR radar suite developed for AEGIS AAW and BMD system.

Under the contract EASR will be produced in two modifications: with rotating active phased arrays
for deployment on the America class amphibious assault ships and with three fixed antennas for Gerald G. Ford
class carriers.

The choice of the AMDR-S radar as a prototype is stipulated by the cost savings and easy scalable active
phased arrays when deployed on different classes of ships.

Besides, the US Navy also plans to procure X-band radar for integration with the developing EASR. When
deployed on carriers and amphibious assault ships within aircraft carrier battle group EASR radars could be used
to support NIFC-CA program.

Moctynuna 23 mapTta 2017 roaa.
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KysHeuoB B.B., Babypos C.B., lNepenomoB B.H., Camoinnos A.B.,
WaTtpakoB A.I0. CucTeMHbIN aHanNM3: yY4eOHUK U NPaKTUKYM Ans
akapgemuyeckoro 6akanaspuaTta / nop o6w. pen. B.B. KysHeuoBa. —
M.: UspaTtenbcTBO KOpanT, 2017. — 270 c. — Cepusna: bakanaBp. Aka-
OeMUYeCKUN Kypc.

PeueH3eHTbI: A-p TexH. Hayk, npodeccop B.M. AngowwuH, ao-p
TexH. HayK, npodeccop A.P. becTyruH.

B kHure paccmaTpuBarOTCS TEOPETUYECKHUE U MPAKTUUECKHE
BOIIPOCHI aHaju3a, CUHTE3a U MOJEIHUPOBAHUS CJIOKHBIX CHUCTEM pa3-
nuaHOM mpupoapl. O0NMacTe MPUMEHEHHsI CHCTEMHOTO aHalln3a O4YeHb
BEJIMKA U TIOCTOSIHHO PACIIUPSETCS C YCIOKHEHUEM U YBEIUYCHUEM
YHCJIa BO3HUKAIONIUX MPOOJIeM, a TaK)KE C COBEPIIICHCTBOBAHUEM METO-
JIOB CaMOr0 CUCTEMHOI'0 aHaJIU3a.

[leHHOCTh CHCTEMHOI'O aHaju3a HE TOJIbBKO U HE CTOJBKO B €ro
Hay4YHBIX METO/aX, a B TOM, YTO OH HAllCJUBACT JIIOOOT0 UCCIIEA0BATENS

Ha CHCTEMHOE MBIIIJICHNE, Ha PACCMOTPEHHUE JII000H MPpoOIeMbl B €€ MOJTHOTE U CIOXKHOCTH, HEO0X0-
JMMOCTH BCECTOPOHHEH OLIEHKU PEe3yJIbTaTOB NPUHUMAEMBIX PEIICHUI.
y‘l€6HI/IK OKaXXCT MPAaKTUYCCKYIO ITIOMOIIb CIICHUAINCTAM, aClIMpaHTaM IIPpH BBIIIOJIHCHUU HUCCIIC-
I[OBaHI/II\/'I 1 aHaJIu3a 60J'H)HII/IX CJIOKHBIX CUCTEM, a TAKIKC IMPU BBINIOJTHECHUHN KPYIIHBIX IIPOCKTOB.
Y4eOHUK MOATOTOBNIEH K myoOnukanuu 0Oa3oBoi kadenpoit Camkr-llerepOyprckoro rocymap-
CTBEHHOT'O YHUBEPCHUTETA a3POKOCMUIecKoro npudopoctpoerns mpu AO «BHUUPAY.
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IPABUJIA HATIPABJIEHUSA U ONIYBJIUKOBAHUSA CTATEMH,

HNPENOCTABJIAEMBIX B dKYPHAJI
«BECTHHK BO31YIITHO-KOCMHUYECKOW OBOPOHbI»

1. TlpemocrapisieMble PYKOIHCH IOJDKHEI COOTBETCTBOBATH TEMATHKE JKypHAIA, ObITH OPHIHHAIGHBIME, HE OITyOJMKOBAHHBIME
paHee B APYTHX MMEYATHBIX HITH SIEKTPOHHBIX W3IaHHAX.
2. Crarbs, HanpaBJIeHHAs B PEAAKLMIO, JOIDKHA COIEPXKATh CIICAYIOIIME MATEPHAIIBL:
¥ COIPOBOIUTEIIBHOE ITHCEMO, [IOAIICAHHOE PYKOBOACTBOM OpraHH3ALIHH;
¥ aKT 3KCTIEPTH3HI O BOSMOYKHOCTH OITYOTHKOBAHHUS B OTKPHITOM TIEYaTH;
»  zasBIIEHHE O TIepeiaye IpaBa Ha yOHKaIo*;
*3anABneHue o nepenaye npasa Ha ny6nm<a|.|mo

A(Mei), HUWKenoanucaeLwMcA(necs), aBTOp(bl) CTaTbYU
(WO aeTopa, $UO coaBTOpOB)

npegoctaensio(em) NMAQ «HMO «Anmas» GespoaMesgHYl NPOCTYIO (HEWCKMIOUMTENbHY) NMULEH3WI0 HA Becb CPOK AerCTBUA
UCKIIOYUTENLHOTO npaea AnA nybnukauvwn Kak Ha A3blke OpurMHana, Tak u B BUAE NEpeBoAa, MOMHbIM TEKCTOM WKW ero 4acTbio,
TUpaxom, onpegensembiM MNAO «HIMNO «Anma3s» Kak B Ne4yaTHOM, TaK M B 3NeKTPOHHOM Buge 3a c4ET MAO «HIMNO «Anmas».

A(Mbl) noaTeepaa(em), YTO OaHHAA CTaTbsA HE HAapYLUAET WHTENNEeKTyanbHbIX NpaB ApPYruX NuL WM OpraHnsauuii, a Takke He
ABNAETCA NNaHoBOW paboTOW, CO3AaHHON B HAy4HOM YYpeAeHWW WNW By3e B NOPSAKE BLINONHEHUA cnyXebHoro safaHws, He
KOMUPYEeT COAEpXaHMe Hay4HbIX OTYETOB, MOATOTOBIIEHHBIX MO OCHOBHOMY MecTy paboTbl aBTOpa(OB) U He COAEPXWT CBeAEHW,
COCTaBMAOLLMX rOCYAAPCTBEHHYIO TaliHy.

Nnoanncb(1) ABTOPA(OB):
nacnopT cepus Ne
(nognucek) (PN0) BblAaH
Aara Bblaayn
« » 2014 r. aara poxaeHus!
agpec perucTpauyuu

» B craTee HeoOXOIMMO YKA3aTh:
— COOTBETCTBYIOIMIT MHIEKC YHUBEPCATILHOR IeCATHIHON KiIaccu(pUKaIiy uTepatypsl (VIK);
— (haMHIIMH 1 HHHIHATIEL aBTOPOB (Ha PyCCKOM H aHITIMICKOM A3bIKAX );
— YUEeHYIO CTelleHb, yJeHOe 3BaHHe, JOTDKHOCTE, MecTo pabotsl (ITOJTHOCTBIO!), e-mail;
— Ha3BaHWe CTaThH (Ha PyCCKOM H aHITIHHCKOM S3BIKAX ),
— anHoTaIHIo (5—10 cTpok) (Ha pycCKOM H aHITIHICKOM S3BIKAX);
— KimoueBsle crioBa (810 ci1oB) (Ha pycCKOM H aHITIMHACKOM S3BIKAX);
— pedepar (kpaTkoe coaepkaHre CTaTEH Ha PYCCKOM H aHTIIMHACKOM S3bIKaX );
— cIMcok JuTepatyprl (odopmisercs cornacHo 'OCT P 7.05-2008). Hcnoms3yemas aBTOpOM JTHTEpaTypa IPHBOAHTCA
[IOCNe CTATBH B HOpsAKe yrnoMuHaHHsA. CCBUIKM HA HMCTIONB3YEMBIE HCTOYHHKH B TEKCTE YKa3bIBAIOTCA B KBAIpaTHBIX CKOOKAX
(wanpumep, [1]). Cebinku Ha Internet-pecypchl IPHBOAATCA B 00IIEM CIIMCKE JTHUTEPaTyPHI TI0 aBTOPY HITH 3aTfIaBHIO TyOMHKAITHH C
00s3aTeNBHBIM yKa3aHHUEM afipeca caiiTa, I/ie 3Ta IyOIMKaLys pasMenIeHa,
» pmandele 00 aBropax: ¢ammwmsi, umsi, ordectso ([IOJIHOCTBIO!), tenedon (CayxeOHBIH WIM JOMALIHHMIL), aapec C
HMHIEKCOM — aHHast HHGOPMALHA omy0IMKoBaHa He OyAeT.

3. PexoMeHIOBaHHBIH 00beM aBTOPCKOH CTaTBH O 22 CTpPaHHI] KOMIIBEOTEPHOTO TeKCTa (ABTOPCKHMH JIACT) B mporpamme Word
(taiin moxer ObITh 3anmcaH Ha omruueckoM CD, DVD): pasmep mpudra — 12, rapaurypa — Times New Roman, MeXCTPOUIHBIH
vHTepBan — 1,5, Mo — 2 ¢M €O BCeX CTOPOH, ad3amHED otcTyn — 0,75 cM. YCTaHOBNIEHHEN pazMep Gymaru — A4 210x290,

4. @DopMyIIBl BEIIOIHAKTCS TOJEKO B QOPMYIBHEIX penaxtopax Math Type wnn Equation Edifor. DOpMyIEI ClieyeT HyMEepOBaTh
(mo Bee#t padote apabcxkumu 1dpamir), Homep GopMyns! 3aKmouaioT B KpYIible CKOOKH Y TIPABOTO Kpasi CTPaHUIIB], 4 caMmy (hopMyaTy
BBICTABILAIOT MO weHTpy (Hanpumep, (1)). B dopmynax sramunckue dyxent cnenyer HaOMpaTe KypCueom, a pedeckue MpoRucHbIe
npamo. BeKTOpbl M MaTpHIE! ClenyeT HAOWpaTh MPAMEIM SKHPHBIM LIPH(TOM; «&» B 3HAUCHHH SKCIIOHEHTHI — TIPAMBIM CBETIHIM
mpugToM. B HHIEKCaX COKpALLICHIS OT PYCCKHX M AHITIMHCKHX CIIOB CIIEAyeT HAOMpPATh NPSMbBIM MIPHQTOM.

5. Tabmuim! HAGUPAOT TeM ke IPUPTOM, YTO H OCHOBHOIH TEKCT, HO MEHBILIIET0 pasMepa Ker (Kerb 9, 10MyCcKaeTcs CHIDKEHHE
1o 8 mynkra). Ha xasiryro Tabmiiy B TeKcTe MpUBOAMTCS cchiTka. CoBo «Tabmuiia» B TEKCTE MEYaTaeTCst COKPAIIEHHO («Tabi.y), a Hal
Tabnuueii — ONMHOCTEIO.

6. Wnmoctpain (dotorpadumd, pHCYHKH, CXeMBI, TpahHKH, THArPAMMBI, KapThl) HE0GXOIMMO TIPENICTARISTE TONBKO B BHIE
y&pHO-Oenbix (aiiioB. Mimoctpaiun BKIO4YeHs! B (aiil TeKcTa, HO, OMUMO 3TOr0, OHH 00S3aTeNIBHO JOJDKHBI OBITh NPENCTABIEHbI
oTHeneHEM (aiinom B (opmare *.TIFF mma *JPG ¢ paspemenmeM 300dpi. B TekcTe CCBUIKH Ha HINIFOCTALH HYMEPYIOTCH W
COTIPOBOIKZIAIOTCS TIOZITHCSMH.

7. B Ttekcre, TaOMIaX U NOAPHCYHOYHEIX MOITHCAX HE JOIMYCKACTCS COKpanieHue clioB (kpome obmenpraatex, [OCT 7.12-77).

8. OrTcxaHupoBaHHEIE BEPCHH TAOIHI] A (DOPMYIT HE AOMYCKAIOTCH,

9. PykorucH, B KOTOPBIX He COOMIOEHB! JaHHbIE TpeOOBAHHS, BO3BPAILAIOTCH aBTOpaM (e3 paccMOTpPeHHsL.

10. ABTOpHI CTATEH HECYT OTBETCTBEHHOCTH 34 MONHOTY M IOCTOBEPHOCTD ITUTHPYEMOI B HAX JIMTEPaTyPBI.

11. 3a DoCTOBEPHOCTE CBEIEHIIH, HIOKEHHBIX B ITYONHKAIIAX, PEIAKLIFS H H3IATENb OTBETCTBEHHOCTD HE HECYT.

12. 3a myOnuKaLHio MaTepHaIOB, COAEPIKAILMX 3aKPBITEIE CBEICHHS, aBTOPI HECYT NEPCOHATBHYH) OTBETCTBEHHOCTh Ha
OCHOBAHHH JICHCTBYIOIIMX 3aKOHOMATENLHBIX AKTOB.

13. 3a myOnukario cTaTel ¢ aBTOPOB IUIATA HE B3BIMACTCS.

14. HayuHble CTAaTbH, NOMYYMBILIHE MONOKHTENBHYIO PELICH3HIO, MYOIHKYIOTCS KaK MPaBUIO, HE TO3AHee 6 MECAICR ¢ MOMEHTA
TNIOCTYTUIEHHS PYKOITHCH B PEAKIIHIO,

15. Marepuan BeicblIaTe B anpec pepaxkumu: 125190, Mockea, JlenuHrpagckmii mpocrekrt, aom 80, xopn. 16 wm
E-mail: aspirantura@gskb.ru, izd.group@gskb.ru.

Teu.: 8-499-940-02-22 nod. 16-42, 79-06, 70-19.



