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B cmambe paccmampuegaromcsi 8onpocki pa3pabomku 10O 0nsi obecneyeHusi HAOEXXHOCMU QYHKUUOHUPO-
8aHUsi 60pmoOBo20 MHO20MPOUECCOPHORO BbIYUC/IUMEIbHO20 KOMII/IEKCa, 8 KOMOPOM pewaromcsi 3adadu
UeHmpasnu308aHHO20 yrnpaesieHusi UCMOMHUMEbHbIMU MexaHu3Mamu. BbiqucriumerbHbil KOMIIIeKc cocmoum
u3 08yx cneyuanuauposaHHbix OBM (CLIBM), odHa u3 Komopbix s181siemcsi OCHO8HoOU, Opyaasi — pe3epeHoU.
Cniocob pesepsuposaHusi — Hagpy»KeHHbIlU (2opsyuli) peseps. @yHKUUU apbumpaia 603/10XEHbI Ha rMepuchepuliHbIl
MUKPOKOHMPOJIep, aHanusupyrowul cocmosiHusi kaxool CLBM u npuHumatowuli peweHue o 8gode pesepsa
npu coomeemcmeyouwjux ycnosusix. [JaH aHanu3 u obocHogaHue eblbopa Kpumepuee pabomocrocobHocmu
CLIBM, npednoxeH ¢hopmam rpomokosia UHGhopmMayuoHHo20 e3aumodelicmeusi mexdy CLIBM u apbumpom
(MUKPOKOHMPOIIIEPOM,).

Knroyeesnble criosa: 8biyuciiumerbHbil KOMIIEKC, 8bIYUC/IUMENbHbIU MPOYECC, npoepaMmMHoe obecrieveHue,
pesepsuposaHue, 20ps4uUll peseps.

The article states the software development issues for operational reliability ensuring of onboard ensemble
machine (multiprocessor computing complex) which performs the centralized control of actuating mechanisms.
The computing complex consists of two specialized computers (SDC), the main and the reserve one. The back-up
technique — the loaded (hot) reserve. The arbitrage functions are on peripheral microcontroller which analyzes the
condition of each SDC and makes a decision on reserve enabling in corresponding conditions. The analysis and
criterion selection validation of the SDC operability are performed, the format of information interoperability
protocol between the SDC and the arbitrator (microcontroller) is proposed.

Keywords: computing complex, computation process, software, back-up, warm standby.

[Ipu co3naHuy aBUAITMOHHOW TEXHUKHW OJHOW M3 aKTyallbHBIX HA CETOAHSIIHUI JEHb MpoOieM
SIBJISIETCSI YBETTMUICHHE OecriepeOoiHOM padOoThI 3JIEKTPOHHON anmapaTyphl.

B craree craBuTcsa 3amavya obecriedeHHs HAACKHOCTH (DYHKIIMOHUPOBAHUS OOPTOBOTO MHOTO-
MPOIECCOPHOTO BRIUUCIUTENEHOTO KoMmimiekca (MBK) npu pemenun 3amaum 1eHTpaIM30BaHHOTO
YIIPaBJICHUS] UCTIOTHUTEIFHBIMA MEXaHI3MaMH1, 0C000¢ BHIMAaHHE YEICHO 0COOCHHOCTSAM pa3padoT-
Ku nporpammHoro obdecneuenus (110).
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PA3AEN: NPOBJIEMHbIE BOMNPOCbHI MOCTPOEHUA CUCTEM U CPEACTB BKO

OmnmcaHa xapakTepHasi OCOOCHHOCTh COBMECTHOTO ucmonb3oBanus B MBK aByx crenmanusupo-
BaHHBIX DOBM (CLIBM), omHa U3 KOTOPHIX SIBIIETCS OCHOBHOM, Apyras — pesepBHoi. Criocod pesep-
BHUPOBaHUS — HATPY>KEHHBIN (Topstunii) pezepB. PyHKIMN apOUTpaka BO3JIOKEHBI Ha mepudepuitHbIit
MUKPOKOHTPOJIJIEP, aHATU3UPYIOUI cocTosiHUS Kaxkaoi CLIBM u npuHMMaronuii penieHre o BBOJE
pe3epBa Mpu COOTBETCTBYIOMINX YCIOBHSIX.

Jlarno obocHOBaHME BBIOOpaA KpuTepueB padborocnocooroctu CLIBM, mpemoxkern GpopmaT mpoTo-
KoJia nH(popManronHoro B3auMoaeicTeusa Mexay CLUIBM u apoutpom (MukpokoHTposuiepom). [Tpu-
BEJICHO OIMCAHWE MaTeMaTHYeCKOH Mozenu (YyHKIMOHHUPOBAHUS PE3CPBUPYEMOTO KOMILIEKCA, MO3-
BOJISIFOLEH OLIEHUTDH CTENEHb €r0 OTKAa30yCTONYUBOCTH.
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FAULT TOLERANCE ENSURING METHODS IMPLEMENTATION
OF ONBOARD ENSEMBLE MACHINE

S.A. Bugaev, S.V. Donskoy, D.V. Chirik, LI. Stchitov

One of the pending problems nowadays during the aviation equipment development is an increasing
of electronic equipment smooth operation. The article defines a problem for assurance of functioning reliability
of onboard multiprocessor computing complex (MCC) at problem solution of centralized control of actuating
mechanisms, the special focus is paid on the software (SW) development features. The special feature of shared
use in the MCC of two specialized computers (SDC), the main and the reserve one. The back-up technique —
the loaded (hot) reserve. The arbitrage functions are on peripheral microcontroller which analyzes the condition
of each SDC and makes a decision on reserve enabling in corresponding conditions.The criterion selection
validation of the SDC operability is performed, the format of information interoperability protocol between the SDC
and the arbitrator (microcontroller) is proposed. The description of mathematical model functioning of reserved
complex is given permitting to determine the level of its fault tolerance.

Moctynuna 11 aBrycta 2016 roaa.
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B cmambe npedrioxeHo nonumodesibHoe onucaHue (hyHKUUOHUPOBaHUSI Ha3eMHO20 KOMIfeKkca yrnpasre-
Husi (HKY) opbumansHol cucmemoli (OpC) kocmudeckux arnnapamos (KA), 8 OCHO8Yy KOMOpPO20 MOoXeHa
OuHamuyeckasi uHmeprnpemauusi coomeemcmeyrwux npouyeccos. [aHHbill nodxod omkpbieaem WUPOKUE
repcriekmusbl UCMosib308aHUsi GOCMUXEHULU CO8peMeHHOU meopuu yrnpaeneHusi 05 peweHuUs: MpuKknaoHbIX
3aday meopuu pacrnucaHul, npu uccraedosaHuU KOmMopbIX yKa3aHHasi meopusi paHee He rnpumeHsinace. Tpadu-
UUOHHO 3alayu GaHHO20 Kracca (3adadu meopuu pacnucaHull) pewaromcs ¢ Ucronb3oeaHuem memodos mame-
Mamuyeckoeo rpoepammuposaHusi. OOHaKo 8 cryyae bonbwol paamepHocmu 3aday rnraHUposaHus npuxodum-
Csl omKa3bleambCsi OM MOYHbIX MeEMOA08 onmumMu3ayuu peweHul U npubeeams K 38pPUCMUYECKUM npUéMam.
B cmamebe npednazaemcsi opuauHasbHbIl nodxo0 K peweHuto 3aday meopuu pacrnucaHuli 6onbwoli pasmep-
HOCMU, OCHOBaHHbIU Ha UCnonb308aHUU Modesiell U Memodo8 meopuu OrMuUMasbHO20 yrpaeieHusl.

Knrovesnle cnoea: OuHamudeckue MOOENU, KOMIIIEKCHOE MaHUpO8aHUE U3MEPUMESbHO-8bIYUCTUMEIbHbIX
onepayud, Ha3eMHble mexHuUYeckue cpedcmea, KoCMuYecKue arnrnapamai, nonuModesibHoe orucaHue, meopusi pac-
rucaHut, meopusi onMUMarbHOe yrpaseHue.

The article proposes the polymodel functioning description of ground-based orbital system (OS) space
vehicles (SV) control complex, basing on a dynamic interpretation of corresponding processes. This approach
gives broad prospects for the use of the present-day control theory achievements in order to solve applied
problems of scheduling theory, where the abovementioned theory has not previously been applied during
its study. Traditionally, the problems of such category (scheduling theory problems) are solved using mathematical
programming methods. However, in case of large dimension of planning problems it’'s necessary
to abandon the precise solutions optimization methods and to turn to heuristic techniques. The article proposes
an original approach to problems solution of large dimension scheduling theory based on models and methods
use of optimal control theory.

Keywords: dynamic models, integrated planning of measuring and computing operations, ground-based
technical aids, space vehicles, polymodel description, theory of scheduling, optimal control theory.

B cratee paccmoTpeHa mpoOiema aBTOMATH3aIlMU IPOIECCOB IIAHUPOBAHUS H3MEPHUTEIHHO-
BbIYUCINTCIIbHBIX onepaum‘/'l Ha3€MHOT'O KOMIUICKCA YIIPaBJICHUA Op61/ITaJILHOI>'I CHUCTEMOM KOCMHYE-
ckux anmapatoB. [IpousBenen aHaIu3 KjIaccoB 3a7ad IUTAHWPOBAHUS, PACCMOTPEHBI OCHOBHBIE TIOJIXO-
Il K PEIeHUI0 3a/la4 TUlaHupoBaHus. [IpeanoskeH moaxoj;, OCHOBaHHBIM Ha AMHAMUYECKOW HHTEp-
nmperanruu NpouecCoB ynpaBJICHUI KOCMUYCCKUMU CPEACTBAMU, HO3BOJ’I$[IOHII/II7[ peaIn30BaTh KOHIICII-
[IUI0 CHCTEMHOTO TNTAHUPOBaHM. BBIsBIIEHB TpeOOBaHUS K 0000IMEHHON TEXHOIOTHH OIEPATUBHOTO
TUTAHUPOBaHUsT pa0OThl HA3eMHOTO KOMIDIEKCAa yrpaBieHus. [IpuBeneHbl cojnepkaTtenbHas u ¢op-
MajbHas MMOCTAHOBKA 33J1a4l KOMIUIEKCHOTO IUIAHMpPOBaHUsS. B uucie pe3ynpTaToB pelleHus 3aaavu
MIPHUBEJICHO ONKCAaHKEe 00IIeH Moaen (PYHKIIMOHUPOBAHUS HA3EMHOTO KOMILJICKCA YIIPaBJICHUs, IIPe/I-
JIO’KEH METOJ| PeIIeHUs 3aa4uu (JOPMHUPOBAHHS PACITUCAHHS PadOTHI HA3€MHOT'O KOMITIEKCA yIpaBiie-
HUS U MIPUBEACHO ONMMCAHKUE OJHOM U3 MOCIEIHUX BEpCUN MPOTPaMMHOM peanu3alui JaHHOTO METO-
na. B zaxmroueHuM ommMcaHBl pe3yiIbTaThl UCCIICIOBAHUS CBOWCTB M XapaKTEPHUCTHUK pa3paboTaHHBIX
MOJIEJIEN U aITOPUTMOB.
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INSTRUMENTATION COMPLEXES CONTROL ALGORITHMS

B.V. Sokolov, V.A. Palitcin

The article examines the planning process automation problem of measuring and computing operations
of ground-based orbital system space vehicles control complex. The analysis of planning problems classes are
considered, the basic approaches to solving of planning problems are examined. An approach based on the dynamic
interpretation of space systems control processes, allowing implementing the concept of system planning is proposed.
The requirements to generalized technology for operational planning of ground control complex operation were
identified. The description and formal problem statement of complex planning is stated. Among the problem solutions
results the description of the general functioning model of ground control complex is mentioned, the problem solving
method of operation scheduling forming of the ground control complex is proposed and the one of the latest versions
of the software implementation of the method is described. Finally, the study results of developed models and
algorithms properties and characteristics were described.
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B pabome nipednoxeHbl MameMamu4yeckue Modesnu U ansopummbl aHanu3a aghgekmusHocmu gyHKUUO-
HuposaHusi cucmemb! npomueogo3dywHol 06opoHs! (MBO) npu ompaxeHuu amak cpedcme 8030yWHO20 Harna-
OeHus (CBH). Ha koHKkpemHbix npumepax OemMoHcmpupyemcsi memooOuka MPUMEeHEHUs1 yKa3aHHbIX modenedl.
PaspabomaHa memoduka, cucmema Kpumepuee u rokazamernel, anzopummbl Orid OUEHKU aghghekmusHocmu
hyHKUUOHUPOBaHUSI nosy4Yarouuxcs modenel «deepadupyrowjuxy cucmeMm mMaccogozo obcrnyxueaHus. lMpuse-
OeHbl NpuMepsb! U pe3yrbmamsl uccriedosaHuli 05151 pa3/iuyHbIX Mmakmu4yeckux anu3o0os. Pe3ynsmamsi pabomsi
Moaym npedcmasniimb HayYHbIl U npakmuyYeckuli uHmepec Orisi crieyuanucmos, 3aHuMaroujuxcs paspabomkou
cucmem crieyuasnibHo20 Ha3HavyeHUsi 8 pasfuYHbIX MPedMemHbix obrnacmsx ¢ UCroIb308aHUEM CO8PEMEHHbIX
memodoe uccriedoeaHusi onepayul.

Knrodesnble cnoea: cucmema Macco8o20 obcnyxusaHusi, mpomusopakemHasi 060pOoHa, 3€HUMHbIE pakem-
Hble KOMIJIeKChbl, 3eHUMHbIe yripaersisieMble pakemsal, NoMmoK 3as60K.

The article proposes the mathematical models and performance efficiency analysis algorithms of the air
defense system (ADS) at repelling an attack of an air assault weapons (AAW). The implementation technique of
specified models at specific examples is demonstrated. The technique set of criteria and metrics, algorithms for
functioning efficiency analysis of «degraded» queueing systems resulting models were developed. The analysis
results and examples for different tactical scenes were performed. The progress made can be of science and
practical interest for specialists involved in special-purpose system development in different subject areas using
the activity analysis up-to-date metho.

Keywords: queueing systems, missile defense, air defense complexes, surface-to-air missiles, requests flow.

B crarpe paccMoTpeHa 3IIeOHUPOBaHHAS MOJIENb MMPOTHBOBO3MyIHON 06opoHs! (ITBO) kopabd-
neit BM® nipu oTpaskeHMH BO3ILYLIHBIX aTaK CPEJICTB BO3AYIIHOTO HalaeHHs MPOTHBHUKA. B ocHOBe
MOJIEINIM MOJI0KEHA MHOTOKaHAJIbHAsi CHCTEMa MAaCCOBOTO OOCTY)KMBaHUsI C Aerpajalield OT AajIbHEro
pyOexa K ONIKHEMY C OTPaHWYEHHOM «JUIMHHOW OuYepeiny, C «B3aMMOIIOMOIIBIO MEKITY KaHAIAMI»,
C HETEPIIEINBBIMH 3asBKaMI», C «0OCITY)KHBaHUEM C OIINOKAMM.

[Ipeanoxensl anropuT™el aHanusa 3¢gdexkruBHocTH QyHKUIMOHMpOBaHUsA cucteMbl [1BO u mpu-
BCACHDBI PE3YyJIbTAThl MOACITUPOBAHUA HEKOTOPBIX TAKTHYCCKUX TMIIOTECTUYCCKUX SIHN30100B. BepOSIT-
HOCTHBIE XapaKTEPUCTHKH MOJIENel WIITFOCTPUPYIOTCS rpadukaMu 3aBUCHMOCTEH COCTOSIHHSI CHUCTE-
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MBI MacCOBOTO OOCIY>KMBAaHUS OT WHTCHCHBHOCTH Hal€Ta, OT 4uciia OOCITYKCHHBIX, HO HE YHHUYTO-
JKEHHBIX 1IEJIEH.

[IpennoxxeHHast METOMKA MPEICKA3aTEIHbHOTO MOJIEIMPOBAHUS MTO3BOJSET OIEHHBATH KA9E€CTBO
MPUHUMAEMBIX TCXHUYECKUX U OMEPATHBHBIX PEUICHHI, YTO HEOOXOIUMO il TPEHUPOBKHA U 00y4Ye-
HUs onieparopam cpeacts [1BO.
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AIR DEFENSE SYSTEMS PREDICTIVE MODELING

A.K. Krasnikov, E.S. Novikov, N.S. Scherbakov

The article considers the layered model of the Navy ships air defense (AD) at repelling of air attacks of the
enemy air assault weapons. The model is based on multichannel queueing system with degradation from
maximum to minimum line with limited «queue length», with «mutual assistance» between channels, with
«impatient requests», with «queueing with errors».

The performance efficiency analysis algorithms of the air defense system were proposed, the modeling
results of some tactical hypothetical scenes were presented. The models probabilistic characteristics are
illustrated with system condition dependence diagram of the queueing system from flight hours intensity, from
queued but not destructed targets.

The proposed predictive modeling technique permits to determine the quality of technical and operating
decision made that is necessary for AD operators training and exercise.

Moctynuna 15 ceHTA6ps 2016 ropa.
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PaccmompeHb! 8ornpockl 8blbopa eula u napamempos 30HOUPYHWUX cueHanos. Ha ocHose modenu
83aumoodelicmeusi NPUEMHUKa PaduosIoKayUOHHOU CMaHUuU 3€HUMHbIX pakemHbiX KOMIMIIEKCO8 U MpUEMHUKa
paduomexHu4eckol pa3eedKu NMpomusHUKa 8030ywHO20 ba3uposaHusi NpedsioxeHa oyeHKa CKpbimHoU pabomabi
o630pHoli PJIC, a makxe ycmaHO8/1eH MOMEHM romepu UHHOPMaUUOHHO20 rpesocxodcmea Kaxdol u3
cmopoH. [NpedrnoxeH sapuaHm MOCMPOEHUsI cucmeMbl 30HOUPYOWUX Cu2Hanoe paduoriokayuoHHbIX cpedcms
3eHUMHbIX pakemHbix KoMmrnekcos. CehopmynuposaHsl npedrnoxeHus rno npumeHeHuro 3C paduonokayuoHHbIMU
cpedcmeamu 3PK Onsi obecrieyeHust ux CKpbImHoU pabomai.

Knro4deenle crnoea: 30HOuUpyroujuli cugHarl, WUPOKOMOIOCHbIU cuzHar, C8epXKOPOMKOUMITYIbCHbIU cuagHarl,
CKPbIMHOCMb, UHGOPMAaUUOHHbIU KOHGIUKM, MPUEMHUK paduomexHUYecKol pa3eedKu.

The type and parameters selection issues of sounding signals are considered. Based on the air defense
complexes radar receiver interaction model and the enemy airborne radio intelligence receiver the estimation of
covert operation of surveillance radar is proposed, and each information superiority loss moment was determined.
The design version of sounding signals system of air defense complexes radars was performed. The proposals
on sounding signals implementation by the air defense complex radar aids in order to provide its covert operation
were formulated.

Keywords: sounding signal, wideband signal, ultrashort-pulse signal, covertness, information conflict, radio
intelligence receiver.

OnfHUM M3 KITFOYEBBIX NPHHIUIHAIBHO 3HAYMMBIX JJIEMEHTOB COBPEMEHHBIX HACTYNATENbHBIX H
00OPOHUTETBHBIX BO3YIIHO-HA3EMHBIX Ollepalnii sBisieTcs 00pp0a B MHPOPMAIIMOHHOHN cdepe ydacT-
BYIOLIMX B BOGHHOM KOH(JIMKTE CTOPOH. BOJBIIMHCTBO CPEICTB BO3AYIIHOIO HamaAEHHs OCHAIICHBI
ABTOMaTHYECKUMH KOMIIJIEKCAaMH PaIMO3JIEKTPOHHONW OOpbOBI, CIIOCOOHBIMH B PEXKUME PEAJIBHOIO Bpe-
MEHHU OLIEHHBATh TEKYIIYIO PaJHO3IEKTPOHHYIO 00CTaHOBKY, CTENeHb Yrpo3bl obnydaromux ux PJIC u
BBIPa0ATHIBATh ONTHMAIBHYIO PEaKLMI0 OOPTOBOM CHUCTEMBI PaJO3JIEKTPOHHOTO MOAaBIeHMs. B aTHx
YCIIOBUSIX Ba)KHEHINIEH KOMIIOHEHTOW PajMO3IEKTPOHHONH OOpHOBI CTAHOBUTCS CKPHITHOCTH CHCTEM
YIIpaBJICHUsI OPYKUEM, B TOM UHUCIIE PaJUOIOKAMOHHBIX CTAHLIMI 36HUTHBIX PAKETHBIX KOMIUIEKCOB, BO
MHOTOM ONPEEIISIOMAs X0 U UCX0A KOH(IMKTHOTO B3aUMOJEHCTBHS POTHBOOOPCTBYIOIINX CTOPOH.

Lenb paboThl 3aKit0YaeTCsl B TIOBBIIICHAU BEPOSITHOCTU CKPHITHOW pabOTHI aKTUBHBIX PajHOoJIO-
KallMOHHBIX CTAaHIWN 3€HUTHBIX PAaKETHBIX KOMIUIEKCOB 3a CUET CHIDKEHHUS BEPOSTHOCTH OOHapyKe-
HUS UX 30HAMPYIOUINX CUTHAJIOB aNlapaTypol paguoTeXHUIECKOW Pa3BEAKH MPOTHBHUKA.

B paGore npeoxxeH BepOSTHOCTHBIM KPUTEPUI, KOTOPBIH MO3BOJISIET ONPEAESTUTh BO3ZMOXHOCTH
PasMOJIOKAIIMOHHON CTAHIIMM BBINIOJIHATH CBOU 33[]a4X C BEPOATHOCTBIO, ITPEBBIIIAIONIEH BEPOATHOCTh
oOHapyXeHH UX U3IY4eHHS IPUEMHUKOM PaJHOTEeXHHUECKOl pa3Befku. OH YUUTHIBAET BPEMEHHOM
KOHTAaKT UMITYJIbCOB 30HAMPYIOLINX CUTHAJIOB C UMITYJIbCAMHU TOTOBHOCTH ITPUEMHHUKA PallOTEXHUYE-
CKOH pa3BeIKH NPHUHATH CUTHAI U II03BOJISIET OINPEACINUTh BO3MOXXHOCTH PagUOJIOKATOpa BECTH
CKPBITHYIO pPabOTy C 3aJJaHHBIMH TIOKa3aTeJsIMH KadecTBa MPH HAXOXKJEHUH B 30HE JEWCTBUS Cpell-
CTBa PagUOTEXHHUYECKOH pa3BelKH. DTO YCIOBHE MO3BOJIMIO YCOBEPIIEHCTBOBATH MOAEIH HHPOPMa-
MUOHHOTO KOH(MJIMKTa U OLEHUTh MOMEHT MOTEPH MPEBOCXOJICTBA PAJMOIIOKATOPa B HHPOPMAIIMOH-
HOM KOH(JIMKTE CO CPEICTBOM PaANOTEXHUYECKOH Pa3BEIKH.
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HccnenoBanne npoBOIUIOCH IPH MOMOIIM MMUTALMOHHOTO MOJAETUPOBAHUS C HCIIOJIb30BAHUEM
amnmapaTta MaTeMaTH4ecKol cTaTUCTHKH. COBOKYIMHOCTh TOJTYYCHHBIX B XOJI€ MCCIIEIOBAHUS Pe3yib-
TaTOB TIO3BOJIJIA TPEJIOKHUTH alTOPUTM BBIOOpA THIA W MMapaMeTPOB 30HIUPYIOMINX CHTHAJIOB Pa-
JIMOJIOKAIIMOHHBIX CTAHIMI 3€HUTHBIX PAKETHBIX KOMIUIEKCOB. OH OTJINYAeTCsl OT U3BECTHBIX TEM, UTO
MO3BOJISIET BBIOMPATH CTPYKTYPY 30HIMPYIOIIETO CHTHAla B 3aBUCHMOCTH OT BHJA paclpeleieHHs
CIIy9aiflHOTO TIpoIlecca Ha BXOJE NMPHEMHHUKA PaJHOJIOKAaTOpa, a BHIOOp MapamMeTpoB 30HAUPYIOMIETO
CUTHaJIa OCYIIECTBIISITH MO0 KPUTEPUIO MUHUMYMa BEPOSTHOCTH OOHAPY:KEHHsI IPUEMHHUKOM BO3AYIII-
Ho#l PTP nporuBHuKa.

Pa3paboTanHBIil METOANYECKHUH anmapart, Mo3BOIsIeT c(hOpMHUPOBATH TAKYIO CUCTEMY 30HIHPYIO-
X CHTHAJIOB, KOTOpas 00ECHEeYnT BBICOKYIO BEPOSITHOCTH CKPBITHOM PabOTHI palnOIOKAIIHOHHBIX
CTaHLUI 3eHUTHBIX PaKETHBIX KOMIUIEKCOB IPH 3aJaHHBIX IMOKAa3aTelsX KauecTBa 00pabOTKH paauo-
nokanuoHHON nHpopMarun. [Ipn oOHapyXKeHHH BBICOKOCKOPOCTHBIX MaJIOBBICOTHBIX IIeJIeH, 32 MH-
HAMAJIbHOE KOJMUECTBO pamnokoHTakToB ¢ HuMu B PJIC 3PK M/ He0oOX01uMO MCIIOIB30BaTh PEXKUM
CKMU 3onguposanus. UcnonszoBanne CKHU 3C mo3BOIUT MOBBICUTH BEPOSITHOCTh CKPHITHON pabOThHI
paguonokaTopa 10 20% 1o cpaBHEHHUIO ¢ pexkuMoM 3o0HAupoBaHus JIYM curHaioMm ¢ aHaIOTHYHOU
UIMPUHON CIIEKTPa CUTHaja MPU OJUHAKOBOU SHEPIHUU.
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REQUIREMENTS TO SOUNDING SIGNALS SYSTEM
FOR COVERT OPERATION ENSURING OF AIR DEFENSE
COMPLEXES RADAR AIDS

A.M. Lavrentiev, V.V. Murzak

One of the key landmark significant elements of the up-to-date offensive and defensive air-land operations is
the war in information domain of participating in conflict parties. The majority of air assault weapons are equipped
with automated electronic warfare complexes capable in real time mode to assess the current electronic environ-
ment and the threat level of radiating radar and to generate the optimum reaction of onboard electronic counter-
measures system. In these conditions the prime importance component of radio-electronic warfare is the covert-
ness of weapons control systems including radars of air defense complexes that determines the progress and
outcome of conflict interaction between opposing parties.

The paper objective is to increase the covert operation probability of the AD complexes active radar stations
through reduction of detection probability of its sounding signals by the enemy electronic reconnaissance
equipment.

The article proposes the probability criterion which permits to determine the radar station capabilities of its tasks
fulfilment with probability exceeding the detection probability of its radiation by the radio intelligence receiver. The
receiver records the pulses time contact of sounding signals with readiness pulses of radio intelligence receiver to
receive signal and permits to determine the locator capabilities to perform covert operation with defined quality
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parameters in operation zone of electronic reconnaissance system. This condition permitted to improve the infor-
mation conflict model and determine the locator superiority loss moment in information conflict with electronic
reconnaissance system.

The research stipulated the implementation of simulation modelling using the mathematical statistics appa-
ratus. The cumulative research result permitted to propose the selection algorithm of type and sounding signals
parameters of AD complexes radar stations. The algorithm differs from the known ones in that it permits to select
the sounding signal structure depending on random process distribution type at receiver input of the locator, and
sounding signal parameters selection — according to the receiver minimum detection probability criteria of
the enemy aerial electronic intelligence. The developed methodical apparatus permits to form such a sounding
signals system that provides a high probability of covert operation of AD complexes radar stations at defined
quality parameters of radar data processing. Upon detection of high-speed low-altitude targets, in a minimum
amount of radiocontacts with it, in small range AD complexes radars, it's necessary to use the ultrashort-pulse
(USP) sounding mode. The use of USP sounding signal (SS) will allow increasing the locator covert operation
probability up to 20% relative to chirp signal sounding mode with the same signal bandwidth at equal energy.

MocTtynuna 22 ceHTA6ps 2016 ropa.
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B ycnosusix npumeHeHusi cpedcme P3ObB, criocobHbix cghopmuposamb MOMeXy, UMUMUPYHOWYO OmpaxeHue om
pearnbHbIX yesiel, ocobyro ocmpomy npuobpemaem 4acmHasi cocmaersouasl 3adadu pacrio3HasaHusi — CeneKyust
aBIMOHOMHBIX JIOXKHbIX 8030YyWHbIX Uerell 8 UHMepecax OnmuMaribHO20 eapuaHma pacripederieHusi oeHs. Mcxodsa us
euriome3sb! 0 MOoM, HImMo WUPOKOIOIOCHas UMUMUPYroL4asi romexa uarydaemcsi us 0OHoU MoYKU rpocmpaHcmea, 3adaqva
cenekyuu JIBL] npedcmaernisiemcs Kak pasnudeHue 0syx knaccos uened: ueneli ¢ npocmpaHCmMEeHHO pacrpedenéHHbIMU
pacceusarowuMu snemMeHmamu U uened, Uaydarouux cueHasbl u3 00HOU MoYKU npocmpaHemea. B cmambe ripedcmas-
JieH Memod cenekyuu JIBL o 3HavyeHuro Habrodaemoezo MornepeyHo20 pasmepa Uenu rMpu oUeHKe ¢hazosbix COOmHowe-
HUU APUHSIMO20 cu2Hara.

Knroyesble cnoea: cerekyusi foxHbIX uened, rnornepeyHbiti pa3vep Uesnu, emopasi pasHoCmb HadYarlbHbIX has,
OarbHOCMHbIe MOPMPemaI.

Within conditions of electronic countermeasures equipment employment capable to perform jamming imitating
the reflection from the real targets the special acuity is given to the private component of discrimination task — the selection
of autonomous decoy aerial targets for the optimum variant of fire distribution (target distribution).Based on hypothesis that
the wideband imitating jamming is emitted from one space point, the DAT discrimination task is introduced as difference of two
targets classes: targets with spatial distributed scattering elements (highlights) and targets emitting signals from one point
of airspace. The article performs the DAT discrimination method by value of observed transverse target size during at phase
relationship estimation of received signal.

Keywords: decoys discrimination, transverse target size, second difference of initial phases, range images (patterns).

[Iupokoe pacrpocTpaHeHHE B XOJI€ BEIICHUSI OOEBBIX JCHCTBHI MONYYalOT TaKHE PaCXOyeMble
cpenctea POb, xak MaHeBpUpYIOIIHEe aBTOHOMHBIC JIOXKHBIE BO3/IYIITHBIE II€JIH, OCHAIIIEHHBIE PETPaHC-
JSATOpaMH aKTUBHBIX TIOMEX ISl UIMUTAIIN JAaJbHOCTHBIX TIOPTPETOB OOBEKTA 3a/laHHOTO Kiacca. Oc-
HoBHOe Ha3HaueHue JIBI] 3akmouaercs B aktuBu3aimu cuctem [IBO mpoTuBHUKA C IETBIO OIpeee-
HUS MX MECTOPACIIONIOXKEHHS U1l IOCJIEAYIOIIErO MOPAKEHNS IPOTHBOPAINOIOKALIMOHHBIMU PaKEeTaMH,
npoBouupoBaHun myckoB pakeT 1o BIUJIA u naceimennu cucremsl [1BO noxxHol nHbOpMarmeil.

B crioxuBIMmIXCS YCIOBHSX PATHONICKTPOHHON 00pHOBI 0COOYI0 OCTPOTY MPUOOpPETAST YacTHAS
COCTaBJISIONIAS 337ja9M PACIIO3HABAHUS — CEJIEKIINA aBTOHOMHBIX JIOKHBIX BO3IYIIHBIX IIeJIel B HHTE-
pecax ONTUMAaIbHOIO BapHaHTa pacipeesieHus ortsl (ueaepacipeneseHus).

JloxHas uenb (popMHUpyeT UMUTHPYIOMIMNA OTPaKEHHE OT PeasbHBIX IIeJIel CUTHAM, U3Iydasi ero
MPAKTHYECKH U3 OJHOM TOYKHM MPOCTPaHCTBA. Takas 0COOCHHOCTh M3ITyUYEHUS! MMUTHPYIOMIEH TOMEXH
HE M03BOJISIET C(HOPMHUPOBATH MPU3HAKH IPOCTPAHCTBEHHOT'O paclpeesieHHs PACCEMBAIOIINX AIIEMEH-
TOB UMHTHUPYEMOW KPYITHOPA3MEPHOW LEJIH B KAPTHUHHOM IIIOCKOCTH. DTO 0OCTOSTENBCTBO JAET BO3-
MOKHOCTh BBIJBUHYTH THIIOTE3y O TMpeAcTaBileHuH 3amaun ceneknmu JIBL[ kak pasnuueHune nByx
KJIACCOB TICJICH: IEe C MPOCTPAHCTBEHHO paclpeAcTEHHBIMU PACCEUBAIOINMHU dIeMeHTaMu (Oie-
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CTAIIMMU TOYKAMH) U [EJICH, U3TyJaloNUX CUTHAIBI U3 OJHON TOYKH mpocTpaHcTBa. [Ipu aTom pac-
MMO3HABAHME M3Ty4aeMOH M3 OJHON TOYKHM MPOCTPAHCTBA IIMPOKOIMOJIOCHON MMHUTHUPYIOIIEH NOMEXHU
MOJKET OCHOBBIBATHCS HA OIPENEICHNN BUAMMOTO MOTIEPEYHOTO CEUSHSI e M CPAaBHEHHH €To C He-
KOTOPBIM MTOPOTOBLIM 3HAYCHUEM.

B pabote npencrasnen meton ceneknuu JIBI mo 3HaueHnto HaOII0IaEMOTO MOIEPEIHOTO pas-
Mepa IEeJH MPH OIeHKe (Da30BbIX COOTHOIICHNH MPUHATOTO CUTHAA.
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AUTONOMOUS DECOY AERIAL TARGET DISCRIMINATION
METHOD BASED ON RETURNED SIGNALS PHASE
RELATIONSHIP AT WIDE-BAND RADIO PULSE SOUNDING

S.N. Nikiforov, U.N. Marintcev, M.G. Koryagin

The applied radioelectronic warfare weapons as maneuvering autonomous decoy aerial targets (DAT)
equipped with active jamming repeaters for range patterns imitation of the desired class object are widely used
during combat operations. The main purpose of DAT is to activate the enemy air defense systems in order
determine their location for further engagement by anti-radar missiles, missiles launch triggering-off against UCAS
and AD system saturation with false information.

In existing conditions of radioelectronic warfare the special acuity is given to the private component
of discrimination task — the selection of autonomous decoy aerial targets for the optimum variant of fire distribution
(target distribution).

The decoy forms a signal imitating the return from the real target by emitting it practically from one space
point. Such emission feature of imitating jamming doesn’t permit to form the scattering elements spatial
distribution characters of simulated large-size target in image plane. This circumstance gives a possibility
for a hypothesis development on DAT discrimination task introduction as difference of two targets classes: targets
with spatial distributed scattering elements (highlights) and targets emitting signals from one point of airspace.
Herewith the discrimination of wideband imitating jamming emitting from one space point could be based on
designation of visible target transverse section and comparison it with some threshold values.

The article performs the DAT discrimination method by value of observed transverse target size during at
phase relationship estimation of received signal.

Moctynuna 18 aBrycta 2016 roaa.
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H.M. Nonuwyk kaHOudam mexHU4YecKux Hayk,

cmapwuli Hay4HbIt compyOHuK, NMAO «HINO «Anma3s», e. Mockea

Paccmampusaromesi eapuaHmbl IOCMpOoeHUsi ¢ha3uposaHHOU aHmeHHoU pewémku (PAP) usmepumernsi Koop-
OuHam obbekmos. AP gopmupyem cymmapHyro Ouazspammy HanpasneHHocmu ([H) u 0se pasHocmHbie [H,
obecrieyusarowjue usMepeHue yarosbix KoopOuHam obbekma. Paccmampusaemcsi 3afa4a ¢ha308020 CUHME3a CyM-
MmapHoU u pa3HocmHbix [JH ®AP 3adaHHoU ¢hopMbi, 8 mom Hucrie ghopmuposaHue Hynel [JH e 3a0aHHbIx Hanpasrie-
HUSIX, MPU YC/I08UU COXPAaHEHUs Y2080l opueHmauuu rnefeHsayuoHHbIX Hynel pasHocmHbix [JH e HanpaeneHuu
cKaHuposaHus [JH. Bbigodsimcsi pac4émHble COOMHOWEHUS U OMuchi8aemcsi umepayuoHHbIt memod cuHme3a [H,
OCHOBaHHbIU Ha MOKOOPOUHaMHOU MUHUMU3aUUU HesluHelHo20 ¢hyHKyuoHana. [pusodsmces npumepbi CUHMe3a.

Kmroyesble cnoesa: ¢hasuposaHHasi aHmeHHasi pewémka (DAP), cymmapHbie U pasHOCMHble Ouazpammbl
HarpaeneHHocmu ([H).

Design versions of the phased array antenna (PAA) of an object coordinate meter are considered. The PAA
forms the sum pattern and two difference direction patterns ensuring measuring of the object angular coordinates.
The problem of the phase-only synthesis of the sum and difference PAA patterns having given shapes, including
formation of pattern nulls in prescribed directions, under the condition of keeping the angular orientation of direction-
finding nulls of difference patterns in the scanning direction is considered. Design relationships are derived and
aniterative pattern synthesis method based on the coordinatewise minimization of a nonlinear functional is described.
Synthesis examples are presented.

Keywords: phased array antenna (PAA), sum and difference direction patterns (DP).

PaccmaTpuBatoTcst BapraHTsl HocTpoeHus (hasupoBanHO# anTeHHOH peméTrku (DAP) m3mepure-
71 YTIIOBBIX KoopAuHAT 00bekToB. AP dopmupyer cymmapHyto nuarpammy HampasieHHOCTH (JIH)
u nBe pasHoctHele JIH, obecneunBaromue n3Mepenue koopaunar. Pemratorcs 3agaun Gpa3oBoro cuH-
te3a cymmaproit IH @ AP 3aganHoii popmel 1 Hyiell cymMmMmapHoit 1 pasHoctHbIX JIH nipu coxpaneHnn
OpMEHTAINY TIeJICHTallMOHHBIX HyJel pasHocTHBIX J|H B HanpaBnenmn ckanmposanus J{H. CpaBHu-
BaroTCA ABa Moaxoja k noctpoenuro GAP:
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1. ®AP pazOuBaeTcs Ha YETHIPE HICHTHYHBIC TT0I00TACTH C OJJUHAKOBBIM aMILTUTYIHO-(ha30BbIM
pacnpenenenueM. Ynpasienne ¢popmoit IH @ AP npoussoautes mytém cuntesa J|H momobnacty.

2. Mcrionb3yroTcst CBOMCTBA CTPYKTYP C 3€PKATBHON CHMMETpPHEH, UTO TIO3BOJISIET CHHTE3UPOBATh
JH npu 3epKalbHO-CUMMETPUYHBIX aMIUIUTYIHBIX PACHpPEICIICHUSIX W KOH(PUryparusax anepryp, B
TOM YHUCIIEe PACIIPENIENICHUSAX, CIIaaomuX OT neHTpa nojotHa ®AP k mepudepun, s KOTOPHIX He-
BO3MOJKHO HCITOJIF30BaTh MEPBBIA IOIXO.

BreiBoastcs pacu€raeie GpopMyibl u onuckIBatOTCA MeToabl cuHTe3a JIH. [IpuBoasaTcst nmpuMepsr
CUHTE3a.
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PHASE-ONLY SYNTHESIS OF THE DIRECTION PATTERN
OF THE PHASED ARRAY ANTENNA OF A COORDINATE METER

V.A. Balagurovskiy, A.S. Kondratiev, A.O. Manichev, N.P. Polishchuk

Design versions of the phased array antenna (PAA) of an object coordinate measuring system are considered.
The PAA forms the sum direction pattern (DP) and two difference DPs providing measurement of the object coordi-
nates. Problems of the phase-only synthesis of the sum PAA DP of a prescribed shape and the phase-only synthesis
of nulls in the sum and difference DPs under the condition of keeping the angular orientation of direction-finding nulls
of difference DPs in the scanning direction are considered. Two approaches to solution of the PAA synthesis problem
are compared:

1. The PAA is divided into four identical subregions with the same amplitude-phase distribution and, conse-
quently, the subregion pattern. The shape of the PAA DP is controlled by means of the phase-only synthesis
of the subregion DP.

2. Properties of structures with reflection symmetry are used to synthesize DPs of PAAs with configurations
and amplitude distributions satisfying the condition of reflection symmetry, including tapered distributions centered
at the PAA center, which is impossible to perform with the use of the first approach.

The design formulas are derived and the DP synthesis methods are described. The synthesis examples are
provided.

Moctynuna 8 ceHTs6psa 2016 ropa.
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B cmamee npousgedeHa nocmaHoseka 3adayu uccriedosaHus, OrucaHb! KpUmepuu OUEeHKU U 8bibpaH Memod OUeHKU
Kpumepues ghusudeckoli obracmu CoeMecmuUMOCMU arrnapamHo-npoepaMMHbIX ecmpaueaeMbix cpedcms, npueedéH
arneopumm Memoda obecrieyeHuUs: COBMECMUMOCMU GhU3UHECKUX UHMepghelicos.

Knoyeenle crioea: ecmpoeHHble cucmeMbl, UHmepghelic, coemMecmumocmb uHmepgbelicos, aneopumm obecreye-
HUSsI cosMecmuUMocmu ycmpoticme.

The research problem statement is set in the article, the estimation criterion are described and criterion estimation
method of compatibility physical area of built-in hardware-software tools is selected, the physical interfaces compatibility
ensuring method algorithm is described.

Keywords: built-in (integrated) system, interface, interfaces compatibility, units assuring compatibility
algorithm.

3amaya o0OecreyeHns] COBMECTUMOCTH aIllapaTHO-IIPOTPAaMMHBIX BCTPAMBAEMBIX YCTPOWCTB pas3-
OuBaeTCsl HAa TP O0JIACTH, TPEACTABISIONINE COOOM TPU YacTHbIE 3a7a4u — Gpu3ndeckyro, nHpopma-
UOHHYIO M OpTaHW3allMOHHYI0. B craThe paccmarpuBaeTcsi TOJBKO HYacTHas (Qu3myeckas 3ajada
oOecrieyeHns: COBMECTUMOCTH. Penienne yacTHON (u3mueckoil 3a1aun oOecredeHnss COBMECTHMOCTH
3aKJIF0YaeTCsl B BBIIIOJIHEHUH aJrOPHTMa METO/a OOEeCIeUueHHs COBMECTUMOCTH (PH3NYECKUX HHTEP-
(eiicoB anmapaTHO-IPOTPaMMHBIX BCTPaMBaEMbIX CPEJICTB, MPUBEACHHOTO B cTaThe. KpuTepusmu
OLICHKH 00EeCTIe4eHHsT COBMECTUMOCTHU SBJIAIOTCS 3HadeHus natu kodpuumentoB (Kr, Ka, Ky, Kg,
Kj), omuchIBarommX CErMEHThI MPOSKTUPOBAHMS, HCIONB3YIOIIUXCS MPH pa3paboTKe U BHEIPCHUH
uHTEepdericoB.
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PHYSICAL INTERFACES COMPATIBILITY METHOD
OF BUILT-IN HARDWARE-SOFTWARE TOOLS IN CUSTOM-
DESIGNED AUTOMATED SYSTEMS
AT EARLY DESIGN PHASE

S.V. Kiryuhin

The compatibility assuring objective of built-in hardware-software units is divided into three regions
comprising of three specific tasks — physical, informational and organizational. The article performs only
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specific physical task of compatibility assuring. The specific physical task solution of compatibility assuring
concludes the physical interfaces compatibility ensuring method algorithm execution of built-in hardware-software
units. The compatibility ensuring estimation criterion are the values of five coefficients (Cq4, Cm, Cu, Cic, Crop)
describing the designing segments which are used at interfaces designing and introduction.

MocTtynuna 16 utonsa 2016 ropa.
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lNpoaHanuauposaHo enusiHUe rnomepb MOLHOCIU Ha CUITY U3JTyHYeHUSsT rpu USMEHEHUU KpamHoCcmu cucmeMbi ¢hop-
MUPOBaHUST U 1puU CMEWEHUU J1a3epHO20 rydka 3a anepmypbl 3epkas. OnpederieHbl ogpaHuyeHust 0omyCmuUMbIX 86/TUYUH
anepmypHbIX rMomepsb.

Knroyesnle crioga: cucmema ¢hopMUpO8aHUs, yesenudeHue (KpamHocme), cuna usriyyeHusi, anepmypHbie nomepu
MowHocmu.

The power loss influence on radiant intensity at changing of forming system multiplicity and at shifting of laser beam
outside the mirrors aperture were analyzed. The permitted values limitations of aperture loss were defined.
Keywords: beam-forming system, increase (multiplicity), radiant intensity, aperture power loss.

[IpoBenén ananu3 BAMSHES MOTEPh MOIIHOCTH JIA3EPHOTO M3IY4YCHUs HenIu(PaKIMOHHOTO Kade-
CTBa Ha CHJIy M3ITyueHUs. PacCMOTpeHbI cily4an amnmepTypHBIX MOTepb, BRI3BAHHBIX KaK JTUHAMHYECKH-
MU CMCHICHHAMMU ITYUKa 3a aliepTyphbl 3€pKajl, TaK IIPU OCCCUMMETPHUYHLIX alICPTYPHBIX IMOTEPAX, BbI-
3BAHHBIX YIJIOBBIM PACXOXICHUCM ITyUKa HeI[I/I(i)paKHI/IOHHOFO KaydyecTBa.

[Ipu aHanm3e UCHoIB30BaHA MOJIEIH TAYCCOMOIOOHOTO MyYKa C YIIIOBOW paCXOAMMOCTHIO HE Me-
Hee 5-6 nudpakIMOHHBIX MpEAeNoB, B KOTOPOH paclpezelieHne MHTEHCHBHOCTH Ha BBIXOJHOH arep-
Type SIBJISIETCSl PABHOMEPHBIM, a yIJIOBasi PACXOJAUMOCTh Ha JII000W YacTH anepTyphl TaKkKe SBISIETCS
MTOCTOSTHHOH U ITOIYUHSIETCS TAyCCOBCKOMY YTIIOBOMY PacIpeIeNIeHHI0 HHTEHCUBHOCTH.

[IpennoxeHpl KpUTEPUN JOMYCTUMBIX BEIHYWH MOTEPh MOIIHOCTH, HE CHWKAIOIIUX BEIHYUHY
cpemHei (1o yriry pacXoIUMOCTH) CHUJIBI U3ITyICHHUS.
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LASER RADIATION APERTURE LOSS INFLUENCE ANALYSIS
ON RADIANT INTENSITY

A.N. Kleymenov, Y.l. Malashko, Y.A. Subbotovskaya

The influence analysis of the laser radiation output power loss of nonediffraction quality on radiant intensity
was conducted. The aperture loss cases were examined, due to dynamic beam shifts outside the mirrors
aperture, and at axially aperture loss induced by the angular beam divergence of nonediffraction quality.

The model of the Gaussian-like beam with angular divergence of not less than 5-6 diffraction limits in which
the intensity distribution at output aperture is a uniform, and angular divergence at any part of aperture also is a
constant and subject to the Gaussian angular intensity distribution.

The permitted values criterions of power loss not decreasing the value of the average (in divergence angle)
radiant intensity were proposed.

MocTtynuna 3 Hosi6psA 2016 roga.
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BOEHHOW U CMELIATIbHON TEXHUKN
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B cmambe paccmompeHa Ho8asi KoHUuenuusi paspabomku, pa3sumusi U coseplieHcmeosaHusi cucmem paduo-
31eKMPOHHOU arlnapamypbl 600PYXKeHUSs, BOEHHOU U crieyuarnbHOU MeXHUKU Ha OCHOB8E MEeXHOIo2uU «C8EPMKUY.

Knroyesble cnoea: paduoanekmpoHHas annapamypa, KoMrnoHeHmHas 6asa, obpa3ubl 800pYy>KeHUSs, 80€HHOU
U crieyuarnbHOU MexXHUKU, XU3HEHHLIU YUK, Xugydecmb, HaOEXHOCMb, UHGhOpMaUUOHHasi 6e301acHOCMb.

The article considers a new conception of development, modernization and improvement of communications-
electronics equipment systems of armament, military and special equipment basing on «convolution» technology.

Keywords: electronics, component base, armament, military and special equipment items, life-cycle,
survivability, reliability, information security.

B craThe paccMOTpPEHBI OCHOBHBIC TIOJI0KECHHUSI HOBOM KOHIICTIIMH Pa3padOTKH, Pa3BUTUS U COBEP-
IIICHCTBOBAHMS PaIMOAIEKTPOHHOM armapaTypbl (PDA) 00pa3iioB BOOpYKEeHUs, BOCHHOW W CIIEIHAIb-
HOU TEXHUKH Ha OCHOBE TEXHOJIOTUN «CBEPTKMY, SIBISIOMICHCS OCHOBOH «JIATEHTHOW) MOJICPHU3AIINH.

[Noka3aHo, YTO Cj€IOBaHME STOW KOHIICMIIMUA IO3BOJIAECT PEUIUTh Psijl MPOOJeM, CBSI3aHHBIX C
obecrnieueHneM TpeOyeMBIX TEXHUKO-9KOHOMUYECKHX XapaKTepucTHUK POA B TedeHHe BCETO CpoKa eg
SKCILTyaTalllK, B TOM YKCJIE 32 CUET MOAJEepKaHus cepuiiHoro npousoactsa 3UIL.

Kpowme Toro, Takoit moJxo/1 eCTECTBEHHBIM 00pa3oM CTUMYJIMPYET MpoBeeHue BcE Ooee Tiy0o-
KoU MojaepHu3anuu POA ¢ mpuMeHeHHeM UHTETpaiuy Bc€ 00Jiee BEICOKOTO YPOBHSL.
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CONCEPTION PRINCIPAL PROVISIONS OF SUPPORT,
MAINTANANCE, UPGRADING AND LIFE-CYCLE EXTANSION
OF ARMAMENT, MILITARY AND SPECIAL EQUIPMENT

S.K. Kolganov, E.G. Lazarevich, V.A. Kizhapkin

The article examines the main provisions of a new conception of development, modernization and improve-
ment of electronics systems of armament, military and special equipment basing on «convolution» technology
which is the basement for the “latent” upgrading. It's shown that the following to this conception permits to solve a
set of problems connected with required technical-and-economic characteristics support of electronics systems
during the full life cycle including due to serial SPTE production support. Besides, such approach naturally
stimulates the process of more complicated electronics systems modernization using the integration of a higher
level.

Moctynuna 28 uioHn 2016 roaa.
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Paccmampueaemcst  anzopumm  OUacHOCIMUPOBaHUST  3MIEKMPOHHbLIX cpedcms, 6CMPOEHHbIX 6 060pydosaHue
8030y WIHO-KOCMUYECKUX Ccurl. st HUX XapakmepHO riosierieHue 0eghekmos om XECMKUX MexaHU4YecKux eo30elicmeu.
Moamomy duazHocmuky rpedrnoXeHo MPo8odums C MOMOWbIO MbE303/IEKMPUYECKO20 8036yOumeris mecmosbix
subpauyuli — amMyrssmopa, paMeLiaemMo2o HernocpedCmMBeHHO Ha reyarmHOM y3r1e SrIeKMPOHHO20 0B0pYG08aHUS.

Knroyeeble cnoea: subpoduasHocmuka, MexaHU4Yeckoe ModesiuposaHue, Mbe303/IeMeHm, nedamHbil
y3eJ1, 3r1ieKmpoHHoe cpedcmeo.

The diagnosis algorithm of electronic devices integrated into the Aerospace forces equipment is examined
in the article. They are characterized by defects appearance due to hard mechanical influences. Hence, it is
proposed to carry out diagnostic using piezoelectric test vibrations exciter — the emulator directly placed
on printed-circuit assembly of electronic block.

Keywords: vibration diagnostics, mechanical modeling, piezoelectric element, printed-circuit assembly,
electronic device.

Pabora mocssieHa pa3paboTKe aaropuTMa JUArHOCTHPOBAHMS IMEYATHBIX Y3JIOB, BXOMSIIUX B
3IIEKTPOHHBIC CPEJICTBA MIEPEIBUIKHBIX HA3EMHBIX, BO3YIIHBIX MIH KOCMHYECKUX 00BEKTOB. B HacTo-
AIiee BpeMsi K HUM MPEIbSBISIOTCS MOBBIIICHHbIE TPEOOBAHUS MO HAJACKHOCTH. B Takmx oObekTax
4acTo JIe(eKThl MOABISAIOTCS U Pa3BUBAIOTCS NP HAJTMYMHA MEXaHUYECKHUX BO3JICHCTBUIT: BUOpanuii n
yaapoB. HOSTOMY JAUArHOCTUKY JJICKTPOHHBLIX CPCACTB JIy4HIC MPOBOAUTEL 110 UBMCHCHUAM UX MEXa-
HUYECKHUX XapakTepucTUK. OCOOEHHOCTBIO TMPEaaraeMoro IOAXO0Ja SBISETCS HMCIIONB30BaHUE IS
JIUATHOCTUPOBAHUS 3aKPEIIEHHOrO Ha IJIaTe MEeYaTHOrO y3Jia MbE303JCKTPHUECKOTO IMYIISATOPA, HC-
MOJIb3YEMOI'0 KaK BO30yIUTENI MEXaHUYECKUX KojeOaHuil. DOMYJIATOP 3aMEHsET BUOPOCTSHT M yIap-
HBIA CTEHJI, T.K. TIO3BOJIAET BOCIPOM3BOJUTH MPOIECC BUOPAIMOHHBIX WM YJIApHBIX BO3JACHCTBUM.
JlaTuuk 77151 CHSTHS BEJIMYHHBI BO3HUKIIETO BUOPOYCKOPEHHS TAKXKe MOMEIACTCS HA MEYaTHYIO TUTa-
Ty NPUMEPHO NOCPEAUHE MEXKIY IMYJIATOPOM M MECTaMu KperuleHus Iuiatel. [Ipeaaraemelil noaxon
IMO3BOJISICT IPOBOANUTH BI/IGI)O,Z[I/IaI‘HOCTI/IKy IMOCJIE M3rOTOBJICHUA IIE€YATHOT'O y3Jjia, HC UCIIOJIb3YA BHO-
POCTEH]I, a TarKke (YTO OUCHD BAXKHO JIJISI HEOOCTYXKMBAaEMbIX B MOJETe 0OBEKTOB) B Mporiecce PyHK-
IIMOHUPOBAHUS JJIEKTPOHHOI'O CPEICTBA, KOTJa JAEMOHTaX IME€YaTHOTO y3Jia JUIsl IMPOBEPKH HEBO3MO-
*eH. [IpoBe/IéHHbIC IKCTIEPUMEHTHI ITOKa3aJIM BO3MOXKHOCTh HJICHTU(DUKAINN 1e(DEKTOB KOHCTPYKIIUU
MEYATHOM TUIATHI 1O €€ aMIUIUTYTHO-9YaCTOTHBIM XapaKTePUCTH KaM KakK IPH MPOU3BOACTBE, TaK U B
MpoIIeCcCe IKCIUTyaTalliid OOPTOBOM armaparyphl.
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PRINTED-CIRCUIT ASSEMBLIES DIAGNOSIS ALGORITHM
OF ELECTRONICS USING MECHANICAL PROCESS MODELING

Y.N. Kofanov, S.Y. Sotnikova

The article relates to the diagnosis algorithm development of printed-circuit assemblies integrated into
electronic equipment of mobile land, aerial or space objects. Nowadays there are enhanced reliability standards
to it. Such objects have dense defects due to mechanical effect: vibrations, shocks and linear accelerations.
Consequently, it is better to carry out electronic equipment diagnostic according to changes of its mechanical
characteristics. The particularity of the proposed approach is the use of piezoelectric emulator built in the
printed-circuit assembly as an exciter of mechanical vibrations with respect to diagnosis conducting. The emulator
substitutes the vibration table and shock table, i.e. permits to simulate the process of vibrations and shocks. The
vibration acceleration value sensor is also fitted on the printed-circuit board approximately in the middle between
the emulator and the fastening places of the board. The suggested approach allows carrying out the vibration
diagnostic after printed-circuit assembly manufacturing, without using the vibration table, and during operation
(which is the most important for nonserviceable in-flight objects) of the electronic device when the printed-circuit
assembly dismounting for checking is impossible. The conducted experiment showed the construction defects
identification possibility of the printed-circuit board according to its amplitude-frequency characteristics as
at manufacturing process and in operation of onboard equipment.

MocTtynuna 26 okTA6psa 2016 roaa.
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[nsa peweHusi 3ad0ayu pacrnosHasaHusi UCMOYHUKaMU fpU3HaKkoe mMo2ym 6bimb 0OHOMepHbIe U O8YMEPHbIE
paduousobpaxeHusi 06bekmos. AKmyarbHbIM 81155emcsi MNoUcK crnocobos ¢hopmuposaHusi paduonoKayUuOHHbIX
cueHaros, obnadarouwux «KHOMOYHOU» ¢hyHKUuel HeornpedenéHHocmu, u memodoe ux obpabomku, obecrneyu-
8arWUX 3KOHOMUK 3aMepo. U peasiudyemMocms fpu Mpakmu4ecku 3HaqyuMbIX 02paHUYeHUsIX.

Knroyeeble cnoea: yacmomHo-epeMeHHble 0criedosamesisHOCMU UMIY/IbCO8, HeKo2epeHmHasi obpa-
b6omka, paduousobpaxeHus, nons lanya.

In order to solve the feature recognition problem by emitters the one-dimensional and two-dimensional ob-
jects images can be applied. The relevant way could be a search of techniques for radar signals shaping having a
«push-button» uncertainty function, and methods of its processing, providing the reading saving and feasibility at
practically relevant constrains.

Keywords: time-and-frequency pulses sequences, non-coherent processing, radioimages, Galois fields.

B 0030pe crateii npeacTaBieHbl OCHOBHBIE PE3yJIbTAThl, MIOJyYeHHbIE IPU pa3padOTKe METOJ0B
MOCTPOEHUSI YaCTOTHO-BPEMEHHBIX HocieaoBaTenbHocTel nMyinbeoB (UBIIM) B mHTEpecax mocTpo-
enus paanonzodpaxennii (PU) oobekros. [IpencraBnensl Tpu ocHOBHBIE cTpykTypsl UBIIN ¢ pas-
JUYHBIMH 3aKOHaMH MEPEKIIOUEHUS HECYIIEN YaCTOThI: UKIMYECKUM, KOJUPOBAHHBIM, C HEOKBHIH-
CTaHTHOM PacCcTaHOBKOW MMITYJILCOB TI0 BpeMeHH Wi 1o yactoTe. [lokazano, uro UBIIN ¢ nuxinye-
CKUM TIEPEKITIOYCHNEM HECYIeH YacTOThl 00ECIIeYNBAIOT MAKCHMAIBHO BHICOKHE XaPaKTEPUCTHKH TI0
pasperarorieii cmocooHOCTH U ypoBHIO 00KOBBIX JernecTkoB (YBJI). UBIIU ¢ xoampoBaHHEIM Tiepe-
KIIFOUEHHEM, TIOCTPOEHHBIE C MCIIOJIIB30BAHUEM CBOWCTB MPOCTBIX YHCEN, COXPAHIIOT pa3pellarolryro
CHOCOOHOCTb, 00ECTIEUNBAIOT YBEIWICHNE HHTEPBAIa HEOJHO3HAUYHOCTH T10 JIOTUIEPOBCKUM YaCTOTaM,
onHako npourpeiBaroT 1o YBJI. UBIIM ¢ HE3KBUAMCTAaHTHON PACCTAHOBKOM MMITYJIBCOB IIO 4acTOTE
WIN TI0 BPEMEHHU 00ecIeuBalOT 3KOHOMUIO YHCIIa 3aMepoB B 2-3 pasa, B 001IeM ciydae, IPOUrphIBa-
10T 1o YBJI, HOo nipu nipeBbIIeHUn B 4 pa3a 4ncIOM 3aMepoB (IIepBOOOpa3HBIX KOPHEH) uKrcia HHTEp-
BAJIOB pa3pelieHuss MO OOBEKTYy MMEETCS BO3MOXKHOCTh BOCCTAHABIHMBATH CHTHAN B MPOITYIICHHBIX
y3Jlax u cHxkath YbJL

B coueranun ¢ HEKOrepeHTHOM 00paOOTKOW OTPaXKEHHBIX CHUTHAIOB, TO €CTh, MCIOJIb30BAHHU
TONIBKO KBajipaTta OTHOAaoNieli MMITYJIbCOB IOCJIE CHSTHSI BHYTPHUMITYJILCHOW Momyisimu, YBITU
NPEJICTABIISIIOT CO0OH YIOOHYIO CTPYKTYpY CHTHANOB Jyisi ocTpoeHus PU, serko peanmsyemyio B
PJIC ¢ AD®AP u cHUMalOT MHOTHE MPOOJIEMBI, CBA3aHHBIE C TPAAWLIHOHHBIMH TPEOOBAHUSMH KOTeE-
PEHTHOCTH CUTHAJIOB U BBICOKOTOYHOT'O 3HaHUS MapaMeTpoB TpaekTopud. [lo aHanorum co cBoiicTBa-
mu UBIIU pa3paboranbsl METOABI KOAUPOBAHHOTO PACIIONIOKEHNUS U3TydaTeNlel 1Mo TOJI0KEHHIO U T10-
CTPOCHUIO pa3peXeHHBIX U 3an0IHEHHBIX ADAP, obnagarommx OONBLIIMM YMCIOM HE3aBUCHUMBIX -
yell 1 obecrnieunBaromux npruemieMslid YbBJI npu cHIDKEHHOM 4KcTie n3TydaTenei.
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TIME-AND-FREQUENCY PULSE SEQUENCE SHAPING
PRINCIPLES BASED ON GALOIS PRIME NUMBER FIELDS GF(P)
AND ITS NON-COHERENT PROCESSING FOR CONSTRUCTION

OF OBJECTS RADIOIMAGES

A.A. Manukyan

The articles review represents the main results obtained during design methods development of time-and-
frequency pulses sequences (TFPS) with regard to construction of objects radio images (RI). The three main
TFPS structures are performed with different carrier frequency shifting laws: cycling, encoded, with nonequidistant
in-time and in-frequency pulses arrangement. It's shown that the TFPS with cycling carrier frequency shifting
provide the highest characteristics as for the resolution capability and side-lobe level (SLL). The TFPS with
encoded shifting, developed with use of prime numbers characters, maintain the resolution capability, provide
increase of ambiguity interval in Doppler frequencies, but lack in SLL. The TFPS with nonequidistant in-time and
in-frequency pulses arrangement provide readings number saving in 2-3 times, in general, lack in SLL, but at
exceeding in four times by reading number (primitive roots) of the object resolution intervals number it's a
possibility to regenerate signal in missed nodes and decrease the SLL. Coupled with non-coherent processing
of returned signals, i.e. at using of pulse envelope square only after relieve of interpulse (chirp) modulation, the
TFPS are the convenient signals structure for construction of RI that can be easily realized in APAA radar and
remove a lot of problems connected with traditional requirements to signals coherency and high-precision
acquirement of trajectory parameters. By analogy with the TFPS properties the methods of encoded emitters’
arrangement were developed in position and forming of dispersed and filled APAA, having a large number of
noninteracting beams and providing the acceptable SLL at decreased number of emitters.

Moctynuna 10 aBrycta 2016 roaa.
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B PACYETAX AUHAMUKA U TIPOYHOCTHU PIA
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POA, Kak npaeusio, s8/155emcsi morosio2udecKu MHO20C85I3HOU C cyuwecmeeHHOU yripy20ol u UHepUUOHHOU
cesi13aHHOCMbIO MeXx0y omoesibHbiMu MoQynamu (briokamu). Bocrionb3oeaswiuck MOHAMUEM MexaHU4eCKUX
uenel MOXHO onpedenumb KoaghhuyueHmsl nepedadyu 8UbBPOYyCKOpPeHUU om OCHO8aHUs annapamypbl Ha eé
omOernbHble 6510KU 05151 OUEHKU UX MPOYHOCMU U cmolkocmu npu eo3delicmeuu MexaHUYeckux ¢hakmopos.
Ha amoli ocHose paspabomaHa Memoduka oueHKU 8MusiHUS 1odamiueocmu KOHCMPYKUUU, K Komopol Kpenum-
Cs OCHoBaHUe arnnapamypbi, Ha €& OuHaMuyeckylo xécmkocmb (MOObI KosnebaHull) U HamnpsiKeHHO-
depopmuposaHHoe cocmosiHue. HdaHHbil mo0xod pacCMOmpeH Ha MpuMepe OUEHKU erusiHusi nodammausocmu
aHmMeHHo20 KOHmelHepa c 3akpennéHHol Ha HEM aHmeHHoU (0bbekm uccriedosaHus). [lposeds pacyémni
rno paspabomaHHoOU mMemoduke, MOXHO, 8 crlydyae Heobxodumocmu, ebipabomame 060CHO8aHHbIe mpebogaHusi
K )Xécmkocmu mecm KperineHusi uccriedyemMou annapamypbi.

Knroyesble cnoea: npoyHocmb, paduo3neKmpoHHasl arnnapamypa, MexaHu4yeckue uenu, MexaHu4eckul
ydap, KoaghgpuyueHm SuHamu4Hocmu, fiuHelHass OuHamu4eckas 3adaya.

Generally, the electronic equipment represents as a topologically multiconnected with significant elastic and
inertial connectivity between separated modules (units). Using the mechanical chains notion we can determine
the vibrations acceleration transmission coefficients from aperture base to its separate units in order to assess its
strength and hardness during influence of mechanical factors. Thereupon the construction compliance estimation
technique was developed, to which the aperture base is attached, on its dynamic stiffness (oscillation mode) and
stress and strain state. This approach was examined in terms of compliance influence estimation of aerial
container with fixed antenna on it (subject of research). With fulfilment of analysis with respect to developed
technique it's possible where required to work out reasonable requirements to attaching points’ stiffness
of examined equipment.

Keywords: strength, electronic equipment, mechanical chains, mechanical shock, dynamic factor, linear dy-
namic problem.

B crathe mpexacTaBiieH METOX PacyETHO-IKCIIEPUMEHTAIBHOTO aHaIM3a PaJHO3IEKTPOHHOHN aim-
napatypsl (gajgee — POA).

PDA, xak mpaBmiio, TONOJOTHYECKH MHOTOCBSA3HASA, TO €CTh 00JIaJaeT CYIIECTBEHHOW YIPYyroi u
WHEPIMOHHON CBSI3aHHOCTBIO MEXY OTIACIBHBIME MOAYJISIME (OJIOKaMHM), TO3TOMY KOA(PPHUIIMEHT T1e-
penaur BUOPOYCKOPEHHH HENOCTOSHEH I0 Bced KOHCTpYKUMHU. lIpmiio’keHHbIE K KOHCTPYKLIUHU
Harpy3Kd He Mepe/atoTcsl Ha BHYTPEHHHE AJIEMEHTHI C TEMHU XKe TapameTpaMu — GopMa ¥ aMIDIATY[a
M3MEHSIOTCS MO/ BIMSHAEM CTPYKTYpPHI B3aUMOJEHUCTBHUS MEXIY OTJEIbHBIMH 3JIEMEHTaMHU TPH MPO-
XOXKIEHUN UMIIyJbca MO KOHCTpYKIMH POA. Bocnonb30BaBIIMCh MOHATHEM MEXaHMUYECKUX LENen
MOYKHO OIIpeIeNuTh Ko3(pPUIIMEeHTHI epeaadn BUOPOYCKOPEHUH OT OCHOBaHMS allaparypsl Ha €€ 0T-
JIebHbIE OJIOKW JJISl OLIEHKH UX MTPOYHOCTH U CTOWKOCTH MPH BO3JEHCTBUN MEXaHUYIECKHUX (haKTOPOB.

B cratpe ommcana paspaboTaHHas METOIMKA ONEHKH BIUSHUS MOAATIMBOCTH KOHCTPYKIHH, K
KOTOPOM KpemuTcsi OCHOBaHHUE allapaTypbl, Ha €€ TUHAMHUYECKYIO JKECTKOCTh (MOIBI KOJieOaHUil) u
HanpsHKEHHO-1e(OPMHUPOBAHHOE COCTOSTHHE.

JlaHHBII TI0JIX0 pacCCMOTpPEH Ha MPUMEPE OIEHKH BIMSHUS MOJATIMBOCTH aHTEHHOTO KOHTEWHe-
pa ¢ 3aKkpemn€HHOM Ha HEM aHTEHHOH (00BEKT ucciepoBaHus). s aHanM3a HaNpsHKEHHO-
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Je(hOpMUPYEMOTO COCTOSTHHSI MOJTYJICH aHTEHHBI U BXOJAIINX B COCTaB KOHTEHHEpa MpUOOPOB KOH-
CTpYKIMs ObLIa pasjielicHa HAa KOHCTPYKTHBBI JUIsi CHIDKCHHS Pa3MEPHOCTH 33J1a4M, TaK KaK pacdeT
1o JpoOHON MOJIETTH BCEro KOMIUIEKCA BBUTY OOJBINON BBIMUCIUTENBHOW EMKOCTH 33]]a9l MOXKET OKa-
3aThCsl HEPAIMOHAIBHBIM WU HEPEaTU3yeMbIM.

IIpoBens pacu€rsl IO pa3paboOTaHHON METOIUKE MOXKHO, B CIlydae HEOOXOIUMOCTH, BEIPaOOTaTh
000CHOBaHHBIE TPEOOBAaHUSI K KECTKOCTH MECT KPEIUICHUS MCCIEIYeMOH amlmaparypbl, ONPEICIUTh
PESKHUMBI HarPY>KEHUS OTACIBHBIX OJIOKOB IPUOOPOB MPH UCIBITAHUSIX ANNapaTyphl IO YaCTsIM.
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MECHANICAL CHAINS IN DYNAMIC AND STRENGTH ANALYSIS
OF ELECTRONIC EQUIPMENT

E.N. Hmelnicskiy, A.A. Zolotuhin, A.V. Kuzmicheva, V.G. Lisovskiy

The article represents the estimation-experimental analysis of electronic equipment (EE).

As a rule, the EE is topologically multiconnected, i.e. having a significant elastic and inertial connectivity
between separated modules (units), hence, the vibrations acceleration transmission coefficient is nonuniform
throughout the construction. The loads applied to construction are not transmitted to inner elements with the same
parameters — form and amplitude are changed due to effect of interaction structure between separate elements
during the pulse passing through the EE construction. Using the mechanical chains notion it's possible
to determine the vibrations acceleration transmission coefficients from aperture base to its separate units in order
to assess its strength and hardness during influence of mechanical factors.

The article states the developed construction compliance estimation technique, to which the aperture base
is attached, on its dynamic stiffness (oscillation mode) and stress and strain state.

This approach was examined in terms of compliance influence estimation of aerial container with fixed
antenna on it (subject of research). To analyze the stress and strain state of antenna modules and equipment
container composed to it, the construction was divided into module construct to decrease the dimension
of problem since the detailed model evaluation of all complex due to large computational problem volume could
be irrational or unreliazable.

With fulfilment of analysis with respect to developed technique it's possible where required to work out
reasonable requirements to attaching points’ stiffness of examined equipment, to determine loading conditions
(modes) of separate equipment units during separately equipment check.

Moctynuna 25 aBrycta 2016 roaa.
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B cmambe npedcmasneHbl npUHYUbI MOCMPOEHUST U peanusayuu KoMmnaekca cpedcme asmomMmamusupo-
8aHHO20 KOHMPOJISI MEeXHUYECKUX napamempos cucmem obecrniedeHusi merniogoeo pexuma (COTP) PJIC.

Knrodeenble cnoea: akmueHasi ¢ha3uposaHHasi aHmeHHasi pewémka, cucmema obecredeHuUsr mersioeo2o
pexuma, aemomMamu3upo8aHHbIl KOHMPOIb.

The article states design and implementation principles of the automatic technical parameters checkout aids
complex of the radar thermal control systems (TCS).
Keywords: active phased antenna array, thermal control system, automatic checkout.

Komrmiekc cpefcTB sBJISETCS MHOTOKAHAJIBHBIM yCTPOMCTBOM, O0ECIICUHBAIOIINM aBTOMATH3H-
POBAaHHBIM KOHTPOJb TEXHUYECKUX KpUTHYHBIX MapameTpoB COTP, ompenenstonmx e€ KOppeKTHOE
(GYHKIIMOHUPOBAHUE B 33J[aHHBIX YCIOBHSIX: TEMIIEPATYPHI OXJIAXKIAIOIIEH KUIKOCTH; TeMIepaTyphl
BO3/IyXa; TEMIIEpaTypbl COCTAaBHBIX uacTed ammapaTypbl PJIC; BennuuHBI pacxoma oOXJaxaacMoit
JKUJIKOCTH; BEJIMYHHBI MTOTPEOIIIEMOTO TOKAa BEHTHJISITOPAMH; BEITMYMHBI TIOTPEOISIEMOTO TOKa HACO-
COM; BEIIMYMHBI pacxojia BO3/IyXa; MapaMeTpoB, XapaKTepU3yIOUINX UCIPABHOCTH DIIEKTpOHArpeBaTe-
neii. Mcrons30BaHne KOMILIEKCA CPECTB aBTOMATU3UPOBAHHOTO KOHTPOJIS B TIPOLIECCE IKCILTyaTaIUN
PJIC mo3BosuT: obecreynth TPpeOyeMyro cTereHb padoTOCIOCOOHOCTH KOHTPOIMPYEMOTo 000py10-
BaHUsI MyTEM TPEIOTBPAILICHUs BOSHUKHOBEHUS HEMCIIPABHOCTEH M aBapuil B mpoliecce ero dKCIuTya-
TaIMK; PEeaATN30BaTh YIPABICHUE PESKUMAMH PA0OTHI M OPraHW30BaTh 3aIUTy 00OPYJIOBAHUS B CITY-
Yyae OTKJIOHGHUS OT 33J[aHHBIX YCIOBHI; MOTYYUTh HHPOPMAIHIO JIUISl BHITIOJTHEHHSI TEXHUYECKOTO 00-
CIIy’)KUBaHHS U PEMOHTa 000PYIOBAHUSI.
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AUTOMATIC FUNCTIONING CHECKOUT OF RADAR THERMAL
CONTROL SYSTEMS

N.V. Shnurkov, A.V. Rakitin, I.B. Averin, A.D. Eliseev, S.M. Labekin, B.A. Pronyakin

The aids complex is a multichannel unit providing the automatic checkout of the TCS critical technical
parameters determining its correct functioning in specified conditions: coolant temperature; air temperature;
radar hardware component temperature; coolant flow rate; fans consumption current intensity; pump consumption
current intensity; air flow rate; parameters characterizing the electric heating units’ serviceability. The automatic
control aids complex utilization during the radar operational service will permit; to provide a required performability
degree of checked equipment through defects and breakdown prevention during its operation service;
to implement operation modes control and organize the equipment protection in case of variations from specified
criteria; to receive information for carrying out of the equipment maintenance and repair.

MocTtynuna 15 ceHTA6ps 2016 ropa.
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B cmambe paccmampusgaromcsi pacdémel 3a0epxKu Kak 0OUH U3 OCHOBHbIX roKa3amesiel OUeHKU MpOoekK-
mupyembIX KOMIIeKcoe cpedcme asmomamusayuu u rnod8UXHbIX y3noe ces3u Ons Bo3dywHo-kocmuyeckol
00O0pPOHBI.

Knroyeesnbie cnoega: 3adepxku nepedaqyu uHgopmayuu, mpakm rnepedayu 0aHHbIX, MOOE/Ib.

The article considers the delay calculation as one of the main indicators to estimate the designing complexes
of automation systems and mobile communications hubs for the Aerospace defense forces.
Keywords: messages transmission delays, data path, model.

B cratbe paccMarpuBaroTca pacd€rbl 3aJ€p)KKU KaK OJUMH M3 OCHOBHBIX MOKA3aTENEeH OLEHKU
MPOCKTUPYEMBIX KOMIUIEKCOB CPEACTB aBTOMATH3AIMK U TOIBUKHBIX Y3JIOB CBSI3U i1 Bo3mymiHo-
KOCMHUYECKOH 0OOPOHBI.

[Ipy SCKU3HOM W TEXHUYECKOM MPOESKTHPOBAHUN HOBBIX CHCTEM HEOOXOIUMO MPOBOJIUTH MOJE-
JIMPOBAHUE NJIsl ONPENEICHUS] MUHUMAJIBHOIO KOJIMYECTBa KOMMYTALIMOHHBIX YCTPOHUCTB U MUHUMHU-
3allMu 3aJePKeK nepeaayn nH(hopMaIuu.

AHanuTrdeckas MOJeINb s pacdyéra 3aJepKeK B TpaKTe Nepeadn COOOMEHHA CTPOUTCS 3a CUET
JIEKOMITO3UIIMH 3JIEMEHTOB CETH MEepe/lauul JAHHBIX HA MOJYJIU, COCTOSILIUE U3 Y3JI0B KOMMYTAallUU Ce-
T€3aBUCUMBIX YPOBHEN ITAJIOHHOW MOJENU B3auMOCBA3M OTKPBITHIX CUCTEM. Y3JaM KOMMYTallUU
KaXKJIOTO M3 YETBIPEX YPOBHEH CBOMCTBEHHBI ONPENCICHHBIC MMOCTOSHHBIC U MIEPEMEHHBIC 3aJCPIKKH.
HccnenyeMblii TpakT mepefadn cooOIIeHHH MojenupyeTrcs U3 Habopa y3JI0B KOMMYTAIlUU U Tpe-
CTaBJISIETCS B BUJIE CXEMBI BOSHUKHOBEHHUS 3a7CPIKEK.

WcxomHBIMU JaHHBIMHE IS PACYETOB SIBIISIIOTCS CKOPOCTH TME€pPEeIadn TaHHBIX, UCIIOIh3yEeMbIe TH-
BT TIPOTOKOJIOB, Pa3Mephl COOOIEHUH 1 ITUKIIBI UX TIepeadn.

[Ipu pacuerax MOCTOSIHHBIE 33JEP>KKH, BOZHUKAIOUINE HA BCEX YPOBHIX, Cymmupytorca. [lepe-
MEHHBIE 3aJIEP>KKH Ha KAHATHHOM U CETEBOM YPOBHSX PACCUUTHIBAIOTCS C YIETOM TOTO, UTO CHCTEMOM
MacCOBOTO OOCTYXHUBaHUs MPUHUMAETCS BBIXOHOU IMOPT KOMMYTAaTOpPa BTOPOTO MM TPETHETO yPOB-
Hs. Ha TpaHCIOPTHOM YpOBHE 3a CHCTEMY MacCOBOTO OOCITYXKMBaHHS MPUHUMAETCS BECh HCCIEHye-
MBI TPaKT IepeIadyn JaHHbIX. MITOroBas 3amepixka KaxI0ro COOOIICHHS SBISIETCA CyMMOM MOCTOSH-
HBIX U TIEPEMEHHBIX 3aCPiKEK.

st pacu€roB ucnomip3yercs nporpamma Mathcad 15, mo3Bossromias aHamu3upoBaTh BOSHUKHO-
BEHHE MaKCHMAaJIbHBIX 33J[eP)KEK MPH MHOTOKPATHOM M3MEHEHHWH BXOJHBIX ITapaMETPOB, HAIIPUMED,
JUTUTEIBHOCTE KaJipa, MaKeTa, u T.JI.

C moMoIbi0 IPeICTaBICHHON aHaTUTUYECKON MOJENIN UMEETCS BO3MOXKHOCTh OINPEAENATh 3Jie-
MeHTHI TpakTta [1/] ¢ Gompmumu 3amepKkaMu, 3aMEHATh MX, 0OOCHOBBIBATh HCIIOJIB30BAHUE HA OT-
JIETHHBIX y9aCcTKaX TPaKTa MPSMBIX KAHAIOB CBS3H BMECTO Y3JIOB KOMMYTAIIUU MMAKETOB M MUHUMH3H-
poBaTh 3aJiepKKH repeaaun napopmaiuu B CTC.
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ANALYTICAL MODEL FOR MESSAGES TRANSMISSION DELAYS
CALCULATION IN DATA PATH OF COMPLEX TECHNICAL
SYSTEM

V.K Shnirev, V.A. Kashirin, A.O. Gapotchenko

The article examines the delay calculation as one of the main indicators to estimate the designing
complexes of automation systems and mobile communications centers for the Aerospace defense forces.

At sketch and design and development of new systems it's necessary to perform modeling in order
to determine the minimal amount of switching devices and minimize the data transmission delays.

The analytical model for delays calculation in data path is performed with respect to elements decomposition
of data communications network to modules consisting of switching nodes of Open systems interconnect (OSlI)
master model network-depending levels. The each of four levels of switching nodes is inherent in certain fixed
and variable delays. The examined data path is modeled from a set of switching nodes and has the form of delays
initiation scheme.

The reference data for calculation is a data-transfer rate, which use protocol types, data size and
transmission cycles.

When calculation is performed the fixed delays arising at all levels are summed. The variable delays
at channel and network levels are calculated given that the queueing system takes for the commutator output port
of the second or third levels. At transport level the queueing system is counted as the whole examined data path.
The resulting delay of each message is a sum of fixed and variable delays.

The Mathcad 15 program is used for calculation permitting to analyze the maximum delays initiation
at multiple changes of input parameters, e.g. frame duration, package duration etc.

The proposed analytical model permits to determine data path elements with long delays substitute it,
validate the use at separate spacing of direct channels path instead of packages switching nodes and minimize
the data transmission delays to the complex technical system (CTS).

Moctynuna 5 urona 2016 ropa.
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Ob60o3HayeHbl 0OCHOBHbIe MpobreMbl ModesiupogaHusi 06bLeKMo8 asmoMamusayuu 8 fpoyecce nPOeKmMuUposaHust
U paspabomku asmomamu3uposaHHbIX CUCMeM yrnpasneHusi pasiudHoeo HasHadyeHusi. [MpedcmaeneHbl OCHOBHbIE
HanpaesieHusi Hay4yHo20 uccrie0o8aHUsi, ueslb Komopozo — paspabomka e pamkax eduHoll Mmemodonoauu Mamema-
muyeckux modenell U ghopmaribHbIX MeEmMOoA08, M038OSIOUWUX paspelliums 0603HaYeHHbIE MPobIeMbI.

Knroveesnle crosa: asmomamu3uposaHHasi cucmema, memodornozusi IDEFO, pensyuoHHass Modesnb OaH-
HbIX, (DYHKUUOHaIbHO-pensiyuoHHas Memodosioaus.

The article underlines the basic problems of information modeling that usually evolve throughout the phase
of development of the automation systems that devoted to software projects control. The article also defines the
basic approaches of the ongoing scientific research consisted in mathematical models and formal methods devel-
opment for resolution of the underlined problems.

Keywords: automation system, relational data model, methodology IDEFO, Functional Relational Technique, FRT.

OpHuM 13 TpeOOBaHUMA, IPEIBIBIAEMBIX K METOI0JIOTHH IPOSKTHPOBAHHSI aBTOMATH3UPOBAaHHBIX
cucteMm (AC), sBusercs Hamuuue 3(Q(OEKTHBHOrO MeEXaHM3Ma, TIO3BOJISIONIETO OCYIIECTBIISAThH
MHOTOKPAaTHOE OMHCcaHue 00BhEKTa aBTOMAaTH3alMU. B kadecTBe MpUEMIIEMOTO pEelIeHUs! sl TAKOTO
ONHCAaHMUS MOTYT OBITh HCHONB30BaHbl (YHKIHOHAJIbHBIE MOJEIM M OCHOBAaHHBIE Ha HHX
Metozosiorun, Hanpumep, Metogonorusi IDEF0. CymiecTBeHHBIM OorpaHudeHueM (DYHKIIMOHATBHBIX
MoJieNiell SIBIISIETCSl CIIOXKHOCTBh OTOOpa)XeHUsl CTPYKTypbl mH(popMmanuu mpoektupyemonr AC. Kak
pElIeHne, MIMPOKO HCIONIB3YETCS PENSLMOHHAS MOZAENb JAHHBIX, CYHIECTBEHHBIM OTPaHUYCHHEM
KOTOPO#, B CBOIO OdYepenb, SBISETCS HEBO3MOXXHOCTH HAIJISIIHOTO OMHUCAaHUS (QyHKIMOHAIBEHON
ctpyktypsl AC. llombITka MpeomoseTs KOHCTPYKTHMBHBIE orpaHuwdeHus weronosiorun IDEFO wu
PENALMOHHON MOJIENH TPOCTHIM OOBEIUHEHHEM JHarpaMM, MPHUBOJUT K BO3HHKHOBEHHIO psijia
npobieM.

B cratee mpenmmaraeTcsi = BHMUMaHWIO  (YHKIIMOHAJIBHO-PENIAIMOHHAS  METOJOJIOTHS
npoektupoBanmss AC (FRT-meromosorms, Functional Relational Technique, FRT),
npeAcTaBisonas coboil OpUrHHaNbHOE pelleHHe, HalpaBlieHHOE Ha YCTPaHEHHE YKa3aHHOTo
HenoctaTka. llpuHunnuansable acnekTel FRT-MeTOmZonornu cocroar B CIEAYIOIIEM — B KauecTBE
MOJIeTH OOBEKTa aBTOMATH3AIMH IPEAJIaraeTcsi COBOKYMHOCTh HEPAPXUUYECKH YIOPATOUYEHHBIX H
B3aMMOCBSI3aHHBIX JUarpaMM, IOCTPOEHHBIX B cooTBeTcTBUM ¢ Metogonorued IDEF0. [Ins
npeAcTaBieHus MHQOpPMaUMM Ha JuarpaMMax —Hcroib3yercss Tpaduueckuid s3eik  IDEFO,
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JopaOOTaHHBIM clenyomuM oopa3oM — A (YHKUIMOHAIBHOTO OJIOKa BBEACHBI JOMOJHHUTEIBHBIC
MpU3HaKM — BHJ Onoka w 0Oaza Oiloka, a B KayecTBE MeEXaHHW3Ma MOTYT OBITh YKa3aHBI
aBTOMATH3WpPOBaHHbIE paboune wmecta (APM), co3maBaemple B pamkax mnpoextupyemonr AC.
[ToctpoeHHOEe TakuM 00pa3oM OMHMCaHUE, MO3BOJSIET MPEJONpPEACTUTh IOJb30BATEIbCKUE
uHaTepdeiicsl APM mocpencTBoM mpemiaraeMbIX B CTaThe MPABHI IMOCTPOCHHS ITOIH30BATEIHCKOTO
naTepdetica (mpasmi I1I1N).

[IpeacraBnenue rpaguyeckux KOHCTPYKUUH (YHKIMOHANBHO-PEIISIMMOHHON MOJAETH JaHHBIX B
paMKax peJsLMOHHOM, MO3BOJISIET MOMYYUTh JOMOJHUTENbHBIA BeCOMBIN 3((eKT, a UMEHHO, UCTIONb-
30BaTh (pOpMaIBHBIN anmapaT pessMuOHHON MoaenH, s3Ik SQL 11 peneHus crieTyomux 3a/1a4:

— CTPOroe ONHMCaHHE aBTOMATHU3MPOBAHHBIX PA0OYMX MECT C IIETbI0 ABTOMATUIECKOM I'eHepaluu
MX NPUKIaJHOTO MPOrPaMMHOTO 00ECTICUeHUS;

— aHanu3 00beKTa aBTOMATH3AIMU C LENbI0 ONTUMH3ALUK JBKCHUS MaTepUAIBLHBIX U WHGOP-
MAaIMOHHBIX TIOTOKOB, a TAKXKE CTPYKTYphI IpoekTupyemoit AC.

B crartbe Takyke 000CHOBaHBI CIEAYIOIINE HAIPABICHUS JAJIbHEHIIIET0 UCCIIeI0OBAHUS:

— dopmanuszanns GyHKIHMOHAIBHO-PEIALMOHHON MOAEIH, CBEICHUE €€ KOHCTPYKLHH K XOpPOIIO
W3BECTHBIM ()OpMaIbHBIM CUCTEMAM;

— pacmupeHue MHOkecTBa npasui 111, dopmanusanus Takux IpaBuL

— cucTeMaTu3alys mpolecca aHanu3a o0beKTa aBTOMaTH3aluK, pa3paboTka HOBBIX H (opMalu-
3alMs UMEIOIINXCS KPUTEPUEB OLIEHKH ISl OCYIIIECTBICHHS TAKOTO aHAIN3a.

HopaboTannas yka3aHHbIM o0pa3om, FRT-MeTomomorus Moxet ObITh Tpeasio’keHa K anpodannu
B TIpoIiecce MPOEKTHPOBaHUs THUIOBBIX AC C BBIPaOOTKON pEKOMEHIAIUI M0 MPUMEHEHUIO HaKOTI-
JICHHOTO OTIBITA B MPOILECCE MPOSKTUPOBAHUS CTICIIHATIBHBIX CHCTEM.
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THE FUNCTIONAL RELATIONAL TECHNIQUE
FOR INFORMATION SYSTEMS DEVELOPMENT

I.I. Kovtun, A.V. Tsaplin

One of the requirements to the methodologies intended for designing of automation systems is an ability
to maintain an affective mechanism for multiple description of automation subject. As a feasible solution for
the description, the functional models can be used, e.g. the IDEFO-technique. Meaningful constraint of functional
models is the impossibility to describe information structure of a developing automation system. As a solution,
the relational data model is widely used, a serious constraint of which in its turn consists in impossibility
of illustrative description of the automation system functional structure. An attempt to overcome the designing
constraints of IDEFO-technique and the relational model by diagrams union lead to a set of problems.
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The article proposes the Functional Relational Technique (FRT, FRT-technique) of the automation systems
designing, which consisted in the following. As an automation subject model, it proposes the array of hierarchically
ordered and interrelated diagrams formed in accordance with the IDEFO-technique. For information mapping
the IDEFO graphic language on diagrams is used. However, it is improved in the following way — additional
features were added into the functional block, namely, block view and block base. Moreover, as a mechanism
the automated work places can be widely used. The description, formed in such way, permits to predetermine
user interfaces of automated work places throughout the proposed in the article set of rules for user interfaces
production.

The ability to describe the functional-relational model by the relational one permits to obtain the additional
important effect, namely, to use formal apparatus of relational model and the SQL language to solve the following
problems:

1. Strict description of automated work places intended for production of automatically generated code
of their application software.

2. Automation subject analysis intended for optimization of mass and data flows and automation subject
designing structure.

The article also validates the following directions for further research:

1. Formalization of the functional-relational model and modelling of its constructions by the well-known
formal systems.

2. Creation of new rules for user interfaces production. Their formalization.

3. Systematization of automation subject analysis process, development of new and formalization of existing
estimation criteria for performance such analysis.

Improved by the mentioned suggestions FRT-technique can be proposed for using in the process of typical
automation systems designing with following recommendations to use it in the process of special-purpose
systems construction.

MocTtynuna 4 aBrycta 2016 ropa.
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NPUMEHEHWE METOAOB INPOEKTHOIO YIPABIIEHUA
1PA BbINOJTHEHAU OKP HA MNPEANPUATUAX OFNK
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B cmambe npednoxeHa op2aHu3ayuoHHas cmpykmypa npoekma no peanusayuu OKP, komopasi no3gonum
ucnonb3oeams MemoOdbl MPOEKMHO20 yrpasrieHus 8 npoyecce abinonHeHust OKP, yyumsigasi npu amom mpebo-
8aHUs1 eocy0apcmeeHHbIX cmaHAapmoe U Cywecmeyroulyo op2aHu3ayUoOHHYI0 cmpykmypy npednpusmusi 060-
[POHHO-MPOMBIUWITEHHO20 KOMIIIEKCa.

Knroyeesnie cnoga: npoekm OKP, memods! npoekmHoe2o yrnpasneHuss OKP, opaaHu3ayuoHHass cmpykmypa
npoexkma, pacrnpedeneHue poned.

The article proposes the project organizational structure for research and development (R&D) utilization
which permits to use the project management methods during R&D works performance, considering herein the
government standards and existing organizational structure of the military-industrial complex enterprise.

Keywords: R&D project, R&D project management methods, project organizational structure, functions
breakdown.

3HAYNUTENIBHYIO OO0 BBITYCKAEMOM NPEANPHUIATUIMH O0OOPOHHO-IPOMBIIUIEHHOI'O KOMIUIEKCA
(OIIK) mpoayKnuu COCTaBISIOT Pe3yJbTaThl OMBITHO-KOHCTPYKTOpckux padoT (OKP). Brimonnenune
OKP, B TOM umcie 1Mo CO3[aHHI0 BOOpYKeHMsI U BoeHHO# TexHuku (BBT), sBnsercs mpoekTHOI
JIesTeNIbHOCThI0. B cTatbe mpennoxkeHa cxemMa OPraHM3alMOHHON CTPYKTYpBl IIPOEKTa IO
BeimonHeHnt0o  OKP, ocHOoBaHHasT Ha NPOEKTHOM MOAXOJAE, YUYWTHIBaKoLas TpeOOBaHUS
TrOCYy/JapCTBEHHBIX CTaHAApTOB NO mopsaky BeimmonHeHwss OKP u HampaBieHHas Ha TOBBIIICHUE
3¢ PEKTUBHOCTH TPOM3BOACTBEHHOH JiesTeTbHOCTH. [IprBeneHbl (akTOpbl cpeabl MPOMBIIIIEHHOTO
OPEANPHUITHS, KOTOPbIE HEOOXOANMO YUUTHIBATh IIPHU BEIOOPE OPraHW3allMOHHON CTPYKTYPBI IIPOEKTA.
Onucana posip MEHeKepa IMPOEKTa, B 3afadyd KOTOPOro BXOIHUT YIIPABICHHUE BCEM IPOLIECCOM
BBIMIOJTHEHHs TpoekTa. [IpuBOASATCS pasznuuus MeEXIy MEHEIKEpOM IpoeKTa W JIMHEWHBIM
MeHepkepoM. Ha ocHoBanum aHanm3a (opM OpraHW3allMOHHBIX CTPYKTYp NPEANPHUATHS IMyTEM
KOMIIJIEKCUPOBAHUsI NPEAJIOKEHHBIX MOAXOM0B M C YUYETOM TPaJULUMOHHOW (PYHKIMOHAIBHON
OpraHM3allMOHHON CTPYKTYpHI, MpuHATON Ha npeanpustusx OIIK, B craTtee mpesyiaraercs BBeAeHHE
NPOCKTHBIX poJield, wucnoibp3dyemMbix npu BemonHeHnn OKP. IlpuBenén oOmuii mnepedeHb
00si3aHHOCTEH AJIsl KaKAoM mpoekTHoi ponu. Ilpemmaraemoe pacnpezaeneHue pojeld MO3BOJIUT, C
OJIHOM CTOpOHBI, y4Y€CTh IUIFOCHI IPOEKTHOTO YIPABIEHUsS, C JAPYrOd CTOPOHBI, B JIOCTaTOYHOU
CTETIEHH MCIOIb30BaTh MPEUMYIIECTBa (DYHKIIMOHATBHOU CTPYKTYPHI.
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APPLICATION OF PROJECT MANAGEMENT METHODS
DURING RESEARCH AND DEVELOPMENT WORKS
AT MILITARY-INDUSTRIAL COMPLEX ENTERPRISES

N.S. Trushina, T.A. Lisyutkina

A large proportion of the military-industrial complex (MIC) manufacturing products are the research and
development (R&D) results. The R&D performance, as of development of weapons and military equipment
(WME), is a project activity. The article proposes the project organization chart on R&D works performance which
is based on project approach and considering the state standards requirements on R&D works procedure and
directed on efficiency upgrading in manufacturing activity. The industrial enterprise environment factors were
stated which are necessary to be accounted at selection of the project organization chart. The project manager
function (role) is described, whose tasks are to manage all the project process implementation. The differences
between the project manager and the linear manager are stated. Based on forms analysis of the enterprise
organizational structures via integration of suggested approaches and with respect to the traditional functional
organizational structure, adopted by the MIC enterprises, the article proposes the introduction of new project roles
having employed during R&D works performance. The common duty list is presented for each project role.
The suggested functions distribution will permit from one hand to consider the project management advantages,
and from another hand — to adequately use advantages of the functional structure.
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B cmambe npedcmaeneHsi 803moxHocmu sweroHos [NBO-TPO boesbix kopabneti BMC CLLUA, obecrieyu-
sarowux nepexeam aspoOuHamuyeckux ueneli u BP eeposmHo20 npomusHUKa Ha KOHEYHOM y4yacmke
mpaekmopuu rnonéma pakemamu-rnepexeamyukamu cepuu SM. Paccmampueaemcsi npoyecc paspabomku TP,
npogedéHHbie cmpenbbosbie ucribimaHus [P SM-6 ¢ 3adelicmeosaHuem cucmembl NIFC-CA, pa3mewéHHbIX Ha
3cKkaOpeHHbIX MUHOHocyax, obopydosaHHbix cucmemoll AEGIS. YmoyHsitomesa modugbukayuu, riaHbl pasmeu,e-
Husi u 3akyrnok P, dornonHumensHbie 803MOXHOCMU repexeama uerned.

Knroyesnie cnosa: cucmema PO, MHO20hyHKUUOHaNbHas cucmema ynpasrneHusi opyxuem Aegis, pake-
ma-nepexsamuyuk, cmpennbbo8bie UcbimaHusi, UeneykasaHue.

The article considers the US Navy combat ships Air and Missile Defense layers potential, providing
the terminal engagement of aerodynamic and ballistic targets with SM-series interceptors. The interceptors
development process, SM-6 interceptor firing tests with NIFC-CA system involvement, deployed on AEGIS
system equipped destroyers are examined. The interceptor modifications, acquisition and installation plans, and
additional targets interception capabilities are clarified.

Keywords: missile defense system, Aegis BMD Weapon System (AWS), interceptor, firing tests, target
designation.

3ammra 60oeBbix kopabieit BMC CIIA ot ygapa 6ammcrtrdaeckux pakeT (bP) mporuBHIKaA 00€c-
neunBaercs nByms sireraoHamu [TPO. [lepseiit (Bepxuuit) smenon [IPO dynkunonupyer 3a cuer Ko-
pabensHoli cucremsl [TPO AEGIS, ocymectBisitonieid nepexsat bP BeposTHOro nmpoTnBHUKA Ha
CpeJlHeM M KOHEYHOM y4YacTKax TPaeKTOPUH HX IMOJIETa MocpecTBOM 3armycka npoTtusopaket (I1P) ce-
pun SM-3 (Block IA, Block IB u B nepcniektuse Block 11A). PykoBoactso BMC CIIA mpu noanepx-
ke Arenrcrea [[PO CIIIA akTHBHO pa3BHBAJIO KOHIICTIUIO BTOpOro (HWkHeEro) amenoHa [1PO Goe-
BbIX KopabOueit SBT (Sea-based Terminal), To ecth mepexBarta asponuHammyeckux eneit u BP Bepo-
ATHOTO MPOTUBHHUKA HA KOHEYHOM YYacCTKe TPACKTOPUH MOJIETA.
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IIpotuBopakera SM-6 sBAsiCTCA OAHUM M3 KIHOUYEBBIX KommoHeHTOB cuctemsl NIFC-CA (Naval
Integrated Fire Control — Counter Air), mo3BoJsifomiel HCIOJIL30BaTh JaHHBIC IEJICYKa3aHUsI OT y/ia-
JICHHBIX 1aTYUKOB, HAIIPUMEP OT TAKTUIECKOH CHCTEMBI JIEKTPOHHOM pa3BeAKU BO3AYILIHOIO 0a3upo-
Banust USN E-2D Advanced Hawkeye, mist naeHTH(GUKANH [IEIH 3a TpeaAeIaMid BUIAMOCTH IITATHON
kopabensnoit PJIC cucremsr AEGIS (Baseline 9) AN/SPY-1D(V).

[IpoBomsaTcs crpensOoBbie ucnbiTanus [IP SM-6 B pamkax nporpammbel SBT, a taxke ¢ 3aneii-
ctBoBanueM cuctembl NIFC-CA ( nndopmanmonnas nogaepxkka PJIC AN/TPY-2 nepenosoro 6a3u-
poBanus u narunkoB KA rpynmupoBku STSS, Space Tracking and Surveillance System), B xozxe xo-
TOPBIX OB MPOJEMOHCTPUPOBAH YCIICIIHBIN [IEPeXBaT MUILLICHENH, IMUTHPYIOLINX a3pOAXHAMUYECKHE
ey, OaNIMCTUYeCKUe pakeThl MajJol AaJbHOCTH M KPbUIATHIE pakeThl. B pamKkax mporpaMmel 3Kc-
TUTyaTallMOHHBIX HCTBITAHUA U OLEHKH 3(PQPEKTHBHOCTH YCOBEPLICHCTBOBaHHOH Moaudpukanuu [1P
SM-6 mpoBoaunack cepusi CTPEIbOOBBIX HCIBITAHWI C PA3IMYHBIMH CICHAPHSIMH: 3arOPU30HTHBINA
nepexsat MmuineHei [1P, 3amyieHHBIME € OTHOTO 3CMUHIIA TI0 LEJIEYKA3aHUIO, OIYYEHHOMY OT ApY-
roro 3CMHHIA; IepexXBaT MUIICHH Ha MaKCUMaIbHON HaKJIIOHHOW JAIbHOCTH, a TAaK)Ke Ha MAaKCUMaJlb-
HOU OOKOBOH JambHOCTH; 3aimoBbIN myck [IP SM-6 nyis mopakeHus AByX MUILIEHEH; MOpaKEHUE MH-
IIEHU B YCJOBUSAX PAIHO3JIEKTPOHHOTO MOAABICHHUS; OTPAaOOTKa CLEHApHs B KaueCTBE MPOTUBOKOPA-
0eNbHOM OAJTMCTHYECKON PaKeThI.

Takum obpazom, BMC CILIA coBmectHO ¢ ArentrctBom ITPO ocymectBisitor paspabotky [1P
SM-6, ciocoOHOM OCYIIECTBIATh MEPEXBAT HU3KOJIETAININX a’POAMHAMUYECKHX M OaNTMCTHIECKUX
ueneit Ha nanpHocTH 10 400 KM HaJ MOPEM U HaJ CYILIEH, a TaK)Ke HAABOJIHBIX LIEei.
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US NAVY DEVELOPMENT OF SM-6
INTERCEPTOR CAPABLE TO ENGAGE AERODYNAMIC,
BALLISTIC AND SURFACE TARGETS

A.E. Svistunov, N.A. Maleeva, O.S. Cherkashina

The US Navy combat ships shield against enemy ballistic missiles (BM) is provided by two missile defense
layers. The First (upper) BMD layer operates through Aegis BMD Weapon System performing BMs interception
at midcourse and terminal phase by SM-3 series interceptors (Block IA, Block IB and Block IIA in perspective).
The US Navy backed-up by the Missile Defense Agency actively developed a concept of the Second (lower) BMD
layer of combat ships SBT (Sea-based Terminal) i.e. terminal phase interception of the enemy aerodynamic and
ballistic targets. The SM-6 interceptor is one of the key components of NIFC-CA (Naval Integrated Fire Control —
Counter Air) system, providing to use target designation data from remote sensors, e.g. from airborne tactical
electronic reconnaissance system USN E-2D Advanced Hawkeye, for target identification beyond visual range
of standard Aegis (Baseline 9) BMD system AN/SPY-1D(V) radar.

The SM-6 interceptor firing tests are carried out in the framework of SBT program, and with NIFC-CA system
involvement (data support from forward-based AN/TPY-2 radar and STSS /Space Tracking and Surveillance
System/ sensor), which demonstrate successful interception of targets simulating the flight of aerodynamic
targets, short-range ballistic and cruise missiles. Under the SM-6 interceptor upgraded version operational test
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and evaluation program a series of firing tests were conducted so far in different scenarios: over-the-horizon
target engagement by interceptors launched from one destroyer with target data designation from another
destroyer; target interception at maximum slant range and at maximum cross range; SM-6 salvo firing to intercept
two types of targets; target interception under electromagnetic countermeasures; SM-6 scenario implementation
as antiship ballistic missile. Therefore, the US Navy jointly with the Missile Defense Agency provides the SM-6
interceptor development capable to intercept low-flying aerodynamic and ballistic targets at range up to 400 km
above sea and land, and surface targets as welll.
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NoszoBckun U.®. UucpoBasa obpaboTtka curHanos B PJIC 06-
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LUM®POBAS OEPABOTKA O-p TexH. HayK, npodeccop B.U. Hocos.

CUIHATIOB B kHUTE paccMOTPEHO IOCTPOCHHE W XApaKTEPUCTUKH IH(POBBIX
2 PG UE500n CHCTEM TICPBUYHOW 00pabOTKU paJMOIOKAIIMOHHBIX CHUTHAJIOB U BXOZS-
= - IMX B HUX (YHKIMOHAIBHBIX OJIOKOB — COIJIACOBAaHHBIX (DHJIBTPOB,

YepecreproIHbIX KOMIIEHCATOPOB, aJalNTUBHBIX OOHApPY)KUTEIEH W T.IIL
[puBeneHs! anropuT™Mbl IU(PPOBOH 00PAOOTKH CUTHAIOB M MX CTPYKTYp-
HBIE CXEMBI, PE3YJIbTaThl PAaCUETOB XapaKTeprucTuK. PaccMaTpuBaroTes Kak
pearmzoBaHHbIe B cymecTBytonmx PJIC o630pa metoms! mudpoBoii oOpa-
OOTKHM CUT'HAJIOB, TAK ¥ IEPCHEKTUBHBIE, PEAIU3aLsI KOTOPBIX CTAHOBUTCS
MPaKTUYECKH BO3MOKHOM C yYETOM TOSIBJICHHS TaKHX CPEACTB, KaK LU]-
POBBIE CUTHAIBHBIE ITPOLIECCOPHI ¥ IPOrPaMMUpPyEMbIe JIOTUUECKUE HHTE-
rpajbHble cxembl. [Ipenmaraercs MCronb30BaTh HOBBIE BHIBI CHI'HAJIOB
(HenuHerHON yacToTHOM Moaymsaiuu — HUM, nepuomuueckoit yactotHoi mMoayisituu — [TYM, maveu-
HBIC) U YCOBEPILICHCTBOBAHHBIC AITOPUTMBI O00pPa0OTKU: OOHAPYXKHUTEIbh C YIPABISIEMBIM YaCTOTHBIM
MIOPOTOM, AIANITHBHBII K MapaMeTpaM NPOTSDKEHHBIX TOMeX 0OHapY>KUTEINb CUTHANIOB U T.11. MccnenyroTes
BOIIPOCHI PEATM3aIMU B CHCTEME TAKHX OHJIEMEHTOB IPOCTPAHCTBEHHON 00paboTKH, Kak IM(pOBOit
MHOTOKaHAJIBHBI aBTOKOMIIEHCATOpP MOMeEX, OOEecCIeUYMBaloONIMid TOJABICHUE KaK HENpPEphIBHBIX,
TaK U UMIYJIbCHBIX IOMEX, MOHOUMITYJIbCHBIA H3MEPUTENb YIJIOBBIX KOOPAMHAT C MOBBIIICHHON TOY-
HOCTbBI0, NIOJaBJcHHE OOKOBBIX JIETIECTKOB IWArpaMMbl HANIPABJICHHOCTH aHTEHHBI C MIOMOIIBIO HEKO-
TepEeHTHOTr0 KaHalla C MIEHTUYHOM KOrepeHTHOH 00paboTKO# CUTHAIIOB.

Kuura npenHasHaueHa JUis CHEIMAIUCTOB, 3aHUMAOIIUXCS Pa3pabOTKON pPajroIOKallMOHHON
TEXHUKH, MOXKET OBITH M0JIE3HA CTYACHTaM U aCIIUPaHTaM paJlMOTEXHUUECKUX CIEIUATbHOCTEN.

AHTOoXMHa H0.A., Kpsiuko A.®., KosaneB A.C., babypos C.B. u
Ap. CuHTe3 xapakTepuCTUK aHTEHH MO U3MEpPeHUsiMm B OnvkHen

CUHTE3 30He. MoHorpacms / nop pea. 10.I. WaTtpakosa. — CIM6.: TY A,
XAPAKTEPUCTUK AHTEHH | 2016. — 309 c.
No U3MEPEHHUAM

PeueH3eHTbLI: A-p TexH. Hayk, npodeccop AnpgowwumH B.M.,
O-p TexXH. HayK, npodeccop A.B. Nopuw.

B kHure paccMaTrpuBarOTCs BONPOCHI M3MEPEHMS PaJUOTEXHU-
YECKUX XAPaKTEPUCTUK aHTEHH U CUHTE3 XapaKTePUCTUK aHTEHH 10 pe-
3yJlbTaTaM W3MEpeHHid B OnvxkHeM mose. [IpuBeeHsl 1 C CUCTEMHBIX
HO3PILII/II>1 OILICHCHBI CIICHUAIM3UPOBAHHEBIC IIaKEThI MIPUKIaJIHBIX
mnporpaMM, KOTOPLIE CICHHUAIUCTBI UCHIOJB3YIOT IJId CO3MaHUs aHTCHH.
[IpuBoasTCS pE3ynbTaThl O CO3/IAHUIO CIICHUATU3UPOBAHHBIX CTECHIOB
JUTSL I3MEPEHMSI XapaKTePUCTUK aHTSHH B OJIMKHEM TIOJIE.

B ocHoBy MoHOTpadmm MONOXKEHBI PE3YIBTATHl HCCIICIOBAHUI
ABTOPOB NPH CO3JIaHUM aHTCHH M aHTEHHO-(DHIEPHBIX CHCTEM JUIS IIIH-
POKOTO KIlacca JIeTaTEeNbHBIX alliapaToB, Ha3eMHBIX, KOPaOETbHBIX M KOCMHYECKHUX KOMILIEKCOB.
B MOHOI‘pa(i)I/II-O BKJIFOUCHBI OTACJIBHBIC MaTCpHaJibl HCKHHfI, KOTOpPBIE aBTOPbI YHUTAIOT B BEAYIIHX
YHHUBEPCHUTCTAX CTPAHLI.

Kuura mnpeanasHadeHa [Uisi CTYIEHTOB paJUOTEXHUYECKUX YHUBEPCUTETOB, aCIHUPAHTOB,
AIBIOHKTOB M CIICUAIMCTOB, Ybs ACATCIBHOCTh CBA3aHa C CO3AaHUEM aHTCHHBIX CUCTEM JJId paano-
TEXHHUYCCKHUX KOMIIJICKCOB.
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