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B cmamebe ripedrnoxeHbl OCHOBHbIE MOIOXEHUs1 Memodorio2uu MeXHUYECKUX HayK npUMEeHUMessHO K MpOoUCXo-
GAwWuM 8 Hacmosiuee 8peMsi Ka4eCmeeHHbIM U3MEHEHUSIM 8 cghepe HayqHbIX U mexHoso2udeckux uccnedosaHul,
8 repayro o4epedb, C853aHHBIM C rePeX000M Ha HOBbIU MEXHOIo2uYecKul yknad — yughposyro «pearnbHOCMbY.

Knroyesble crosa: uHGhopmayuoHHasi cucmema, UCKyCCMEeHHbIU UHMeSNiekm, Mexompacrieeasi KOMMYyHUKa-
yusi, memodorsioaudeckoe 3HaHue, ob6bekm uccredosaHusi, paspabomka fMpospamMmMHO20 06ECneqeHuUs], cucmemMHast
UHXXEHepUsi, mexHu4ecKasi cucmema.

The paper introduced the basic statements of the methodology on technical sciences applicable to
the current changes in scientific and technological research connected with transfer to the new technological
pattern — digital «reality».

Keywords: information system, artificial intelligence, interdisciplinary communication, methodology
knowledge, object of research, software engineering, system engineering, technical system.

B ycnoBusix peanu3yromeiics B HacTosIee BpeMsi HHPOPMAIIMOHHOW PEBOTIOIUU CO3/a-
HUE NEPCIIEKTUBHBIX HAYKOEMKHX CHCTEM TpeOyeT OT X cosjaarenei 3pPpekTUBHON Hcciaeno-
BaTEIIbCKOW M TEXHOJIOTUYSCKOM HesATeabHOCTH. [lom00Has NesITeIbHOCTh BO3MOXKHA TOJIBKO
MIPU YCJIIOBHH, KOTJa KOJIJIEKTUB Pa3pabOTUNKOB UMEET BO3MOXKHOCTh B IOJTHOW Mepe peau-
30BaTh COBOKYIHOCTBIO METOAOB, IPUEMOB HCCIIEIOBAHUSA U COOTBETCTBYIOLIUX ITPOLENYP,
MPUMEHSIEMbIX B TOM WM WHOW CHENUaJIbHOW HAydyHOW AucuuIuinHe. [lepexon Ha HOBBIM
TEXHOJOTHYECKHUI YKIaa, IU(PPOBU3AIUIO MPOILIECCOB KOPEHHBIM 00pa3oM MEHSIET METOI0JI0-
TUI0 HAYYHO-TEXHUUYECKOTO HccienoBanusd. [loHATHS nU(pOoBON pealbHOCTH XapaKTepU3yeT

BECTHUK BO3YLUHO-KOCMUYECKOA OBOPOHbI N2 1(25), 2020 r.



PA3EJN: NPOBJIEMHBIE BOMPOCHI MOCTPOEHUA CUCTEM U CPEACTB BKO

MHTETPAIbHBIN pe3ynbTar nudpoBuzanuu. Mcxoas U3 3TOro B MHKEHEPHO-TEXHUYECKUX U
CMEXHBIX C HUMHU HayKax HAYMHAIOT MIUPOKO MPUMEHSITh METOJIbI MATEMaTUUYECKOM TUIOTe-
36l U MaTeMaTudeckoro mojenupoBanus. C LeIbl0 YCHEmHOM pa3paboTKu cucteM HeoOxo-
JIMMO TIOCJIEIOBATEIBLHO U OCO3HAHHO MPUMEHSATD MMOJX0]] CHCTEMHON UHKEHEPUH, TTPE/IoIia-
TalonMi peanu3aluio CUCTEeMaTHYeCKUX, XOpOoLIo (OpMalIM30BaHHBIX U CTapareilbHO KOH-
TPOJIUPYEMBIX MEPOINPUATUH, BKIIOUYAIOIIUX TIIATEIBbHOE IUIAHUPOBAHUE, aHAIIU3, KPUTHYE-
cKHe 0030pbl U JOKYMEHTUpoBaHue. TakuMm 00pa3oM, BBI30BBI AMOXHU LU(POBON PEBOTIOIUU
OTIPEICITISAIOTCS Yepe3 pa3BUTHE MH(DOPMAIMOHHBIX TEXHOJOTHUH, CHCTEMOTEXHUKH, IPTOHO-
MUKH, KOTOPbIE UTPAIOT ONPEAEISIONIYI0 POJib B KOHKYPEHTOCIIOCOOHOCTH OpraHU3aluu U
rocy/1apcTBa B LIEJIOM.
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METHODOLOGY OF TECHNICAL SCINECES
IN THE TIME OF DIGITAL REVOLUTION

T.P. Pavlova, V.M. Aldoshin, V.P. Panasenkov

In course of the current information revolution the creation of advanced high-tech systems requires effective
research and technological activity to be done by their architects. Such activity can be implemented only
if the team of architects has opportunity to use all set of research methods and practices developed in various
scientific disciplines. Transfer to the new technological pattern, processes digitalization, significantly changes
methodology of scientific research. Categories of digital reality describe the integral results of digitalization.
Consequently, the methods of mathematical hypothesis and mathematical modeling become widely used
in engineering, technology and other adjacent disciplines. To be successful in the engineering of systems
the system engineering approach shall be deliberately and consistently used. It supposed to use systemic well
formalized and deliberately controlled procedures including detailed planning, critical analysis, and documenting.
As a result, challenges of the digital revolution are determined via development of information technologies,
system engineering, ergonomics making cornerstone input for competitiveness of any company and the state
as whole.

MocTtynuna 30 okTA6psa 2019 roaa.
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METOOMWKA OLIEHKM
3OOEKTUBHOCTY AJITOPUTMOB IPYIMUPOBAHMS
BO3YLUHbIX OB bEKTOB
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H.P. XanumoB kaHOuGam mexHU4YecKuUx Hayk,
douyeHm, BYHL| «BBC BBA», 2. BopoHex
E-mail: nike@nm.ru
A.B. ®épopoB
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WU.E. AdoHunH kaHOuGam mexHUYECKUX HayK,
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B Hacmosiwee spemsi, 8 853U C WUPOKUM pacrnpocmpaHeHuemM u passumuem becriunomHol aguayuu, ecé
6oriee akmyasibHbIMU CMaHOBSIMCS an2opummbl asmoMamu3upo8aHHO20 2pynnuposaHusi 8030YWHbIX 06bLEK-
mos. OOHako rnoka He cyujecmgyem eOuHo20 nodxoda K oueHKke rpednazaembix anzopummos. [NpednoxeHa
memoduka, no3eonsAuas oueHUMb 8epPOSIMHOCMU NPasuUIbHO20 pPelleHUs 3adayqu epynnupoeaHus U HaznsoHo
cpasHu8amb 3mu 8eposimHOCMU 01151 PasHbIX aneopummos.

Knrodeenie cnoea: epynnuposaHue, 3ghheKmueHOCMb.

Currently, due to the wide distribution and development of unmanned aircraft, algorithms for automated grouping
of airborne objects are becoming increasingly relevant. However, so far there is no single approach to evaluating
the proposed algorithms. A technique is proposed that allows one to estimate the probabilities of the correct solution
to the grouping problem and to visually compare these probabilities for different algorithms.

Keywords: grouping, efficiency.

B cnydasx MaccCMpOBaHHOTO NMPUMEHEHUS aBHALMHU, XapaKTEPHOTO Ul BOCHHBIX KOH-
(GIMKTOB TOCIETHUX AECATHIICTHHA, €CITU KOJUYECTBO OOHApPYKEHHBIX BO3IYIIHBIX CYJIOB
IpPEeBBIIIAET MPOMycKHYI0 criocoOHocTh PJIC, To mocneansst He CMOXKET B MOJHOM Mepe obec-
NEYNUTh pElIeHHE MOCTaBICHHOU nepen Hel 3amaun. Takas mpoOsieMa MOXET ObITh pellleHa
nyteM 0600menus (yKpynHeHus) oOpabaTbiBaeMoil U oToOpaskaeMOi MH(OpMAIUU O BO3-
nymHoW oOctaHoBke. Takoe 00001ieHrne MHGOPMAIMU MOKET 3aKJIIOYaThCS B BBISBICHUU
KOMITAKTHBIX TPyNn (TPpyNIUPOBaHUHM) BO3IYIIHBIX OOBEKTOB, PEHIAIONIMX OOIIYyI0 3aaauy.
OpHako Ha JTaHHBIH MOMEHT HE CYIIECTBYET €JMHON METOIAMKH OIECHKH d(PPEKTHBHOCTH aj-
TOPUTMOB, BBIMOJHSAIOIUX TPYIIUPOBAHUE BO3AYIIHBIX OOBEKTOB.

B crarbe mpeanoxeH BapHaHT METOJAWKH OIEHKU 3(PPEKTHBHOCTH aJTOPHUTMOB T'PYIIITH-
POBaHUS BO3IYUIHBIX OOBEKTOB, a TAK)KE MPEACTABICHBI PE3yIbTaThl UMUTALIMOHHOTO MOJIe-
JIMPOBAHUS OJTHOTO M3 TAKUX aJITOPUTMOB.
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METHODOLOGY FOR GRADE THE EFFECTIVENESS
OF AIRBORNE GROUPING ALGORITHMS

N.R. Khalimov, A.V. Fedorov, |.E. Afonin

In cases of massive use of aviation, characteristic of military conflicts of recent decades, if the number of air-

craft detected exceeds the capacity of the radar, then the latter will not be able to fully provide a solution to it's
task. Such a problem can be solved by summarizing (enlarging) the processed and displayed information about
the air situation. Such a generalization of information may consist in identifying compact groups (groupings) of air
objects that solve the general problem. However, at the moment there is no uniform methodology for evaluating
the effectiveness of algorithms that perform grouping of air objects.

The article proposes a variant of the methodology for evaluating the effectiveness of algorithms for grouping

air objects, and also presents the results of simulation of one of such algorithms.

MocTtynuna 16 aBrycta 2019 ropaa.
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B cmambe paccmampugaemcs cyujecmsyrouiee UHOpMayUOHHO-U3MepUmesisHoe obecrieqyeHue ucrbimaHull
BBT Ha rionuzoHe u rnepcrekmusbl €20 pasgumusi.

Knroyeeble cnoea: ucCrbimaHusi, PakemHoe 600pYXeHUe, mpaekmopusi O8LUXeHUSs, UHGOPMaYUOHHO-
usmMepumesibHbIU KOMIIIEKC, a8moMamu3uposaHHbIl cbop UHGhopmayuu, asmomamu3suposaHHasi obpabomka.

The article discusses the existing information-measuring support for tests of weapons and military equipment at
the test site and its development prospects.

Keywords: tests, rocket armament, a mechanical trajectory, an information and measuring complex,
the automated collection of information, the automated processing.

B cratbe npeioxkeHn BapuaHT METOAMKHU OIEHKU 3()(PEKTUBHOCTU aJTOPUTMOB TPYIITH-
POBaHMSI BO3YIIHBIX OOBEKTOB, & TAKXKE MPEICTABICHBI Pe3yIbTaThl HMHUTAIIMOHHOTO MOJIe-
JIMPOBAHMS OJHOTO U3 TAKUX aJITOPUTMOB.

NudopmannonHo-uzmeputensuoe odecneuenue ucneiranuiit BBT Ha nmonurone mo3posis-
€T PeTUCTPUPOBATh, TIEPEIaBaTh U3MEPUTEITHLHYIO HHPOPMAIIUIO TIO CYIIECTBYIOITUM KaHaJIaM
CBSI3HU B «PEAIbHOM PEXUME BPEMEHN», ONIEPATUBHO NOJIYYaTh PE3YJIbTAaThl UCIIBITAHUM, MPO-
U3BOJUTH aBTOMATU3UPOBAHHYIO 00pabOTKY M3MEpPEHHH JIIOOBIX paJnoTeNeMETPUUECKUX U
BHEITHETPACKTOPHBIX CHCTEM, YTO CIIOCOOCTBYET MPOBEACHHUIO KAUECTBEHHBIX JICTHBIX HCIIbI-
TaHUH B HHTEpECaX BCEX BUJIOB U POJOB BOMCK, MPOBOASIIMX HUcnibiTaHus Ha 4 ['TIMII.

JUTEPATYPA
1. T3 Ha CY OKP «Co3naHvie MoaepHU3NPOBaHHON CrieLanu3vipoBaHHoO cucTeMbl nepeaaym AanHbix 4 FLMIM» (wmdp «lMepcnek-
TuBa — MAK»).
2. T3 Ha CYH OKP «MopepHuzaums coctaBHbIx Yacter cuctembl 15H1964 («<POKC-K») Ans BbINONHeHNs TpeboBaHWi 3aLlmTbl rocy-
AapcTBEHHON TaviHbl npu nyckax MBP ¢ 4 LM MO» (wudp «MNepcnektnea — MK — POKC»).
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3. T3 Ha CY OKP «Co3naHue Ha 4 MLUMI aBTOMaTM3MpoBaHHON CUCTEMbI MHGOPMALIMOHHO-aHANUTUYECKOro 0BecneyeHuns Uchbl-
TaHu arperatos, cuctem u usgenuii PK CH npu nyckax n3 no3uumMoHHbIX panoHoB 13 pa Ha OCHOBE HOBbIX METOAOB M TEXHOMO-
i aHanusa v oueHkn TTX PK CH» (Wwndpp «Mepcnektmea — MNK-ACUAOUI»).

4. T3 Ha CH OKP «ABTOMaTU3MpOBaHHasi cuctema cbopa n obpabotkv uHdopmaummy (wmdp «Maturopek-UMN-PBCH-ACCOW»).

5. T3 Ha OKP «MogaepHu3aumsi NOnMroHHOro 3MepUTEribHOro Komnrekca ans obecneyeHns NETHbIX UCTbITaHWi, y4eOHO-60eBbIX
MYyCKOB M MyCKOB MO NporpaMmmam npoareHnsi cpokos akcnnyataummn PKCH» (wmdp «Mepcnektusa — MAK»).

ANALYSIS OF EXISTING INFORMATION
AND MEASURING PROVIDING TESTS OF BBT
ON THE TRANS-SPECIES GROUND, THE PROSPECTS
OF DEVELOPMENT

F.V. Vlasov

The article discusses the existing information-measuring support for tests of weapons and military
equipment at the test site and its development prospects.

Moctynuna 1 oktA6pa 2019 ropa.
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MOBbILIEHWE TOYHOCTU OLIEHUBAHUS ITAPAMETPOB
TPAEKTOPWUN BbICOKOMAHEBPEHHbIX BO3LYLLIHbIX
OE'BEKTOB HA OCHOBE PA3J/IOXEHUA
10 OPTOIrOHAJIbHbIM ®YHKLUAM
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B cmambe npednoxeH obwjuli nodxod K arnmnpokcumMayuu OaHHbIX MPAaeKMmMOPHbIX USMEPeHUU napamempos
8bICOKOMaHEBPEHHbIX 8030yWHbIX OOBEKMO8 Ha OCHO8E PAa3/IOXEHUS M0 OpPMO20HarbHbIM OyHKUUSIM, KOMOPbIL
rosegorisiem ¢hopmaruzoeams fpouedypy npueieyeHust anpuopHoU umu HezagucumoU arnocmepuopHoU UHgopMayuu,
KoppesnuposaHHOU € OaHHbIMU MpaekmopHbIX U3MepeHul. B umoee, 3a cuyém npuenedyeHusi OONOAHUMENbHOU
UHGhopMayuu, CmaHo8UMCS 803MOXHbIM CyU,ECMBEHHOE MOBbILUEHUE MOYHOCMU OUEeHUBaHUS rapamMempos 8bICOKO-
MaHE8PEeHHbIX 8030y WHbIX 06BEKMOS.

Knroyeeble crioga: mpaeKmopHble UMEPEHUS, arnpoKcuMauusi 0aHHbIX, OPMO20oHarlbHbIe (hyHKUUU.

In the article offers a general approach to approximating the data of parameters of high-maneuverable air objects
based on decomposition by orthogonal functions, which allows formalizing the procedure for attracting priori
or independent posterior information, correlated with the data of trajectory measurements. As a result, by attracting
additional information, it becomes possible to significantly increase the accuracy of estimating the parameters
of high-maneuverable air objects.

Keywords: trajectory measurements, approximation of the data, orthogonal functions.

B cratbe npeanoxen oOUMii MOAX0A K aNMPOKCUMAIIUN JTaHHBIX TPACKTOPHBIX U3Mepe-
HUI apaMeTpoB BHICOKOMaHEBPEHHBIX BO3JIYIIHBIX OOBEKTOB Ha OCHOBE Pa3yIOKEHUs 110 Op-
TOTOHAJIBbHBIM (PYHKIUSM, KOTOpBIH MO3BOJSET (hOpMaNu30BaTh NPOLELYPY HpPUBICUEHUS
anpUOPHOM WJIM HE3aBUCHUMOM arocTepuopHoi MH(pOpMaluu, KOPPETUPOBaHHON ¢ JaHHBIMU
TPAaeKTOPHBIX M3MepeHHi. B urTore, 3a cyer mpuBIEUEHHs TOMOJHUTEIbHON HH(OpMaIuu,
CTAHOBUTCS BO3MOKHBIM CYIIIECTBEHHOE MOBBIIICHHE TOYHOCTH OLICHUBAHUS [1apaMETPOB BbI-
COKOMaHEBPEHHBIX BO3AYIIHBIX OOBEKTOB.
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INCREASING THE ACCURACY OF THE EVALUATION
OF THE PARAMETERS OF THE TRAJECTORY
OF HIGHLY MANUFACTURED AIR OBJECTS BASED
ON DECOMPOSITION BY ORTHOGONAL FUNCTIONS

V.l. Lobeyko, S.V. Veselov, N.G. Mustafaev, S.N. Borisko, S.A. Knyazev

In the article offers a general approach to approximating the data of parameters of high-maneuverable air
objects based on decomposition by orthogonal functions, which allows formalizing the procedure for attracting
priori or independent posterior information, correlated with the data of trajectory measurements. As a result,
by attracting additional information, it becomes possible to significantly increase the accuracy of estimating
the parameters of high-maneuverable air objects.

Moctynuna 19 ceBpans 2020 roaa.
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HECTALUOHAPHbBIE METOJbl CAMOHABELEHUA
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PaccMompeHbl HecmayuoHapHble MemoObl HasedeHusi nemamenbHbIX annapamos, 6osee MoiHO coom-
semcmeyrowjue mpeboBaHUSIM COBPEMEHHO20 8030YWHO-KOCMUYECKO20 rnpomusobopcmea, 8 mMoM 4ucie
U C yyacmueM C8epXMaHe8PEHHbIX U aUnep3syKosbIX fiemameribHbIX annapamos. [lpu amom HecmauuoHapHbI-
Mu cHyumarnucb Memodhl, KoaghgpuyueHmsl nepedaqu owubOoK yrnpasrieHuUsi 8 KOMOpPbIX U3MeHsitomcs 1ubo 8 3a-
8UCUMOCMU OM Ha4aribHbIX ycrosul rnpumMeHeHus, nubo 8 npouyecce nepexeama. HecmauyuoHapHbie Memookl,
rofly4eHHble Ha OCHO8e Cmamucmu4yeckol meopuu OnNMUMarbHO20 yrpaerneHusi, bbinu capynnuposaHbl
no 4yemsipém HanpaseneHusiM, obecrnequgarowum: adanmauyuro KoaghguyueHmos nepedadyu K HadalslbHbIM
ycrnosusiM npuMeHeHUs]; asmomMamuyeckoe nepepacrnpedeneHue npuopumemos yrnpaesneHuss om ycmpaHeHUust
yarnoebix oWuboK Ha HavyaslbHOM y4YacmKe K yCmpaHEHUIo JTUHEUHbIX POMaxo8 Ha KOHEYHOM; y4ém Hecoom-
eemcmeusi OUHaMU4YecKux ceolicme uenu U rnepexeamyuka; hopMUpOsaHUe Yrpasrnsiouux cuzsHanos
C HenuHelHol 3asucuMocmbio om owuboK ynpasrneHus. 10 KaxxOoMy HanpaeneHur npueedeHbl KOHKPEMHbIE
mMemoOb! HageOeHus1 U nNPo8edéH ux aHarnus.

Knroyesnble crioea: HecmayuoHapHbIl Memod HagedeHus, fioKanbHas onmumu3ayusi, OWUbKuU yripasneHus,
KkeaOpamuyHbIl u bukeadpamHbIl ¢hyHKUUOHaI Kadyecmea.

Non-stationary guidance algorithms for aerial vehicles are studied which more fully comply with contemporary
air-space confrontment involving supermanoeuvrable and hypersonic aircrafts. The algorithms were accounted
as non-stationary if gain ratio of control errors varied depending on initial conditions or current state. These algorithms
are based on statistical theory of optimal control were grouped into four sets that provide: adaptation of gain ratios
to initial conditions; automatic reallocation of control priority from angular errors on initial phase to linear miss on ending
phase; correction for different dynamic properties of target and interceptor; formation of control signals with non-linear
dependence on guidance error. For each set specific methods were shown and their analyses was carried out.

Keywords: non-stationary guidance algorithm, local optimization, guidance errors, quadratic and
bi-quadratic quality functional.

Ha ocHoBe aHanmm3a BOEHHO-TEXHHUYECKOTO MPOTUBOOOPCTBA B BO3AYLIHOM Cpele Mpeb-
SIBJICHBI TPEOOBaHMs K METO/aM HaBeJIeHUs JieTaTelbHbIX anmnapaTtoB. ITo pesynbraram aHa-
JM3a MapaMeTpOB U MOKA3aTeIel COBEPUICHCTBA METOJOB CAMOHABEICHUS IT0Ka3aHa MPEIo-
YTUTEJIbHOCTb UCIOJIb30BAHUS X HECTAIMOHAPHBIX PA3HOBUIHOCTEH.

HecranunonapHbsIMu CUMTAIOTCSI METOIbI CAMOHABEICHUSI, B KOTOPBIX KO3()(DUIIMEHTHI me-
penaun omuOOK YIpaBJIEHHS 3aBUCAT JIMOO OT HAYAIbHBIX YCIOBHM NMpUMEHEHHs, JU0O0 OT
BpeMeHHU. Vcnonb30BaHne HECTAIMOHAPHBIX METOI0OB CAMOHABEACHHUSI I03BOJISIET:

— 00ecneunTh UX aJIalTaluIo K YCIOBUSAM IPUMEHEHUS;

— peanu3oBaTh B IIpolecce MOJIETa INepepaclpesielieHne MPUOPUTETOB YIPABICHHS OT
YCTpaHEHUS YTJIOBBIX OIIMOOK K YCTPaHEHUIO JTMHEHHBIX TPOMAaXOB;

— Y4YeCTh B 3aKOHE YINpaBJIEHHs] HECOOTBETCTBHE JMHAMUYECKUX CBOWCTB LIEJH U Mepe-
XBaTUYMKa;

— c(hopMyIMpOBaTh CUTHAJIBI YIPABJICHUS C HETUHEHHOM (KyOMueckoi) 3aBHCHMOCTBIO
OT OIIMOOK HaBeAEHUs, 00ECTIEUNBAOLINX YBOJI JIETATEIBHOI'O ammapara oT rpaHul] yCTOHYH-
BOI1 pabOTHI.

PaccMoTpeHbl KOHKpETHBIE TPUMEPHI METO/I0B CAMOHABEACHMSI, PEIIAIOIINX ITH 3aJauH,
C aHaNM30M UX ocobeHHocTel. [IpuBeaeHbI pe3ynbTaThl MOJAEIUPOBAHMSL.

BECTHUK BO3YLUHO-KOCMUYECKOW OBOPOHbI N2 1(25), 2020 r.



PA3EN: NPUMEHEHUE CU1 U CPEACTB BKO

Manunynupys BUIaMH HCXOAHBIX Mojefiell M (YHKIIMOHAJIOB KauecTBa MOXKHO MOJY-
YUTh IMHUPOKUN HAOOP pa3IMYHBIX HECTALIMOHAPHBIX METOI0B CAMOHABEICHHS.

B ob6meMm cinyuae, UCOIB30BaHUE HECTALIMOHAPHBIX METO/OB HAaBEJICHUS MO3BOJIAET HE
TOJIbKO PACHIMPHUTH KPYr MOpPaXaeMbIX IeNiel, HO U 00eCneunTh yaydIleHHe TOYHOCTU U
YCTOMUYMBOCTH IpoLiecca EPEeXBaTa U COKPATUTh BPEMS HABEJICHHUS.
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NON-STATIONARY GUIDANCE ALGORITHMS

V.l. Merkulov

Based on analyses of contemporary military technological confrontment re-quirements for guidance
algorithms of aerial vehicles are presented. The preferability of using of non-stationary variants of guidance
algorithms is shown justified by results of analyses of properties and factors of efficiency

The algorithms were accounted as non-stationary if gain ratio of control errors varied depending on initial
conditions or time. Such algorithms allow for:

— adaptation of gain ratios to initial conditions;

— automatic reallocation of control priority from angular errors on initial phase to linear miss on ending
phase;

— correction for different dynamic properties of target and interceptor;

— formation of control signals with non-linear cubic dependence on guidance error, which ensures
breakaway of aerial vehicles from stable operation boundary.

Specific methods were shown and their analyses was carried out. Results of simulation are listed.

A wide range of possible non-stationary guidance algorithms may be obtained by manipulation of reference
models and quality functionals.

In the general case, utilisation of non-stationary guidance algorithms allows for diversification of suitable
targets, as well as improvement of precision and robustness of interception and reduction of guidance time.

MocTtynuna 30 ceHTA6psa 2019 ropa.
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B obnacmu rnipuHamus peweHuli 80 scex obrnacmsx Yeriogedeckol OesimenibHOCMU 6Cé yawje 603HUKaem
rompebHOCMb 8 MPUHAMUU CIIOXHbIX peweHul, nocredcmeausi Komopbix bbigatom o4eHb 8ecombl. B cesasu ¢ amum
riosigrisiemcsi nompebHocmb 8 criocobax rMpUHIMUS peweHul, Komopabie bbl yrpowanu 3mom npouecc u npudasanu
peweHusiM 6osibulyo Ha0éxxHocmb. B yacmHocmu, npednoxeHo Ucronb308ame YacmomHbili nodxod Onsi Modenupo-
8aHus1 desimesibHOCMU oriepamopa (3p2amu4yeckoz0 3rieMeHma) 8 npouecce MPUHSAMUS peweHus. [ns pacyéma
KO/UYeCmMBEeHHO20 3Ha4YeHUsl OrnMmuUMasibHOCMU MPUHAMUS peweHusi npednazaemcsi 8Mecmo mpaduyUuoHHO20
layccosckoeo 3akoHa pacripederneHusi MIomMHOCMU 8epOSMHOCMU Pa3fiuYHbIX Muros8 8x00HbIX 8o30elicmeutli Onsi
pacyéma onmumaribHO20 pexuma yrpasrieHusi 8bIXO0HbIMU 8030elicmeusiMu UCrob308amb HacmomHbIU 1odxoo,
cmamucmu4yecku 60CmMoBepHO coomeememeyouuli peanbHOMY ripoueccy. Llernb ebirnonHeHHo20 uccriedosaHusi 3a-
KntoYaemcesi 8 paspabomke UHCMPYMEHmMa, Mo380SIsIHOWE20 OUeHUMb ONMuMaibHOCMb NMPUHSIMUST peweHust onepa-
MOpPOM Ha OCHOBe pa3nuyusi cmamucmuYecKux rokasamerneu, onpedernsieMbiXx Ha OCHO8e 4YacmomHo20 nodxoda —
moda. 3adayu uccredogaHuUs: aHanu3 Cyuecmsyowux Ha ce2oOHAWHUL OeHb Mo0xo008 ModesuposaHusi desimerib-
Hocmu orlepamopos; 8bIbop nokazamersiel, ompaxarouux pasnuyusi 3r1eMeHmMo8 OUeHU8aHUs NpogheccuoHarbHoU
OesimernibHocmu onepamopos. O4esUuOHO, Ymo HeobxoduMOoCmb MpUHUMamb peweHusi, Orlsi KOmMOopPbIX U38€CMHbI
rpedonpedensiouue Ux ycriosus, a makxke rocredyrujee enusiHue obycnasnueaem OnNmMuMaribHOE UCMOMb308aHUE
umerowelicsi uHghopmayuu OMHOCUMEbHO rocmaeneHHol 3adadqu, 4Ymobbl, O0CMOBEPHO ornpedenus eapuaHmMbl
peweHusi, Halmu cpedu Hux Haumydwul. HayyHass auriomes3a 3ak/iroyaemcsi 8 803MOXHOCMU YCMAaHOBeHUs
onmumarbHbIX rokazamersiel, xapakmepusyouux 0esimesibHOCMb 3peamuyecKo20 31eMeHma 8 rnpouecce MnpuHsi-
musi peweHusi. B amol cmamee cdeniaHa nornkimka 0ame npobriemam npuHamusi peuweHust 060CHo8aHHoe U Hazsisio-
Hoe npedcmaerieHue ¢ 803MOXHO Hauboriee MoMHbIM y4EMOM 8CEX UMEHOLLUXCS acriekmos ucciiedyemMoeo npoyecca.
lNpednoxeHHasi Mamemamu4eckas Modesib MoOuguUUUpPO8aHHO20 Memoda OnMmuMyM HOMUHarna, He rosyquswas
0o ceeo 8pemeHU OocmamoyHo20 obocHosaHUsl ¢ y4émom e€ adekeamHol chopmarnu3ayuu, Moxem oKasamb
CYW,eCmBEeHHYH0 MOMOUWb MPU PeWEeHUU Mpakmu4eckux 3aday.

Knroyeeble cnoea: cucmema ynpasneHusi (CY), ornepamop, eepossmHocmb, Yyacmoma, onmumMyM HOMUHara,
moQa.

In the area of decision-making in all areas of human activity, there is an increasing need to take complex
decisions, the consequences of which are very significant. In this regard, there is a need for decision-making methods
that would simplify this process and give solutions greater reliability. In particular, it is proposed to use the frequency
approach for modeling the activity of the operator (ergatic element) in the decision-making process. To calculate
the quantitative values of the optimal decision is proposed instead of the traditional Gaussian law of probability density
distribution of various types of input to calculate the optimal control mode of output actions use the frequency approach,
statistically corresponds to the real process. The purpose of the study is to develop a tool to assess the optimality
of decision-making by the operator on the basis of differences in statistical indicators determined on the basis of
the frequency approach-mode. Objectives of the study: analysis of existing approaches to modeling the activities
of operators; selection of indicators that reflect the differences in the evaluation of professional activities of operators.
It is obvious that the need to make decisions for which the conditions that predetermine them are known, as well as the
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subsequent influence determines the optimal use of the available information on the task in order to reliably determine
the solution options, to find the best one among them. The scientific hypothesis is the possibility of establishing optimal
indicators characterizing the activity of the ergatic element in the decision-making process. In this article, an attempt
is made to give the problems of decision-making a reasonable and visual representation with the fullest possible
consideration of all relevant aspects of the process under study. The proposed mathematical model of the modified
optimum nominal method, which has not yet received sufficient justification, taking into account its adequate
formalization, can provide significant assistance in solving practical problems.
Keywords: control system, operator, probability, frequency, optimum value, mode.

PaccmaTpuBaemas mpobiemMa 3aKIF09aeTcsi B TOM, YTO METOJ «ONTUMYM HOMHUHAIAY, UC-
MOJIb3Ys CTATUCTUYECKHE JIaHHBbIE 00 M3y4aeMoM OOBEKTe, B HAllleM Cllydae 3TO OIeparop,
O0COOCHHOCTBIO TTPO(ECCUOHATLHOM JEATEIIbHOCTH KOTOPOTO SIBJISICTCS MPHUHSTHE PEIICHUS,
MO3BOJISICT COCTABUTh AJITOPUTM HAMITYYIIEro YIpaBieHHs (OLEHKU YIPABICHUS) C MO3UIHH
JOCTIKEHUST MakcUMallbHOU A dexTuBHOCTH. [log «HOMUHAIOM» MMOHUMAETCS ONpEACIICH-
HOe Tpebyemoe MO0 HOPMATHBHOE 3HAYCHHE, KOTOPOE HEOOXOIUMO COONMIOAaTh JIUOO 10-
CTHUYb OIEPaTOPOM B pE3yJIbTaTe CBOCH NeATeNbHOCTH. OTKIOHCHUS pPEalbHBIX 3HAYCHUUN
JICHCTBUH oreparopa OT 3TOT0 HOMHHAJIa MMEIOT IUIOTHOCTh PACHpEACICHUS, XapaKTePHYIO
JUIsL paccMaTrpuBaeMoro mporecca. Cratuctudeckas oOpadOTKa HAONIOJACHUN 332 pPeallbHBIM
IPOIIECCOM TO3BOJISIET ONMPEICIUTh 3aKOHBI PACTIPE/ICICHUS ITUX OTKJIOHCHUH OT 3a/IaHHOTO
HOMHHAJIA. B KJlacCHUeCKoM MeTOo/ie ONTUMyMa HOMHHAJIA HCXOJISAT MX MPEATIOIOKCHHIS, YTO
(YHKIUS TUIOTHOCTU PACIPENICIICHUs] OMUCHIBACTCS HOPMAaJIbHBIM 3aKOHOM PacHpeCiIcHHs U
CpaBHHMBAs MaTEeMATHUYECKUE OKUIAHUS OMPEACISAIOT, KAKOe MMEHHO YIPABIISIONISE BO3CH-
CTBHE HEOOXOMMO BBIOPATh, YTOOBI 1IEIIb YIIPABJICHUS 10 JIMKBUIAIMH BO3MYILAOIIETO BO3-
JEHCTBUS ObUTA IOCTUTHYTA ONTHMAIILHBIM 00pa3oM. OHAKO B TIOJABIISIFOIIEM OOJIBITUHCTBE
peabHBIX CIIy4aeB UMEET MECTO HECUMMETPHYHOE PaCIpe/Ie]ICHHE OTKIIOHEHUI OT HOMHHAIA
U COOTBETCTBCHHO HECHMMETPUYHOE PACIPENCICHUE PEe3YJIbTaTOB pean3alid JICUCTBHMA,
a100 ornepanui, Ipyu TOM HCCIICIYETCsI BOIPOC O HEOOXOAMMOCTH CMEIICHUS HOMHHAIA OT-
HOCHTEIIFHO MaTEMaTHYECKOTO OKUIAHHS Pe3ysibTara Imporecca Ui JOCTHKCHUS MaKCHUMY-
Ma ero 3¢pQexTuBHOCTU. B 1ensax AOCTHKEHUs aJAeKBAaTHOCTU ()OPMUPOBAHUS CTATHUCTHYE-
CKHX XapaKTePUCTUK PACCMATPHUBAEMOTO MpOoIecca U MPUMEHEHUSI METO/Ia ONITUMyMa HOMU-
HaJa MpeasiaraeTcs MUCIOoJb30BaTh BMECTO TPAIUIIMOHHOTO MOKAa3aTess - MaTeMaTHYecKOTo
OKU/IaHUsl, MOAY, T.€. Han0oJee XapaKTepHOE U 9aCcTO BCTPEUAroIeecs 3HaUeHHE U KaK CIe/-
CTBHE OCYILIECTBIIATH CMEIICHHEe HOMUHAIa OTHOCUTENFHO MOJBI JUIsl CHHTE3a CTPATeTuH Io-
BEJICHHS OIIepaTopa, T.e. ONPEICICHHs ONTUMAIBHOTO BApHAHTA PEIICHUS 33a]]a4d U JCHCTBUS
MO TOCTHIKEHUIO 1IEJIN YIIPaBICHHUS.
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SIMULATION OF OPERATOR'S ACTIVITY
IN THE PROCESS DECISION MAKING BASED
ON MODIFIED THE METHOD OF OPTIMUM NOMINAL VALUE

G.V. Nakonechny, S.V. Petrenko, A.V. Zibrov

The problem is that the method of «missing value» using statistical data about the studied object, in this
case the operator, a peculiarity of professional activity of which is the decision allows to make the algorithm better
control (valuation control) from a position of maximum efficiency. «Nominal value» means a certain required
or normative value that must be met or achieved by the operator as a result of its activities. Deviations
of the actual values of the operator's actions from this nominal value have a distribution density characteristic
of the process under consideration. Statistical processing of observations of a real process makes it possible
to determine the laws of distribution of these deviations from a given nominal value. In the classical method
of the nominal optimum, they assume that the distribution density function is described by the normal distribution
law and by comparing mathematical expectations determine which control action should be chosen in order to
achieve the control goal of eliminating the disturbing effect in an optimal way. However, the vast majority of real
cases there is a skewed distribution of deviations from the nominal value and, accordingly, the skewed distribution
of the results of the implementation of actions or operations, while | examine the issue of necessary offset relative
to the nominal value of the mathematical expectation of the result of the process to achieve maximum efficiency.
In order to achieve the adequacy of the formation of the statistical characteristics of the considered process
and application of the optimum of the nominal value it is proposed to use instead of the traditional index —
mathematical expectation, mode, i.e. most characteristic and frequently occurring value and as a consequence
to carry out the displacement of the par value of fashion to the synthesis strategies of the operator, i.e. the optimal
solution of the problem and actions to achieve management objectives.

Moctynuna 13 auBapsa 2020 roaa.
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PaccmompeHb! napamempbl 371eEKMPOMacHUMHOU CO8MECMUMOCMU UUKIIOMPOHHO-3aUUUWEHHBIX KOMIIIEKCU-
posaHHbIx ycuriumenel (LI3KY), gpusudeckue ocobeHHocmu u npuHyurel pabomsi LISKY, obycnaenusatowjue ykasaH-
HbIU YpOBEHb napamempos.

Knroyeenble csioea: napamempsbi 3fieKmpomMazHUmHol coemecmumocmu rnpuémHukos PJIC, yuKknompoHHoe
3awumHoe ycmpoulicmeo, UUKTOMPOHHO-3aUUUWEHHbIU KOMIMIIEKCUPOBaHHbIU yCUnumers.

The parameters of electromagnetic compatibility of cyclotron-protected complexed amplifiers (CPCA),
physical features and principles of the CPCA, determining the specified level of parameters are considered.

Keywords: parameters of electromagnetic compatibility of radar receivers, cyclotron protective device,
cyclotron-protected complexed amplifier.

B cratbe paccMOTpEHBI OCHOBHBIE ITApaMETPhI AIEKTPOMArHUTHOM COBMECTHUMOCTH LIMK-
JIOTPOHHO-3AIIMIIEHHBIX KOMIUIeKcupoBaHHbIX ycmiutened (L[3KY) amamazona wactor X,
BIMSIONIME Ha napaMeTpsl npueMHukoB PJIC: yacToTHas u30upaTelbHOCTh MO MOOOYHBIM
KaHajaM IMpHeMa, M0 MHTEPMOIYJSLUN U MO OJIOKMPOBAaHUIO. YKa3aHHbIE MapaMeTpbl 00y-
CJIOBJIEHBI B 3HAUUTEJILHOW CTENEHU (PU3MUECKUMH 0COOEHHOCTSAMH IepBoro kackaaa LB3KY
— IUKJIOTPOHHBIM 3aIIUTHBIM ycTpoiicTBoM (1I3Y).

YacToTHass u30MpaTEIbHOCTh CBS3aHA C PE30HAHCHBIM XapaKTepoOM AaMILUIMTYIHO-
YaCTOTHOW Xapaktepuctuku L3V, mpuBeneHsl pacueTHble U SKCIEPUMEHTAIBHBIE TAHHBIE 110
YaCcTOTHBIM 3aBUCUMOCTSM. [loaBieHne 3epkaJbHOrO KaHala mpuema npHu padoTe Ha BepX-
HEM Kparo pabouel IMOJ0Chl YacTOT — XYAMMUMA ¢ TOUkH 3peHus OMC ciydail — cocTaBisieT
66.9 n1b. Haumenslee ociabieHre UMEET MECTO 110 KaHallaM MpUeMa BBIIIE YacTOThI TeTepo-
nuHa u coctasirsiet 37...47 nb.

BECTHUK BO3YLLUHO-KOCMUYECKO OBOPOHbI N2 1(25), 2020 r. 51



PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX N TEXHOJTOTMYECKUX PABOT

JNuuamuueckuit auana3zon [[3KY mo mHTEpMOmynsaiuu mpu mojade momMexu B padboueit
noJsioce 4acTtot cocraBun 64.2 nb, mpu OIOKHMpPOBAaHUM MOMEXOH B paboueil Mmoyioce 4acToT
NUHAMHYECKUM nuara3oH cocTaBui 76.8 nb.
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PARAMETERS OF ELECTROMAGNETIC COMPATIBILITY
OF CYCLOTRON-PROTECTED COMPLEXED AMPLIFIERS
(CPCA)

S.V. Bykovskiy, T.I. Gradova, M.B. Orekhov

The article discusses the main parameters of electromagnetic compatibility of cyclotron-protected
complexed amplifiers (CPCA) for X frequency range, affecting the parameters of radar receivers: frequency
selectivity for side channels of reception, intermodulation and blocking. This parameters are largely determined
by the physical features of the first cascade of the CPCA — cyclotron protective device (CPD).

Frequency selectivity is associated with the resonant nature of the amplitude-frequency characteristics
of the CPD. Calculated and experimental data on the frequency dependences are presented. The suppression
of the mirror reception channel when operating on the upper edge of the working frequency band — the worst case
in terms of EMC — is 66.9 dB. The smallest attenuation takes place on the reception channels above the local
oscillator frequency and is 37...47 dB.

The dynamic range of the CPCA for intermodulation when applying interference in the working frequency
band was 64.2 dB, while blocking by interference in the working frequency band, the dynamic range was 76.8 dB.

MocTtynuna 2 ceHTa6pA 2019 roaa.
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PelweHue MHO2UX MexHUYEeCKUX 3aday cesi3aHO C HeobxoOumocmbio pacyéma 6bIcoOmbl PasuUYHbIX
06bekmo8 Had MoeepxHOCMbI0 3eMHO20 annuricouda u danbHocmu 80071k nosepxHocmu 3emnu om Habnoda-
mesisi 00 06BEKMO8 Mo UX U38eCMHbIM KOopOuHamam. MiseecmHo, 4mo 8 obwem crnydyae amu 3adadu He umerom
pOCMbIX aHaIuUMuU4YecKux peweHul (kak 8 cnydae cghepuyeckol 3emnu) u mpebyrom peanusayuu YUCIeHHO20
umepamueHoeo aneopumma, 4mo senssemcsi docCmamoyHO 3ampamHbiM 10 epemeHu. OOHako 4Yacmo Hem
Heobxodumocmu pewamb OaHHble 3adayu abcornromHo moyYyHo. B daHHoU pabome rnocmpoeH rnpubnuxéHHbilt
anzopumm pac4éma, OCHOBaHHbIU Ha aHanumu4yeckux ¢hopmMmyrnax, u rnpoeedeHo e20 cpagHeHUe C YUCEHHbIM
anzopummom. bydydu néakum u bbicmpbiM 8 peanu3ayuu, npednazaembili asmopamu arzopumm obecreyusa-
em moyHocmb, O0CMamOoOY4YHO 8bICOKYHO 0711 MHO2UX Mpakmu4yecKux npumeHeHul. Brniepesie nonyyeHa aHanumu-
yeckasi ¢hopMmyna mo4yHo20 pac4éma 2eode3udyeckoll wWupombl obbekma Mo e2o0 2e0UeHMPUYECKUM MPSMO-
y2071bHbIM KOOpOUHamam.

Knroyeeblie cniosa: ebiqucrieHue, 8bicoma Hal rogepxHocmbio 3emsiu, 0arbHOCMb 10 08EPXHOCMU
3emnu, npubnuxéHHble aHanumu4yeckue MemoOdbl, MOYHbIe UmepamusHbie Memoobi.

The solution of many technical tasks is connected with a need of calculation of various objects height over
a surface of a terrestrial ellipsoid and their distance along the Earth's surface from the observer to objects
with known coordinates. It is known that generally these tasks have no simple analytical decisions (as in the case
of spherical Earth) and demand implementation of the numerical iterative algorithm that is rather costly on time.
However, often there is no need to solve these problems absolutely precisely. In our work the approximate
algorithm of calculation based on analytical formulas is constructed and comparison with a numerical algorithm
is carried out. Being easy and fast in realization, our algorithm provides the accuracy rather high for many
practical applications. The analytical formula of exact calculation of geodetic width of an object for its geocentric
orthogonal coordinates is received for the first time.

Keywords: calculation, height over a surface, distance along the surface, approximate analytical methods,
precise iterative methods.

B nanno# cTtaThe paccMaTpuBaeTCs pacyeT JAIBHOCTH 1O MTOBEPXHOCTH 3EMITH M BBICOTHI
HaJ €€ IOBEPXHOCTHIO.

JlaHHbBIE BETMYMHBI PACCUUTHIBAIOTCS C MOMOILIBIO JABYX Pa3jINMYHbIX METOAOB: IMpHUOIH-
YKEHHOT'O aHAJTUTUYECKOTO U TOUHOTO UTEPATUBHOTO.

Onucanbl TOYHBIE METO/IBI pacueTa 1adbHOCTH U BBICOTHI HaJl TOBEPXHOCTHIO 3EMIIH.

[IpennoxxeHsl MPOCThIE MPUOIMKEHHBIE METOIBI pacueTa AalbHOCTH U BBICOTHI HAJl TO-
BEPXHOCTBIO 3EMIIH.

[TokazaHo, 4TO HMCIIOJIB30BAHKUE MPOCTHIX AHATUTUYECKUX (HOPMYN MMeeT OObIlue mpe-
UMYILECTBA NEepe]] YUCIEHHBIM pacuéToOM — 3TO MO3BOJISIET SKOHOMUTh MHOTO BPEMEHHU INPHU
pacuérax — KaKk Npyu MOAEIUPOBAHUH, TaK U BHYTPH MPOrPAMMHBIX aITOPUTMOB U3ECIUM.
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B mpormecce pa3paboTku mpHOIMIKEHHBIX METOJOB BBIBEJCHA TOYHAS AHAIUTHYECKAs
dopMmyia pacuéra reo1Ie3MIECKON MUPOTHI.

HccnenoBaHa KOJMYECTBEHHO TOYHOCTH MPUOIMKEHHBIX METOJIOB pacuéTa BBICOTHI H
JAJIBHOCTH, M II0KQ3aHO YTO OTHOCHUTENIbHAS OINMOKA BBIYMCICHUS HAILHOCTH IS I'€OLCH-
TPUUYECKUX KOOPAUHAT HE mpeBbimaeT ~ 8x10-4 nng 3nadenuit B nmpeaenax 3000 km, ais reo-
NE3WYecKuX He mpeBbimaer ~ 5x10-3. Takke ommoOKa BHIYUCICHUS BBICOTHI B TEOIICHTPUYC-
CKHMX KOOpJHMHATaX He ImpeBbImaet ~ 6x10-6.

Pacuéramu mokaszaHo, 4TO aHATUTUYECKUE METOBI ObIcTpee B ~ 30-50 pas.

Hanuas cmames Ovlia npedcmagieHa Ha MeXCOYHAPOOHOU KoH@epeHyuu 6" International
Conference «Engineering and Telecommunication — En&T-2019», 20-21 nosabpsa 2019 200a, MOTHU.
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APPROXIMATE ANALYTICAL METHODS OF CALCULATION
OF SPATIAL POSITION OF OBJECTS CONCERNING
TERRESTRIAL ELLIPSOID

A.L. Zharin, A.E. Egorov

In this article calculation of range for the Earth's surface and heights over its surface is considered.

These values calculate with the help of two various methods: approximate analytical and exact iterative.

Exact methods of calculation of range and height over the Earth's surface are described.

Simple approximate methods of calculation of range and height over the Earth's surface are offered.
It is shown that use of simple analytical formulas has big advantages before numerical calculation — it allows
to save a lot of time when calculating — both when modeling, and in program algorithms of products. In the course
of development of approximate methods the exact analytical formula of calculation of geodetic width is removed.
Accuracy of approximate methods of calculation of height and range is investigated quantitativeIX, and it is shown
that the relative error of calculation of range for %eocentric coordinates does not exceed = 8x10™ for values within
3 000 km, for geodetic does not exceed = 5x10™. Also the error of calculation of height in geocentric coordinates
does not exceed = 6x10°®.

By calculations it is shown that analytical methods quicker in = 30-50 times.

Moctynuna 24 aueapsa 2020 roaa.
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OB bEQUHEHHbBIN AT OPUTM
OBPABOTKW TENNIEMETPU4YECKOU UHOOPMALIUN
N OLUIEHNBAHWUA OUHAMUYECKUX XAPAKTEPUCTUK
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B cmambe obocHosbigaemcsi HO8bIU Memodudeckuli nodxod Kk obpabomke pe3yribmamos meseMempuYecKux
usMepeHull U oUueHUBaHUIO OUHAMUYECKUX XapaKmepucmuk UcrbimbleaeMblx 06bekmos. pednoxeH HoebIl 0606-
WEHHBIL aneopumm obpabomKu U OUEHUBaHUS], OCHOBaHHbLIU Ha UCMO/Ib308aHUU Memodo8 meopuu cmamucmuye-
CKO20 OUEHUBAHUSI COCMOSIHUST OUHaMUYECKUX CUCMEM.

Knrodeeble crnoea: mereMempuyecKue U3MEPEHUs], OUeHKa NIEMHO-MeXHUYECKUX XapaKmepucmuk, OuHamu-
YecKue xapaKmepucmuku, arn2opumm obpabomkul.

The article is devoted to new methodical approach of the telemetering results and dynamic characteristics esti-
mate of tested objects. Proposed a new generalized data handling and estimate algorithm based on using of statistical
estimate method of dynamical systems.

Keywords: telemetering results, flight technical estimate, dynamic characteristics, data handling algorithm.

B crathe 060CHOBBIBaE€TCS HOBBIM METOJUYECKHM MMOAX0 K 00paboTKe pe3ynbTaToB Te-
JEMETPUYECKUX M3MEPEHUN U OLEHUBAHUIO TUHAMMYECKHX XapaKTEPUCTHK HCIBITBIBAEMBIX
00bekToB. [IpeasioskeH HOBBIH 00OOIIEHHBIA AITOPUTM 0OPaOOTKH U OILIEHUBAHMSI, OCHOBAH-
HbIi Ha 3alaTEHTOBAaHHOM METOJE CKOJIb3sIIel 007acTH OLIEHOK. AJTOPUTM IO3BOJISIET
OTpEeAENATh OLEHKU TUHAMHUYECKUX XapaKTePUCTHK OOBEKTOB, 00eCHeunBaeT aJ€KBATHOCTD
anMpOKCUMUPYIOMIMX (DYHKIMH MOJIy4aeMbIX OLEHOK JAMHAMHUYECKUX XapaKTepUCTUK (pu3u-
YECKOMY TMpoIeccy (PYHKIIMOHHUPOBAHHS 00BEKTA B MOJIETE, COXPAHIET 00bEM BHIOOPKH, TIPH
3TOM NOBBIIIAET TOYHOCTh U HAJEKHOCTh OLIEHUBAHUS IMHAMUYECKUX XapaKTEPUCTHK.
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THE UNITED ALGORITHM OF TELEMETRY DATA PROCESSING
AND DYNAMIC CHARACTERISTICS ESTIMATE THE PAPER

O.V. Kislov

The article is devoted to the new methodical approach of the telemetering results and dynamic characteristics
estimate of tested objects. Proposed a new generalized data handling and estimate algorithm based on patented sliding
estimate method. The algorithm allows to define dynamic characteristics estimate, ensures the adequacy
of approximative functions of dynamic characteristics estimate to physical process of object functioning during the flight,
conserves flight test data volume and increases accuracy and design reliability of dynamic characteristics estimate.

Moctynuna 1 oktaA6psa 2019 ropa.
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PA3PABOTKA U UCCIIEJOBAHUE
YHUBEPCAJIbHOIO METOLA PELLEHUA 3A[AY
MAPAMETPHA4YECKOU OITTUMU3ALINU (HC-METOL)
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Onmumusayusi — ecmecmeeHHbIl U HeobxoOumbili aman rfpoyecca MOOeuposaHus, HarnpasneHHbIl
Ha nosbileHUe Kayecmea yHKUUOHUPosaHUsi cucmeM. 1pu npoekmupo8aHuUU CrOXHbIX HayKOEMKUX u3desud,
8 MOM 4uciie U 800pYyXeHul, akmyanbHOCMb OnNMUMU3aUUOHHbIX uccredosaHull eo3pacmaem. OOHaKo
Ha npakmuke onmumu3ayusi 3ampyOHeHa eeudy omcymcmeusi HaOEXHbIX Memodos, crocobHbix Oasamb
aghgpekmueHble pelweHUsi He3asucuMo om ocobeHHocmel Mamemamu4yeckol modenu. Paccmampueaembil
8 cmambe Mamepuar packpbigaem CyuwHOCMb HOB8020 yHugepcasibHo20 nodxoda (HC-memod), ocHosaHHO20
Ha aspucmukax, 3KcriepumeHme, Uucrofb3yrouull creyuanbsHblie npoyedypbl OMCEYeHUss U COPMUPOBKU,
rnapemoaHarsnu3 u meoputo CcilydaliHbIX POUEccos.

Knroyeeble cnoea: criyyalHbill MoucK, MHO203KCmpeMaribHOCMb, OUCKpemHasl onmumu3ayusi, UeroducrieH-
Hocmb, HeonpedenéHHOCMb.

Optimization is a natural and necessary modeling step required to improve systems operation quality. In design
activities associated with high-tech products such as military weapons optimization researches appear to be crucially
important. However experience proves optimization solutions to be difficult to achieve because there are no reliable
techniques capable to provide effective solutions irrespective of mathematic model peculiarities. This article describes
a new universal approach (AS technique) based on heuristics, experiment; and which uses specific pruning and sorting
procedures, Pareto analysis and a theory of random processes.

Keywords: random search, multiextremality, discrete optimization, continuous optimization, integer values,
indeterminacy.

OnTumuzanus SBISETCS MEXaHU3MOM pa3pellieHUs HEONPEAEIEHHOCTEN MOCPEICTBOM
MHOTOBapHaHTHOTO aHAJIN3a U JI0JKHA OBITh BKIIIOUEHA B MHCTPYMEHTApHIl MaTeMaTHYeCcKo-
ro MozenarpoBanus. CyIiecTByeT MHOTO ONTUMH3AIMOHHBIX METOJI0B, OJJHAKO OOJIBIIMHCTBO
W3 HUX NpPEIHa3HA4YEHBbI JUIs PELICHMs 3a]1a4d ONPEEICHHOrO KJIacca U MMEKT Ha MPAKTUKE
MHOT'O OTpaHUYeHUH, 00YCIOBICHHBIX MHOTOKPUTEPHAILHOCTHIO, MHOTOIIApaMEeTPHYHOCTHIO,
MHOT03KCTPEMAIbHOCTBIO, HaIMuueM 00JacTel HeompeleleHHOCTH Mojene, crenudukon
HETPEPHIBHBIX U JTUCKPETHBIX NMEPEMEHHBIX, PA3ITUYHBIMUA TPEOOBAHUSAMU MO TOYHOCTH, CXO-
JUMOCTBIO M BPEMEHEM DEILICHHs. Y HUBEPCAIBbHBIM METOJ MPEII0IaraeT BO3MOXXHOCTh OIl-
TUMH3AIMOHHOTO UCCIIEIOBAHUS MPU HAJIMUUH BCETO CIIEKTPa OTMEUEHHBIX TPOOIIEM.

PazpaboTka MeTona, MO3BOJISIOIIErO pelaTh OONBIIMHCTBO 3aau MapaMeTpU4ecKoi om-
TUMU3ALINN, SBISETCS CIOXHOW M aKTyalbHOHM 3anadei. ONpeneneHHyo pob 31€Ch MOXKET
UIPaTh 3BPUCTUYECKHUM, NHTYUTUBHBIN MOJIX0JI, OCHOBAHHBIA HA CIIy4allHOM IOHCKE, CIIeIU-
QJIBHBIX MPOLEAYPAaX HAKOIUIEHUS U COPTUPOBKH TUHAMUYECKHX MaCCUBOB MH(OPMAIIHH.
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N310eH HOBBIM MOAX0/ K PEIICHUIO 3a/1a4 TapaMeTpUUecKoil onTumMu3aiuu. PaccmoT-
pPEHBI OCHOBHBIE MPOLIEAYPHl METOJIa, UX B3aMMOCBS3b U MOCIEAOBATEIBHOCTh MCIIOJIB30BA-
Hus. PazpaboTaHo mporpaMMHOe 00€CTeYeHHE W HECKOJIBKO MOJM(UKAIMK METO/1a, MPOBE-
JCHaA UX anpo6au1/151 Ha MHOTI'OYHCJIICHHBIX TCCTOBBIX q)yHKLII/ISIX, HpCHCTaBJISIIOH_[I/IX BCC MHO-
roo0pasue 3a/1a4 mapaMeTpHIeCKOM ONTUMHU3AIUH.

KomnbroTepHble SKCIEPUMEHTHI CBUAETENBCTBYIOT O BBICOKOW 3(PPEeKTHUBHOCTH METOla
IIPU PEIIEHUH BCEX THUIIOB 3aja4 MapaMeTPUYECKON ONTHMH3AIMK HAa OCHOBE €IMHOTO aJiro-
pUTMa, HE MEHS NMPOTPAMMHBIN KO, GUKCUPYS 0COOEHHOCTH KOHKPETHOW 3a/1a4M JIUIIb MPU
BBOJIe MHpopManuu. J[aHHOE OOCTOATENbCTBO SIBISETCS IMOATBEPIKICHUEM JIOCTOBEPHOCTH
Ha3BaHUA ((yHHBGpC&JIBHBIfI METO/L pemeHI/m 3a1a4 HapaMeTqueCKOﬁ OIITUMH3AIIUN)).
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METHOD PREPARATION AND DEVELOPMENT FOR OMNIBUS
TECHNIQUE OF PARAMETRIC OPTIMIZATION SOLUTIONS

V.A. Koveshnikov, A.Ya. Mekhtiev

Optimization is a mechanism of indeterminacy solutions using a multivariant analysis and that is why it must
be added to mathematic modeling instruments. There are many optimization techniques, but most of the them
have been devised to solve specific tasks and appear to have a lot of restrictions in practice due to multicriteria
problem, maltiparameter ambiguity, multiextremality, model domains of uncertainty, specific character
of continuous and discrete variables, different requirements to accuracy as well as due to solution convergence
and time. A universal or omnibus technique is to provide possibility of optimization researches taking into
consideration all the above problems.

To devise a technique which allows solving the majority of parameter optimization tasks is a sophisticated
and focal problem. A definite help here can be a heuristic, intuitive approach based on random search with special
procedures of dynamic data arrays accumulating and sorting.

The new approach to parametric optimization problems solution is described. Basic technique procedures,
their inter-connection and use sequence are studied.

Software has been developed, some modifications of the technique, they have been tested in various test
functions describing all majority of parametric optimization problems.

PC experiments show the high effectiveness of technique while solution of all types of parametric
optimization problems based on one and the same algorithm without changing the program code and fixing
the specific features of certain task only when data input. This fact confirms the authenticity of the name «versatile
technique for parametric optimization problems solution».

Moctynuna 7 okta6psa 2019 ropa.
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CTPYKTYPA U TAPAMETPbI CXXATbIX HYM CUIHAJTIOB
CO CIIEKTPOM ABTOKOPPEIISIUUOHHOU ®YHKLIUN KOCHUHYC
B CTETIEHU N 1PY [OIMNIMITEPOBCKOM CMELLEHUA YACTOTBI
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Paccmampusaemcs enusiHue OOMMIEPO8CKO20 CMEWEHUSI Yacmombl Ha rnapamempbl CXamoz0 cusHana
Cc npsimoyeonbHoU ozubarowell U CO CrIEKMPOM asmoKOPPEesaUUOHHOU (OYHKUUU KOCUHYC 8 cmereHu n.
lMpedcmaerneHbl pesyrnbmambl YUCNeHHo20 ModenuposaHusi u onpedeneHsi YBJ1 cxambix cugHanos u rnomepu
Ha paccoanacosaHue 0718 pa3nuyHbIX paduaribHbIX CKopocmel uenu rpu pasiuyHbIX napamMempax cusHasos.
[ns cxamusi cuzHanoe ¢ MmasnbimMu bazamu Ucronnb3yemcs Memod «06pamHbIX rynbcayuli».

Knrodeenie cnoea: obpabomka cueHasos, nuHelHas u HenuHelHas YyacmomHasi MoQynsayus, cxxamblil cue-
Has, coenacosaHHbIl ¢hunbmp, OOMMNIepo8cKoe CMeweHUe Yacmomsl, yposeHb BOKOBbIX flernecmkos, nomepu
Ha paccoeariacoeaHue.

Effect of Doppler frequency shift on parameters of compressed signal with square envelope and spectrum
of autocorrelation function, the cosine in n-power, is considered. Simulation results are presented and side lobe
level of compressed signal and mismatch loss was calculated for various radial velocities and signal parameters.
«Reverse ripple» method was applied for compressing signals with small base.

Keywords: signal processing, linear and nonlinear frequency modulation, compressed signal, matched filter,
Doppler frequency shift, side lobe level, mismatch loss.

PaccmarpuBaercs BIusHAE TONIUIEPOBCKOIO CMELIEHUS YaCTOTHI HA ITapaMeTPhbl CKATOTO
CUTHAJIa C MPSAMOYTOJIbHOW OTHOaIoneil U cO CIIEKTPOM aBTOKOPPEISAILMOHHON (PYHKIIMU KO-
CUHYC B cTeneHu n. IIpencraBiieHbl pe3ynbTaThl MOAEIUMPOBAHUS CTPYKTYpPHI cxkatbix HUM
CUTHAJIOB CO CIIEKTPOM KOCHHYC B KBaJpaTe Ui Pa3jJudHbIX JONIIJIEPOBCKUX CMEIICHUHN 4a-
CTOTHI ¥ TIPU PA3JIMUHBIX MapaMeTpax CUTHAJIOB (JITUTEIbHOCTh UMITYJIbCA U JEBHALIUS YaCTO-
Thl B uMIyibce). [IpuBeieHbl M3MEpPEHHbIE OTHOCUTEIbHBIE BEIMUYMHBI CABUTA MaKCHUMyMa
cxaroro HUM curnana u Uit CpaBHEHHs OTHOCUTEJIBHBIE BEIUYMHBI CABUIA MaKCUMyMa
cxaroro JIYM curnana (BbluMcieHHble TeopeTudecku). [IpuBeneHsl ypoBHU OOKOBBIX Jie-
necTkoB cxarelx HUYM curnanoB v motepu B OTHOIIEHWH CUTHAJI/IIYM JJISl pa3IMUHBIX pagu-
AIBHBIX CKOPOCTEH WLEIW IPH Pa3IM4HBIX NApaMeTpax CHUTHANOB. J[JI1 MOJIHOTHI OLIEHKH
MeHblIen TonepanTHoctd Y HUM curnanos, ueM y JIUM curHanoB K JONIUIEPOBCKOMY CMe-
HIEHUIO YacCTOThI, MpUBOAATCA JaHHble Mo HUYM curnamam co crnektpom KocuHyc B 1, 3 u 4
cTeneHu. [t ckaTHsl CUTHAJIOB ¢ MaJIbIMU 0a3aMU UCIIOIb3YETCsl METO/ «OOpaTHBIX Myibca-
AW,
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STRUCTURE AND PARAMETERS OF COMPRESSED NLFM
SIGNALS WITH SPECTRUM OF AUTOCORRELATION FUNCTION
OF RAISED COSINE IN N-POWER IN THE PRESENCE
OF DOPPLER FREQUENCY SHIFT

V.S. Okoneshnikov, K.K. Sevostiyanov

Effect of Doppler frequency shift on parameters of compressed signal with square envelope and spectrum
of autocorrelation function, the cosine in n-power, is considered. Simulation results of compressed signal structure
with spectrum of autocorrelation function of raised cosine in 2-power in the presence of various Doppler frequency
shifts for various signal parameters (impulse length and frequency deviation) are presented. Measured relative
values of biases of compressed NLFM signal maximum are presented and relative values of biases
of compressed LFM signal maximum (theoretically calculated) are presented for comparison. Side lobe level
of compressed signal and mismatch loss was calculated for various radial velocities and signal parameters.
For full assessment a less robustness to Doppler frequency shift for NLFM signals compared to LFM signals,
simulation results for signals with spectrum of raised cosine in 1, 3, 4-power are presented. «Reverse ripple»
method was applied for compressing signals with small basets.

Moctynuna 7 masa 2019 ropa.
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YK 621.396.96

PUEM OJIE3HOIO CUrHAJTA )
HA ®OHE MELLIAKLLNX OTPAXEHWUA
OT [NTASMEHHOI'O C/IELA

© ABTOp, 2020

A.A. TpyxauyeB 00KMOp MEXHUYECKUX HayK, cmapuwiuli Hay4Hbil compyOHUK,
HayanbHuk omoena, NMAO HINO «Anma3s», 2. Mockea
E-mail: info@raspletin.com

Paccmampusatomessi ®KM umnynsc, JIYM umnynsc u keasuHenpepbisHbil cugHar. [posedéH aHanu3 npumeHe-
Hul cueHanos 0nsa HabmoleHus1 3a bannucmuyeckol Uernblo Ha ammochepHoM ydyacmke mpaekmopuu. OueHeHb!
803MOXHOCMU MpUéMa MosIe3Ho20 cuzHasia, ompaxéHHo20 om 60e8020 b110Ka, Ha hOHe Mewarowux ompaxeHul
om nnasmMeHHoe20 crieda.

Knrodeenle cnoea: bannucmuyeckasi pakema, 6oeeoli 610K, nna3mMeHHbIl cried, obHapyxeHue paduorokayu-
OHHO20 CU2Hana, byHKUUS HeornpedenéHHocmu.

Binary phase-coded pulse, chirp pulse and interrupted continuous wave are considered. The analysis
of applications of signals for observation of the ballistic target on an atmospheric phase of trajectory is carried out.
Possibilities of reception of the useful signal reflected from the reentry vehicle, against the background of
the interfering reflections from an ionized wake are estimated.

Keywords: ballistic missile, reentry vehicle, ionized wake, radar signal detection, ambiguity function.

B kauectBe 30HaMpyOmMX curHanoB paccMmarpuBaroTcss ®KM nmnynsc, JTUM ummyisce
U KBa3MHeNpepbIBHBIN curHai. [IpoBenéH aHanu3 NpuMEeHEeHU CUTHAIOB [l HAaOI0IeHUs 32
OaJIMCTUYECKOM 11eNIblI0 Ha aTMOC(EpHOM ydacTKe TpaeKTopuu. OLeHEeHbl BO3MOXKHOCTHU
npuéma MoJIe3HOro CUrHaja, OTPaXEHHOro OT 00eBOro 0si0Ka, Ha (hOHE MEIIAIOLINX OTpaxe-
HUH OT IUTA3MEHHOIO CIIE/a.

Kaxnplif U3 paccMOTPEHHBIX 30HAUPYIOUIMX CUTHAJIOB 00JIaaeT KaKk HEKOTOPbIMM Ipe-
UMYILECTBAaMHU, TaK M OIpeAeNEHHBIMU HeAocTaTKaMu. BpiOOp 30HIUpYIOIIEro curHaiza
HE00XO0/IMMO OCYLIECTBIATh Mepes KaxIbIM 30HIUPOBAHMEM C YYETOM DPaJHOIOKAIMOHHON
00CTaHOBKH.
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RECEPTION OF THE USEFUL SIGNAL
AGAINST THE BACKGROUND OF THE INTERFERING
REFLECTIONS FROM AN IONIZED WAKE

A.A. Trukhachev

As the transmitted waveform binary phase-coded pulse, chirp pulse and the interrupted continuous wave are
considered. The analysis of applications of signals for observation of the ballistic target on an atmospheric phase
of trajectory is carried out. Possibilities of reception of the useful signal reflected from the reentry vehicle, against
the background of the interfering reflections from an ionized wake are estimated.

Each of the considered waveform has both some advantages, and certain shortcomings. The choice
of the transmitted waveform needs to be carried out before each sounding taking into account the radar
environment.

MocTtynuna 16 sauBapsa 2019 roaa.
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NHOOPMALIMOHHOE OBECIEYEHUE CUCTEMbI
YINPABJIEHUS1 KAYECTBOM U HAQEXHOCTbIO
O50POHHOW NMPOAYKLIMN NPEQMPUATUN
BEPTUKAJIbHO MHTErPUPOBAHHbIX CTPYKTYP
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E-mail: vicbor54@bk.ru
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C.H. OcTaneHko Aokmop mexHu4YecKux Hayk, rnpogeccop,

lMpedcmasumens pykosodcmea no CMK, AO «KoHuepH BKO «Anma3s — AHmel», 2. Mockea
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3am. HavarnbHuUKa uHcnekyuu rno kavecmsy, AO «KoHuyepH BKO «Anma3 — AHmel», 2. Mocksa

E-mail: gpalixov@mail.ru

Cmambsi npodormkaem yuki nybnukayul no meopuu U rpakmuke yrnpasrieHuss Kayecmeom rpolyKuyuu
8 8epmuKasibHO-UHmMezpuposaHHbIx cmpykmypax (BUC) Ha npumepe uHmezpuposaHHol cmpykmypbi AO «KoH-
uepH BKO «Anma3 — AHmel» (UC KoHuepHa). B Hacmosiweli cmambe Ha OcHOge aHanusa 3aday 8 cghepe
yrnpaeneHuss Ka4ecmeom U HadéxHocmbio rnpodykuyuu, pewaembix BUC, uHgopmayuoHHo20 npocmpaHcmea
Onsi chopmuposaHusi norHomacwmabHol cucmembi cbopa, obpabomku, y4éma OUCKDEMHbIX MepPeMeHHbIX
0 kayecmee u HaléxHocmu npoldyKyuu, HadéXHOCMU MEeXHOI02UYECKUX cucmeM npednpusmuli, exo0sujux
8 NIC KoHuepHa, 060CHO8aHbI MEXHUYECKUE peuweHUs1 MOCMPOeHUs1 UHGhOPMayUOHHOU cucmembl npednpusimud
8 UHmepecax Mo8bIWEHUS] pe3ynbmamugHocmu cucmembl MeHeOxmeHma kavecmea (CMK). [NpedcmasneHa
moOdesnb nocmpoeHusi 6asbl 0aHHbIX (BL) uHgopmayuoHHoU cucmembl CMK. NpusedeHb! pe3yrbmambi OUEHOK
Kayecmea npodyKyuu ¢ y4émoM uHmezpayuu 8 asmomMamu3upo8aHHy0 UHGhOPMaUyUOHHYI0 cucmemMy aHasusa
kadecmea (AUUCAK) MC KoHuepHa.

Knroyeeble cnoea: uHgopmMayuoHHasi cucmema yrnpassieHusi kKayecmsoM, UHGhopMaUyUOHHOE MpocmpaH-
cmeo OUCKPeMHbIX nepeMeHHbIX, 6a3a OaHHbIX, MoKkazamesiu kKayecmeaa u Ha0éxXHoCmu.

The article continues the publication cycle concerning to the theory practice of product and system quality man-
agement in vertically integrated structures (VIS) by the example of the vertically integrated structure of «Almaz — Antey»
Corp.». This article substantiates technical solutions for building an enterprise information system in the interest
of improving the effectiveness of the Quality Management System (QMS) based on the analysis of the tasks of manag-
ing the quality and reliability of products, the information space for the formation of a full-scale system for collecting,
processing, accounting for discrete variables about the quality and reliability of products, reliability of technological
systems of enterprises included in the «Almaz — Antey» Corp.». The model of building a database (DB)
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of the QMS information system is presented. The results of product quality assessments are presented.
The possibility of integration into the automated quality information analysis system (AQIAS) of the «Almaz —
Antey» Corp.» was taken into account.

Keywords: quality management information system, information space of discrete variables, database,
quality and reliability indicators.

PeanuzyemocTs nporenyp yrnpaBieHusl KaueCTBOM U HAJEKHOCTHIO OOOPOHHOM MPOIYK-
ruu (OI), HagexxHOCTRIO TexHONorndeckux cuctem (TC) B BEpPTUKAJIb-
HO-UHTErpupoBaHHbIX cTpykTypax (BUC) oboponHo-nipombinuieHHOTO Komiuiekca (OIIK) B
NEPBYI0 ouepeab CBsizaHa ¢ (OPMUPOBAHHUEM PEMPE3CHTATUBHOIO MAacCHBa JIOCTOBEPHBIX
JAaHHBIX O TOKa3aTessix kadecTBa M HajaexHoctu OIIl, Hapexxnoctu TC, pe3ynpTaTUBHOCTU
MPOU3BOACTBEHHBIX MporeccoB U npoieccoB CMK, kak npeanpusituiit BUC, tak u BUC B
nesnom Ha 0ase:

MH(OPMALIMOHHBIX TEXHOJOTUHN (HOPMUPOBAHUS €TUHOTO MH(DOPMALIMOHHOTO MPOCTPaH-
CTBa,

€IMHOT0 METOJUYECKOr0 U HOPMAaTUBHOTO ammapaTa B cepe yrnpaBlieHUS KadyecTBOM U
HaaexxHocteio OlT;

ITOPUTMOB (DOPMHUPOBAHUS U OLIEHKH CTPYKTYp HEPAPXUUYECKUX MHOXKECTB OOBEKTOB,
IIPOLIECCOB, IPUUKH, (GaKkTOpoB 1o ypoBHAM yrpasienus BUC OIIK;

ONTUMAJILHOU CTPYKTYPBI M apXUTEKTYphl 0a3 JaHHBIX, IPUKIATHOTO MHCTPYMEHTAPHS
ABTOMATH3UPOBAHHBIX HHPOpPMALMOHHBIX cucteM npennpusatuii BUC OIIK;

METOJIOB CTaTHUCTUYECKOTO KOHTPOJIA U OIEHKM IMOKa3aTelel KauecTBa U HaACKHOCTH
OII B pamkax uJ1e0I0ruu ynpapieHus kauectBoM (TQM).

B craTthe Ha ocHOBe aHanu3a 3a7a4 B cdepe yrnpaBieHus: KadecTBoM U Ha&xHocThio OI1,
pemaembix B BUC, uadopmanmonHoro mpocrpancTBa st GOpMUPOBaHHS MOTHOMACIITA0-
HOM cucTeMbl coopa, 00paboTKH, YUETa NIUCKPETHBIX MMEPEMEHHBIX O KaueCTBE U HAE&KHOCTH
NPOAYKIMH, HAEKHOCTH TEXHOJIIOTUYECKUX cucTeM npennpusatuil, Bxoasmux B UC Konuep-
Ha, 000CHOBAHbBI TEXHUUYECKHE PEIIEHMS TOCTPOCHUS HHPOPMAIIMOHHON CUCTEMBI NPEATIPH sI-
TUI B MHTEpecax IMOBBIIMIEHUS PE3yJIbTaTUBHOCTH CUCTEMbI MeHekMeHTa kadectBa (CMK).
[IpencraBnena Moaens noctpoeHus 6a3el nanHbIX (B/]) nndopmanmonnoit cuctemsr CMK.

W3noxeHHble MaTepuajgbl MOTYT ObITb HHTEPECHBI CIELHUATUCTaM, 3aHUMAIOIIMMCS
HENOCPEACTBEHHO MPAaKTUYECKUMHU BOMPOCAMH YIPABJIEHUS KayeCTBOM M HajaekHOCThio Ol
Ha IPOMBIIIUIEHHOM MPEANPUSITHH.
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INFORMATION SUPPORT OF THE SYSTEM QUALITY
AND RELIABILITY MANAGEMENT OF DEFENSE PRODUCTS
OF ENTERPRISES VERTICALLY INTEGRATED STRUCTURE

V.B. Afanacev, V.M. Medvedev, S.N. Ostapenko, G.V. Palihov

Feasibility of procedures for the management of quality and reliability of defence products (DP), reliability
of technological systems (TS) in vertically integrated structures (VIS) of the military-industrial complex (MIC)
are primarily concerned with the formation of a representative array of reliable data on indicators of quality
and reliability DP, reliability TC, effectiveness of production processes and QMS processes, as enterprises VIS
and VIS in general on the basis of:

— information technologies of formation of uniform information space;

— unified methodological and regulatory apparatus in the field of quality and reliability management DP;

—algorithms for forming and evaluating structures of hierarchical sets of objects, processes, causes,
and factors based on the management levels of the vis of the defense industry;

— optimal structure and architecture of databases, application tools of automated information systems
of enterprises of the vis defense industry;

— methods of statistical control and evaluation of indicators of quality and reliability of DP within the frame-
work of the quality management ideology (TQM).

In article on the basis of the analysis of problems in the field of quality management and reliability DP solved
in VIS, an information space for the formation of a full-scale system for collecting, processing, integrating discrete
variables on the quality and reliability of products, reliability of technological systems of the enterprises included
in the IP Concern, justified the technical solution of the information system construction of enterprises to improve
the effectiveness of the quality management system (QMS). The model of building a database of the QMS
information system is presented.

These materials may be of interest to specialists who are directly involved in practical issues of quality
management and reliability of DP at an industrial enterpriset.

Moctynuna 30 okTA6pa 2019 ropa.
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B cmambe paccmampusaemcsi npobnema co3daHuss MemoduKU MO pacrio3HasaHuro crieyuanu3upo8aHHbIX
06BEKMO8 C MOMOWbIO MONIAPU3AUUOHHBIX Mopmpemos. [lonspu3ayuoHHbIl mopmpem Xxapakmepu3yemcsi
aHuzomponuel obny4aemol uenu u cdsuzoMm ¢hasbl paduosorsiHbl 8 rpoyecce ompaxeHus. lMapa samux
npusHakos uHOusuOyasibHa Ofisi Kax0020 Kracca yesnu, no smol npuqyuHe eé MOXHO UCrofb308amb
Ons pacrno3HasaHusl. B uccnedosaHuu Ha OCHOBe aKcrepumMeHmalsbHbIX OaHHbIX 6bli0 NpogedeHo umMuma-
yuoHHoe MmodeniuposaHue. bbina nocmpoeHa uUcKyccmeeHHasi HelpoHHasi cemb Ons pacrno3HasaHus
06BLEKMO8 U NoslydYeHbl pe3yrnbmamel, MoKkasaswue 803MOXHOCMb npuMeHeHUs1 daHHolU memoduku 6 PJIC.

Knroueeble cnoea: paduornokayuoHHasi pa3eedka, UCKYCCmeeHHas HelpOHHas cemb, Mnonspu3auyuoHHbIl
nopmpem.

The article considers the problem of developing a technique for recognition of specialized objects using
polarizing patterns. The polarizing pattern is characterized by the anisotropy of the irradiated target and the phase
shift of the radar wave during scattering. A pair of these values is individual for each class of the target, so that
it can be used as features for recognition. In the paper a simulation was carried out based on experimental
data. An artificial neural network was developed for object recognition, and results were obtained that showed
the possibility of using this technique in radar systems.

Keywords: electronic intelligence, artificial neural network, polarizing pattern.

B craree mnpencraBieHa mpoleaypa, MO3BOJSIONIAS OCYIIECTBIATH PACIO3HABAHUE
HA3eMHBIX HETOJIBI)KHBIX OOBEKTOB C MIOMOIIBIO0 UX MOJIIPU3AIIMOHHBIX MOPTpeToB. [lomspu-
3alMOHHBIA MOPTPET LEJIH IOIYYaeTCs IyTEM PACCESHUS JIMHEWHO MOJISIPU30BAHHON BOJIHBI
Ha aHU3O0TPOITHBIX PATUOKOHTPACTHBIX 00BheKTax. KolnuecTBEeHHON OIIEHKON aHM30TPOITHBIX
CBOMCTB 00BEKTa SIBISIFOTCS AJIEMEHTHI MaTpullbl MioJuiepa, KOTOpbIe MOTYT OBITh UCIIONB30-
BaHbl KaK YHUKaJIbHbIE IPU3HAKU OOHAPYKUBAEMOI! 1IE€TTH.

[Ipu3HakoBOe MPOCTPAHCTBO, MOJYYCHHOE MJIsi MapaMeTpoB «KOA(P(GUIIMEHT aHU30TPO-
nuu — CABUT (Pa3y», MOKHO MPUMEHSTH ANl paclo3HaBaHUs OOBEKTOB C MOMOIIBIO HCKYC-
CTBEHHOW HEMPOHHOU ceTH. McKyccTBEHHass HEHPOHHAs CETh 110 TUITY IEPCENTPOH C YEThIPb-
Msl CKPBITBIMU CJIOSIMU ObLlIa MMOCTPOCHA 0 METOAY 0aileCOBCKOM peryisipu3aluu IS pacio-
3HABaHUS CEMU OOBEKTOB CIEIIUATHLHON TEXHUKH.

OYHKIIMOHUPOBAHUE UCKYCCTBEHHOW HEMPOHHOM CETH IMPOBOAWIOCH HA MMUTALlMOHHOU
Mozenu. [Ipu 3TOM yUUTHIBAIUCh TOJSIPU3ANMOHHBIE CBOMCTBA MOJICTHIIAIOIIENH MTOBEPXHOCTH
MpY TIOJyYEHUH MPU3HAKOB 00BEKTOB. Pe3ynbTaThl MOIETHPOBAHUS MTOKA3AIH, YTO (PYHKIIHS
MOTEpPh HEUPOHHOM ceTu He mpeBbimaeT 0.4. 9T0 MO3BOJSAET CAEIATh BBIBOJ O BO3MOKHOCTH
peanu3anyy METO/IA B KOMIUIEKCAX Paguopa3BEIKU.
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EXPERIENCE IN CREATING ARTIFICIAL NEURAL NETWORKS
FOR RECOGNITION OF GROUND OBJECTS BASED
ON POLARIZING PATTERNS

A.V. Kvasnov, A.G. Fandeev

The article presents a procedure for recognizing ground-based objects using their polarizing patterns.
The target polarization pattern is obtained by scattering a linearly polarized wave on anisotropic objects.
The quantitative evaluation of the anisotropic properties is the elements of the Mueller matrix, which can be used
as unique features of the detected targets.

The attribute space for the parameters “anisotropy coefficient - phase shift’ can be applied to recognize
objects using an artificial neural network. An artificial neural network of the perceptron type with four hidden layers
was constructed based on Bayesian regularization method for recognizing seven special objects.

The operation of the artificial neural network was carried out on a simulation model. The polarization proper-
ties of the underlying surface were taken into account when obtaining features of objects. The simulation results
showed that the loss function of the neural network does not exceed 0.4. This allows us to conclude that it is
possible to implement the method in electronic intelligence.

Moctynuna 18 mapTa 2020 roaa.
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COBPEMEHHOE COCTOSIHUE U NEPCIIEKTUBbBI PA3BUTUA
CUCTEMbI JAJIbHEI O OBHAPYXXEHWA U CONPOBOXLOEHUA
BAJITUCTUYECKUX LIENTEW HASEMHOIO EA3UPOBAHUS
PO CLLUA
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Paccmampueatomcesi 80rpoChl Ha3Ha4YyeHUsi, cocmaea, CO8PEMEHHO20 COCMOSIHUSI U Mepcriekmus paseumusi
cucmembl 0aribHe20 0bHapy»KeHus1 u cornpoeoxdeHusi bannucmuyveckux uenel NPO CLUA HasemHoz20 6a3uposaHusi
8 pamkax pa3sumusi 2r106asnbHOU AUWeEToHUPoB8aHHOU MpomueopakemHol 060POHbI.

Knroyeeble cnoea: npomueopakemHasi obopoHa, paduoriokayuoHHasi cmaHuyusi, bannucmudeckasi Uerb,
OaribHee 0BbHapyKeHUe.

The article deals with such issues as the purpose, parts, current state and prospects of the development
of the long-range detection and tracking system of ground-based ballistic targets of the U.S. missile defense
in the framework of development of global layered missile defense.

Keywords: ballistic missile defense, radar station, ballistic target, long-range detection.

B nacrosimee Bpemsi CLLHA co3naer u peanusyeT riodagbHyIO 3IIEJIOHUPOBAHHYIO MPO-
TUBOPAKETHYIO OOOPOHY, OJTHOM M3 COCTaBISAIOUINX KOTOPOU SIBIIsSIETCS MHPOPMAIIMOHHAS CH-
crema [TPO kocMHUecKoro, BO3AYIIHOTO, HA3€MHOT'O M MOPCKOTO 0a3upoBaHMS.

B craTtee paccmarpuBaercs UCTOpUS CO3AaHUS, COBPEMEHHOE COCTOSIHUE U MEPCIIEKTUBBI
pPa3sBUTHS CHUCTEMbI JaJbHETO0 OOHApY)KEHUS U COINPOBOXKICHUS OaJUTMCTUYECKHUX Ileneit
HazeMHoro OasupoBanus HauunoHanbHOM [TPO CILIA: HaaropuU30HTHBIE PaMOIOKALMOHHBIE
CTaHLUHU JAJbHEr0 OOHAPY)KEHUS CUCTEMbI MPEAYNPEXJIEHHs O paKeTHO-SAEPHOM yrape
PAVE PAWS u BMEWS, PJIC Cobra Dane, PARCS, nepcniektuBubsie PJIC LRDR, HDR-H,;
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3aropu3oHTHeie PJIC CONUS, ROTHR; PJIC mnomuronoB tuma TRADEX, ALTAIR,
ALKOR, MMW; PJIC ITPO CIIJA PAR, MCR, a taxxe PJIC, npuBiiekaemble AJis BBIIOJHE-
HUA 3a1a4 nHopmarmonHoro odecreueHus cucremsl [IPO CIIA.

Cucrtema manpHero OOHApY)KEHHS HA3eMHOTrO 0a3MpOBaHUS MO3BOJSET OOECreynBaTh

YCTOWYHMBOE PacloO3HaBaHKUE OAJUTHCTUYCCKHX IIeIel Ha CPEHEM yJ4acTKe TPACKTOPHH UX MO-
n€Ta, TOYHOE COTPOBOXKICHHUE U OIICHKY A (EKTUBHOCTH 00CTpena.
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THE CURRENT STATE AND PROSPECTS
FOR THE DEVELOPMENT OF THE LONG-RANGE DETECTION
AND TRACKING SYSTEM OF GROUND-BASED BALLISTIC
TARGETS OF U.S. MISSILE DEFENSE

V.l. Kolesnichenko, S.V. Golubchikov, V.K. Novikov

Currently, the United States creates and implements a global layered missile defense, one of the parts
of which is the space, air, land, and sea-based missile defense information system.

The article concentrates on the history of creation, current state and prospects of the development
of the long-range detection and tracking system of ground-based ballistic targets of U.S. missile defense: daryal-
type radar stations for long-range detection of attack warning system PAVEPAWS and BMEWS, radar stations
CobraDane, PARCS, future radar stations LRDR, HDR-H; over-the-horizon radar stations CONUS, ROTHR;
radar stations of polygons of the TRADEX, ALTAIR, ALCOR, MMW type; radar stations of the U.S. missile
defense PAR, MCR, as well as radar stations that are used to perform information support tasks for the U.S.
missile DEFENSE system. The ground-based long-range detection system provides stable recognition of ballistic
targets in the middle section of their flight path, accurate tracking and evaluation of the effectiveness of the attack.

Moctynuna 30 sauBapsa 2020 roaa.
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