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lMpusedéH 0630p pasnuyHbIX Memodo8 OUEHKU yepo3. PaccmompeHbl 060CHOBaHUe akmyarbHOCMU 3adaqu OUeH-
KU yepo3s, Kraccugukayusi Memodos, 803MOXHbIe (hakmopbl, 8USOUUE Ha YPOBEHb yepo3bl, @ makke mpebosaHusi
K peanusayuu cucmem OUeHKU yepo3. [NpusedéH 0b30p 0emepMUHUCMCKUX U 8epOSIMHOCMHO-UHMESIEKMYarbHbIX
Memodo8 OUEHKU y2po3.

Kntoueenble crosa; oueHka yepo3, no0depxka MpUHSIMUs peweHut, 8030yWHOe npomusobopcmeo.

The article states an overview of threat evaluation methods. The threat evaluation problems relevance justification,
methods classification, attributes that influence the threat level and requirements to threat evaluation system were
examined. The article contains a review of deterministic and probabilistic-intellectual methods of threat evaluation.

Keywords: threat evaluation, decision support, aerial confrontation.

B paGote paccMaTpuBarOTCs pa3iIMuHbIE OAXO/bl K PELICHUIO 33/1a4l OLEHKH YIrpo3 HAa OCHOBE
OTKPBITBIX OTEYECTBEHHBIX U 3apyOeKHBIX UCTOYHUKOB. lIpuBOaUTCS MEepeyeHb KaUeCTBEHHBIX U KO-
JINYECTBEHHBIX NPU3HAKOB, BBIICISIEMBIX PA3JIMYHBIMUA aBTOPAMHU KaK CYLIECTBEHHBIE JUIS OJIYYEHUS
OLICHKH yTPO3BI.

OpnHOM M3 OCHOBHBIX XapaKTEPUCTHK IMPOTHBHHKA SIBISIETCSA OLCHKA €r0 BO3MOYKHOCTH HaHece-
HUSl ypOHA HAIlUM JIETAaTeNbHBIM amnmapaTtam. s e€ oLleHKH, Kak MPaBHIIO, HCIOJIB3YIOT JETEPMU-
HUCTCKHE METOJIbl, OCHOBAHHBIC HAa IPUMEHEHUU OIPEAEIEHHBIX TUIIOTE3 IBW)KECHHUS, AAKOIIUX BO3-
MOKHOCTb BBIUHCIISITH MIPENIONAaracMblidl IpoMax U BpeMs IepexBaTa.

[pyroii ocCHOBHOW XapaKTEpPUCTUKON MPOTHBHHKA SIBIIETCS €r0 HAMEPEHHE NMPUYMHUTH BpE.
CHOXHOCTD €€ OIIEHKH 00yCIIOBJICHA clIa0bIMU MPOCTPAHCTBEHHO-BPEMEHHBIMU CBS3SIMH OOBEKTOB U
OTCYTCTBHEM YETKHX INPUYMHHO-CIEICTBEHHBIX CBS3€H, UTO BO MHOIOM SIBJIIETCS CIEIACTBUEM HeE-
OTIpeIeIEHHOCTH YeJI0BEUYECKOro MoBeAeHNs U HaMepeHui. [loaTomy Hanbonee nepcneKTHBHBIMU Me-
TOAAMH OLIEHKH YI'PO3 SBJISIETCS BEPOSATHOCTHO-UHTEILIEKTYaIbHbIE METOBI, KOTOPBIE JIEXKAT B OCHOBE
MOJIXO0JI0B K Pa3pabOTKe CHCTEM HMCKYCCTBEHHOTO WMHTelIekTa. OHU MO3BOJSIOT yYUTHIBATH HEOIpe-
JIeNEHHOCTh TIOCTaBJIEHHOM 3aJjaul M HEMOJHYI0 YBEPEHHOCTh B ITOJIy4aeMBIX pe3yibpTaTax. B craThe
paccMaTpUBarOTCA TPU MOAXO0AA K TAKMM 3aJa4aM OLICHKHU YyIpo3, OCHOBAHHBIX HA UCIOJIb30BAHUH HE-
4ETKOM JIOTHKH, 0alleCOBCKUX ceTell 1 HEHPOHHBIX CETeH.
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THREAT EVALUATION METHODS
REVIEW UNDER AERIAL CONFRONTATION

V.S. Verba, V.I. Merkulov, A.S. Plyashechnik

The article considers different approaches to solution of threat evaluation problem based on open indigenous
and foreign sources. A list of qualitative and quantitative attributes for threat estimation that considered by
different authors as important ones is provided.

One of the main purposes is an estimation of enemy possibilities for causing harm to our flight vehicles.
Deterministic methods are usually used for its estimation that are based on certain movement hypothesis
application permitting calculation of anticipated miss distance and interception time.

The main enemy feature is an intention to inflict harm. The complexity of its estimation is stipulated by weak
objects spatially time correlation and absence of distinct cause-and-effect relationship that largely follows
from uncertainty of human behavior and intent. Thus, we consider probabilistic and intellectual methods of threat
evaluation as the most promising. It allows considering the uncertainty of formulated problem and limited
confidence in obtained results. The article examines three approaches to such problems of threat estimation
based on fuzzy logic, Bayesian networks and neural networks.

Moctynuna 15 mas 2018 ropa.
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PA3EN: NPOBJIEMHBIE BOMPOCHI MOCTPOEHUA CUCTEM U CPEACTB BKO
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ObHAPYXEHWUE U U3SMEPEHUE ITAPAMETPOB
FMIMEP3BYKOBBIX LIENIEU B PJIC BTU
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.. INlozoBckut AoKmMop mexHUYEeCKUX HayK, cmapuwul Hay4HbIl compyOHUK,
3am. HavanbHuka HTO, AO «HIMO HUWUII-H3uK», e. Hosocubupck
E-mail: lozov-igor@yandex.ru

Paccmampusaemcsi 3a0ada 0bHapy»KeHUs U uaMepeHust 0anbHOCmU U ckopocmu aurnepsgykosbix yenel (MF3L])
8 PJIC sHewHempaekmopHbix usmepeHut (BTU). [ns ynpoweHus peanusayuu o6pabomku cugHaroes rpednazaemcs
Memo0, OCHOBaHHbIU Ha rnpUMeHeHUU Onsi nepeu4yHo20 obHapyxeHusi ['3L] kozepeHmHOU nayku HemMoOy UPOBaHHbIX
(HM) cueHarnos. lNo ouyeHkam OanbHocmu [3L] 8 HeckornbKux o0b3opax ornpedesisiromcs ux paduasibHble CKopocmu,
4Ymo ro3e0s1siem Ha 2-M amarne ¢ 30HOupoeaHueM naqkol JI4YM-cueHanos ¢ 6onbwol deguayueli 0bolimuchb yMeHb-
WeHHbIM HYUCIIOM KaHarlos rno ckopocmu. B pabome npusedeHbl pe3ynbmambl pacyémos U UMumayuoHHo20 Mode-
JiuposaHusi MpedroxeHHoU yrpowéHHOU cucmeMbl 0bHapy»eHus U uamepeHusi napamempos 3L e P/IC BTU.

Knrouesble cnoea: zunep3gykoeasi Uerlb, KO2EPEHMHOE HaKkorieHue, mnavka JIYM-cueHanos, Oesuayusi
4Yacmomal, 8epOSIMHOCMb OOHapYXKeHUs!, U3MepeHUe ckopocmu u 0arbHocmu yesu, Yacmoma [onnepa, MecmHbie
npedmemel.

The task of hypersonic targets (HST) detection, range and velocity measuring in the external track measuring
(ETM) radar is considered. To simplify the signal processing equipment application the method, based on coherent
continuous wave (CW) signal burst using for primary HST detection, is offered. Radial velocities are defined based
on HST range estimates in several surveys that allows dispensing with reduced velocity channels number at
the 2-nd stage with great deviation LFM signals burst sounding. The article states the calculations and simulation results
of proposed simplified system of HST detection and parameters measuring in EPM radar.

Keywords: hypersonic target, coherent accumulation, LFM (chirp) signal burst, frequency deviation, probability
of detection, measuring of target range and velocity, Doppler frequency, ground features.

B crathe paccmartpuBaetcs 3aada oOHApYKEHHUS W M3MEPEHUsS! NAbHOCTH M CKOPOCTH THIIEp-
3ByKoBbIX 1eneil B PJIC BremuerpaekTopubix u3mepenuii (BTU). Boicokue TpeGoBaHMS K TOUHOCTH
M3MEpPEeHHs TapaMeTPOB THIIEP3BYKOBBIX 1elnel, nmeronmx Hu3Kyto 1P u qemxymmxcs ¢ npeaeasHo
BBICOKUMH CKOPOCTSIMH, ITPUBOJIAT K CYIIECTBEHHOMY YBEIHUYCHHUIO YKCIa KaHaJI0B 00pa0OTKU CHT'Ha-
JIOB IO JANBHOCTH M CKOpOCTH. JlJis ympoleHus peanu3anun o0paboTKH CUTHAJIOB MpeJyiaraeTcst Me-
TOJl, OCHOBAHHBIM Ha IPUMEHEHUH JUIS IEPBUYHOTO OOHAPY>KEHUsI LieJIel CUTHAJIOB C HEBBICOKOH pa3-
pelaronieii CriocoOHOCTRIO 10 AAJILHOCTH, Hanpumep, JIUM CUrHanoB ¢ HU3KOU JIeBUAIIMEH YaCTOTHI,
He TpeOyIOINX MHOTOKAHAILHOCTH TI0 JallbHOCTH MpH KorepeHTHOM HakorieHnu (KH) maukwm mm-
nyJbcoB. [locne u3mMepeHus: CKOPOCTH Lieiel 0 OTMETKaM B COCeTHUX 0030pax MPUMEHSIOTCS] CUTHA-
JIBI C BEICOKMM pa3pelieHueM 1o aanbHocTH (Hanpumep, JIUM c Gonbmoit geBuarmeii). OOHapykeHHe
CUTHAJIOB ¥ M3MEPEHHE MX MMapaMeTpOB MPOU3BOAUTCS MPH ITOM TOJNBKO B JUAa30HE CKOPOCTEH Iie-
JIM, OTpeNeNsIeMOM JaHHBIMU BTOPUYHON 00pabOTKH, YTO MO3BOJISIET MOCIE MOACTPONKH BECOBBIX KO-
a¢duureHToB cornacoBaHHoro ¢pmisTpa 1 KH 000iiTHCh yMEHBIIEHHBIM YHCIIOM KaHAJIOB 110 CKOPO-
¢t 1 6€3 MHOTOKaHAIBHOCTH TI0 JTAIILHOCTH. B paboTe mpuBeneHsl pe3ynbTaThl UMHTAIIMOHHOTO MO-
JeJIMPOBAaHUS TPEII0KEHHON YIPOILIEHHOW U ONTUMAJIBHOW CHCTEM OOHApy>KEHHS U M3MEPEHHS Ia-
pameTpoB runep3BykoBsIx 1eneit B PJIC BTU.
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DETECTION AND PARAMETERS MEASURING
OF HYPERSONIC TARGETS
IN THE EXTERNAL TRACK MEASURING RADAR

I.F. Lozovskiy

The article considers the detection and parameters measuring task of hypersonic targets in the external
track measuring radar (ETM). High requirements to parameters measuring accuracy of hypersonic targets, having
a low radar cross-section (RCS) and moving with extremely high speeds lead to significant increase of signal
processing channels numbers in range and velocity. To simplify the implementation of signal processing
the method based on application for primary detection signals with low range resolution, for example, LFM signals
with low frequency deviation, not requiring the multi-target channeling in range during coherent integration (Cl)
of pulse train is proposed. After targets velocity measuring by marks in neighboring surveys the signals with high
resolution in range (for example, LFM signals with large frequency deviation) are applied. Signals detection and
its parameters measuring is carried out herewith only in target speed ranges, defined by secondary processing
data that allows after matched filter and Cl weights coefficients fine adjustment to dispense with reduced channel
number in velocity and manage without multi-target channeling in range. The paper presents simulation results
of proposed simplified and optimal detection and parameters measuring systems of hypersonic targets in ETM
radar.

Moctynuna 22 mas 2018 ropa.
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B cmamse onucbigaemcsi ycmpolicmeo 06pabomku  paduosioKayUOHHbLIX CU2Haos, [o3sosisiiowee
no O0O0HOU nape ompaxEHHbIX UMIYIbCO8 30HOUpPYyWe20 cueHana onpedenums OanbHocmb 00 uenu,
eé ckopocmb U HarnpasneHue 0suxeHus. [lpu amom ycmpaHsemcsi HEOOHO3HaYHOCMb U3MepeHUsi darbHOCMU,
o0bycnosneHHasi 00MNIeposcKUM CMeWeHUeM no Yyacmome. Takxe paccMompeHbl 803MOXHOCMU onmumMu3ayuu
Xapakmepucmuk ycmpolicmea 8 3agucuMoCmu om puopuMemHoOCmu pewaembix 3adad.

Knroueenle crnosa: yugposasi obpabomka cusHanos, paspeliarouiasi cnocobHoCMb, Celekyust 08UXYLWUXCS
uened.

The article describes the radar signals processing device, which allows determining the range on target,
its speed and flight direction based on one pair of reflected pulses of sounding signal. Herewith, the ambiguity
of range measurement caused by the Doppler shift in frequency is eliminated. In addition, the possibilities
of the device characteristics optimizing, depending on solving tasks priority, were examined.

Keywords: digital signal processing, target resolution, discrimination of moving targets.

[Ipu oreHKe TaKTUYECKOH 0OCTaHOBKM PaJMOJIOKAIMOHHBIM KOMILICKC pellaeT 3a1a4u o0Hapy-
JKCHHA U OLICHKU IIapaMETpOB uenef/'l: JaJIbHOCTH, CKOPOCTH U HAIIPABJICHUA JBUKCHUA. Pemenue mo-
CTaBJICHHBIX 3a/1a4 XKeJATeIbHO OCYIIECTBUTh JOCTATOYHO OBICTPO, YTOOBI HE TOMYCTUTh MPUMEHEHHUS
AKTUBHLIX MMPUICIBbHBIX 110 YaCTOTC IIOMEX. B To0 xe BpEM:, pCIICHUC 3a/la4r CCJICKIINU IBHMKXYIIHUXCA
nener (CALL) kmaccuueckuMu MEeTOaMu TPeOyeT JOCTAaTOYHO MPOJOJDKUTEILHOIO BpeMeHH. B cra-
The MPEAJIAraeTCs METO/I, UCIOIB3YIONIMKA CUTHAN B BUje nap JIUM-UMITyTIbCOB ¢ MPOTHBOIOIOKHbI-
MU 3aKOHaMH MOAYISIuU. MeTos mo3BossieT pemuth 3agaqay CJIL] B TeueHue MByX MEpUOIOB H3ITY-
YCHMUA. HpI/I 9TOM 3aJa4u 06Hapy>1<eHH;1, OIICHKHU JAJIbHOCTHU, CKOPOCTH W HAlIPpaBJIICHUA JIBUXCHUA MO-
TYT peliaThcsl OAHOBpeMEeHHO. [IpuBeIcHbI pe3yIbTaThl MOJICITUPOBAHUS, MOATBEp X Aatomme 3dek-
TUBHOCTH METO/IA.
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MANEUVERING TARGETS DISCRIMINATION
WITH MEASUREMENT OF ITS RANGE, RADIAL SPEED
AND MOVEMENT DIRECTION

I.I. Markovich, A.A. Maryev

When assessing the tactical situation, the radar complex solves the targets detection and parameters

estimation task in its range, speed and movement direction. It is desirable to accomplish the set of tasks quickly
enough to prevent the use of active frequency-oriented interference. At the same time, the moving targets
discrimination (MTD) problem solution by classical methods requires sufficiently prolonged period. The article
proposes a method that uses a signal in the form of pairs of chirp pulses with opposite modulation laws.
The method permits to solve the MTD problem for two radiation periods. In this case, the targets detection,
its range, speed and direction of movement estimation tasks can be solved simultaneously. The modeling results
are performed, which confirm the effectiveness of the method.

MNoctynuna 31 nions 2018 ropa.
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Paccmampusaromcsi 80rpockbl 0OHapyXeHUsi U aKmuBHO20 COMNpo8OXOeHUs1 CroXHOoU 6annucmu4veckol
uesnu Ha eHeammoCcepPHOM yHacmke mpaekmopuu. Bmecme ¢ 6oe8biM 6510KkOM 8 OOHOM y2/1080M MOIOXKEHUU
Moaym Haxo0umbcs Kopryc bannucmudeckol pakembsl U f0XHble yenu. Nodasnsame mMewarouue ompax eHust
om Kopryca U JOXHbIX yesnel o3eosiiem npsiMoy20sibHbIU UMIYbC ¢ UHeUHOU YacmomHoUu modynsayued,
obnadarowuli HUSKUM YyposHEM 6OKOBbIX /1IenecmKoe 63aUMHO-KOPPEISUUOHHOU @OyHKUUU. AHanuaupyomcsi
80MpOCkl U3MepeHUs1 3a0epXKu MNPUHUMaeMbIX CueHaos. Paccmampueaemcsi PeKyppeHmHoe caiaxueaHue
3amepos. OuyeHU8armcsi 803MOXHOCMU ycmpaHeHUs1 0asibHOCMHO-CKOPOCMHOU HeornpedenéHHOCMU, MpPosiers-
rowelicss cucmemamuyeckum cO8U20M HernocpedCmeeHHbIX 3amMepos OasibHocmu npu HeussecmHol dore-
poesckoli yacmome.

Knroyesnie cnoea: obHapyxeHue paduosiokayuoHHo20 cueHana, JIYM umnynsc, danbHOCMHO-CKOPOCMHast
HeorpedenéHHOCMb, COMPoO8oXOeHUe uesnu npu ucronb3osaHuu JIYM ummnynbcos, OUCKpUMUHaUUOHHAas! Xxapak-
mepucmuka, cmamucmu4yeckoe ModenuposaHue.

Questions of detection and tracking of the exoatmospheric ballistic missile are considered. Together
with the reentry vehicle in one beam there can be fragments of the booster, final missile stage and false targets.
Allows suppress the interference from the booster and false targets the rectangular chirp pulse having the low
level of sidelobes of cross-ambiguity function. Questions of measurement of a delay of the incoming signals are
analyzed. Recurrent smoothing of measurements is considered. Possibilities of elimination of the range-Doppler
coupling which is shown systematic shift of direct measurements of range with an unknown Doppler frequency
are evaluated

Keywords: radar signal detection, linear FM pulse (Chirp), range-Doppler coupling, chirp radar tracking,
discriminator response, Monte Carlo simulation.

Amnanuzupyrorcs ocobeHHocTH npumenenus JIYM uMnynbcoB Uit oOHapy>KEHHS U aBTOCOIPO-
BOXKIeHUs 1enell. OcoOeHHOCTH O0YCIIOBIIEHBI JabHOCTHO-CKOPOCTHOW HEOMNPEeeIEHHOCTHIO, MPH-
cymeit JIUM curnanam. J[anbHOCTHO-CKOPOCTHAsE HEONPEAENEHHOCTh COCTOMT B TOM, YTO IMOJIydae-
MBbI€ €IMHUYHBIC 3aMEPBI 33/ICP’KKU CUTHAJIa OTINYAIOTCS OT HCTHHHOMU 3aepKku. OTinnyue o0ycioB-
JIEHO T€M, YTO CKOPOCTb LI€IM HEU3BECTHA.

IIpenmonaraercsi, 4ToO B MOMEHT II€peladyM LN Ha aBTOCOMPOBOXKACHNE W3BECTHO OPHUEHTHPO-
BOYHOE 3HAYEHUE CKOPOCTU LENH, MOJy4YEHHOE MPH 30HAUPOBAHUSIX UMIYIBCOM, B KOTOPOM OTCYT-
CTBYET BHYTPUUMITYJIbCHASI MOLYJISLINSL.

[Ipu obHapyXeHNH W COTPOBOXACHNHN IeNIeH MCTONB3YyeTCs JIMHEHKa KaHaloB OOHapy)XKeHHA, B
KOTOpOW KaHaJIbl HACTPOEHBI Ha pa3iMyYHbIe 3HAUYEHUS 3aJ€PXKKH, HO BCE KaHAJIBI HACTPOEHBI Ha OJTHO
U TO K€ 3HaYEHHE YaCTOTHI.
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Becogoii 00paboTkoit JIUM ummynsca MOKHO 00€CIeYnTh HU3KHK YPOBEHb OOKOBBIX JICTIECTKOB
B3aMMHO KOPPEISIIIHOHHON (DYHKITMH, 9TO TTO3BOJIUT HAOIIOAATh Clla0ble MOJIe3HbIE CUTHANEI Ha (hoHe
MHTEHCUBHBIX MELIAIONINX OTPAXKEHUH OT KPYITHOPa3MEPHBIX LIEIEH.

Amnanuzupyercsi OpMHUPOBaHHE 3aMEPOB 3aJePKKH CHUTHAJIA C MOMOIIBIO ABYX KaHanos. [Ipen-
CTaBJICHBI PUCYHKH C IUCKPUMHUHALMOHHBIMH XapaKTEPUCTUKAMH.

Oco0oe BHHMaHUE YyAEIeHO METOJaM 00pabOTKH MOIyYaeMbIX Pe3ylbTaTOB, KOTOPHIE TIO3BOJIS-
10T U30aBUTHCS OT JALHOCTHO-CKOPOCTHOW HEONpeAeIEHHOCTH U MOMYYUTh UCTUHHYIO AaJbHOCTD 10
uenu. [IpeacraBneHsl mpocThie METOABI 00PaOOTKH PE3YNILTATOB U YKa3aHbI yTH YCOBEPIICHCTBOBA-
HUSI METOJIOB 00pa0OTKH €IMHUYHBIX 3aMEPOB 3aIEPIKKH.

JanpHelime uccnenoBaHus OCYLIECTBIUIUCH C IIOMOINBI0 CTaTHCTUYECKOTO MOAEIHPOBAHUSL.
[Tpu 5TOM yUMTHIBAIMCH peanbHble OMOKK u3MepeHuid. [IpoBepsinack paboToCocOOHOCT UCCTETy-
€MOr'0 METOJla OLICHKH MCTUHHOM JaJbHOCTH B YCIOBHSX, KOTZIa CKOPOCTh LIENH HE SIBISETCSA IOCTO-
SIHHOH.
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APPLICATIONS OF PULSES WITH LINEAR FREQUENCY
MODULATION FOR TRACKING OF TARGETS

A.A. Trukhachev

Features of application of LFM pulses for detection and tracking of the targets are analyzed. Features
are caused by the range-Doppler coupling inherent in LFM signals. Range-Doppler coupling consists that
the measurements of signal delay differ from a true delay. Difference is caused by the fact that the velocity
of the target is unknown.

It is supposed, that at the moment of target transfer on tracking the approximate value of velocity
of the target observed at radar probings by an pulse in which there is no intra pulse modulation is known.

At detection and tracking of the targets the line of detection channels in which channels are adjusted
on different values of a delay is used, but all channels are adjusted on the same value of frequency.

It is possible to provide with weighting techniques the low level of sidelobes of cross-ambiguity function.
It will allow to observe weak desired signals against the background of the intensive interfering reflections from
the large-size targets.

Formation of measurements of signal delay by means of two channels is analyzed. Curves of the discrimina-
tor response are presented.

Special attention is paid to methods of processing of the obtained results which allow to get rid
of range-Doppler coupling and to derive true range to the target. Simple methods of processing of results are
presented and ways of improvement of methods of processing of measurements of a delay are specified.

Further researches were carried out by means of Monte Carlo simulation. Real errors of measurements
were thus considered. Working capacity of an investigated method of an estimation of true range in conditions
when velocity of the target is not a constant was checked.

MNocTtynuna 13 aBrycTa 2018 ropa.
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[Ans  nonydeHus usobpaxeHuli kocmudeckux annapamos (KA) ¢ nasepHbiv rnodceemom 8 OruxHeM
UK-Ouana3oHe e merneckorie rnpedycMompeHo 08a UHCMpyMeHma — MpPEXCONPsKEHHasT WUpononbHasi adanmueHasi
onmuyeckas cucmema (AOC) u criekn-uHmepghepomemp. Kanan ynpaeneHusi 2ubkum 3epkariom AOC pabomaem
monbKo 8 suOUMOM OuanasoHe fpu Hanuyuu COMTHEYHO20 U3rydeHus. [ns nonydyeHusi u3obpaxeHuli 8 6ruxHeM
UK-0uana3sore 8 pexxume nodceema 8 AOC ripedycmompeHa dornonHumernsHast YK-kamepa ucripagieHHoz2o u3obpa-
JeHust. Criekrn-uHmepghepomemp umeem 08a KaHarna, 4mo ro3eonsem eecmu HabrmodeHUs1 Kak 8 8UOUMOM, mak
u 8 bnwxkHem UK-duanasoHe 8 pexxume nodceema 6e3 CoONHEeYHO20 U3ydYeHusi. B pabome paccmMompeHbl nomeHyu-
arnbHble 803MOXHOCMU CrieK/-uHmepghepoMempa, Kak 8 pexume nodceema, mak U COBMECTMHO C COMTHEYHbIM
usrnyqyeHuem. OnucaHbl OCHOBHblE OCOBEHHOCMU anzopumma PekoHCmpyKyuu u3obpaxeHul KA u ouyeHusaromcsi
803HUKarouue rnpobnemsi.

Knroyeenle crnoea: criekn-uHmepgepomempusi, UCKycCmeeHHbIlU crymHuk 3emnu (UC3), bucnekmpars-
Hasi obpabomka.

In order to obtain images of space vehicles (satellites) with laser illumination in the near-IR range, two instruments
are provided in the telescope — a three-conjugated wide-angle adaptive optical system (AOS) and a speckle
interferometer. The AOS flexible mirror control channel operates only in the visible range in the presence of solar
radiation. To obtain images in the near-infrared range in the illumination mode, an additional IR camera of the corrected
image is provided in the AOS. The speckle interferometer has two channels, which makes it possible to observe both
in the visible and in the near-IR range in the mode of IR illumination without solar radiation. The potential possibilities
of the speckle interferometer, both in the IR illumination mode and in conjunction with solar radiation, are considered
in this paper. The main features of reconstruction algorithm of space vehicle image are described and the emerging
problems are estimated.

Keywords: speckle-interferometry, artificial earth satellite, bispectral processing.

PaccmaTpuBaeTcst HOBBIM KOMILIEKC Ha OCHOBE OOJIBIIIEANIEpTYpPHOTO Teyeckoma (ameprypa 3.12
M), HaxoJsmumiics Ha tare 3aBepuieHns OKP. B paboTe u3inoxxeHbl pe3ynbTaThl OIICHKH MOTEHIIHATb-
HOW 3 (PEKTUBHOCTH KaHAaJa JETAIbHBIX H300PAKEHUI C TOUYKU 3PEHUS MOJYICHUS U Ka4eCcTBa H300-
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paxenuit UC3 (MckyccTBeHHBIN cryTHHK 3emin). PaccmarpuBaeTcs creki mHTepdepoMeTpruiecKas
CXeMa IoTydeHHs] H300paKeHnil u OucnekTpanbHas oOpadoTka. [laHHbIl MeTox paboTaeT Kak B BU-
quMoM, Tak W B OmmkHemM MK nmamazone ¢ BO3MOXHOCTHIO TojcBeTa. IlpeminoxeH HaTypHO-
MaTeMaTHYECKHH CIIOCO0 MOJAEIMPOBAHMS ONTUYECKUX W300paKeHUH Ha OCHOBE METOJa MHAYLHPO-
BaHHOW BUpTyanbHOU cpenbl. [lpu MogennpoBanum B KauecTBe (pyHKINI paccesHus: aTMOC(epsl Hc-
TTOJIB30BANIMCH peajbHBIC CIICKJI HHTephEepOMETPHICCKHE N300pakeHns 3Be3M. OpOUTHI M TeOMETPHS
NC3 3apaBanuck ncxonas u3 peanbHbix opouT u 3D dopm MC3. [JonoaHUTENFHO MOACTHPOBAINCH
(OTOHHBIE IIyMBI U LITyMBI CYUTHIBaHUS. PaccMoTpeH 0ombiol HaOop pa3nuYHbIX BAPHAHTOB OPOUT U
3D dopm UC3. [Ipoananusupopana mpodieMa HEIMHEHHBIX HCKa)KeHUH. MoaeupoBaHue IPOBOIH-
JIOCh B Pa3IMYHBIX yCIOBHSX TypOyJeHTHOCTH atMmocdepsl (27, 4”). OueHnBanuch CIEAYIONINe Xa-
PaAKTEPUCTUKHU: KOJMYECTBO KaJpOB HAKOIUICHUS B 3aBHCUMOCTH OT opOHMTHI u (hopmbl UC3; unTeH-
CHUBHOCTD IIIYMOB; THII ¥ TAPAMETPHI OUCIIEKTPATEHON 00pa0OTKH; SHEPTETHUECKUE XapaKTEPUCTHKL.
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METHODS AND ALGORITHMS FOR IMAGES
RECONSTRUCTION WITH NEAR INFRARED LASER
ILLUMINATION

V.P. Aleshin, E.A. Grishin, O.A. Ivlev, D.D. Novgorodtsev, V.D. Shargorodskii

A new complex is considered which is based on a larger aperture telescope (aperture 3.12 m) and is
at the completing stage of R&D works. The paper presents the estimating results of the potential efficiency
of the detailed image channel in terms of obtaining and quality of satellite imagery (artificial earth satellite).

Speckle interferometric imaging scheme and bispectral processing are considered. This method works both
in the visible and in the near-IR range with the possibility of illumination. A full-scale-mathematical method
of optical images modeling based on induced virtual environment method is proposed. In the simulation, the real
speckle interferometric images of stars were used as the scattering functions of the atmosphere. The orbits and
geometry of satellites were set based on real orbits and 3D forms of satellites. In addition, photon noise and read
noise were modeled.

The article considers a large set of different versions of orbits and 3D forms of artificial satellite. The problem
of nonlinear distortion is analyzed. The simulation was carried out under different conditions of atmospheric
turbulence (2", 4"). The following characteristics were evaluated: the number of accumulation frames depending
on the orbit and the satellite shape; noise intensity; type and parameters of bispectral processing; energy
characteristics.

Moctynuna 19 ceHTA6psa 2018 ropa.
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YK 621.373

KO3®®ULMEHT NMEPELJAYU JINHAN,
HE COrf1IACOBAHHOU C BYX CTOPOH

© ABTop, 2019

A.H. BpyeBu4 0okmop mexHu4ecKux HayK, cmapuiuli Hay4HbIl compyOHUK,
sedywjuti uHxerep, NMAO «HINO «Anma3s», 2. Mockea
E-mail: info@raspletin.com

lNoka3aHo, Yymo KoaghghuyueHm nepedayu fUHUU, HE coalaco8aHHOU ¢ 08yX CIMOPOH, rpuU USMEHEHUU OfUHbI
JNUHUU MeHsiemcsi 8 rnpedesiax, Komopble, KpoMe rnomepb 8 IUHUU, 3asucam om eenu4yuHbi KCB eeHepamopa
U Hagpy3Ku, HO He 3asucsim om ¢ha3 KoaghghuyueHmMos ompakeHu.

Knroyesnie cnoea: kosgpgpuyueHm nepedayu nuHuu, KCB 2eHepamopa u Haspy3ku, hasa KoaghghuyueHma
OMpaxeHusl.

It is shown that the line transmission coefficient, unmatched on both sides, when the line length is measured,
varies within the limits, which, in addition to losses in the line, depend on the generator SWR and the load value,
but do not depend on phases of reflection coefficients.

Keywords: coefficient of transmission line, standing-wave indicator (SWR) generator and load, phase
of reflection coefficient.

[Tokazano, uro ko3(pduIMEeHT Mepegaun TUHUN, HE COTIIACOBAHHON C JIBYX CTOPOH, MOXKET Me-
HATBHCS B MpeJesax, 3aBucAmuX Toiabko oT KCB renepaTtopa u Harpys3ku, HO He 3aBUCSIIMX OT (a3 ux
K09 GHUIMEHTOB OTpakeHHH. [loaydeHbl MpOCThIe COOTHOLICHUS, MO3BOJSIONIME ONPEACIUTh ITH
HpeJieibl, KOTOPbIE 3aBUCST OT MOTEPh PACcCOTTIACOBAHMS T'€HEPaTOpa M HAarpy3KH ¢ KabeleM HX CBS-
3BIBAIOLINM U MTOTEPH B cCaMOM Kalere.
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TRANSMISSION COEFFICIENT OF LINE,
UNMATCHED ON BOTH SIDES

A.N. Bruevich

It is shown that the line transmission coefficient, unmatched on both sides, can vary within the limits depending
only on generator SWR and load, but not dependent on phases of its reflection coefficients. Simple relations
were obtained permitting to determine these limits. The limits depend on the oscillator mismatch losses and the load
with linking cable and losses in cable itself.

Moctynuna 4 nrona 2018 ropa.
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B nipednazaemoli cmamese npedcmasrieHbl pesyribmamb! 3KCrepuMeHmarbHbIX uccredosarull, npoeedéHHbIX
8 aspoduHamuydeckux mpybax LIATU, onybnukosaHHbie 8 «[oknadax Poccutickoli Akademuu Hayk» 3a 1991, 1994,
1999, 2005 u 2007 200bI, KOmopskle r0380uUU doKka3amp, YmMo ONMUMarbHOU, C MOYKU 3peHUsT aspoOUHaMUHYECKUX
Xapakmepucmuk, HOCO80U 4Yacmbl0 OKO/I038YKOBO2O JlemamesibHO20 arfapama Sefissiemcsi mak Hasbligaemasi
ronykasepHa PsbywuHckozo, npedcmaensroujas coboli Hocosol OuCK, COEOUHEHHBIL MO0BEPXHOCMbBIO MOKa
C YunuHopuYeckum crosenisikem, U obradarowasi npu 3mMoM MakCuMaslbHO B03MOXHbLIM 06BLEMOM. [lonydeHbl
KoOpOUHambl HOCO8bIX Yacmel 8 8ude MonyKasepHbl PS6YUWUHCKO20 ¢ MIOCKUM 3amyrifieHUeM, Komopbkle mMo2ym
6bImb peKoMeHO08aHbI 07151 YCMaHOBKU Ha KOPITycax OKOI038YKOBbIX iemameribHbIX arnapamos.

Knroueeble crioea: aspoduHaMuYecKue XxapakmepucmuKu, CKOPOCMb 38yKa, OKOJI038yKOBOU MOMOK, Kpumu-
yeckoe 4ucsio Maxa, cka4yok yriomHeHUsl, MECIMHasI C8epX38yKoeasi 30Ha, KasumauuUoHHasi KagepHa PsbyuwUHCKO20,
qucrieHHoe ModesiuposaHue, ornmumu3ayusi napamempos Hocosoul Yacmu kopriyca J1A.

The article states the experimental results conducted in the Central Institute of Aerohydrodynamics wind-tunnel
facility and published in the «Russian Academy of Sciences papers» in 1991, 1994, 1999, 2005 and 2007,
which permitted to prove that with respect to aerodynamic characteristics the optimum fuselage nose section
of transonic flight vehicle is so called Ryabushinsky semi-cavity, representing the nose disc connected by the stream
surface with cylindrical fuselage, and having herewith a maximum possible volume. The coordinates of nose sections
were obtained in form of Ryabushinsky semi-cavity with plain blunting which can be recommended for mounting
on fuselage of transonic aircraft.

Keywords: aerodynamic characteristics, sound speed, nearly-sonic flow, critical Mach number, compression
shock wave, local supersonic region, Ryabushinsky cavitation cavity, numerical modelling, forebody flight vehicle
parameter optimization.

Xapakrtep Te4eHUs OKOJI0 Hauboiiee BocTpeOoBaHHOM PopMbl JIA — ocecHMMETpUYHOTO Tea, JI0
CHX TIOp NIPUBJIEKAET BHUMaHHE HccienoBateneil. Beioop ontumansHbIX GOpM [UIs 331aHHBIX YCIOBUI
1oJieTa — OCHOBHAs 33/la4a C CaMoro Havana pa3BUTUS a’spoauHamMuku. Onpexaenenue Gpopmsl oce-
CHMMETPUIHON HOCOBOU YacTh JIA SBISETCS OTHOM M3 KJIACCHYECKUX 3a/1a4d a3pOTHHAMUKH.

ITpu ckopocTsx monera, ONMM3KUX K CKOPOCTH 3BYKa, BEIOOP (hOpMBI HOCOBOI HacTH KopItyca Je-
TaTENLHOTO anmapara o0yCJIOBJIEH TPeOOBaHMEM HAMMEHBILEr0 BOJIHOBOIO compoTuBieHus. Kpure-
pHEM 3TOrO MPHUHATO 3HaUYeHUe uncia Maxa MKP*, COOTBETCTBYIOIIETO TMOSBICHUIO CKayKa YIIIOTHE-
HUSI, 3aMBIKAIOIIET0 MECTHYIO CBEPX3BYKOBYIO 30HYy. Kputnueckoe uncio Maxa npu oOTekaHuu Tena
BpaLIeHUs 3aJaHHOM JUTMHBI U 00beMa I0CTUTAaeT MaKCUMAJIBHOT'O 3HAYEHUS, KOT/1a TEI0 00pa30BaHo
JIByMsI COOCHBIMH JHMCKaMH, TIOCTAaBJICHHBIMH MONEPEK HAaOETarolero MoToKa ra3a U CoOeMHEHHBIMHU

MOBEPXHOCTHIO TOKA, B K&XKI0W TOUKE KOTOPOIl peann3yeTcst CKOPOCTh 3ByKa. DTO OCECUMMETPUIHBII
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ciyuaii, uccieoBaHHbBIN B pabdote [1], oNTHMaNbHBIX IO KpUTHYECKOMY YHcTy Maxa Ten. AHajIorom
3TOTO TEUEHHS B HEC)KUMAEMOM JKHUIKOCTH SIBIIAETCS TaK Ha3blBaeMoe TedeHne PaOymmHCKOro, B KO-
TOPOM 00JIACTh MOCTOSHHOTO JaBIICHHS 32 TUCKOM, MTOCTABJICHHBIM ITOTIEpeK MOTOKA, 3aMBIKAETCs Ha
CUMMETPUYHOM OTHOCHUTENBHO IUIOCKOCTH MHJEJIEBOIO CEUCHHSI KaBEPHBI «OTPaKEHHOM» AucKe [2].
IIpu obTexannn Tena BpallleHUA 3aJaHHOW IIMHBI M 00beMa OKOJIO3BYKOBBIM IOTOKOM KaBHTAIlMOH-
Has kaBepHa PsaOymmHCcKoro [2] 0bnamaeT MaKCHMaNbHBIM 3HAY€HUEM HIDKHETO KPUTHYECKOTO Jrciia
Maxa MKp*, CBSI3aHHOTO C MOSBJICHUEM 3BYKOBOW TOUYKH HJIM 3BYKOBOM JIMHUH Ha 00TeKaeMol OBEpX-
HoctH [1].

B pabotax [3-5] mocTpoena hopma oOpasyroleil, Tak Ha3pIBaeMOH IMOTyKaBepHBI PAOymmHCKO-
r0, a B [6-7] 3KCIIEpUMEHTAIBHO TIOKAa3aHO, YTO B OKOJIO3BYKOBOM ITOTOKE r'a3a CPEeIH TEJ C OJMHAKO-
BBIM yJUIMHEHHEM HOcoBoi yacTu A=L/D, rae L, D — e€ anuna u nuamerp munens, noiykasepHa Ps-
OYIIMHCKOT0 UMEeT HauMeHbIIee JIOOOBOE COTPOTHUBIICHNE. 3HAYUTEIBHBIN BRIUTPHIII B 00bEME T10-
JTyKaBepHbI PSIOYITMHCKOTO JaeT OCHOBAaHUE MCCIIEIOBATh €€ B KA4eCTBE HOCOBOW YacTH (hro3ersika
OKO0JIO3BYKOBOTO JIA.
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OPTIMUM FUSELAGE NOSE SECTIONS
OF TRANSONIC AIRCRAFT

A.A. Gubanov, A.N. Kravtcov, E.N. Kuznetcov, A.V. Panushkin, A.O. Podosinnikov, I.L. Chernishov

The flow regime of a near most popular flight vehicle (FV) shape — axially symmetric body, still attracts
attention of researchers. The choice of optimum shapes for specified flight conditions — is the main task of aero-
dynamics from the very beginning of its development. Shape determination of axisymmetric FV nose part is one
of the classical aerodynamics problems.

At flight velocities close to sound speed, the shape selection of FV forebody is stipulated by the requirement
of the lowest shock-wave drag. The criteria for it is Mg Mach number value, corresponding to emerging
of compression shock wave, closing the local supersonic region. The critical Mach number at flow over rotary
(axisymmetric) body of specified length and volume achieves a maximum value when the body is comprised
by two coaxial discs placed transversally to gas approach flow and connected by stream surface, in each point
of which the sound speed is presented. This axiosymmetrical case of optimal bodies in critical number of Mach
studied in [1] paper. The analog to this flow in incompressible liquid is so called Ryabushinsky flow in which

BECTHUK BO3YLUHO-KOCMUYECKOW OBOPOHbI N2 1(21), 2019 r.



PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX N TEXHOJTOTMYECKUX PABOT

the region of constant pressure behind the disc placed transversally to the flow, is closed relatively to cavity
midsection plain on symmetrical «reflected» disc [2]. At flow over rotary body of specified length and volume by
transonic flow the Ryabushinsky cavitation cavity [2] has a maximum value of low critical M Mach number, con-
nected with emerging of sonic point or sonic line on streamlined surface [1].

In [3-5] papers the form of so called generating Ryabushinsky semi-cavity was plotted, and in [6—7] papers
it was demonstrated by experiments that in gas transonic flow among bodies with equal nose fineness ratio
A =L/D, where L, D —is its length and midsection diameter, Ryabushinsky semi-cavity has a lowest frontal drag.
Significant advantage in Ryabushinsky semi-cavity volume gives a ground for its research as nose part
of transonic aircraft fuselage.

Moctynuna 29 nions 2018 roaa.
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OBPABOTKA U3MEPUTEIIbHbIX CUIHAJIOB
B NNPOLJECCE JUHAMHUYECKOU BATTAHCUPOBKU
JIETATE/IbHOIO AIMAPATA
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A.B. Knto4yHukoB
HayaribHUK KOHCmpyKmopcko2o omodena, POSL-BHUNT® um. akademuka E.U. S3ababaxuHa,
2. CHexuHck, YenabuHckas obr.
E-mail: a.klyuchnikov@bk.ru

B cmambe obcyxdaemcsi 8ornpoc 06pabomKu CUnbHO «3aulyMiEHHbIX» CUHYycoUdaslbHbIX USMEPUMESIbHbIX
cuzsHasros, rnocmynaruwux om MepsuYHbIX MbEe3031eKMpPUYECcKUX rpeobpa3osamernieli 8 xode banaHCUpOBKU
JflemamernibHo20 arnnapama Ha OUHaMu4YyecKkoM 6anaHcupo8oYHOM cmeHOe C 2a3ocmamuyYecKuMu MoOWUMHUKaMU.
lNpusedéH anzopumm obpabomku cueHanos. B npouecce 0b6pabomku UCHOIL3YHOMCS Creyuanu3upo8aHHbie ycusnu-
menbHble U YacmomHo-u3bupameribHble 3NeKMPOHHbIE ycmpolicmea, a makke Memoodb! yughposol obpabomku
cueHaros, obecreyusaroujue 8bICOKYH MOYHOCMb U3MepeHUll napamempos cusHarios.

Knroyeenle croea: banaHcuposka, pomop, UsMepeHue, cueHar, WyM, ¢hurbmpayusi, 4acmoma epaueHUus.

The article states issue on processing of sinusoidal «highly noisy» measuring signals from primary piezoelectric
transducers during balance of flying vehicle at dynamic balancing stand equipped with gas bearings. The signals
processing algorithm is presented. Special methods and devices for amplification and digital filtration the signals are
used during signals processing.

Keywords: balancing, rotor, measurement, signal, noise, filtration, frequency of rotation.

TouyHOCTB NBIKEHUS 110 33JaHHOM TPACKTOPHH, CHIDKEHUE BEPOSITHOCTH IOSIBICHUS aHOMATBHBIX
PEXKUMOB MOJIETA B 3HAUUTEIIFHOM CTENEHU 3aBUCUT OT KauecTBa OAIaHCHPOBKH JIETATEIHLHOTO arla-
pata (JIA), kak mpaBuIio, BHIMOJIHIEMOTO Ha 3aBEPIIAIOIIEM dTare 00Iell COOPKU ¢ MCII0JIb30BAHUEM
CTIEIMATN3UPOBAHHOTO KOHTPOJBHO-U3MEPUTENLHOTO 000PYAOBaHUs. YUUTHIBas BBHICOKHE XapaKTe-
PUCTHKH TOYHOCTH IMHAMHUYECKUX OaTaHCHPOBOYHBIX CTEHOB, 3aKOHOMEPHBIM SBJICHHEM MOYKHO
CUYMTATh HAOIOJAIONIYIOCS B TIOCTEIHEE BPeMsl TeHICHIIMIO K MCIIOIb30BAHUIO JUIS ATHX LIEeH MeTo-
JIOB M CPEJICTB TMHAMHUYECKOH OaTaHCHPOBKHL.

Ji1s 6€CKOHTAKTHOTO MPEIM3HOHHOTO OIPEIEIeHNs ITapaMeTPOB MacCO-HHEPIIMOHHOW aCHMMET-
pun JIA, npencTaBisIFOIIUX COOOW JUITMHHOMEPHOE TEJIO BPAICHUs KOHUYECKOH (DOPMBI, CIIPOSKTHPO-
BaH HU3KOYACTOTHBIN BepTI/IKaJ'H)HHﬁ 6aHaHCHpOBO‘IHLII>'I CTCHJ C OomopamMu, BBITIOJIHCHHBIMU B BUJC
KOHUYECKHX Ta30CTaTUYECKUX TOJIIIMITHAKOB. MICKOMBIE MapaMeTpbl MacCO-HHEPIIMOHOW aCHMMETPHUHI
PacCUHTHIBAIOT TIO pPe3ysibTaTaM MU3MEpPEeHHi JrcOalaHCOB KOHTPOJIUPYEMOTo ammapara, Bpallarolie-
rocs B OMOpax C MOCTOSIHHOM YIJIOBOW CKOPOCThIO. CHUTHAJBI, OCTYMAIONINE B U3MEPUTEIHHYIO CH-
CTEMY CTEHJIa OT JBYX IMbE303JEKTPUUECCKUX NATYUKOB CHUJIbI, YCTAHOBIECHHBIX B YIPYTUX 3JIEMEHTAX
oTI0p, ¥ Hecylue B cebe mHpopManuo o aucOanaHcax KOHTPOIUPYEMOTo anmapara, MpPeICTaBIsIFOT
coboit ANTJTUTUBHYIO CMECH C IHNPOKOIIOJOCHBIMU CUTHAJIaMU IMTOMEXH, MOIMHOCTE KOTOPBIX MOXKET B
COTHHM a3 MPEBBIIIATh MOUTHOCTD MOJIE3HOr0 curHana. [IpuurHaMu BOZHUKHOBEHUS CUTHAJIOB MTOMEXHU
MOTYT OBITh HEHJICATLHOCTH COIPSTAEMbIX pab0UnX MOBEPXHOCTEH KOHTPOIHPYEMOTO OOBEKTa U ra30-
CTaTHYECKUX TTOAIMIUITHUKOB, COOCTBEHHBIC PE30HAHCHI KOJIeOATEIIHLHON CHCTEMBI CTEHNA, TPHUOODIICK-
Tpudeckre 3G HEKTH B M3MEPUTEITBHBIX KaOeNIX U PSIIl IPYTHX.

B cratbe paccmaTpuBaroTCs anmnapatHbli, IpOrpaMMHO-METOAUYECKUI U KOHCTPYKTUBHBIN acrek-
THI peIIeHHS 3aa9u 00pabOTKY M3MEPUTENBHBIX CUTHAMIOB. [IprBeeHa CcTpyKTypHas cxemMa ajlrOpuTMa
00pabOTKN M3MEPUTENHHBIX CUTHAJIOB. AJNITOPUTM PEaji30BaH C MPUMEHEHHEM METO/I0B aHAJIOTOBOM U
UQPPOBOH PpUIBTpaINU 1 00ECTIEYNBACT BEICOKYIO TOUHOCTh U3MEPEHHI TapaMEeTPOB CHT'HAJIOB.

BECTHUK BO3YLUHO-KOCMUYECKOW OBOPOHbI N2 1(21), 2019 r.



PA3EN: NCCNEAOBAHUSA B COEPE MPOEKTHO-KOHCTPYKTOPCKUX N TEXHOJTOTMYECKUX PABOT

JUTEPATYPA

1. NpaepuH B.M., lWanuH A.IN. Bannuctrka Heynpasnsemblx neTatenbHbix annapatoB. — CHexwuHek: NspgaTtenscteo IyTl
«POAU-BHUNT® nm. akapem. E.N. 3ababaxuHay, 1999. — 496 c.

2. KnwouyHukoB A.B., AGbiweB H.A. MeToguueckuii noaxoq Anst AMPEKTUBHOINO Ha3Ha4YeHUs HOPMaTUBOB TOYHOCTU CTEHOBO-
ro obopyaoBaHusi Npy onpegeneHun xapakTePUCTUK Macco-MHEPLIMOHHOM acuMMETpUM BeCrnuNoTHBIX NeTaTernbHbIX anna-
paToB // Tpyabl MexayHapogHoro cumnosnyma «HapéxHoctb n kadectso» (MeHsa, 21-31 masa 2018 rog): B 2-x Tomax. —
MeHsa: MspatenscTeo MY, 2018, 1.2. — C.30-32.

3. TOCT 22061-76. MawwuHbl n TexHonornyeckoe obopynoaHue. Cuctema knaccoB TOYHOCTM GanaHcupoBku. — M.: Uspga-
TenbcTBO cTanaapTos, 1977. — 139 c.

4. BanaHCUpPOBOYHbLIV CTEHA C BEpPTMKaNbHOM OCbto BpalleHusi: MateHT PP Ha nsobpeteHne Ne2292533 MIK GO1M 1/02 /
nasbipuHa J1.M., Kapnosuukuii M.C., KntouHmkos A.B., Manbrud A.U., CmupHos I.I"., ®omuH HO.IM. // BN, 2007. Ne3.

5. A6biweB H.A., AHapeeB C.B., KntouHukoB A.B. KoHCTpyKTUBHBIE OCOBEHHOCTU CTeHAa ANS AUArHOCTVKU XapaKTepucTuk
acMMMeTpUKM Macc feTaTtenbHblX annapaToB // ABnakocMuyeckoe npubopocTtpoerne. — 2015, Ne1. — C.39-45.

6. [Mat. P® Ne2499985. Cnocob GanaHcMpoBK/ poTopa B ogHOW nnockocTu koppekuun / A.B. KntoyHukos; onybn. 27.11.2013,
Bron. Ne33.

7. KnroyHukoB A.B. YvcneHHbI anropyTM onTummsaumm npouecca ypaBHOBELUVMBAHNUS KOHWYECKOW feTalollel Mogenu Ha
AvHamuyeckoM BanaHcnpoBoyHOM cTeHAe // BecTHnk Cmbrpckoro rocyaapCTBEHHOTO a3pOKOCMUYECKOrO yHUBEpCUTeTa. —
2016, 1.17, Ne2. — C.309-317.

8. KniouyHukoB A.B., Ilbickix A.B., YepTkoB M.C. MeTpornormyeckue acnekTel MOAEN ypaBHOBELLMBAHWSA neTaTenbHoro an-
naparta Ha gMHammyeckom 6anaHcmMpoBoyHoM cTeHge // BecTHuk KoHuepHa MNBO «Anmas-AHTeny. — 2015, Ne1. — C.43-48.

9. Bpox E.T. MNpumeHeHne nameputenbHbIX cuctem mpmbl «bpronb 1 Kbep» ans uaMepeHusi MexaHn4eckmx konebaHun mn
yaapos. — Cebopr: «K.JlapceH & cbiH», 1973. — 308 c.

10. BapHc k. OnekTpoHHOe koHCTpyuposaHue: Metoapel 6opbbbl ¢ nomexamu. — M.: Mup, 1990. — 238 c.

11. KnroyHukoB A.B., KysHeuoB A.B., Jlbicbix A.B., LibiHryeBa J1.[., LlanawoB C.B. OcobeHHOCTU KOHTPONS YacToTbl Bpa-
LLieHVs B npouecce H6anaHCUpOBKM neTaTenbHbIX annapaToB Ha AnHamuyeckom ctenge // CoopHuk Tpyaos IV Becepoccuin-
CKOW Hay4YHO-TEXHMYECKoW koHdepeHumn «PaanosbicoTomeTpusi» (KameHck-Ypanbckuii, 22—24 oktsi6ps 2013 r.). — Ekate-
puHOypr: N3paTtenbctBo «PopT Auanor-Ucetby, 2013. — C.195-198.

12. KnroyHukoB A.B. NpeunsnoHHbIi KOHTPOMb NapamMeTpoB MacCco-MHEPLNOHHON aCUMMETPUM TEN BpaLLEHMS C UCNONb3oBa-
Hvem 6anaHcupoBOYHOrO cTeHAda ¢ rasoBbiMu onopamu // COopHUK TpyaoB V Hay4HO-TexHudeckow koHdpepeHuun HIMNOA
«PakeTHo-kOCMMYeckasa TexHuka» (ExkatepuHbypr, 8—-9 anpens 2010 roa), cepus Xl: «CucTembl ynpaBneHns pakeTHbIX
KOMnnekcoB»: B 3-x YacTax. — Ekatepunbypr: UsgatenbctBo ®IYI «HIMO aBTomaTtukmn M. akagemumka H.A. CemnxaTtoBay,
2010, Y.2. — C.52-58.

13. KnoyHukoB A.B., CamapueB A.A., CumoHoBa H.®. Anropntm ¢pyHKLMOHMPOBaHMS KOMMbIOTEPHOW MporpamMmbl CTeHaa
UCCNefoBaHNs XapakTepucTUK acuMMeTpun pacnpegenenus macc tena // Tpyabl MexayHapogHoro cumnosnyma «Hagéx-
HOCTb M KadecTBO» (IMeH3a, 21-31 masa 2012 ron): B 2-x Tomax. — [MeHsa: Mspgatenscteo MY, 2012, 1.1. — C.319-322.

MEASURING SIGNALS PROCESSING DURING
FLYING VEHICLE’S DYNAMIC BALANCING

A.V. Klyuchnikov

The movement accuracy in predetermined trajectory, the reducing of abnormal flight conditions possibilities
substantially depend on flying vehicle (FV) balancing quality, generally conducted at final phase of its assembling
using the special-purpose test and measuring equipment. Taking into account the high accuracy characteristics
of dynamic balancing stands, the recently observed trend in use for this purpose of methods and means
of dynamic balancing can be considered as the regular event.

For non-contact precise parameters determination of FV mass-inertial asymmetry, presenting the long-
length conical-shaped rotary body, the low-frequency vertical balancing stand with supports in form of conical
hydrostatic gas bearings was designed. The required parameters of mass-inertial asymmetry are calculated
based on measuring results of misbalances of checked vehicle, rotating in supports with constant angular speed.
The signals coming to measuring stand system from two piezoelectric load measuring element mounted
in springing elements of bearing. The signals carrying the information on misbalances of checked vehicle are
the additive mixture with wideband noise signals the power of which can increase in hundred times the power
of valid signal. The noise signals appearing reason can be none ideality of adjoined working surfaces of checked
vehicle and hydrostatic gas bearings, natural resonance of the stand oscillating system, triboelectric effects
in measuring cables and so on.

The article examines the hardware, program-methodical and design aspects for measuring signals
processing problem solution. The structural scheme of measuring signals processing algorithm is performed.
An algorithm is represented with use of analog and digital filtering methods and provides a high measuring
accuracy of signals parameters.

Moctynuna 29 nioHA 2018 roaa.
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lMpedcmaesneHbl pe3ynbmambi MOOeIuUpO8aHUsI CxXamusi cugHana € rnpsiMoyaosibHol oaubarowel U apKcu-
HycHol YacmomHou modynsayued. lNpu cxamuu cuaHana npeodrioX)eHo UCrnob308ambe OKHO XeMMUHaa (KOCUHYC
Ha nbedecmarie) ¢ UBMEHEHHBIMU 8€C0O8bIMU KO3thhuyueHmamu, 3agucawumu om basel cuzHana. OnpedeneHsbl
onmumarsibHble 3Ha4YeHUs1 K0aghehuyueHmMo8 OKOHHOU hyHKUUU maKue, 4mo ypoeseHb BOKOBbIX /1IeNeCcmKo8 Cxa-
moeao cuesHarna He npesbiiaem MUuHyc 42 0b npu MUHUMasbHbIX OMepPsiX Ha paccoanacosaHue. BblHucrieHbl
rnomepu Ha paccoefiacogaHue fpu cXXamuu cugHana rfpu ornpedenéHHbIX makum obpa3om KoaghghuyueHmax
0151 pa3fuyHbIX 3Ha4eHul ba3bl cueHana.

Knroyeeble cnoga: o6pabomka cueHaos, cugHasbl ¢ JIUHEUHOU u HenuHelHolU YacmomHoU modynsyued,
cxxamblil cueHar, coanacoeaHHbIl ubmp, yposeHb BOKO8bIX riernecmkos, eecosasi (hyHkUusi, basa cuesHana,
OMHOWeHUe «cuzHan/wymy, nomepu Ha paccoasiacosaHue.

Simulation results of signal compressing with square envelope and arcsine frequency modulation
are presented. Hamming window (raised cosine on a pedestal) with modified weight coefficients depending on
signal base has been proposed to use in signal compressing procedure. Optimum window function coefficients
have been defined with the following condition: side lobe level of compressed signal not exceeding minus 42 dB
within minimum mismatch loss. Mismatch losses for signal compressing procedure was calculated with these
coefficients for a set of signal base values.

Keywords: signal processing, linear and nonlinear frequency modulation signals, compressed signal,
matched filter, side lobe level, window function, time-bandwidth product, signal to noise ratio, mismatch loss.

PaccmatpuBaercst 3a7aua c)KaTHsl CHTHalla C MPSMOYTOJILHOW OTHOarolield M apKCHHYCHOM Ya-
CTOTHOM MOJIyJsIuen. [ cxkaTus mpeasiosKeHO UCTIONb30BaTh OKHO XeMMUHTa (KOCHHYC Ha Ibeje-
CTaJie) ¢ U3MEHEHHBIMU BECOBBIMH KO3((pHIIMEeHTaMK, 3aBUCIIIUMHU OT 0a3bl curHaia. Onpenesiinch
BECOBBIC KOA(P(UIIMEHTHI TaKHe, YTO YPOBEHb OOKOBBIX JICMIECTKOB CKATOTO CHTHAJIa HE IPEBBIIIACT
MuHyc 42 nb (kak Mpu UCIOIb30BaHUU OKHA X EMMUHTA JIJIS COKATHS CUTHAJIOB C JIMHEHHOW YaCTOTHOM
MOYJISALKEH) TIPU MUHUMAJIBHBIX MOTEPSAX Ha paccoriacoBanue. [IpeacTaBieHbl aMIUIMTYIHbIC CIICK-
TPBl CUTHAJIOB C apKCHUHYCHOW MOIYJIAIUEH, WUTIOCTPUPYIOIIUX YBEIMYCHUE OTKIOHEHHUS CIEKTpa
CUTHaJIa OT WJICATBHOTO C YMEHbIIIeHHeM 0a3bl curHana. [lpencraBneHa CTpyKTypa CKaThIX CUTHAJIOB
C UCTIOJIH30BAaHUEM OKOHHOUM (YHKIMU U 0e3 ee HCIoyib3oBaHus. [IpuBeaena tTabmuia ¢ pe3ylibraTaMu
mo0opa BEJIMYMHBI TbeIecTalla OKHa XeMMHHIa B 3aBUCHMOCTH OT 0a3bl CUTHAJIA C YKa3aHUEM BeJIH-
YHH MOTEePh Ha paccoriacoBanue. OnpeeneHo, 4To ¢ yBeInUeHHeM 0a3bl CUTHAJIa BEIUYMHA ITheIe-
crana ctpemurcs K 3HaueHnto 0.36 ¢ norepsimu Ha paccoriacoBanue munyc 0.25 nb.
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SIGNAL PROCESSING MODELING WITH INVERSE SINE
FREQUENCY MODULATION

V.S. Okoneshnikov, A.A. Pahomov, K.K. Sevostiyanov

The article examines the signal compression problem with square envelope and arcsine frequency
modulation. It's proposed to use the Hamming window (raised cosine on a pedestal) with modified weight
coefficients depending on time-bandwidth product for compression. The window function coefficients have been
defined with the following condition: side lobe level of compressed signal not exceeding minus 42 dB (as during
use of Hamming window for signals compression with linear frequency modulation) within minimum mismatch
loss. The amplitude signal spectrum with arcsine modulation was performed showing the deviation of signal
spectrum from an ideal with decrease of time-bandwidth product. The compressed signals structure is performed
using the window function and without it. The results table with matching of pedestal value of Hamming window
depending on time-bandwidth product with specification of mismatch losses values. It’s defined that by increasing
of time-bandwidth product the pedestal value tends to 0.36 value with mismatch losses of minus 0.25 dB.

Moctynuna 12 okta6psa 2018 ropa.
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B cmambe paccmampueaemcsi ¢hopMuposaHUe OUEHKU Kadyecmea npuHUMaeMbiX CUgHasioe no 0aHHbIM, Mosy-
yeHHbIM PJIC 8 00HOM pekyppeHmHom nepuode. TeopemuyecKkue paccyK0eHusi Cornocmassisiomcs ¢ pesynsmamamu
aHanu3sa sKcriepumeHmarnbHbiXx OaHHbIX, nonydeHHbimMu PIIC npu pabome o UC.

Knroyesnle crioea: oyeHka kayecmea cueHaros, cpedcmea KOHMPOIs arnapamypsbl, cugHabHas UHgopma-
yus, conposoxxdaembie 06BLEKMEI.

The article states the formation of received signals quality evaluation according to data obtained by the radar
in one recurrent period. The theoretical reasoning is associated with experimental data analysis results obtained by
the radar operated on signal source.

Keywords: signal quality evaluation, equipment testing aids, signal information, tracked objects.

Hcrons30BaHe MHOTOYAaCTOTHBIX CUTHAIIOB TIO3BOJISIET B KAXKIIOM IIEPHOJIE 30HIUPOBAHMS 110 3HAYCHH-
SIM 9XO-CUTHAJIOB TIPOBECTH OIIEHKY KaueCTBa IMPUHNMAEMBIX CHTHAJIOB U IIENIECO00PA3HOCTH UX HUCTIONb30Ba-
HUS U TATbHEHIIEH 00paboTKu.

OrieHKa KayecTBa MPUHNMAEMBIX CHTHAJIOB MIPOBOAMTCS TT0 OTKJIOHEHHSIM OTHOIIICHUH BETMYMH TIPUHI-
MaeMBIX CHTHAJIOB Ha pabounx dactotax PJIC, kotopeie onpenensrorcs 3nauenusmu DI 1P neneit. Paccmar-
pUBaeMbIE OICHKU HE 3aMEHSIOT CPEICTBA KOHTPOJI ammapaTypsl B OTACIBHBIX KaHAIAX, a HAIPaBJICHBI Ha
KOHTPOJIh KOMIUTIEKCHBIX XapaKTEPUCTUK MPUHIMAEMBIX CHTHAJIOB. J1J1s1 TIPOBEIEHNS TAKMX OIICHOK HE HYXKHA
JIOTIONTHUTEITBHAS FBMEPHTENbHAs armapaTypa THIIa BOJIBTMETPOB U ociniorpadoB. Bee oreparwy BbITON-
HSFOTCS Ha TIPOrPaMMHOM YPOBHE B XOJI€ TIPOBEICHHS PeasbHOM paOOThI.

INpu oneHKe KavecTBa JIFOOAst COMPOBOXKIaEMast 1IENb MCTIONB3YETCsl KAaK HCTOYHUK TECTOBBIX CHTHAIIOB,
(YHKIIMH KOTOPOTO TIPH TPOBEACHUH HACTPOEUYHBIX PabOT OOBIMHO BBIIONHSET STATOHHBIA OTpaskarelb,
CIIEIMATIFHO BBOJIMMBII B COCTAB HAOJFOIaeMBIX IeTIeH.

OnucaHHBIN CIIOCO0 OLICHKH KauecTBa MPUHUMAEMBbIX CHTHAJIOB ObLI UCIIOJIBb30BaH MPH IMPOBEICHNUH 00-
PabOTKU CHTHAJIEHOM HH(OPMAIIWH, TIOTYyYESHHOM 10 Pa3HBIM COIPOBOXKIABIIINMCS OOBEKTaM.
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RECEIVED SIGNALS EVALUATION DURING RADAR
OPERATION WITH MONOPULSE MEASURING TECHNIQUE
OF ANGULAR COORDINATES BY MULTI-FREQUENCY SIGNALS

B.M. Panteleev, V.V. Kirillov

The use of multi-frequency signals permits to conduct quality evaluation of received signals and its feasibility
for further processing in each sounding period according to returned signals values.

The received signals quality evaluation is carried out according to relations deviations of received signals
values on radar working frequencies, which is defined by targets RCS values. The examined evaluations do not
substitute the equipment testing aids in separate channels, but aimed at checking of integrated characteristics
of received signals. To perform such evaluation there is no need in additional measuring tools of voltmeter and
oscillography type. All operations are carried out at program level during real operation performance.

During quality evaluation, any tracked target is used as a source of test signals, the functions of which are
commonly performed by reflector during adjustment works process, intentionally included as observable targets.

The described method of received signals quality evaluation was used during signal information processing
obtained on different tracking objects.

MNoctynuna 13 ceHTAGpsa 2018 roaa.
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B cmambe 0603HaYyeHbl OCHO8HbIE MPobrieMbl 8 MPOUECCEe OUEHKU peanusyeMocmu poeKMo8 KOMMIEKCHOU
asmomamusayuu npednpusmuli 0meyYyecmeeHHo20 0BOPOHHO-MPOMbILWIEHHO20 KoMriekca. [lpedcmaesneHsi
OCHO8HbIE HarpaeneHusi Hay4YHo20 uccriedosaHusi, Ueslb Komopo2o — UHmeespayusi 8 pamkax eOuHoeo nodxoda
u38eCmMHbIX Memodo8 OUEHKU peasnu3yeMocmu U 3KOHOMUYECKOU 3¢hghekmueHOCMU UHHO8AUUOHHBIX MPOEKMOo8
C Mamemamu4eckumu Molensimu u ¢hopmaribHbiMu Memodamu, pa3pabomaHHbIMU 8 pamkax memodosioauu
yHKYuoHanbHo2o modenuposaHusi IDEFO.

Knroyesnble cnoea: oueHka peanusyeMocmu rpoekma KOMIIIEKCHOU asmomMamu3ayuu, Memodornoausi (yHK-
yuoHannbHo20 ModesuposaHusi IDEFO, uHmezpasbHbil, KOMIEKCHbIE U YacmHble rnokasamesiu peanusyemMocmu.

The article underlines the basic problems that usually evolve at a time of feasibility assessment as well
as technical and economic justification of IT projects. The article also defines the basic approaches
of the ongoing scientific research consisted in the integration within a single methodology a number of known
methods of technical and economic justification with mathematical models and formal methods developed
in the methodology IDEFO.

Keywords: assessment of IT project feasibility, methodology IDEFO, integrated, comprehensive and partial
indicators of feasibility.

OrneHka peaan3yeMOCTH HHBECTUIIHOHHOTO MPOEKTa MMPOBOAMTCS C HENbI0 O0siee 000CHOBaHHOTO
MMOHUMAaHUSI BO3MOXKHOCTU €r0 BBINOJIHEHUS B YCTAHOBJICHHBIE CPOKU. B COBOKYITHOCTH C OLICHKOM
SKOHOMHUYECKON 3()(PEKTHBHOCTH, OLIEHKA PEeaM3yeMOCTH MO3BOJISIET CHIETIaTh BBIBOJ O HEOOXOIMMO-
CTH H IIeJIecO00pa3HOCTH peaiu3anuu NpoekTa. [IpearnpusaTius BOGHHO-IPOMBIIIICHHOTO KOMIUIEKCA
XapaKTEPUIYIOTCS ITUPOKUM CIIEKTPOM JESATEIHHOCTH B T.4. MPOCKTUPOBAHUEM, Pa3pabOTKOH, TIPOHU3-
BOJICTBOM, peajiu3alueil NpoAyKIMN KaKk BOGHHOI0, TaK U HEBOGHHOTO Ha3HaueHus. OTcroaa, Ha mep-
BBIN B3TJISIT,, MOKET TTOKA3aThCsl — BHEAPCHUE aBTOMATHU3MPOBAHHON CHUCTEMBI YIIPABICHUS HA TIPE.I-
npustun BIIK He oTnmdaercs OT aBTOMATH3AIlMHU JIFOOOTO APYroro CyObEeKTa XO3SMCTBECHHOU Iesi-
TeIbHOCTH. TeM He MeHee, B CTaThe BBIIEISIOTCS 0COOCHHOCTH, KOTOPBIE 11e7IeCO00pa3HO YUYUTHIBAThH
B TIPOIIECCe OLEHKU PEan3yeMOCTH MMPOCKTOB TAKKUX MPEANPHUITHNA. JJaHHBIE 0COOEHHOCTH MTPUBOISAT
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K BBIBOAY O LI€JI€CO00pa3HOCTH MPOBEICHHS aHAIM3a U OLEHKH MTPOEKTa aBTOMATHU3ALIH TPEATPHUITHS
BIIK Ha 0CHOBE 4acTHBIX M KOMIUIEKCHBIX TIOKa3aTelel ¢ mocieayomuM GopMupoBaHieM 0000IIeH-
HOU oueHKu. [Ipu 3TOM, 3HaYEHMSI TaKMX IOKa3aTeNeil TOJDKHBI OTPa)kaTh COCTOSHUE W PE3YJIbTaThl
MPOEKTa B BHJIE KOJMYECTBEHHBIX OLECHOK M KayeCTBEHHBIX CyXIeHHH. DPopMHUpoBaHHE HTOTOBOTO
CYXXJICHHUS O pealn3yeMOCTH MIPOEKTa KOMIUIEKCHOM aBTomMaTu3anuu npeanpuarus BIIK moxer cuib-
HO BapbHUpOBaThCA B 3aBUCHMMOCTH OT AMANAa30HA M KayecTBa MCXOIHBIX JAHHBIX, PEIOCTABICHHBIX
JUTs ouleHUBaHus. [Ipu 3TOM, OAHOM U3 CEpbEIHBIX MPOOJEM, BO3HUKAIOIINX B MPOLECCE MOMYYCHUS
KaK YacTHBIX, TaK U OOOOIIEHHBIX OLIEHOK, SIBJSIETCSl HaJlMuue CyOBEKTHBHOTO (pakTopa B mporecce
cOopa Takux MCXOOHBIX JAaHHBIX. MHOrOKpaTHOE HEAOKYMEHTHPOBAHHOE OOIIEHHE MEXIY CHCTEM-
HBIMHU aHAIWTHKaMH U IPEACTaBUTEISIMU 3aKa34YMKa, MEXIY CUCTEMHbIMHM aHAJUTHKAMHU M MPEICTa-
BUTEISIMH KOHTPareHTOB, KaK MpPaBWIIO, SIBIISIETCS CEPhE3HON MPEANOCHUIKON K (OpMUpOBAHUIO HE-
BEPHBIX CY)KICHHMH O Pa3IMuHOIO POAa pecypcax, HeOOXOAUMBIX Ul peanu3anuu mnpoekra. Kak ns3-
BECTHO, C LICJIBIO MOBBIMICHUS JOCTOBEPHOCTH MCXOAHBIX AAaHHBIX, B MPOIECCE MPENIPOEKTHOIO 00-
CIIEZIOBaHMSI, MPOSKTUPOBAHUS, pa3pabOTKU U CO3JaHUsI aBTOMAaTH3UPOBAHHBIX CHCTEM, Bce OONBIINIA
000poT HabuparoT HYHKIMOHANBHBIE MOJICIM U OCHOBaHHBIC HA HUX METOAOJIOTHH OMHCaHUs HHDOP-
MAaIMOHHBIX, MATEPUAIBHBIX ¥ (PMHAHCOBBIX OTOKOB MPOMBIIIJICHHBIX NPEANPUATHH, B T.4. (yHKIH-
onanbHas mozaens IDEFO.

HpI/IHI/IMaﬂ BO BHHMMAHHEC BbIIICU3IOKCHHBIC q)aKTOpLI, CACJIaH BbIBOA O TOM, 4UTO HHTGFpaJ'IBHLIfI
MIOKAa3aTeNb Pean3yeMOCTH MPOEKTa KOMIUIEKCHOM aBToMaTtu3auuu Ev 1menecoo0pa3Ho MOdIydaTh Ha
ocHOBe aHanmm3a (yHkuoHanpHONH Momenu IDEFO npemnpustus. IlpencraBnenne mH(bOpMaIuoH-
HBIX, MaTepHaIbHBIX U (PUHAHCOBBIX OTOKOB Tpennpusatus BIIK B pamkax QyHKIMOHANBHON MOJETN
IDEFO mo3Bomnsier mobuthcsi 3HaumMOro 3ddexra B mpolecce aHann3a WHGOPMAIUH, 00CYKIESHUSI
NPOEKTHBIX PEIICHUH, MPOBEACHHS JOKIIaI0B U IIpe3eHTauuil. B cBoro odepens, npuMeHEHHE Pesiy-
OHHOHM MOJIeNI B KadecTBe MeTamoaenu s mojenu |IDEFO mo3Bonsier moouthes 3pPpekTHBHOTO Xpa-
HEHHS U 00pabOTKH MONyYEHHOU B XOJ€ MPEANPOSKTHOTO 00CiIe0BaHMsI HHPOPMALIMHU C MTOMOIIBIO
OBM, a Takxe MPOCTOTHI PA3BUTHS M COMPOBOXKIEHHUS 0a3bl JAHHBIX MPOEKTAa KOMIUIEKCHOW aBTOMa-
Tuzanuu npeanpustus BIIK.
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FUNCTIONAL MODELS
FOR IT-PROJECTS FEASIBILITY ASSESSMENT
AT ENTERPRISES OF MILITARY-INDUCTRIAL COMPLEX

V.M. Aldoshin, I.I. Kovtun

Feasibility evaluation of an investment project is carried out in order to better understand the possibility
of its implementation in due time. Together with technical and economic justification, feasibility assessment allows
to draw a conclusion about necessity and feasibility of the project. Enterprises of the military-industrial complex
of Russian Federation are characterized by a wide range of activities including design, development, production,
realization for both military and non-military purposes. From here, at first glance, it seems that deployment
of automated control systems at abovementioned enterprises does not differ from automation of any other
business entity. Nevertheless, the article highlights the features that should be taken into account during process
of projects feasibility assessing for such enterprises. These features lead to the conclusion that analysis
and evaluation of automation project on military-industrial complex enterprise is expedient on the basis of partial
and comprehensive indicators, followed by formation of integrated assessment. Meanwhile, the values of such
indicators should reflect the status and results of the project in form of quantitative estimates and qualitative
judgments.

Final judgment about feasibility of complex automation project can vary greatly depending on range and
quality of initial data that provided for evaluation. At the same time, one of the serious problems that arise
throughout process of generating both private and generalized estimates is the presence of subjective factors
which inevitably accompany process of collecting such initial data. Multiple undocumented interaction of system
analysts and representatives of customer, system analysts and representatives of contractors, as a rule, is
a serious prerequisite for incorrect judgments about various resources necessary for implementation of
the project. It is known, in order to increase initial data reliability about production flows at a time of pre-design
survey, design, development and creation of automated system of industrial enterprise, functional models
and methodologies, including the functional model IDEFO, are gaining more and more momentum.

Taking into account the abovementioned factors, it is concluded that it is advisable to obtain feasibility
integral indicator of complex automation project by analysis of the IDEFO model of examined enterprise. For this
purpose, the formal basis is proposed. It is shown, that data, material and financial flows reflected
in the framework of the IDEFO model allows to achieve significant effect during information analysis, design
solutions discussion, presentations and reports preparation. In turn, usage of the relational model as metamodel
for the IDEFO model by way, proposed in the article, allows to achieve the solid groundwork for effective computer
storage and processing of the information, obtained during pre-project survey, as well as simplicity
of development and maintenance of automation project database.

Moctynuna 27 ceHTA6psa 2018 ropa.
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B cmambe paccmompeH u mamemamuyecku o60cHosaH Memod eepughukayuu paduoHasu2ayuoHHOU UH-
gopmavyuu MTHCC 8 kopaberibHbIX KOMIMIEKCHbIX cucmemax HabmodeHus:, biuxHel Hasuz2ayuu u rnocadku re-
mameribHbIX annapamos. [onyyeHHble pe3ynbmambl M0380/15iIM 3HaYUMEsIbHO y8ennuyums Ha0éXHoOCMb makux
cucmem U nosbicumb Kadyecmeo paduoHasuz2ayUoHHbIX onpedesneHul. [NpednoxeHoO HOBOe HarpasrieHue Hay4-
HbIX uccnedogaHull — cuHmMe3 mMemodos eepuchukayuu koopduHamHol uHgopmayuu THCC, ocHosaHHbIX Ha
OUEHKe 83aUMOPACONIOXEHUS] KOPPESIUUOHHbIX 3/11Urcoudos, onucaHHbIX 80KpYy2 OUEHOK KoopOuHam Mecmo-
MOIOXKEHUSsT lemamesibHo20 annapama, rosy4eHHbix om THCC, uHepyuanbHol Hagu2auyUOHHOU cucmembl U
PasnuUYHbIX BHEWHUX MOMEX03alUULEeHHbIX UCMOYHUKOS.

Knroueenle cnoea: enobanbHas HasuzayuoHHasi criymHukoeasi cucmema (FTHCC), cucmembl Hasuzayuu,
cucmembi nocadku, HopmarnbHoe pacripedenieHue, KosapuayluoHHas Mampuya, 31uncoud pacceusaHusl.

The article considers and mathematically substantiates the method of verification of global navigation
satellite system (GNSS) radionavigation information in the shipboard integrated surveillance, short-range naviga-
tion and landing systems of aircraft. The obtained results will significantly increase the reliability of such systems
and improve the quality of radionavigation data. The new direction of scientific research has been proposed —
synthesis of verification methods of GNSS coordinate information, based on an estimate of the relative position
of correlation ellipsoids, described around the coordinate estimates of an aircraft location, obtained from GNSS,
the inertial navigation system and various external noise-proof sources.

Keywords: GNSS, navigation systems, landing systems, normal distribution, covariance matrix, dispersion
ellipsoid.

[Ipeanaraercs cnoco0 MOBBIMIEHUS LEIOCTHOCTH HH(POpMANMM T00ATbHBIX HABUTAIIMOHHBIX
cnytHUKOBBIX cucteM (I'HCC) B kopabOenbHBIX KOMIIEKCHBIX CHUCTeMax HaOMIOAeHUs, OIrKHEeR
HABUTAIIMU U TIOCAJIKM JieTaTenbHBIX anmapaToB (JIA). Criocob 3akimoyaeTcs B UCIOIH30BAHWY BHETII-
HUX MMOMEXO03aIIUIIEHHBIX HCTOYHUKOB AJIs1 KOHTpous nenoctHoctd uHdopmanuu 'HCC. B kauectse
OJTHOTO M3 TaKWX BHEUIHMX HCTOYHHKOB MPEIaraeTcs MCIONb30BAaTh a3UMYTalbHO-IaJIbHOMEPHBIN
paguoMasik M3 COCTaBa KOpaOENTbHOW paaMOTEXHHUYECKOW cuctembl OmmkHer HaBuraruu (PCBH).
[Ipennaraemblii KOHTPOJIb MOXET OBITH OPraHU30BaH MYTEM CPAaBHEHUs AHHBIX, MOJyYEHHBIX B pe-
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3ynbTaTe KoMmIuiekcHoil 06pabotku nadopmanmu 'HCC u nHepunansHOW HABUTaIMOHHOW CHCTEMBI
(UHC) JIA ¢ nadopmanumei, momydeHHoi B kopabensHoit PCBH mnmm ot Apyrux BHEMIHWX WCTOYHU-
KOB HH(OpMAITHH.

Pemenne o moctoBepHoctr uHpopmanyu 'HCC MoxkeT OBITH MPHUHATO MCXOAS M3 B3aHMHOTO
PacHoI0KEeHUS KOPPENAIUOHHBIX AIIIUIICOUA0B, OMMCAHHBIX BOKPYT OIEHOK KOOPAMHAT MECTOIIOJO-
skeHus JIA, onydeHHBIX B pe3yibTare KoMmIuiekcupoBanus ¢ napopmanueit MTHC n3mepennii BHeMI-
Hero nmoMexo3amuiieHHoro ucroynnka u 'HCC.

B kauectBe kputepus goctoepHoctd mHpopmanun ['HCC mpennaraercsi ucnoib3oBaTh (pakTt
HAIAYHS OOIIKX TOYEK y 00JacTeld BHyTPH 000MX KOPPEISIIHOHHBIX AJUTUTICOUIOB.
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VERIFICATION METHOD OF GNSS COORDINATE INFORMATION
IN SHIPBOARD INTEGRATED SURVEILLANCE,
SHORT-RANGE NAVIGATION AND LANDING SYSTEMS
OF AIRCRAFT

A.R. Bestugin, V.A. Zavyalov, S.G. Petukhov, O.I. Sauta, N.A. Shatrakov

The subject matter of the proposed method of improving the information integrity of satellite-navigation
systems in the shipboard integrated surveillance, short-range navigation and landing systems of aircraft is the use
of external noise-free sources for monitoring the integrity of global navigation satellite system (GNSS) information.
It is proposed to use the azimuth-ranging radio beacon from the ship’s radio-proximity system of short-range
navigation (SHORAN) as one of such external sources. The proposed control can be organized by comparing
data obtained as a result of integrated processing of GNSS and aircraft inertial navigation system (INS) infor-
mation with information obtained in the ship's SHORAN or from other external sources of information.

The decision on the reliability of GNSS information can be made on the basis of the relative position
of the correlation ellipsoids described around the coordinate estimates of an aircraft location, obtained as a result
of integration with the aircraft INS information of the external noise-free sources and GNSS.

As a criterion for the reliability of GNSS information, it is proposed to employ the presence fact of common
points among the areas inside the correlation ellipsoids.

Moctynuna 21 auBapsa 2019 roaa.

BECTHUK BO3YLUHO-KOCMUYECKOW OBOPOHbI N2 1(21), 2019 r.



AHAJIMTUYECKUE UCCIIEOOBAHUA
3APYBEXHOIO OMNbITA

YK 623.764
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PA3BEPTbIBAHUS1 CUCTEMbBI [1PO THAAD
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Paccmampusatomces 80rpockl Ha3Ha4YeHUs!, cocmasa, CoO8peMeHHO20 COCMOSIHUS U MepCrekmus pa3gumusi
cucmembi npomusopakemHoli obopoHbl THAAD e CLUIA, Ha EsponelickoM KOHMuUHeHme u & A3uamcko-
TuxookeaHCKOM peauoHe 8 paMKax pa3gumusi 25106abHOU 3WeNTOHUPO8aHHOU MPomMueopakemHoU 060POHSI.

Knroueesie cnoea: npomusopakemHasi 060poHa, npomueopakema, paduosiokayuoHHas cmaHyust, bannucmu-
vecKasi Uerb.

The articles considers issues on purpose, composition, current state off deployment prospects
of the US THAAD Missile Defense System, in Europe and Asian-Pacific Region within evolvement
of the US global layered missile defense systeml.

Keywords: missile defense, interceptor, radar station, ballistic target.

CLIA npenoctaBuiii HauBBICIIMN NMPHOPUTET pazpaboTkam cuctemaMm komiuiekca [IPO (mpotu-
BOpakeTHas 000pOHa), 00ECTIEYNBAIOLIETO 3AIUTY OT OAJUIMCTUUECKHX PAKET TAKTHYECKOTO U OIepa-
THBHO-TaKTHYECKOTO Ha3HaueHus (manbHocTh 10 3 500 kM) moa obmum Hazsarnuem THAAD (Termi-
nal High Altitude Defense, panee Theater High Altitude Area Defense — «3ammra BO3ayIIHOTO MIPO-
CTpaHCTBa Ha OOJIBIION BHICOTE Ha Te€aTpe BOCHHBIX JEHCTBHIN»).

Awmepukanckas cucrema [IPO THAAD mnpennasnadena mis nepexsata taktudeckux (TPB), ome-
partuBHO-TakTHUecKnX Oammuctudeckux pakeT (OTBP), OammucTudeckux paker cpeiHeil JaibHOCTH
(BPCJ1) Ha KOHEYHOM yYacTKe TPAEKTOPHU MOJETa MOCPEACTBOM YIApHOIO KWHETHYECKOrO BO3ACH-
CTBUS B PE3yJIbTATE MPSAMOTO IMOTIaIaHUS PAKETHI B IEIb.

Cucrema THAAD sBnsieTcst BEpXHUM 3BEHOM 3IIEIIOHMPOBAHHOM HAI[MOHANBHOI cuctemsl [1PO
CILLIA, nperHa3HaYeHHBIM JAJIS 3aIUTHI BaKHBIX CTPATETMYECKUX M TAKTHYECKHX OOBEKTOB, TAKUX KaK
a’pOIPOMBI M HACEJICHHBIE ITYHKTHI.
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PA3AEN: AHAJINTUMECKUE NCCNNEQOBAHWS 3APYBEXXHOIO OIbITA

OpranuzaiuonHo kaxnaas Oarapes THAAD nmomxHa BKIO4YaTh B ce0s 3-6 TpaHCHOPTHO-
MyCKOBBIX ycTaHOBOK ¢ 8 (10) mpoTuBOpakeTamu B KaXKAOH, MHOTO(QYHKIIHOHATGHYIO PaJHOIOKAIU-
onnyto cranio AN/TPY-2, a take Ba MOOWIBHBIX IMyHKTa OOCBOTO YIPABICHUS U CPEICTBA Ma-
TEpUANTBbHO-TEXHHYECKOTO 00ECICUeHNSI.

K 2019 roxay muranupyetcst pa3MecTuTh ceMb Oatapeit cucremsl THAAD.

CIIIA 3akmoumiy KOHTPakT Ha nocTaBky B OObennHEHHBIE Apabckre DOMUpATHl TPEX CHCTEM
THAAD u ruianupyroT nocTaBuTh 1o oaHoii 6atapee THAAD B Anonuro u M3pauis.

Kommekcy [TPO THAAD otBoautcst kKpaliHe BaXKHOE MECTO B Peaiu3alliy IIPOTrpaMM CTpaTeru-
geckoir u peruoHanbHO# I1PO, passepreiBannu komiuiekcoB [IBO-ITPO kak Ha Teppuropun CIIA,
TaK U Ha TEPPUTOPUU CTpaH-TIapTHEPOB EBponelickoro u A3znaTrcko-THX0O0KEaHCKOTO PErMOHOB.
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CURRENT STATE AND DEPLOYMENT
OF THAAD MISSILE DEFENSE SYSTEM

G.B. Gurov, M.V. Zhestev, S.V. Golubchikov, S.V. Aksenov, V.A. Vasiliev, V.K. Novikov

The US gives the priority to R&D works in production of missile defense system providing protection against
ballistic missiles of tactical and operational-tactical use (range up to 3 500 km), designated as THAAD system
(Terminal High Altitude Defense, formerly Theater High Altitude Area Defense).

The US THAAD missile defense system is designed for terminal interception of tactical ballistic missiles,
theater ballistic missiles, and medium-range ballistic missiles by delivery the direct kinetic impact to a target.

The THAAD system is an upper layer of the US multilayered national missile defense system providing
protection of a key strategic and tactical objects, such as airfields and urban areas.

Each THAAD battery include 3-6 launchers with 8 (10) interceptors in each vehicle, AN/TPY-2 multifunctional
radar, two mobile combat control systems and logistic support vehicles.

It's planned to deploy seven THAAD batteries in 2019.

The US signed a delivery contract with UAE for three THAAD systems and plans to supply one THAAD
battery to Japan and Israel for each.

The US gives a significant attention to execution of strategic and regional missile defense programs,
deployment of air defense and missile defense systems at the US territory and partners from the European
continent and Asian-Pacific Region.

MocTtynuna 1 Hos6pA 2018 roaa.
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HAYYHbIE PELLEH3U N OT3bIBblI

MnewuBueB B.U., NpagoBa T.U. Ouepkn 06 aneKTpoMarHMTHOMN
o3 el COBMECTUMOCTU U nomexo3sawmieHHocTn CBY-npnémumkoB PJIIC. —
K. % M.: MAO «HMO «Anma3s», 2018, — 120 c.: un.

pl, S PeueH3eHTbI: A-p TexH. HayK, npoceccop B.M. AngoLwmH, kaHa.

0B, 3NEKTPOMATHVTHOM COBMECTUMOCTH TexH. Hayk M.B. MuTtswes, KaHA. TexH. Hayk C.B. BbikoBckum.
W NOMEXO3ALLMLLEHHOCTH
§ EBYU=NPMEMHUKOB PNIC

Pa3paOotka 1 BBeZeHHE B JKCIUIyaTallUI0 MHOXECTBA PaaHoO-
JIEKTPOHHBIX U PATUOTEXHUIECKUX CPEICTB IPUBEIN K BO3PACTAHUIO
YPOBHEH MarHUTHBIX TOJICH, CO3AaBaeMbIX MU Ha Pa3IMUHBIX TEPpU-
TOpUSIX M B BO3AYIIHOM MPOCTPAHCTBE. DJIEKTPOMATHUTHBIE OIS
SIBIISIIOTCSL TIOMEXaMH ISl IPYTUX MOJOOHBIX YCTPOWCTB, YXYALIAIOT
ycIoBUSl MX (DYHKIMOHUPOBAHHSA, CHMXKAET 3(PQPEKTHBHOCTh HX HC-
10JIb30BAHUS.

KiroueBbIM acrieKToM B IaHHOM KOHTEKcTe sBisieTcs d(h(eKTus-
HOCTh pabOThl BOCHHBIX PAJAHOTEXHUYECKUX YCTPOICTB, obecneunBa-
IOLIMX 000POHY OTPEACIEHHBIX TEPPUTOPHATIBHBIX PAOHOB.

B monorpaduu paccmotper psig ocobennocterr CBU-nmpuéMunkoB mHOTOKaHANBHBEIX MPJIC,
paloTaromyX B JOKAJIbHBIX TPYIIMPOBKAX, 3aHUMAIOLINX OIpeae/IEHHbIE TEPPUTOPHH 3€MHOTIO U BO3-
JIYLTHOTO TPOCTPAaHCTBA. M3/0KEHbI clienranbHble XapaKTepUCTHKH M CBONCTBA OTAENBHBIX Y3JIOB
u npuéMHUKOB, pabotatommx B coctaBe DAP mmn ADAP. IlokazaHbl ONTHMaibHBIE BapHAHTHI
WCIIOJIb30BaHMS CIICLHAIM3UPOBAHHBIX NMPHUEMHUKOB, CETOK CUIHAJBHBIX, [C€TEPONUHHBIX, IPOMEXKY-
TOYHBIX ¥ KOHTPOJIHBIX YaCTOT, MOAXOSIINX IS COBMECTHON PabOThI CPENICTB 3aIIUTHI, BXOMSIINX
B rpynmnupoBKy. [IpuBeneHsl cnienuanbHble TPaKTUYECKUE TPEOOBAHHS K XapaKTEPUCTHKAaM 3JIEKTPO-
MarHuTHOM COBMECTUMOCTH / 3IIEKTPOMArHUTHbIM rmoMexam npuémunkoB MPJIC ¢ yuérom wumero-
IIMXCS TOMEXOOMACHBIX 3JIEMEHTOB, a TAKXKE METOJIbI UX U3MEPEHUI.

Marepuansl paboThl MOTYT MpPEICTAaBISATh HWHTEpPEC IS PaJMOMHKEHEPOB, Pa0OTAFOIIUX
B JIAHHOM HAIpaBJICHUH, a TAKXKE HCIIONB30BATHCS B KAueCTBE y4eOHOro mocoOust sl CTYIEHTOB
Y aCIIUPAHTOB NMPOQMIBHBIX BBICIINX YU€OHBIX 3aBEICHHUM.

PatbiHckun M.B., MNMopces B.A. MoHoumnynbHas neneHrauus
B PJIC ¢ uncpoBbimn ®AP. MoHorpadmsa / nog pea. B.U. Nopcesa. —
M.: PagnoTtexHuka, 2019. — 160 c.: un.

PeueH3eHTbI: A-p TexH. Hayk, npocheccop B.B. CasoHoB,
A-p TexH. Hayk, npodeccop B.M. AnpgoLwumH, A-p TexH. HayK, npodec-
cop H0.C. Cargynnaes.

B moHorpadum B CHCTEMAaTH3MPOBAHHOM BHJE H3JIOXKEH KpPYyT
BOIIPOCOB, OTHOCSIINXCS K MOHOMMIYJIhCHOW meneHranmmu B PJIC
¢ mudposeiMu DAP. PaccMoTpeHBl CyMMapHO-Pa3HOCTHBIM U aMIDIH-
TYJIHBIA METOBI MeJeHTaly (BKI0Yast CTATUCTUIECKUI CHHTE3 OIITH-
MaJIbHOTO aJTOpPUTMa CYMMAapHO-PA3HOCTHOW TIEJICHTAIliN) U JaHBl UX
TOYHOCTHBIC XapPaKTEPUCTHKH (IIyMOBbIC OIIMOKU, BIUSHHE aMILIU-
TyIHO-(DAa30BBIX OMIMOOK TPAKTOB M OTKA30B, KOPPEITUPOBAHHOCTH
OmMOOK JIBYX YIJIOBBIX KoopauHat). llpemiokeHa anmpoKcHUMAaIius
MEJICHral[MOHHBIX XapaKTePUCTHK, HCCIeA0BaHa IpodjieMa BbIOOpa
ONTUMAJIBHOTO CMEIICHHS MaplUalbHBIX Jy4deil MEIeHrallMOHHOW CBA3KU B aMIUTUTYIHOM METOZE
neneHranuu. [lokazaHa BO3MOKHOCTb KOPPEKIIUH PE3yIbTaTOB MEJCHTallui IpU pean3aliid METOI0B
MOHOUMITYJIbCHOH MEJICHTal[Mi B COUYETAaHUM C aJallTUBHON IIPOCTPAHCTBEHHOMN (QHIIbTpalinei.

Kuura npeacTaBiiseT MHTEPEC IS HAYYHO-TEXHUUECKUX PAaOOTHHUKOB M MHXKCHEPOB, 3aHUMAlO-
IIUXCS TpoeKTupoBanueM u paszpabotkoii PJIC. Taxke oHa MOXKeT OBITh MOJIE3HA MPENOIaBaATEIM,
acrpaHTaM H CTYACHTaM, 00yJaronIuMcs B 00J1aCTH pagruoIOKaITHH.
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