YIK [531.3+519.246.8]:656.7.08

MeTog ngeHtndovkaunm CBOMNCTB
BPEMEHHbIX PAA0B aBUaLMOHHbIX COObITU

T.A. SEHYEHKO, || Paspaboman noeviii smnupuueckuii Memoo oyenKku omHOCUMEIbHO20 6K1a0A OemepMuHU-
0-p Guon. nayx POBAHHOU, XAOMUYECKOU U WYMOBOU KOMNOHEHN 60 BPEMEHHLIX PAOAX YPOBHS ABAPULIHO-
(HTalfjAl{{Og{LLIqI?;l)z, cmu 8030YUIHBIX CYO08 8 ABUAYUU B:OOpyDiC‘eHHblx cun Poccuiickoii @edepayuu. IIpoananu-
O-p mexn. nayr, || 3UPOsaH0 nogedenue 3a8UcumMocmelt 6eIUYUHbL CIMAPULE20 noxasamess Jlanynoea om 3aoa-

H.H. CHPOTHH, || 6aemoco 6 ancopumme napamempa «uucio ucnonvsyemvix coceoeiiy 6 ciyvae MOOenbHbIX

0-p mexn. nayx, || 006 (Oemepmunuposantvix, Xaomuueckux u psoog OKpAUeHH020 UlymMa), Ymo no3601uno

A.H. ®POJIKOB, || ouenums epanuybl YuUCIeHHbIX 3HAYEHUT NAPAMEMPOS, XaAPAKMEPHLIX OJIsL IMUX MUNOE Psi-

0-p mexu. nayk, || 0068 u 3amem npuMeHUMb UX Ojisl AHAIU3A RPOYEHMHO20 COOEPICAHUSL WYMA 8 PedlbHbIX

A.H. INIEHNIAKOB, |} paoax uucia asuayuonnsbix cobobimui.
KaHO. mexH. HayK
(TocHHUH T4, Mockea) || TIPOTHO3 aBapHiiHOCTH BO3IYLIHBIX CY/0B, ABHALHOHHOE COOBITHE, BpeMEHHbIE PSi/IbI,

zench@mail.ru || crapumii moka3areas JlssnyHoBa

Identification Method of the Time Series Properties
of the Aviation Events

T.A. ZENCHENKO, V.A. GORSHKOV, N.N. SIROTIN,
A1 FROLKOV, AND A.L. PLESHAKOV

The new empirical method was developed for estimating the relative contribution of
the deterministic, chaotic and noise components in the time series of the accident rate of
aircraft in the Armed Forces of the Russian Federation. The behavior analysis of the senior
Lyapunov exponent dependencies on the parameter of “number of used neighbors” specified in
the algorithm in the case of model series (deterministic, chaotic and colored noise series)
enabled to estimate the boundaries of numerical values of the parameters typical for these types
of series and then apply them to the noise percentage analysis in the real series of the aviation
event number.

Aircraft accident forecast, aviation event, time series, senior Lyapunov exponent
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ManorabaputHas aBTomaTnyeckas cucrema

ONs ynpasnsieMoro BbiBefeHUst HAHOCMNYTHUKOB
Ha 3alaHHYI0 TPAEKTOPUIO

O.B. ®HJIOHHH,

0-p mexn. nayx, || Paccmompenvt memoosl Mamemamuiecko2o MOOEIUPOSAHUS U paciema OCHOBHbIX Napa-
H.B. BEJIOKOHOB, || mempos manozabapummublx MacHumouHOYKYUOHHbIX IIHCEKMOPOS (cucmem omoenenus,) o
0-p mexn. nayx, || npeyu3UOHHO20 661600 HA OPOUMBL HAHO- U MUKpOCHYmMHUK08. I[Ipueedenvi npumepol

3.H. THMPAHOB, |l nexomopoix mexnuyueckux peutenuil.
acnupanm
(Camapcxkuii yn-m, Camapa) || CHCTeMa oT/1eeHHs, HAHOCIYTHHK, MATHUTOMHIYKIHOHHDII 3KeKTOpP, HAKONHUTE/b

zafargimranov86@gmail.com || 9JHEpruM, ynpapJjisgeMoe oTaeJ1eHHe, CHCTeMa OPHEeHTaAluH

Compact Automatic System for the Controllable Launch
of Nanosatellites on a Desired Trajectory

O.V. FILONIN, I.V. BELOKONOV, AND Z.I. GIMRANOV

We consider the methods of mathematical modeling and calculation of main parameters of
compact magnetic induction ejectors (separation systems) for precision launch into orbit of
nano- and microsatellites. Examples of some technical solutions are presented.

Separation system, nanosatellite, magnetic induction ejector, energy storage, control
separation, attitude control system

2 ISSN 0579-2975. Uze. ey306. Asuayuonnas mexuuxa. 2019. Ne 2




YJK 621.454.3.01:539.371

AnHamuyeckas ycToliuMBOCTb OPTOTPOMNHOW

UMIVHAPUYECKOWK 060/104KN KYyCOUYHO-NOCTOSAHHO
s sy || TOTLMHBI NPV EACTBUM BHELLHETO

apmt v sy || CMPYIOWETO AABNEHNA

A HEﬂEAﬁ, ﬂflﬂ obonouku ¢ mpems ydacmKamu nojay4eHsbl 3a6UucCumocmu Kpumuqecmﬁ yacmonisl on

Kano. mexH. Hayk, |f paA3IUuUdHblLX MOJUWUH IMUX YHACMKOE. Coenana OY€eHKa noecpeutHocmu donyu;eﬂuzl, NpUuHs-

H.0. LTENTEJIEBA || moix npu nocmpoenuu mamemamuyeckon Mooenu 060104k,
(AO «Kopnopayus "MHUT “»,

Mocxea) || AluHaMHYecKasi yCTOHYMBOCTh WMJIMHAPHYECKOH 000/104KH, 000/104Ka IepeMeHHOI
vbak@yandex.ru || TOJIIMHBI, BHENLIIHEE MyIbCHUpYIOLIEe JaBJICHUE

Dynamic Stability of an Orthotropic Cylindrical Shell
of Piecewise Constant Thickness under the Action
of External Pulsating Pressure

V.N. BAKULIN, A.YA. NEDBAI, AND 1.O. SHEPELEVA

For a shell with three sections, dependences of the critical frequency on the different
thicknesses of these sections are obtained. The error of the assumptions accepted at constructing
the mathematical model of a shell is evaluated.

Dynamic stability of the cylindrical shell, shell with variable thickness, external pulsating
pressure
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JLH, AIEKCAHIPOBCKAS, Mcnonb3oBaHne cMmecu pacnpegeneHnm

o-p mexn. nayk (§ N aHaIN3aA N OUEHKN CBepXMa/iblX PUCKOB
(MAU, Mocksa),

o.5. kepsep, || B 3@@a4ax obecnevyeHmns 6e3onacHoOCTu

KaHoO. mexH. HayK

(I1A0 «MH34» (Mockea), aBTOMaTN4YeCKOun nocagkm camoseToB

11.A. HOCUDOB,
Kano. mexh HayK HpueeOeHbz pesyibmanivl uccnedo8anus OYEHKU CBEPXMATIbIX PUCKOB HA OCHOB€E annpoKcu-

(MAH, Mockea), || Mauuu smnupuveckux gynkyuii pacnpeoenenus 6eposamnocmei MOYHOCMHbLY XAPAKMepU-

I.B. MAHKHHA, || cmux asmomamuueckoii nocaoku camonemos cmecvio pacnpedenenuil. Ilonyuensl pesyio-
0-p mexu. nayx || mamui, noseonarowue pexomendosamsv paspabomanuvlii NOOX00 Oid WUPOKO20 Kpyed

(HHY BILID, Mockea), || 3a0au noomeepoicoenus mpebosanuii K 6e30nacHocmu, 6 mom ducie npu Gopmuposanuu
b.B. BOHLIOB, |} ooxazamenvroti 6azbl npu cepmu@urayuu cucmem agmMoOMamu4ecKoll HOCAOKU 2padicOat-

0-p mexn. nayk W cxux camonemos.
(MAH, Mocksa),

kirillinav@mati.ru || be3onacHocTb, prck, aBTOMaTHYECKasl IIOCAIKA CaAMOJIeTa, CMeCh pacnpe/ejeHul

Using Mixture Distributions for the Analysis and Estimation
of Ultra-Low Risks in the Problems of Ensuring the Safety
of Automatic Aircraft Landing

L.N. ALEKSANDROVSKAYA, O.B. KERBER,
P.A. IOSIFOV, G.V. PANKINA, AND B.V. BOITSOV

The paper reviews the results of assessing the ultra-low risks based on empirical functions
of the probability distribution of the automatic aircraft landing accuracy, approximated by
a mixture of distributions. Based on the outcomes obtained, the resultant approach can be
recommended for resolving a wide range of problems of the validation of safety requirements
including the case to create the evidential base in certification of automatic landing systems for
civil airplanes.

Safety, risk, automatic aircraft landing, mixture of distributions
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AHaMTUYECKOEe KOHCTPYMpPOBaHNE 3aKoHa
ynpas/ieHnUsi CMELEeHMEM LieHTpa Macc
6ecnunoTHOro fieTatenbLHOro annapara

Paccmampueaemces  pezynuposanue Hanpaenenusi HOObEMHOU CUTbl 6 NPOCMPAHCIGe.
B.A. ADAHACBEB, Cunme3uposano ynpaenenue MexaHusmMom nepeMeweus, yenmpa macc 6 npPOOOALHOM

xano. mexn. nayx || Hanpasnenuu 01 pecyiuposanus 3anaca cmamuyeckoll YyCmouyueocmu u 6 nonepeiHom

(punuan FOVpHUY, Muacc), || Hanpaenenuu 0na coz0anus 6anancupo6ouHblX pAGHOGECUll NO Yely amaKu U CKOPOCMHOMY
I.JI. JETTAPEB, || y2ny kpena. Bwvibpana cmpykmypa 3aKoHa YNPAGNeHUs YelOo8biM YCKOPeHUeM, HOYYeHbl

0-p mexn. nayx, || popmynvl ebiuuUCIenUs YNPABTAIOWUX NAPAMEMPOB.
A.C. MEIIJAHOB,

xand. mexn. nayx || PECMIOTHDII JleTaTe/IbHbIH aNNapar, nepeMellleHHe HEHTPa Macc, nonepevHoe
KHUTY-KAH, Kaszano) || 1POA0JIBbHOE HanmpapjieHHe, 0aJ1aHCHPOBOYHOE PaBHOBECHE, YIoJ1 aTaKH, YroJ CKo-
s 9 9 9
mas41@list.ru || pOCTHOI0 KpeHa, 3aK0H yNpaBJ/ieHHsl, yIPABJSIONIHe IapAMeTPbI

Analytical Design of the Law for Control of the Center
of Mass Motion for an Unmanned Aerial Vehicle

V.A. AFANAS’EV, G.L. DEGTYAREV, AND A.S. MESHCHANOV

The control of the lift direction in space is considered. We synthesized the control of the mechanism
of the center of mass motion in the longitudinal direction for regulating the static margin and in
the transverse direction for creating the balancing equilibrium at the angles of attack and
air-path roll angles. The structure of the law to control the angular acceleration is chosen,
Jformulas to calculate the control parameters are obtained.

Unmanned aerial vehicle, center of mass motion, transverse and longitudinal direction,
balancing equilibrium, angle of attack, air-path roll angle, control law, control parameters
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JI.IO. EMAJIET/THHOBA,
0-p mexH. HaYK,

A.H. KABHPOBA,

KaHO. mexH. HayK
(KHUTY-KAH, Kazanw)
kabirovaaigul@mail.ru

MeTo/ibl NOCTPOEHUS HEMPOCETEBbLIX MOJenei
PerynaTopoB Ans ynpasieHus ANHaAMUYeCKUMm
06BEKTOM C rMagKumM MOHOTOHHbIM MOBEAEHNEM

Pacemampusaiomess  memoovt  popmuposanus  06yuaiowux — 6bl00POK,  NOCMPOEHUs.
Helpocemesbix Mooejiell pe2yamopos Had 0CHO8e NOCA008AMENbHO20 HAPAUWUBAHUS YUCTA
ClI0€6 U HElPOHO8 6 Cyuae OOHOMEPHO20 U O8YMEPHO20 YRPAGIEHUsT OUHAMUYECKUM 00D~
eKmom ¢ 21a0KUM MOHOMOHHbIM nosedenuem. Ilpusedenvt pesyromamvl NOCMPOEHUS.
Helpocemesoll Mooenu pe2yisamopa Oisi YAPAGIeHUs OBUNCEHUEM KPeHd OecnulomHo20
JIeMamenbHo20 annapama ¢ aéMmMoHOMHO PAbOMAlWUuM KAHATOM KpeHa, a makdice pac-
CMOMpPeH npumep NOCMPOeHUs. HeUpOoCemesbix Mooelell peyisimopos ONsi O8YMePHO20
YRpasnenust 6OKoBbIM 08UdCeHUEM DECRUTOMHO20 IeMAMeNbHO20 ANNAPAMA C YAPOUWEHHO
MOOebIo.

HeiipoceTeBasi Moj1eJIb PeryJsiTopa, CHCTEMA aBTOMATHYECKOT0 yIPaBJIeHHUs], epCen-
TPOH, OTHOMEPHOE U JBYMEpPHOE ynpaBjeHHe TUHAMHYECKHM 00bEKTOM, JHHAMUYE-
CKHii 00bEKT C IJIa/IKUM MOHOTOHHBIM MOBeJeHNEM

Methods of Constructing the Neural Network Models
of Regulators for Controlling a Dynamic Object
with Smooth Monotonous Behavior

L.YU. EMALETDINOVA AND A.N. KABIROVA

The paper describes the methods of forming the training samples and constructing the neural
network models of regulators by increasing the number of layers and neurons in the case of
one-channel and two-channel control of a dynamic object with smooth monotonous behavior.
The paper presents results of constructing the neural network model of a regulator for controlling
the rolling motion of an unmanned aerial vehicle with an autonomous roll channel. We consider
an example of constructing the neural network models of regulators for two-channel control of
lateral motion for unmanned aerial vehicles with a simplified model.

Neural network model of a regulator, automatic control system, perceptron, one and
two-channel control of a dynamic object, dynamic object with smooth monotonous behavior
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C.B. KOHCTAHTHHOB,
0-p mexH. HayK

(punuan I1AO «Komnanus
"Cyxoii “» « OKB Cyxozo»,
Mockea;

MAHU, Mockea),

B.U. JIAJIABEKOB,

0-p mexH. HayK

(MAHU, Mockea),

I0.I. OBOJIEHCKHH,

0-p mexH. HayK

(AO «PCK "Mul *», Mockea,
MAU, Mocksa)
lalabekov.valentin@yandex.ru

MartemaTtnyeckas mogesb ra3ormgpasnmyeckoro
pyneBoro rnpueoja ynpas/ieHuUs NOBOPOTHbIM
COMnJ/IOM TBEPAOTON/INBHOW ABUraTtesibHOW ycTa-
HOBKMU

C 2/1aCTUYHbLIM OMOPHbIM LLAPHUPOM

Ilpeocmasnensvt mamemamuyeckas mMooenb U pe3yibmamsl UCCLe008AHUL NPOYECco8, NPo-
MEKAIOWUX B0 B3AUMOCBA3AHHOU CUCMEME «MBEPOOMONTUBHASL OBUSAMETbHASL YCINAHOBKA —
NOBOPOMHOE YRPAGIAEMOe CONIO — INACHMUYHbIL ONOPHBLU WAPHUD — 2A302U0PAGIUYECKUL
npusody. Iloxkazamna 603MONCHOCIb NOGLIUEHUS IPDEKMUSHOCTNU eMAMENbHO20 annd-
pama 3a cuem ocobenHocmel, NPUCYWUx Ucciedyemoll cucmeme.

JlBurateibpHasi yCTAHOBKA HA TBEPAOM TOILIMBE, MOBOPOTHOE COIJIO, 3JACTHYHBII
ONMOPHBIIi APHUP, FA30THAPABINYECKHIT IPHBOJT

Mathematical Model of the Gas-Hydraulic Control Actua-
tor

for the Swiveling Nozzle of the Propellant Fuel Propulsion
System with Flexible Joint

S.V.KOSNTANTINOV, V.I. LALABEKOV, AND YU.G. OBOLENSKII

The mathematical model and research results of processes running in the interconnected system
of “solid propellant propulsion system — swiveling controlled nozzle — flexible joint — gas-hydraulic
actuator” are represented. The possibility of increasing the aircraft efficiency due to
the inherent features of the system under study is shown.

Solid propellant propulsion system, swiveling nozzle, flexible joint, gas-hydraulic actuator
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iccnepgoBaHue BO3MOXXHOCTU NPUBAMKEHNSA
NMUTALUMNOHHOWN MOZenn noseta
K IeTHbIM XapakTtepuctmkam sepronerta

Hccnedyemes 603modicnocmy  npubaudicenuss MoOenu OUHAMUKY NOLEMA NUTOMANCHO20
cmenoa K HaAmMypHoIM Xapakmepucmuxam eepmonema. Ilpedcmaenena memoodonozusn
DYHKYUOHUPOBAHUS UMUMAYUOHHOU MOOEU, KOPPEKMUPYIOUWel 6eIUYUNbL CUL U MOMEH-
O.A. JIEJAHKHHA, || mos, Oeticmgyiowux na eéepmoneme 6 noneme. Ilposedena anpobayus npeonrodceHHo2o
AM. THP®AHOB, |{ cnocoba xoppexmuposku xapaxmepucmuk 6a30601 MoOenu K XapaKxmepucmuxkam YCao6HO

0-p mexn. nayx (R yioouduyuposannozo eepmonema.
(KHUTY-KAH, Kazans)
OALedyankina@kai.ru || JlmHaMuKka noJiera, BeproJieT, HeliPpOHHBIE CeTH

Assessment of Improving Performance of an Imitation
Model with Respect to the Real Flight Characteristics of a
Helicopter

O.A. LEDYANKINA AND A.M. GIRFANOV

The possibility of obtaining the better flight dynamics model of the flight simulator, relative to
the real flight characteristics of a helicopter, is investigated. The paper presents an operating
methodology of the imitation model that corrects values of forces and moments acting on
the helicopter during flight. We perform the approbation of the proposed method, which
corrects characteristics of the base model to conditionally modified helicopter characteristics.

Flight dynamics, helicopter, neural networks
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UncneHHoe uccnegoBaHue AMHaAMUKN
NepexoHbiX BHYTPUKAMEPHbIX NPOLECCOB

NPU BbIXOAE HA peXxunwm pabdoTbl pakeTHOro aBu-
ratensd Ha TBepAoM TonameBe 0CO60M KOMMNOHO-

BOYHOI CXEMbI

d7opmyﬂupyem0}l CONPANCEHHAsl NOCMAHOBKA 3a0auu YPOBHA NOCMAHOBKU 8bIYUCTIUNIETIbHO-
20 IKcnepumernma. ,ZZJZ}Z ee peaiuzayuu pa3pa6omaH u npomecmupoean KOmMniekc l/lpMKJl(l()—

M.1O. ETOPOB, || nvix npozpamm onst IBM. IIpusedennvl pe3yibmanmol YUCIEHHBIX PACYEMO8.

0-p Quz.-mam. Hayx
(ITHUITY, ITepmy) || PAKeTHBIA ABUraTe/lb HA TBEPAOM TOILUIMBE, BHYTPUKAMEPHBIE NPOLECCHI, TOPEHUE,

egorov-m-j@yandex.ru || razoBasi ITMHAMHMKA, BLIYUCJIAUTENbHbII IKCIIEPUMEHT, Pe3yJabTaThl pAc4eTOB

Numerical Research of Intra-Chamber Transient Processes
Dynamics during Starting Operation of the Solid Propellant
Rocket Engine with Special Arrangement

M.YU. EGOROV

A conjugate problem statement of the computational experiment performing level is formulated.
A complex of computer application programs was developed and tested for its implementation.
The results of numerical study are given.

Solid propellant rocket engine, intra-chamber processes, burning, gas dynamics, computa-
tional experiment, calculation results
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IO.M. HTHATKHH,
KAaHO. MexXH. HAYK,

PacueTHble uccnefoBaHns PeXXMMoB
KPYTOro CHU>XEHUA HecCyllero BMHTa Ha 6ase
HEeNMHENHOW onacTHOW BUXPEBOW Moaenu

Hccneoosana paboma necyweco eunma 00Ho8UHmMO8020 eepmonema Mu-8 na peoicumax
KPYMO20 CHUdiCeHUsi ¢ yenamu amaxku eunma o, = 90+30°. Ilonyuenvi cymmapuvie u pac-

I1.B. MAKEEB, || npedenennvie aspoounamuueckue xapaxmepucmuxu, ¢opmvl 6uxpeozo c1eoa u KapmuHbt
xand. mexn. nayx, || obmexanusn eunma. Ha ocnose amanusa nonyuenuvix pesyiomamos no psoy pazuuyHbix
B.H. HTAHTAKOB, || xapaxmepnvix npusnaxos nocmpoena o61acmo peacumos «euxpe6ozo xoavyay. Ilpoeedero
0-p mexn. nayx, |\ cpasnenue pezyibmamos pacuema ¢ 9KCHEPUMEHMATLHBIMU OQHHBIMU, d MAKJICe ¢ pacye-
A.HU. ILIOMOB, |k mamu opyzux asmopos.

Kauo. mexmu. HayK

(MAH, Mocksa) || Hecymuii BUHT, HeTMHeiHAsi BUXpeBasi MO/Ie/Ib, KPYTOe CHUKEHHE, PEKUMbI «BHXPe-
vaultcityl3@gmail.com || BOro koybua», a3poAuHAMHYECKHE XapAKTePUCTUKH

Computational Research of the Main Rotor Steep Descent
Modes Based on the Nonlinear Blade Vortex Model

YUM. IGNATKIN, P.V. MAKEEYV, V.I. SHAIDAKOV, AND A.I. SHOMOV

The main rotor operation is studied of the Mi-8 single-rotor helicopter in steep descent modes
at the rotor angles of attack ag = 90-30 deg. The study resulted in total and distributed
aerodynamic performance, rotor wake patterns and flow patterns. The vortex ring state area is
designed based on the result analysis in terms of some features. The calculation results are
compared with the experimental data and calculations of other authors.

Main rotor, nonlinear vortex model, steep descent, vortex ring states, aerodynamic
performance
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BinsaHMe HeKOTopbIX reOMeTpUYeCcKnuxX napamer-
pOB pa3pe3HOoro opebdbpeHus Ha TennooTaavy
B YC/IOBUAX CBOOGOAHOWN KOHBEKLUUU

Ilpogedenvl sxcnepumenmanbHble UCCIEO08AHUS MENI00MOAUU NOBEPXHOCMEN C pa3pes-
HbIMU pedpamu 8 YCIoGUAX ecmecmeenHol Koneekyuu. Tlokazano enusHue cmecHeHHOCmu
KoJICyxXa u yena paseuba nenecmkog pebep Ha unmencueHocms menroomoauu. C yenvio
aHanu3a OAHHBIX MECMOBBIX IKCNEPUMEHIO8 NPOU3EEOEH pacyem no opMyIam 3a8UCUMO-
cmeit M.A. Muxeesa u B.Il. Hcauenxo 0ns enadkoeo pebpa. Buvisignenvt onmumanvhsie na-

A.A. JIOITATHH, || pamempsl 8blcombl ROOHAMUA KOHMCYXA U V2Ad PACKPLIMUSA Jlenecmkos pebep, coomeen-

xano. mexu. Hayx, || cmeyrowue naunyuwei menioomoauve. Ilposedeno cpagnenue Kodgh@duyuenmos menioon-
A.B. HHKOJIAEBA, |} 0auu 2nadkozo u paspesnozo pebpa, oyenena 3(phexmuenocns ucnoib306anus pazpesHozo

acnupanm \8 opebpeHus.
(KHUTY-KAHU, Kazany)

dvnikolaeva@stud.kai.ru || OpeOpenne, uHTeHCH(PUKAIUS, IOBEPXHOCTh, KOHBEKLHS, TEMJI00TAa4Ya

Influence of Some Geometrical Parameters
of Split Ribs on the Heat Transfer under Free Convection

A.A. LOPATIN AND D.V.NIKOLAEVA

Experimental studies of the heat transfer of surfaces with split ribs under the natural convection
conditions were carried out. The effect of the casing shrinkage and the angle of rib lobes extension
on the heat transfer intensity was shown. In order to analyze the data of test experiments,
the calculations were performed using the M.A. Mikheev and V.P. Isachenko dependencies for a
smooth rib. The optimal parameters of the casing height and the angle of rib edges extension
corresponding to the best heat transfer were revealed. The heat transfer coefficients of
the smooth and split ribs were compared, the efficiency of using split ribbing was evaluated.

Ribbing, intensification, surface, convection, heat transfer
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JKCTpeMasibHble TPOWHbIe KOHpurypauum
C oTpuuaTtesibHbIM YI/IOM HaknoHa
OTPaXeHHOro ckavka

Paccmampusaromess mpoiinvie KoHgQueypayuu CKaukog YnIOMHEHUss ¢ OMpUYAmenbHoiM
VeloM HAKLOHA OMPAICEHHO20 CKAYKA K 6eKMOPY CKOPOCMU C8EPX38VKOB020 NOMOKA Nepeo
mpouHoU mouxou (0bpammuvle mpotinvie Kon@uaypayuu). Onpedenensvt obpamuvie KOHPU-
2ypayuu ¢ MAKCUMALbHLIMU OMHOWEHUAMU NAPAMEMPO8 NOMOKO8 HA MAHSEHYUATbHOM
paspuviée 3a HUMU. DKCMpeMaibhble OMHOUEHUs NAPAMEempo8 medeHust 3a 06pamHuimMu
M.B. YEPHBIIIOB, || kongueypayusamu cpasHusaromcsi ¢ AHAAOSUYHBIMU IKCMPEMATbHLIMU COOMHOUEHUAMU,
0-p mexu. nayk W docmueaemvimu na écem muooicecmee NPOU3BOTbHLIX MPOUHLIX KOHpuUypayuil CKaukos
(BI'TY «BOEHMEX> \N ynnommuenus, 603nukaromux 6 c6epx3gykosbix NOMOKAX HEBAKO20 COBEPULEHHO20 2A3d.

um. /[.@. Yemunosa,
Canxm-ITemep6ypz) || B031yx03a00pHHK, paKeTHBIH IBUraTe/lb, MAX0OBCKOe OTPaskeHHe, TPOiiHAsA KOH(HUTy-

mvcher@mail.ru || pauust

Extreme Triple Configurations with Negative Slope Angle
of the Reflected Shock

M.V. CHERNYSHOV

The triple configurations of stationary shock waves with negative slope angle of the reflected
shock to the velocity vector of the supersonic stream in front of the triple point (“inverse” triple
configurations) are considered. “Inverse” configurations with the maximum relations of flow
parameters at the slipstream after the triple point are determined. Extreme relations of the flow
parameters downstream the “inverse” configurations are compared with the parameters
attained on the whole set of the triple-shock configurations that appear in supersonic streams of
the inviscid perfect gas.

Air inlet, rocket engine, Mach reflection, triple-shock configuration
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YIK 621.45.002.2.

NccnegoBaHna n paspaboTtka yrnjioTHEHUIN CTbl-
KOB fJeTanei ctatopa BblICOKOTEMMNepaTypHbIX
TYPOUH

ra3oTypOUHHbIX ABUraTenem
A.U. BEJIOYCOB,
0-p mexm. Hayx, Paccmampuearomes yniomuumenu uz ynpyzooemngupyioweco nopucmozo mamepuana MP.

B.A. BOPHCOB, || Cpopmyruposansl ocobennocmu paccmampugaemozo mund ynjiomHeHuil mypous u mpe-
Kano. mexu. Hayk, || 6oeanus k Hum. Ilpueedenvl pesyibmamol IKCHEPUMEHMATLHBIX UCCLEO08AHUN U CO30AH-

D.B. IAPOBAM, || nvie koncmpyxkyuu yniommenuil.
KAHO. MeXH. HAyK
(Camapcxuii yu-m, Camapa) || I'a30TypOuHHbIi aABMraTelb, TypOHHA, OXJIAKIAECHHE NETAJNCH, CTHIK, YIJIOTHUTE/b,

parovai@mail.ru || MmaTepunan MP, uccienoBanue, pacxoa oXJaxIa0uero Bo3ayxa

Research and Development of the Joint Seals
for Gas Turbine Engine High-Temperature Turbine Stator
Units

AL BELOUSOV, V.A. BORISOV, AND F.V. PAROVAI

The porous elastic damping metal mesh material (metal fiber) is considered as a joint seal.
The features of this type of turbine seals and requirements to their application are presented.
Data of the experimental studies and already created seal designs are given.

Gas turbine engine, turbine, unit cooling, joint, seal, metal fiber, research, cooling air flow
rate
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VK 621.165.533.6

BnnsiHne TonwuHbl BXOAHOW KPOMKKU Npodonns
Ha notepu B TYPOMHHOW peLlleTKe OT yrna artaku

Ha ocnoee ananuza pe3yismamog 3KCHepUMEeHmMAanbHulX UCCIe008aHUT PA3IUUHBIX A6MO-
P08 YCMAHOGIEHO, YUMo YMmoaujeHue 6X00HOU KPOMKU NPo@uUIsa NPU NOLOACUMENLHBIX Y2aax
B.H. MAMAEB, || amaxu nosviuwaem amakoycmouyu6ocms pewemk YMepeHHOU KOHGY30pHOCmU, HO

0-p mexn. nayx, || ne oxazvieaem enuAHUA 6 6bICOKOKOHEY30PHOU peuiemKe, d Npu OMPUYAMENbHBIX Yeaax

A.B. CTAPOAYMOB, |} amaxu npaxmuuecku ne ckaswléaemcs na nomepsx 6 peuiemke aoboi KoHpy3oprocmu.
C.A. I10JIYBOAPHHOBA
(OKE um. A. Jlionwku, Mocksa) || Petnerka, kongy3opHocTh, TOJIMMHA BXOAHOH KPOMKH NPO(UIs, yroj aTaku, NoTepu,

andrey.starodumov@okb.umpo.ru || aTaK0yCTOHYMBOCTH

Influence of the Airfoil Leading Edge Thickness
on Turbine Cascade Losses Due to the Incidence

B.I. MAMAEV, A.V. STARODUMOYV, S.A. POLUBOYARINOVA

On the basis of experimental studies, it is established that the thickening of the airfoil leading
edge at positive incidences increases the impingement resistance of the moderate convergence
cascade, but it does not exert impact in the high convergence cascade, and practically does not
affect losses in the cascade of any convergence at the negative incidences.

Cascade, convergence, airfoil leading edge thickness, incidence, losses, impingement
resistance
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YK 629.7.036.3: 621.43.056

NccneposaHne cmelwleHns nNoTOKOB
AH. CYIANMAH, 1 38 (PP OHTOBLIM YCTPOWMCTBOM KaMepbl CropaHus

acnupanm,

b.I' MUHI'A30B, ra30Typ6|/|HHb|X aAsurarenen

0-p mexH. HaYK,

10.5. AJIEKCAHJIPOB, || Mooenupyemcs npoyecc cmewtenus, Ha 0CHO8e IKCNEPUMEHMATbHBIX UCCIEO08AHUT CO30a-
kano. xum. uayk, || emess memoo pacuema rosppuyuenma cmewenus. Onpedensiemcs GAUAHUE HEKOMOPbIX

T.A. HI'YEH, || haxmopos na usmenenue kod(pguyuenma cmeuwenus 6 30ne 00pamublx moKoe 6 3aKpyyueH-

acnupanm \§ yoy nomoke 3a PPOHMOBLIM YCIMPOUCIEOM.
(KHUTY-KAU, Kazanv)

Alexwischen@rambler.ru || 3akpy4eHHbIil N0TOK, 3aBUXPUTEJIb, CMELICHHE ¢ IOTOKOM

Investigation of the Flow Mixing behind the Flame Tube
Head

of a Combustion Chamber in a Gas Turbine Engine
AL SULAIMAN, B.G. MINGAZOV, YU.B. ALEKSANDROV, AND T.D. NGUEN

A mixing process is simulated and a calculation technique for determining the mixing ratio is
created based on experimental studies. Influence of some factors on this ratio is determined in
the recirculation mixing zone in the swirling flow behind the flame tube head.

Swirling flow, swirler, flow mixing
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VK 621.694.31

A.B. HIABAT0B, || M nposaHue TpaH MUPOBAHMS
S masion || MopenMposaHie Tpa cchopmupoBsa

o-p mexn. nayc || LUECTUTYHEBOW CKNnagyaton CTPYKTYpbl

(KHUTY-KAHU, Kazany),
P.III. THMAJHEB, || Paspabomana mamemamuyeckan mooens 01 ucciedo6anus npoyeccos mpancehopmupo-

0-p mexn. nayx || 6anus wecmunyyesvix ckiaduamulx cmpykmyp. Ypasuwenus Ons pacuiema mpaekmopuil
(KI'9Y, Kasany), || nepemewenuss anemenmos cmpykmypbi noJyueHbl Had OCHO8E MEnO008 6eKMOPHO20 AHAIU3A.

H.B. JIEBHIOHKOB, | IIpusodumcs anzopumm u npumep peutenus MoOenbHol 3a0ayu.
KaHoO. mexH. HayK
(KHUTY-KAH, Kasany) || IlecTHIyueBble CTPYKTYPBI, 3aN0JIHHTE/Ib, MaTeMaTHUYecKas Mojelb, Tpanchopmu-

pla.kai@mail.ru || poBaHHe, YN CJEHHbIH AJIrOPUTM

Modeling the Transformation of Hexactinal Folded Struc-
ture

A.V.SHABALOYV, V.I. KHALIULIN, R.SH. GIMADIEV, AND N.V. LEVSHONKOV

A mathematical model is developed to study the transformation of hexactinal folded structures.
Equations for calculation of the structure element pathways during transformation are obtained
based on the vector analysis methods. An algorithm is presented together with a model problem
solution.

Hexactinal structures, sandwich panel core, mathematical model, transformation,
numerical algorithm
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YK 536.24.001.2

ANTOPUTM YNCNEHHOIO NOBEPOYHOIO pacuyeTta
oxnaXgaemblX TYPOUHHbIX onaTtok ra3oTypouH-
HbIX ABUTraTesiel C UCNOMb30BaHMEM OMbITHbIX

A.B. wibuHKOB, || AAHHbIX
KaHO. mexH. HayK,

aM. Epmakog, || 10 TENNOOTAAQYE N CONPOTUBNEHUIO

KaHO. mexH. HAYK, H e()ﬂoofceHa Memoduka noesepovYHo2co acuema Ox]la")fcaae/l/lblx m 6MHHblx Jonamok
B.B. TAKMOBIEB, || ' P P P P

KaHO. mexi. Hay. 2a30mypOUHHbIX Ogueameel, CyujeCmeeHHO COKPAWAouids 8pemsi GbINOJIHEHUs U mpyOo-

A.B. IIYKHH, || eMrocme pacuema ux memnepamyprozo cocmosinus no cpagHenuio ¢ npambLM HucieHHbLM

0-p mexn. nayx || modenuposanuem ¢ ANSYS CFX. Memoouka npodemoncmpuposana na npumepe paciema
(KHUTY-KAH, Kazauv), || connosoii mypounnoii nonamku ¢ oeprexmopom u oywuposanuem 6x00HOU Kpomku. /s
A.M. EP3UKOB, || 3amvixanus ancopumma paciema ucnoab3yemcst MoOyib ¢ OAHKOM 0000 eHHbIX ONbIMHbIX

mazucmp | OanHbiX NO MenI00moaye U CONPOMUBIEHUIO 8 OXAANCOAIOUWUX KAHANAX.
(KHUTY-KAU, Kazanw;

@OI'VII «BHUHPy, Kazans) || ANSYS CFX, npsivoe 4nc/ieHHOe MOIeIMPOBaHHe, OXJIa)/aaeMast TypOMHHAs JIONATKa,
a.v.shchukin@rambler.ru || KOMOMHUPOBAHHBIN AJITOPUTM pacyeTa

Algorithm of Numerical Checking Calculation
of Turbine Cooled Blades of Gas Turbine Engines Using
Experimental Data on Heat Transfer and Resistance

A V. IL’INKOV, AM. ERMAKOV, V.V. TAKMOVTSEV,
A.V. SHCHUKIN, AND A.M. ERZIKOV

The paper proposes a method of checking calculation of turbine cooled blades of gas turbine
engines which significantly reduces the execution time and complexity of calculation of their
thermal state compared to direct numerical calculation in ANSYS CFX. The method is
demonstrated by the example of the calculation of a turbine nozzle blade with an impingement
tube and the spot cooling of the leading edge. The module with a bank of generalized
experimental data on heat transfer and resistance in the cooling channels is used for closure of
the calculation.

ANSYS CFX, direct numerical simulation, turbine cooled blade, combined calculation
algorithm
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VK 641.45.037

OnTMMM3aUusa Ymcna cTyneHem

N pacnpejeneHus napaMmeTpoB B NPOTOYHON va-
cTK

Npu NPOEKTUPOBAHNN KOMNPECCOopOoB

N TYPOUH ra3oTypOUHHbLIX ABUraTenei

Paccmampusaemest memoo 6b160pa oOnMUMAIbHO20 YUCLA CMYNEHell U pacnpedesieHust pa-
60m no cmynensim npu npoeKMuUpoSAnUL KOMAPECCOPOs8 U MypoOuH, OCHOBAHHbIL HA 66e€0eH-
HOM NOHAMUU UOAIbHO2O OABNEHUSI U UOCAIbHbIX 3HAYEHUT CMeneHu NOGblueHUsl (8 KOM-
npeccope) u cuudicenusi (8 mypoune) oasnenus. Ionyuenvl svipasicenus Oisl pacuiema Kno
KOMIPeccopos u mypouH, cmyneHeil u JONamoyHblX 6eHYo8 6 ux cocmase. Dpghexmus-
HOCHb Memooa nOOMEepIICOaencs NPUMEPOM pacyema O8yxX- U mpexcmyneHuyamvix 6apu-

H.A. KPUBOILIEEB, || anmog komnpeccopos Hu3Ko20 0agieHus 0 mypoopeakmugHo20 08YXKOHMYPHO20 08Uea-
0-p mexn. nayx, || mens co cmeuwenuem nomoKos.

K.E. POJKKOB,

KanO. mex. Hayk, I'a30TypOuHHBII IBUraTe/b, JONATOYHAS MAIIUHA, KOMIpeccop, TYpOUHA, MPOTOY-

H.b. CHMOHOB || Hast 4acTh, cTyneHb, poTop, KO3 GUINEHT M0Je3HOro AeiicTBUs, KOIQPULIMEHT BOC-

(VIATY, Vgha) || cTaHOBJICHASA IOJHOTO AaBJIeHHsA, KO3 PuuuenT pacxoga, kod3QPuUIHEHT TeopeTHYe-
krivosh777@mail.ru |§ ckoro Hanopa

Optimization of the Stage Number and Parameter Distribu-
tion

in the Flow Passage at GTE Compressor and Turbine De-
sign

L.A. KRIVOSHEEV, K.E. ROZHKOV, AND N.B. SIMONOV

For selecting the optimal number of stages and the distribution of work along the stages at
the compressor design, the method proposed by the authors is considered. The method is based
on the introduced concept of an ideal pressure and ideal values of total pressure ratio (increasing
in the compressor and decreasing in the turbine) and expressions obtained to calculate the efficiency
of compressors and turbines, stages and profile blading in their composition. The method
adequacy is confirmed by an example that shows results for two- and three-stage low pressure
compressor for bypass turbofan engine calculation.

Gas turbine engine, impeller machine, compressor, turbine, flow passage, stage, rotor,
efficiency, total pressure recovery coefficient, mass flow rate, theoretical head pressure
coefficient
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YK 629.735.45:551.53

MocTpoeHne 1 anropuTMbl GOPTOBOI CUCTEMBI
N3MepPEHNs1 BO3AYLIHbIX MapaMeTpoB BepToneTa
N COCTOSIHUS aTMOocdepbl C HEMOABUXKHbIM
MPUEMHUKOM, MOHHO-METOUYHbIMU

N as3pOMEeTPUYECKUMUN N3MEPUTENbHbIMU KaHa-
namm

Paccmampueaemcsa npobnema usmeperuss 8030YUIHbIX NAPAMEMPOS U COCMOAHUS ammocpe-
pbl Ha bopmy eepmonema 8 YCI08UAX AIPOOUHAMUUECKUX BO3MYUEHULl BUXPEBOU KOJIOHHbI

B.B COJI,ZIATKHH Hecyueco eurnma. PaCKpblGaemc}l d)yHKquHaﬂbHa}l cxema, KOHCmpyKmueHvle ocobennocmu
.D. >

0-p MexH. HayK,
A.B. HUKHUTHH,
KaHO. mexH. HayK,
E.O. APUCKHH,

0amuyuxa 6030VUWHLIX NAPAMEMPO8 U al2opummsbl 0bpabomku ungopmayuu H60pmMosol
cucmembvl ¢ HeNOOBUICHLIM NPUEMHUKOM, UOHHO-MEMOYHbIMU U AIPOMEMPULECKUMU USME-
PUMENbHBIMU KAHATAMU HA PA3TUYHBIX PENCUMAX IKCHLYAmayuu 8epmonema (CmosiHKda,
cmapmosbie, 831eMmHO-NOCAOOUHbLE).

acnupanum || BeproJieT, BO3IyIIHbIEe NapaMeTpbl, COCTOsIHME aTMocdepbl, H3MepeHHe, CHCTEMa,
(KHUTY-KAHU, Kazany) || HeMOABMKHBIA AATYHK BO3AYUIHBIX CHTHAJIOB, HOHHO-METOYHBLIE W A3POMETPHUECKHE
nikitin.rf@mail.ru || u3MepuTeIBLHBIE KAHABI, AITOPUTMBI 00PAGOTKH, XaPAKTEPHbIE PEXKUMBI IKCILTYATANNH

Construction and Algorithms of the Onboard System
for Measuring the Helicopter Air Data and State

of the Atmosphere with a Stationary Receiver, lon-Mark
and Aerometric Measurement Channels

V.V. SOLDATKIN, A.V. NIKITIN, AND E.O. ARISKIN

The problem of measuring the air parameters and state of the atmosphere on board the helicopter
under the aerodynamic disturbances of the main rotor vortex column is considered.

The functional scheme, design features of the air parameter sensor and algorithms of information

processing at the parking, starting, takeoff and landing and other modes of helicopter of
the onboard system with a stationary receiver, ion-mark and aerometric measurement channels
are revealed.

Helicopter, air parameters, state of atmosphere, measurement, system, stationary sensor
of air signals, ion-mark and aerometric measuring channels, processing algorithms,
characteristic modes of operation
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VIK 621.355.9

A.U. THIIKOB,
cmyoenm,

FO.B. KOHOILIEB,
acnupanm

(BI'TY « BOEHMEX»,
Cankm-Ilemep6ype),
HU.B. HIEBI]OB

(A0 « UCC»

um. akao. M. ®@. Pewwemnésa,
Kenesnozopck),

A.A. FOEB,

cmyoenm

(BI'TY « BOEHMEX»,
Canxm-Ilemepbype)
urzig_eastwood@mail.ru

Pa3paboTka
KOMOWHMPOBAHHOIO HAKONUTE S
3N1EKTPO3HEPIUN

PaCCMompeth OCHO6Hble NPUHYUNDbL pa3pa60ml<u ynpaejisiemozco KOM6HHMP06€ZHHOZO HAKO-
numeis 31eKmpoIHepcUuUl. Onucana nocmamnoska 3(1()61‘{14, cnocoowl ee peuenusl U OCHO6Hble
d)yHKMMOH(Uleble 0cobeHHOCIU HAKONUMEJISL.

Hakxonurens 371eKTpPO3HEPrHH, CYNEPKOHACHCATOP, CHCTEMAa YNPABJICHUS, AKKYMY-
JIATOP

Development of a Combined Electric Power Storage De-
vice
AL TISHKOV, YU.V. KONOPLEV, LV. SHEVTSOV, AND A.A. YUEV

The base concepts of development of the controlled combined electric power storage device are
considered. The research objective, methods of its solving and principal functional features of
the storage device are described.

Electric power storage device, super capacitor, control system, battery
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VK 681.322

O6 onTnmasbHOM npneme
ncesAoC/ydyaHbIX CUTHa/I0B
HENIMHEWNHbIX AUHAMNYECKUX CUCTEM

C yeivro pa3pa6oml<u ONMUMAlbHO2O0 NPUEMHUKA nce@dOCﬂyqaﬁHblx CUCHAI08 HEIUHEIIHbIX
H.K. HACBIPOB, OUHAMUYECKUX CUCMEeM anaauupyromcest aemo- U 63auMHO KOppeIAYUOHHble qbymct;uu

0-p mexn. nayx, || nceBOOCAYHAUHBIX CUSHATIOS.

B.B. AH/IPEEB, . .
Kand. uz.-mam. nayx || TIceBLOCTy aliHbIE CHIHANBI, HEIHHEHHbIE IHHAMHYECKHE CHCTEMBbI, METOI MaKCH-

(KDY, Kaszans) || MaabHoro npasaomnogodus, croxacru4eckue aagepenunaibuble ypaBHeHHsl, OIITH-
nasyrovik@mail.ru || MaJIbHBI IPMEMHHK, B3AUMHO KOPpeIsiiMOHHbIe QYHKIUH, cucTeMa JlopeHna

About Optimal Reception of Pseudorandom Signals
of Nonlinear Dynamic Systems

LK. NASYROV AND V.V. ANDREEV

In order to develop an optimal receiver for pseudorandom signals of nonlinear dynamic
systems, the auto- and cross-correlation functions of pseudorandom signals are analyzed.

Pseudorandom signals, nonlinear dynamic systems, maximum likelihood method, stochastic
differential equations, optimal receiver, cross-correlation functions, Lorenz system
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VK 621.313.3

ANeKTponpuBo C MarHUTHON peayKumein
A.10. ADAHACBEB, || HECYLLLETO BUHTA BepTtoneta

0-p MmexH. HayK,
H.A. BEPE3OB, || [Ipeocmagnena koHcmpykyus 4 0CHOGHbIE PACHemHble COOMHOUEHUSI MA208020 3IeKMpPO-
acnupanm, || Osueamessi ¢ MAZHUMHBIM PEOYKMOPOM OJist npusoda Hecyujeeo gunma eepmonema. Omme-

H.A. PBIBYHIKHH, | uenvt 0ocmouncmea Koncmpykyuu no 06vemy u Ha0exiCHoCmiL.
cmyoenm

(KHUTY-KAH, Kazany) || BepToaer, CHHXPOHHBII 3JIEKTPOABHUIaTE/Ib, MHOIOCJOMHBIA pelleT4aThbiii MArHUTO-
afanasiev_eo@mail.ru || npoBo/, NOCTOSIHHBIE MATHUTBI, MATHUTHBIH PeLyKTOpP

Electric Drive with Magnetic Reduction
of the Helicopter Main Rotor

A.YU. AFANAS’EV, N.A. BEREZOV, AND N.A. RYBUSHKIN

The design and main calculation relations are presented for the driving electric motor with
magnetic gear box to drive the helicopter main rotor. The design advantages in terms of
volume and reliability are noted.

Helicopter, synchronous electric motor, laminated lattice magnetic conductor, permanent
magnets, magnetic gear box
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VK 539.32.624.074.4

OueHKa Hanps»XeHHOro COCTOAHUA KopobyaTon
000/104UKM N3 Mmartepuana c pas/iMyHbIMU CBOW-
CTBaMW Ha pacTsHXXeHune u cxarme

Jist c60600H0 onepmoil 6aKu U3 Mamepuaid, Kapkacom KOmopo2o SeIsiomcst yerepoonvie
A.C. JEMHJIOB, || 070K, ¢ yuemom saxona I YKa, 2Unomesvi NIOCKUX cettemfﬁ U YpAaGHeNUs: paHosecus cun
0-p mexH. Hayk onpedensiiomest npusedenuviil Mooyiav FOnea, cmewenue HelumparbHOl JUHUU, MOMEHMbL U
(MAH, Mocxsa), || Hanpsocenus. IIpednodicennslii nooxo0 vl maxdice peanuzosan Ois pacuema d1iemMenma
B.B. KAIIEJIKHH, |} o6010uku xopobuamozo cevwenusl, A6us10ueics Yacmvio KOHCMPYKYuu npamomosHo20 603-
0-p mexn. nayk, | OyuHo-peakmusnozo 0sucamens sl 8bICOKOCKOPOCTHBIX 1emamenbHvix annapamos. Ipu-

E.A. KAIIYCTHH || seoenvt uucnenmvie npumepbl.
(AO «Kpacnasa 36e30a»,
Mocksa) || KoMno3uThble MaTepHaibi, KOpoG4aThie 060J104KH, Pa3IHYHbIe CBOMCTBA HA pacTs-

demidov@mai.ru || :keHHe U c:KaTHE, CMeLleHHe HEHTPAJIbHOM JIUHUM

Evaluation of the Stress State of a Box Shell Made from
Material with Different Tensile and Compressive Properties

A.S. DEMIDOV, V.V. KASHELKIN, AND E.A. KAPUSTIN

The reduced elastic constant, the displacement of the neutral line, moments and stresses are
determined for a freely supported beam made of the material with the carbon fiber frame, taking
into account Hooke'’s law, the hypothesis of flat cross-sections, and the equation of equilibrium
of forces. The proposed approach was also implemented to calculate the element of
the box-section shell, which is part of the structure of the ramjet engine for high-speed aircrafft.
Numerical examples are given.

Composite materials, box shells, different tensile and compressive properties, displacement
of the neutral line
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JKcnepnMeHTallbHble nccnegoBaHna Mogenm
6ecnu/oTHOro fietTartefibHOro annapara tmna X-
47B

B aspoanHammnyeckom tpybe T-102 AU no
oueHKe 3p(PeKTUBHOCTN a3poAnHaAMMNYECKNX Op-
raHoB ynpas/eHna B NPOAO/NbHOM KaHane

Ipusedenvl pesyromamel ucciedo8anUll UHMESPATbHLIX AIPOOUHAMUYECKUX XApaKmepu-
cmuKk mMooenu 6ecCnuiomHO20 1emamenbHo20 annapama OalaHCUpoBOYHOU CXeMbl «1ema-
1owee Kkpulioy. Buluucnena 3asucumocms kod@huyuenma no0bemMHoll CUlbl Om yeia amaxu
071 PA3IUYHBIX CHOCOD08 OANAHCUPOBKU U cIeneHell NPOOOIbHOU CIAMUYECKOU YCmouyu-
socmu. Ilokasano, umo 6v100p paAyUOHATILHO2O COUEMAHUS OMKIOHEHUL A2POOUHAMUYE-
CKUX Op2aHO8 YNpasieHusi NO360sem yeeauuums 0aiaHCupo8oYHblll KOIPPuyuenm noow-
EeMHOUL CUIbL HA PECUMAX 8371emda U NOCAOKU.

A.A. KPHBOII[AITOB BecnuoTHBIN JieTaTe/bHBIH anmapar, a3poAuHAMHYECKHEe XapAKTEPUCTUKH, JieTa-
(LJAT'H, XKyroeckuii) ||| 1011€€ KPbLI0, a3POAMHAMUYECKHE OPraHbl YNPaBJIeHHUs1, JJIeBOH, (h1anepoH, MexaHu-
alex5000.89@mail.ru || 3auusi KpblJIa, KOMOMHUPOBAHHbIE OPIraHbl YIIPABJICHHA

Experimental Studies of X-47B-type Unmanned Aerial
Vehicle in TSAGI T-102 Wind Tunnel to Assess Effectiveness
of Aerodynamic Controls in Longitudinal Channel

A.A. KRIVOSHCHAPOV

The results are given on the experimental studies of integral aerodynamic characteristics of
X-47B-type “flying wing” unmanned aerial vehicle model. The dependence of the lift coefficient
on the angle of attack for different trimmings and static margin is evaluated. It is shown that
rational combination of aerodynamic surface deflections allows increasing sufficiently
the trimmed lift coefficient values for take-off and landing flight regimes.

Unmanned aerial vehicle, aerodynamic characteristics, flying wing, aerodynamic controls,
elevon, flaperon, high-lift device, complex controls
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OnpepeneHne MOMEHTOB BPEMEHU reHepaynm
pe30HaHCHbIX U3rMOHbIX KoNlebaHni BpatlatroLe-
rocs sasa npu NOMoLWM NHANKATOPHOWN PYyHKLMN
ymucaa COCTOSHNI AMHaMNYEeCKOW CUCTEMDI

Paccmompen memoo u aneopumm, no3eonaowull OUAZHOCMUPOBAMs U3MeHeHUe OUHAMU-
Y4ecKk020 COCMOSIHUAL CUCIEMbl HA OCHO8E AHAU3A IGONIOYUU OKOHHOU UHOUKAMOPHOU
dyuKkyuy wucna cocmosiHutl 8 OUCKpemHom gaszosom npocmpancmse. Ilocmpoena mooens
08YMEPHO20 PA306020 NPOCMPAHCMEA, 8 KOMOPOM B6€0eHbl OUCKpemHuble cocmosinus. 11o-
KA3aHO, 4Mo pocm UHOUKAMOPHOU YHKYUU NPOUCXOOUM NPU CMeHe OUHAMUYECKO20 pe-
JHCUMA, NPUBOOAUE20 K USMEHEHUIO MEKYWe20 YUcia cocmoanuil cucmemuvl. Omaudumens-
HOUL 0COOEHHOCMbIO MemOoOa AGIAENCA 803MONCHOCHIL NOCMPOEHUs HA e20 OCHO8e 0byuae-
MOl cucmembl OUASHOCTUKU OUHAMUYECKUX pedcumos. B kauecmee npumepa na ocHose
AHATU3A AKYCMUYECKO20 CUSHANA NPOAHATUSUPOBAHA CMEHA MUNA OUHAMUYECKO20 nogede-
HUS CUCeMbl C 8PAYAIOWUMCA 8ATIOM, 8 KOTMOPOU NPU O0CMUNCEHUU KPUMUYECKO20 YUCLA
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Definition of the Generation Instants in Time

of the Running Shaft Resonant Flexural Vibrations
by Means of the Indicator Function of the Number
of States of Dynamic System

A.L. TUKMAKOV AND N.A. TUKMAKOVA

The method and algorithm are considered that allow us to diagnose change of the system
dynamic state on the basis of the analysis of evolution of the window indicator function of
number of states in discrete phase space. The model of a two-dimensional phase space is
constructed, in which discrete states are introduced, and it is shown that indicator function
increases when changing the dynamic mode leading to change of the current number of system
states. The method feature is the possibility to construct the taught system of dynamic mode
diagnostics on its basis. As an example, on the basis of the acoustic signal analysis, a change of
the dynamic behavior type of a system with the running shaft is analyzed, in which the resonant
fexural fluctuations arise after attaining the critical speed.

Dynamic system, acoustic signal, time realization, phase space, set of states, window function
of the number of states, change of the dynamic mode, flexural vibrations of a shaft,
resonance, indicator function
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