NMPOEKTUPOBAHMUE JIETATEJIbHbIX AIMNMAPATOB

YIK 629.7.016.7

E.A. KAPIIOBHY
(T1A0 «Kopnopayus
”Uprym*y», Mockea),
/. T'YEPELI
(MAH, Mocxkea)
karpovichea@mai.ru

A

becnmnAoTHbIN CAMOAET HOPMOABLHOW CXEeMbl
HQ COAHEeYHbIX Oarapesix AA UccAeaoBaHusi Mapca:
napameTpuyeckne MICCASAOBAHUS

IIpeocmaenenvt  pesyiomamsl  Nepeo20 dMand KOHYENMYaibHO20 NPOCKMUPOSAHUS
OecnuiIomHo20 1emamenbHo20 annapama ¢ HenoOBUNCHbIM KPbLIOM OISl UCCAEO08AHUS
Mapca. B paumxax nepsoco smana Ovll paccmomper OeCnuiomHblil JemameibHblil
annapam HOPMAIbHOU CXembl (C OnepeHuem, PACHOIONCEHHIM 3d KPbLIOM) C CONHEYHbIMU
oamapesmu. Tlapamempuyeckue uccie008anus NOKA3ALU, YMO AKKYMYISIMOPHAs bamapest
CONHEYH020 GeCnUIOMHO20 NeMAMeNbHO20 Annapama He Modicem Oblmb 3apsdicend 6
meuenue c6emosoco OHsi OISl 0OeCnedeHUsl HenpPepviBHO20 NOJema 00 YMpa CAeoyloue2o
OHsL. [{ns 6ecnuiomnozo 1emamesibHo20 annapamad, npeoHa3sHAueHH020 0Jisi 0OHOKDAMHO20
noxema OHem, ObLIU Onpedeielbl PAYUOHAIbHbIE NPOCKMHbIE NAPAMEMPLL U PACCHUMAHDL
JIeMHO-MEeXHUYeCKUe XapaKmepucmuKxu.

CosHeyHbIl OeCHWIOTHBIN JIeTaTeJBHBIH anmapat IA HccjaeaoBanus Mapcea;
KOHIENTYAJIbHOE MPOEKTHPOBAHHE JIETATEJBLHOIO AaMmmnapara; napaMeTpuyecKue
HCCJIeJ0BAHNSA KOMIIOHOBKH JIETATEIBHOI0 annapara

Solar Wing-Tail Martian Science UAV:

Designe Space Exploration
E.A. KARPOVICH' AND D. GUERAICHE?

'Irkut Corporation, Moscow

’Moscow Aviation Institute (National Research University), Moscow

In this paper we explore the designe sace for a wing-tail solar Science UAV. Trade studies
showed that the solar UAV battery cannot accumulate enough charge during daylight hours to
ensure a continuous flight overnight. For a UAV intended for a single flight mission during the
day, rational design parameters were determined and flight performance was estimated.

Solar UAV for Mars exploration, aircraft conceptual design, aircraft parametric studies
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CTPOUTENBHAA MEXAHUKA U NMPOYHOCTDbL JIETATEJIbHbIX ANMMNAPATOB
VIIK 534-16

PAQTTEP LMAVHAPMHYECKO OBOAOUKM

Paccmampusaemess prammep yununopuueckoti 06010uku KoHeuHou Onumsl. Ilpueeden
COBPEMeHHbIll  aneopumm 6e3  HACLIUeHUsl, PACCMOMPEHbl KOHKPEmHble pacyemsi,

CZI’ A'/IFA‘;”}I’ nokasaesuiue €20 6blCOKyH 34)4)€Kmu6HOCmb.

0-p Qusz.-mam. HayKk .
(UIMex Huaunapuyeckasi 0000YKa, 3aJa4M HA COOCTBEHHbIE 3HAYEHHS, YHMCICHHBII

PAH, Mocxea) || 21ToPHT™ 0e3 HachIleHus, Guarrep
algazinsd@mail.ru

Flutter of The Cylindrical Shell
S.D. ALGAZIN
Ishlinsky Institute for Problems in Mechanics RAS, Moscow

The flutter of the cylindrical shell of final length is considered. The modern algorithm without
saturation is given in the real work, specific calculations which show its high performance
are considered.

Cylindrical shell, tasks on eigenvalues, numerical algorithm without saturation, flutter
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VIIK 621.43

AHOAM3 QATOPUTMOB GBTOMATMYECKOTO PEryAMPOBAHMS
A-M. EPMAKOB, (| remnepaTypbl OXACDKAQIOLLINX XnaKocTen

KaHO. MeXH. HAYK,

10.®. TOPTHILIOB, || CUAOBBIX YCTAHOBOK

0-p mexH. HayK,

P.P. CAJIAXOB,

KaHO. MeXH. HAYK,

P.M. XHCMATYJIHH,

acnupanm .

(KHUTYV-KAH, Kasans) Tena0oHOCHTENIb, TEIJIOBOW TOTOK, AJTOPUTM, ABTOMATHYECKOE PeryJIMpoBaHHE,
amermakov@kai.ru 3HEpPro3(peKTUBHOCTD, CHIOBAS YCTAHOBKA

IIpedcmasien ananuz agmomamuiecKo2o pecyiuposanus memMnepamypvl OXiaicoarouux
AHCUOKOCET CUTOBBIX YCMAHOBOK C UCNOAb30BAHUEM PAZTUUHBIX AJIROPUMMOSE YAPAGIEHUS C
yuemom meopuu menyiooomena u euopoounamuxu. Ilpoeedena oyenka snepeonompeoienus
npu npokauke MmenioHocumenell ¢ RPUMeHeHUeM Pa3IUiHbIX Al2OPUMMO8 YIPAGICHUSL.

Analysis of Algorithms for Automatic Temperature Control
of Coolants in Propulsion Systems

A.M. ERMAKOV, YU.F. GORTYSHOV, R.R. SALAKHOV, AND R.M. KHISMATULLIN
Tupolev Kazan National Research Technical University, Kazan

The analysis of automatic control of the temperature of coolants of propulsion system using
various control algorithms, taking into account the theory of heat transfer and hydrodynamics,

is presented. An assessment of energy consumption during the pumping of coolants using
various control algorithms was carried out.

Coolant, heat flow, algorithm, automatic control, energy efficiency, propulsion systems
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ANHAMUKA MNMOJNIETA U YINPABJNIEHUE JNIETATEJIbHbIMUA AMNMNAPATAMU

YK 629.7

A.B. EOPEMOB,
0-p mexH. HayK,
E.B. EOPEMOB,
acnupanm,

A.C. TATITHK,
(MAH, Mockea)
pvl@mai.ru

MOWHOCTL  YCUAMA, NPUKAQABIBOEMBIX  A€THUKOM
K pbMary YNpaBAGHUs, KAK  KPUTEPUA  OLIEHKM
MUAOTAXKHBIX XOPAKTEPUCTUK

Ilpeonooiceno 6 Kawecmee napamempd, OYEHUBAIOWE20 YPOBEHb KOMNEHCUPYIOUWUX
Oeticmeuti IemyuKa npu 6bINOIHEHUU 300ayy NUIOMUPOBAHUSL, UCNOIb306AMb MOUHOCTb
NPUKIAObIBAEMbIX YCUIULL K pblyazy ynpaeneHus. B pabome npueooumcs 6b1600
NPUOTIUIICEHHO20 BbIPAIICEHUSL MOWHOCTNU, 3ABUCAYE20 OM XAPAKMEPUCUK CUCTHEMbL
camonem-remuux. Iloxazano, umo 3uaueHus MOWHOCMU Ol PASTUYHBIX OUHAMUYECKUX
KOH@U2ypayuli KOpperuposanvl ¢ yposHeM NULOMANCHBIX XAPAKMEPUCTIUK, YO NO380IUI0
UCNONb308aMb €20 8 KAYecmsae KpUmepus OYenKu NUIOMANCHbIX XapaKmepucmux.

MomHoCTh YCHJINH, MeXaHU4YeCKasi padoTa, MUI0TAKHbIE XapaKTEPUCTHKH, YPOBEHb
KOMIIEHCHPYIOIIMX JIefiCTBUIA

Power of the Force Applied to the Inceptor by the Pilot
as a Criterion of Flying Qualities Assessment
A.V. EFREMOV, E.V. EFREMOV, AND A.S. TIAGLIK

Moscow Aviation Institute (National Research University), Moscow

The paper proposes to use the power of the forces applied to the inceptor as a parameter for
assessing the level of compensating pilot actions when performing a piloting task.
An approximation of the power, which depends on the characteristics of the pilot-aircraft
system, is given in the paper. It is shown that the power values for different dynamic
configurations correlate with the level of flying qualities, making it possible to use it as
a criterion for evaluating flying qualities.

Power of the force, mechanical work, flying qualities, level of compensating action
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YIK 629.7.073.6

Metoaonorus NOCTPOEeHNa MEeTOAUKU O6Y‘-IeHl49| NMMAOTOB
no ynpaBA€HUIO BbICOKOABTOMATUIUPOBAHHbBIM BO3AYLUHbBIM

CYAHOM C NCNOAb3OBAHMEM KOFHVITVIBHO-VIHClDOpMGLI,MOHHbIX
I'.B. KOBAJIEHKO,

o-p mexn. nayx. || NPEOBPA30OBATEAEN AATOPUTMOB AESITEABHOCTU
H.C. MYPABBEB,

IIpeocmasienvt u  packpvlmol Memoobl NPUMEHEHUS  KOSHUMUGHO-UHPOPMAYUOHHBIX
KaHO. MexXH. HAYK,

npeobpazoeameneti  AnOPUMMOE  OesMENbHOCIU  NUIOMO8 6 npoyecce 00OyYeHus,

KA. KYU, W nossonsiowue  copmuposams  nasvixk no  onpedenenuio 3akonos  e3aumodeiicmeus
KaHa'(g%’; ;‘?j{’; napamempoé npuboproti u unotl ungopmayuu 6e3 nomepu cnocobHOCMU K ONPedeeHuio

NUIOMOM OYEHKU MmeKyujeli CUmyayuu.
um. A.A. Hosuxosa,

Canxm-Ilemep6ype) IIpunsitne pemenns, 3(p¢PeKTHBHOCT, yNpaBJIeHUs, BEPOATHOCTh, HABBIK,
pilotkuts@ya.ru || TAPaMETPBI oIeTa, MeTox

Methodology for Training Pilots to Control a Highly Automated
Aircraft Using Cognitive-Information Converters

of Activity Algorithms

G.V. KOVALENKO, L.S. MURAVIEV, AND K.A. KUTS

Saint-Petersburg State University of Civil Aviation, Saint-Petersburg

The research discloses the methods of using cognitive-information converters activities
algorithms for pilots' activity in the training process which allow forming the skill of

determining the laws of interaction of the parameters of instrumental information and other
information without losing the ability to determine the current situation.

Decision making, control efficiency, probability, skill, flight parameters, method
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A3PO- U TA3OANHAMUKA NETATEJNbHbIX AMMAPATOB U UX OBUTATENEN

YIK 534.23:519.6

H.II. FOHYYK,

MPOrPAMMHBI ~ KOMMAEKC AN pacyYeTa  LyMmd,
rEeHepPUPYEMOro  COOCHbLIMM  MPOTMBOBPALLIAIOLLIMMUCS

Kkano. mexn. nayk, || BAHTAMU

(I'MY um. aomupana @.P.
Ywarosa, Hosopoccuiick),
IO.U. PY/THEB,

KaHo. Qus.-mam. Hayx
(XHY um. B.H. Kapa3zuna,
Xapvkos),

A.B. TPHHEK,

KaHO. MeXH. HAYK

(I'MY um. aomupana

D.D. Vwarosa,
Hosopoccuiick)
ip.boychuk@gmail.com

IIpedcmasaen nodxoo 015 pacuema wyma OMKpbINO2Z0 pOmMopd, COYemarowull pasymmyio
MOYHOCMb 6LIYUCACHULL WYMA C NPUEMAEMOU CKOPOCMbIO nposedenusi paciemos. s
peuteHusi adpoOUHaMULECKOU 3a0ayu UCNONIb3YeMCsl GUXPEEOll (naneavbHblil) memoo. s
pewenuss akycmuueckou 3a0auu ucnoivzyemcs memoo PDoxc Bunvsimca — Xoykumeca
(FW-H), 6 wuacmunocmu — senvie ¢opmyavt @apaccama. Jaunolii nooxoo oau
603MOJCHOCHIL NPUMEHAMb NAHEAbHbILL MemoO O peuleHus 3a0ay  a3poaKyCmuKu.
Buinonnenvt mecmosvie pacuemvl o OnpeOdeieHUr) Wymd, 2eHepupyemMo2o CUCmemou
moueunvix mononoiel. Ilposedeno cpagnenue IKCNEPUMEHMATLHBIX U PACYETNHBIX OAHHbIX
NPeOCKazanus wyma OmKpulno2o pomopa.

OTKpBITHII poTOp, NaHeAbHBIN MeTO], (opMyJibl PapaccaTa

Software Package for Calculating the Noise Generated
by Open Rotors

LP. BOYCHUK', YU.I. RUDNYEV?, AND A.V. GRINEK'

' Admiral Ushakov Maritime State University, Novorossiysk

*V.N. Karazin Kharkiv National University, Kharkiv

The paper presents an approach for calculating the noise of an open rotor. This approach
combines reasonable accuracy of noise calculations with an acceptable speed of calculations.
In order to solve the aerodynamic problem, the vortex (panel) method is used. To solve the
acoustic problem, the Fox Williams Hawkins method is used, in particular, the explicit formulas
of Farassat. This approach made it possible to use the panel method for solving aeroacoustics
problems. Test calculations are carried out to determine the noise generated by the system of
point monopoles. The comparison of experimental and calculated data for predicting the noise
of an open rotor is carried out.

Open rotor, vortex method, formulas of Farassat
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YIK 533.6.011.72

MPUBAMKEHHO-QHAAUTUHECKASI MOAEAb CTPYWHOTO TEYEHMS
c MOXOBCKUM OTpaXXeHneMm n MMMNYAbCHbIM
BHEpPronoABOAOM HA FAQBHOM CKAYKE

Paccmampueaemes  ceepxssykosoe meuenue peaxyuoHHOCNOCOOHOU 2a3060U CMeCU ¢
MAXOBCKUM — OMPAICEHUEM — BOZHUKAIOWUX — CKAYKO8  YNJIOMHEHUs U UMRYIbCHbIM
OHEP20N00BOOOM HA 2NABHOM CKAYKe, ONUCHIBACMOM 6 PAMKAX MOOeiu 3enb0osuda —
Hetimana — Jlepunza. Tlpeonoscena npubusiceHnas aHAIUMU4ecKas Mooeib, O380JI0Was
ObLICMPO YCManosums opmy u pasmepvl 00paA3YIOUUXCS 2A300UHAMUYECKUX PA3PLIEOE, d
maksice napamempuvl HOMOKA 6 DA3IUYHBIX OONACAX MedeHusl, PA30eeHHbIX IMUMU
oNeMeHmamu  YOApHO-60IHOBOU CMpPYKmypbl. B kauecmee npumepa npumeneHust
npeonazaemol  QHAIUMUYECKOU — MOOeNU  UCCIeOYemcsi — HAYQNbHbl  YYACMOK
CUNLHONEPEPACUIUPEHHOU CIPYUL 8030YUHO-MEMAHOBOU CMeCU ¢ OONbULOL CEEPX38YKOBOT
ckopocmuio ucmeyenus. Onpeoensiemcst 8blcOmMa MpOoUHOU MOYKU MAXOBCKO20 OMPANCEHUS.
npU  HAMUYUU UBMEHEHUs. XUMUYECKO20 COCMmaséa cMmecu U U300apHO20 UMNYIbCHO20
9HEP20Nn00800a HA 2IABHOM CKAUKe.

M.B. YUEPHBIIIIOB,
0-p mexH. HayK,

K.3. CABEJIOBA,
acnupanm

(BI'TY « BOEHMEX)»
um. J1.®. Yemunosa) CBepx3ByKoBOe TeYeHHE, MAaXOBCKOe OTpaskeHHe, AHATUTHYECKasi MOJeJb,

mvcher@mail.m HUMITYJbCHBIU JHEPIONOABOA, A€TOHALIUSA

Approximate Analytical Model of Jet Flow with Mach
Reflection and Pulse Heat Efflux at the Main Shock

M.V. CHERNYSHOV AND K.E. SAVELOVA

Baltic State Technical University “Voenmeh”, Saint Petersburg

The supersonic flow of a reactive gas mixture with Mach reflection of emerging shocks and
pulsed energy supply at the main one is considered within the framework of the Zel'dovich—
Neumann—Déring model. An approximate analytical model is proposed, that allows one to
quickly determine the shape and size of the resulting gas-dynamic discontinuities, as well as the
flow parameters in various flow regions. As an example of the application of the proposed
analytical model, the initial “first barrel” of a highly overexpanded jet of an air-methane
mixture with a high supersonic velocity is studied. The height of the triple point of the Mach
reflection is determined in the presence of a change in the chemical composition of the mixture
and an isobaric pulsed energy supply at the main shock.

Supersonic flow, Mach reflection, analytical model, pulsed energy supply, detonation
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NMPOEKTUPOBAHUE N NOBOAKA ABUALMOHHbIX U PAKETHbIX OBUIATENEN

YIK 621.45.037

B.H. EOAHOB,
0-p mexH. HayK,
H.C. HBAHOBA,
acnupanm
(YYHuT, Y¢ha)
efanov@mail.ru

OKCNepTHAss CUCTEMA OLIEHKN TEXHUYECKOrO COCTOSIHMS
ra3oTypOUHHbIX ABUTATEA€ C WCMOAL3OBAHMEM 6a3bl
3HOHUIA TEMMNOPAABHBIX NPELEASHTOB

Paccmampusaemcss  3a0aua  OyeHKU — MEXHUYECKO20 — COCMOAHUA — 2A30MYPOUHHbIX
osueameneu. Obcyxcoaemess npoOaema, C6A3aHHAsL € UCHOIb308AHUEM MEMO0008,
OCHOBAHHBIX HA OAHHBIX, IKCEPINHBIX SHAHUAX U MAMEMAMUUECKUX MOOEISX, OISl AHAIU3A
0ez2padayuortbix npoyeccos 8 oemansix dsueamens. Ilpednazaemcesi nooxoo, 0CHOBAHHbIL
HA UCNONb306AHUU MEXHOA02UU MAWUHHO20 O0VHeHUs, YMo N0380Jsem YCHMpAaHums
HedoCmamKku Memooo8, OCHOBAHHbIX HA OAHHLIX U HA 3HAHUAX, U OOBLEOUHUMb UX
npeumyuecmed.

I'a30TypOMHHBII ABUraTe/ b, TEXHUYECKOE COCTOSIHUE, 0a3a 3HAHUI, TeMIOPAJbHBII
npeueaeHT

Expert System for Assessing the Technical Condition of Gas
Turbine Engines Using the Knowledge Base of Temporal
Precedents

V.N. EFANOV AND N.S. IVANOVA
Ufa University of Science and Technology, Ufa

The problem of assessing the technical condition of gas-turbine engines is considered. The
problem related to the use of methods based on data, expert knowledge and mathematical
models for the analysis of degradation processes in engine parts is discussed. An approach
based on the use of machine learning technology is proposed, which allows to eliminate
disadvantages of data- and knowledge-based methods and to combine their advantages.

Gas turbine engine, technical status, knowledge base, temporal precedent
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VIK 534.282

10.A. PABUKOBH Y,

0-p mexH. HayK

(MAH, Mocksa),

B.B. BAJIIKHH,

0-p mexH. HayK
(Camapcruii ynusepcumem,
Camapa)

029-029@ mail.ru

MepcnekTuBebl NPUMEHEHMS n KAQccmucpukaums
YNPABASIEMBIX YNPYroAEMcepPHbIX ONop

Tokazana 603MOJCHOCb — PEYIUPOSAHU.  OeMAPUPOBAHUsL 8  UOPOOUHAMUUECKUX
Odemnghepax onop pomopos. Paccmompenvi 3axomvl ynpaeienus, munvl Oelicmeus u
npoepammel no @opmuposanuio  ynpaenaowe2o  CueHald napamempamu
ynpyeooemnghepuvix onop. Ipeonoxcena Kraccupurayus VIPABIAEMBIX
YAPY200eMApePHbIX ONOP POMOPO8.

Ynpyrogemndepnas omnopa, ynpabjeHHe, POTOp, T'MApPOAMHAMHYECKHUH aemmdep,
peryJupyemblii mapamMeTp

Prospects for Application and Classification of Controlled
Elastic-Damper Supports
Y.A. RAVIKOVICH' AND V.B. BALYAKIN?

'Moscow Aviation Institute (National Research University), Moscow

2 . .
Samara University, Samara

The possibility of regulating damping in hydrodynamic dampers of rotor supports is shown.
The control laws, types of actions and programs for the formation of a control signal by
the parameters of elastic-damper supports are considered. A classification of controlled elastic-
damper rotor supports is proposed.

Elastic-damper support, control, rotor, hydrodynamic damper, adjustable parameter.
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VK 621.452.322

C.C. PEMYYKOB,
KaHO. MeXH. HAYK,

HU.B. OCHIIOB,

M.A. JAHHJIOB,

HU.C. ITHIIBIH,

P.H. IEFE/JUHCKHH,
E.A. IIOJIAIKOB

(LIUAM um. IL.U. Bapanosa,

Mockea)
ssremchukov@ciam.ru

Paspabotka NnepCcneKTMBHOro MOAOPA3MEPHOro
TYPOOBEHTUAITOPHOIO PEAKTUBHOIO ABUIATEASl HO OCHOBE
6a30Boro rasoreHeparopa

Paspaboman oemoncmpamop manopasmepnozo O8yXKOHMYPHO20 MYypOOPeaKmueHoO2o
dsueamenss msieou 0o 200 kec. Ilpu peanusayuu npoekma uUCnOIb308AHA KOHYENyusl
paspabomku  cemeticmea  2d30mMypOUHHLIX — O0gueamenell  HA  OCHO8e  6A308020
VHUpUYUPOBanHozo 2azozeHepamopa.

MaJiopa3MepHBbIii ra3oTypOMHHBI  JBHUIaTeJb, 0a30BbIii rasoreHeparop,
JABYXKOHTYPHBIH TypOOpeaKTHBHBIN IBUTraTe/Ib

Development of an Advanced Small-Sized Turbofan Jet
Engine Based on a Core Engine

S.S. REMCHUKOV, 1.V. OSIPOV, M.A. DANILOV, L.S. PTITSYN, R.N. LEBEDINSKII,
AND E.A. POLYAKOV

Central Institute of Aviation Motors, Moscow

A small-sized turbofan jet engine demonstrator with thrust up to 2000N has been developed.
The project has been implemented using a concept of development of gas turbine engines family
based on a unified core engine.

Small-sized gas turbine engine, base core engine, turbofan jet engine
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TEOPUA ABUALIMOHHbBLIX U PAKETHbIX ABUFATENEN
V]IK 621.454

Asuraream TPAHCMNOPTHbLIX KOCMUYECKNX CUCTEeM Ha OCHOBE

B.A. BABYK, I'IGCTOO6pG3HbIX TOMNAMB ANA pelweHns 3AAQM

0-p mexH. HayK, Me)KOp6MTGI\bHOl\/‘I TPAHCNOPTUPOBKU

H.JI. BY/ITHbIH,
KaHO. MeXH. HAYK,
C.IO. HAPBLKHBIH,
acnupanm

(BI'TY « BOEHMEX»
um. /1. ®. Yemunosa,

Canxm-Ilemepbype)
budnyi_nl@voenmeh.ru JlBurarejd  JIeTATEJbHBIX aNapaToB, MEXKOPOUTAJIbHAA  TPAHCIOPTHPOBKA,
- nacToodpa3Hbie TOMJIUBA, TPAHCIIOPTHBIE KOCMUYECKHE CHCTEMBbI

Paccmampusaiomes  nepcnexmugvl  co30anusi  KOCMU4eCKUx —osueameneti Ha  6ase
nACMOOOPAZHBIX MONAUE — CUCTHEM HA OCHOBE HCUOKO-653K020 CBA3VIOUE20 U OUCTIEPCHBIX
KOMNOHEHMO8 (OKUCIUMENs, MemalludecKko20 20piode2o, IHepeemuyeckux 0006agok).
Paccmompenvr npeumywecmsa u nedocmamxu ogucameneii. n000OHO20 Muna ¢ MoOYKU
3DeHUsl  UCNONb308AHUS 6 COCMABe KOCMUYECKUX — MPAHCNOPMHLIX — cucmem 07
MedHCopOUManbLHoOl MpaHCnopmup oK.

Paste Propulsion of Space Transportation Vehicles for
Orbital Transfer Applications

V.A. BABUK, N.L. BUDNYI, AND S.YU. NARYZHNYI

Baltic State Technical University ”Voenmeh*, Saint-Petersburg

The article addresses perspectives of paste propellant application for space propulsion. Paste
propellant is a system based on liquid viscous binder and powdered components (oxidizer,
metal particles, energetic components). The paste propulsion pros and cons are analyzed
applied to space vehicles for orbital transfer problems.

Propulsion, orbital transfer, paste propellants, space transportation systems
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YIK 629.7.036.24

K.B. MUT'AJ/THH,
KaHO. MeXH. HAYK
(OO0 HIID «Pomopy,
Tonvammuy),

K.A. CH/IEHKO,
cmyoenm

(TT'Y, Tonvammu)
MigalinK7@gmail.com

YAyuLLEHNE YAEALHBIX MOKA3ATEAEN DKEKTOPHOrO
MYABCUPYIOLLErO BO3AYLUHO-PEAKTUBHOTO ABUTATEAS
3Q CYET CABUIra 30HbI rOpeHus

Onucan HO8bill MeMOoO NOGbIULEHUS MA2080U IPDEKMUBHOCU NYTbCUPYIOUE20 8030VULHO-
PeakmusHo2o osueamens, OA3UPYIOWULICS HA YAPAGICHUU NPOYECCOM HYIbCUPYIOWE20
20peHust, CIMpOAWULICS HA OOHOBPEMEHHOU peanu3ayuu 08yX MEXAHU3MO8 — YaCMUYHOU
KOHBEpCcUU Monauea u cosuze 301bl copenus. Iloxkaszan snawumenvuviil 9¢hpexm om cosuea
30HbL 20PEHUsL, BLIPANCAIOWULCS 8 POCTHE AMIAUMYObl NYIbCAYUU CUNbL MU U YUKIOBOU
cmabunvHocmu npoyecca.

KonBepcuss TomamMBa, 3/KEKTOPHBI IMyJbLCHPYIOIIUHA  BO3AYIIHO-PeaKTHBHBINI
JABUTaTe]b, CABUT 30HbI TOPEHNs, PpeAKTUBHAS TAra

Improvement of Power Density of an Ejector Pulsed Air-Jet
Engine by Shifting the Combustion Zone

K.V. MIGALIN' AND K.A. SIDENKO’

'Enterprise LLC Research and Production Company “Rotor”, Togliatti

*Togliatti State University

A new method for increasing the thrust efficiency of a pulsed air-jet engine is described, which
is based on controlling the pulsed combustion process. It is based on simultaneous
implementation of two mechanisms: the first one is partial fuel conversion and the second one
is shifting the combustion zone. A significant effect of the combustion zone shift is shown, which
is expressed in the increase of thrust force pulsation amplitude and cycle stability of the
process.

Fuel conversion, ejector pulse air-jet engine, combustion zone shift, jet propulsion
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VK 532.559.2

B.H. MAHYEHKO, || IcCA€AOBAHME CTPYWHOro Hacoca
KAHO. MeXH. HaAYK y
(KHHTY-KAH, C KPUBOAUHENHBIM HAQYQAAbHbIM Y4QCTKOM KamMepbl

Kaszanv), CMeLleHnsd

O.B. IAHYEHKO,
KaHO. MexXH. HAYK,
(KHUTY, Kasany)
E.B. MAJIBI[EBA,

acnupamm L. L.
(KHUTY-KAH, CrpyiiHblii Hacoc (3KEKTOpP), KaMepa CMeIIeHHs, KPHBOJIMHEHHBIH Yy4acToOK,

HAYAJIBHBIA Y9aCTOK, MOTepH, Teopema bopaa, paanyc KpUBH3HBI, XapaKTePUCTHKA,
K03} PUIHEHT MOJIe3HOT0 e cCTBUS

Paccmompenvr  ocobennocmu  pabomvl U Xapakxmepucmuky CmMpYUHbIX HACOCO8 C
KPUBOUHEUHBIM HAYATbHBIM YUACMKOM Kamepbvl cmeusenus. OmmeyeHvl npeumyujecmsd
MAKUX HACOCO8 NO CPAGHEeHUIO ¢ npamocmpyinvimu. Tlokasano énusHue paouyca KpususHbl
HA4anbHO20 YYACMKA KAMePbl CMEUeHUs Ha XapaKmepucmuky cmpyuno2o Hacoca.

Kaszanw)
zetilen@ya.ru

Investigation of a Jet Pump with a Curvilinear Initial Section
of a Mixing Chamber

V.I. PANCHENKO', 0.V. PANCHENKO?, AND E.V. MALTSEVA'

'"Tupolev Kazan National Research Technical University, Kazan

*Kazan National Research Technological University, Kazan

There is considered characteristics and features of jet pumps with a curvilinear initial section
of the mixing chamber are considered. The advantages are noted for this type of pumps in
comparison with straight-jet pumps. The influence is shown the radius of curvature of the initial
section of the mixing chamber on the characteristic of the jet pump.

Jet pump (ejector), mixing chamber, curved section, losses, Borda's theorem, radius of
curvature, curvilinear initial section, efficiency coefficient, inelastic collision (impact)
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VIK 621.431.75

A.IT. HIAHKHH,
0-p mexH. HayK,
B.E. EITHIIIKHH

Oco6eHHOCTU XaPAKTEPUCTUK PACNPOCTPAHEHUSI NAQMEHU
MPU UCMOAb3OBAHWUM PA3AUYHBIX BUAOB TOMAMBA B KaMepe
CropQaHusl ABUALMOHHOIO NOPLUHEBOrO ABUFAITEAS]

IIpedcmasnenvt pezyromamol IKCNEPUMEHMANLHO20 UCCAe008AHUSL CPeOHell CKOPOCHmuU
PACRPOCMPAHEHUsT NIAMEHU 6 NEePEOll U OCHOGHOU (ha3zax C2opanusi npu UCHONb3068AHUU
MEMAaH08030VUIHOU U MEMAaH08000POOH0-6030ywHoU cmecu. Tlocmpoenvl 3agucumocmu
OJ151 PA3UYHBIX YACMOM 6PAWEHUST KOLEHYAMO20 6AIA NPU USMEHEeHUU 00U 000a8NIAEMO20
6000poda 6 monaugo. Ilonyuenvl pe3yibmamsl no 6IUIHUIO 000aA8KU 6000pPO0a HA NPUPOC
CKOPOCMU pACNPOCMPAHEHUsL PPOHMA NIAMEHU MEeMAHOBO30YULHOU cMecU npu 0beOHeHuUu
u obocawenuu cmecu. Onpedenienvl Haubosee 3pGekmueHvle pedcuMbl UCNOb308AHUS
006a60K 6000p00a 8 MONIUBOBO3OVULHYIO CMECD.

(TI"y" TOsz}zmmu) HOpI]JHeBbIe ABUTIaTEIH, CrOPaHue, 1aTYUK HOHU3ALUHU, CKOPOCTH PACIPOCTPAHCHUA

profstudent@yandex.ru

IJIaMeHW, METAHOBOJOPOIHO-BO3IYyIIHAS CMeCh, METAHOBO3JNYIIHASI CMech, (ha3a
CropaHusi

Special Aspects of Flame Propagation Characteristics When
Using Various Types of Fuel in the Combustion Chamber
of Aircraft Reciprocating Engine

A.P. SHAIKIN AND V.E. EPISHKIN

Togliatti State University, Togliatti

The results of an experimental study of the average flame propagation velocity in the first and
main phases of combustion using methane-air and methane-hydrogen-air mixtures are
presented. Correlations for various crankshaft speeds with a change in the proportion of
hydrogen added to the fuel are shown. Results have been obtained on the effect of hydrogen
addition on the increase in the speed of propagation of the flame front of the methane-air
mixture during mixture depletion and enrichment. The most effective modes of using hydrogen
additives in the fuel mixture are determined.

Reciprocating engines, combustion, ionization sensor, flame propagation velocity,
methane-hydrogen-air mixture, methane-air mixture, phases of combustion
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ABUALNOHHBIE NPUBOPbI U UBMEPUTEJNIbHO-BbIYUCIIUTENIbHBIE KOMIMJIEKCbI

YJK 681.5.015

K.K. BEPEMEEHKO,
KaHO. MeXH. HAYK,
M.B. JKAPKOB,

H.M. KY3HEI[OB,

BAvsiHne napamMeTpoB NPOAOABHOIO YCKOPEHU:
Ha OLIeHNBAEMOCTb UHCTPYMEHTAAbHbIX owmnbok
WHEePLMAABHON HABUFALMOHHON CUCTEMBI

Hcczzedyiomwz (])aKWlOpbl, noseoJiAarowue noevicumbv oyerueaemocmaos oumubok
UHepyualbHsvlx 0amuuKos 6€C}’l./lamd)0pM€HHblx UHEPYUATIbHBIX HABUCAUYUOHHbLX cucmem —

2UPOCKON08 U aKcelepoMempos — 6 npoyecce noaema JemameibHoc0 annapamad.
OCHOBHBIM UHCIPYMEHTNOM, PeUaiouiuM YKA3AHHYIO 3a0ayy, 8blOUPAIOMCs MPaeKmopHble
ycaosus, obecneuusaioujue 3HAKONEepemMenHoCmb npoOOILHO2O VCKOPEHUSL.

Paccmampusaemcs  neckonvko  cyenapued O8UdICEHUs. eMAMENIbHO20 annapama ¢
NnepeMeHHbIM NPOOOTbHbIM YCKOpeHuem.  Ilpusodamcst pesyivmamsl UMUMAYUOHHOZO
MOOeUPOBaHUsL OYEHUBAHUSL OUUOOK UHEPYUATLHBIX OaMYUKOS.

A.H. IPOHbKHH BechaT(bopMeHHaﬂ HHEpOHUAJIbHAd HaBUrauoOHHasi CHUCTEMaA, OIIMOKH JAaTYUKOB,
(MAH, MOCK@CI) TPAECKTOPHUA C NEPEMEHHBIM YCKOPEHUEM, ONITUMAJTBHOC OLICHUBAHUE, HUMUTALITMOHHOC

nio3@mai.ru MOJEJIUPOBAHNE

Longitudinal Acceleration Parameters Influence on Estimation
of Instrument Errors of Inertial Navigation System

K.K. VEREMEENKO, M.V. ZHARKOV, .M. KUZNETSOV, AND A.N. PRONKIN
Moscow Aviation Institute (National Research University), Moscow

The factors allowing to increase the estimation of inertial sensors errors of a strapdown inertial
navigation systems — gyroscopes and accelerometers — during the flight of the aircraft are
investigated. The main tool that solves this problem is the trajectory conditions that ensure the
alternation of longitudinal acceleration. Several scenarios of aircraft movement with variable
longitudinal acceleration are considered. The results of simulation modeling of inertial sensor
errors estimation are presented.

Strapdown inertial navigation system, sensor errors, trajectory with variable acceleration,
optimal estimation, simulation
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VIK 629.7.054.44

B.U. MUDTAXOB,
acnupanm,

B.M. COJITATKHH,
0-p mexH. HayK,

E.C. EOPEMOBA,
KaHO. MeXH. HAYK,
A.B. HUKUTHH,
KaHO. MexXH. HAYK,
B.B. CO/I/TATKHH,
0-p mexH. HayK

MoaeAn n QAQHAAU3 MeTOAU4YEeCKUX ﬂOFpeUJHOCTeVI
NAHOPAMHOINo AQTYMKA QAIPOAUHAMUHECKUX YIAOB U
BO3AYLIJHOI\"1 CKOPOCTU C HenoABMXHbIM MNMPUEMHUKOM WU
YAbTPA3BYKOBbIMU U3SMEPUTEAbHBIMA KOHAAQMU

000CcHOBbIBACMCSL 8AICHOCTbL OOCMOBEPHOU UHGOPpMAYUU 06 AI3POOUHAMULECKUX Veax U
6030VUIHOU CKOpOCMU OJsL NUTOMUPOBAHUS, YNPAGIeHUs. U obecneyeHuss 6e30nacHOCmu
nojiema camoiemos u Opyeux mMmunog JemamelbHblX annapamosd 6 NPU3EMHOM Cloe
ammocghepwl. Pazpabomanvl anarumuyeckue Mooenu u npugedeHvl pesyibmamsl paciema
MEMOOUYECKUX aAIPOOUHAMULECKUX NOSPEUIHOCMEl USMEDEHUS. UCIMUHHOU  6030YUUHO
ckopocmu, npubopHoll ckopocmu, uucia Maxa u a3poounamuyeckux yenoe amaxu u
CKOMbIICEHUSI NAHOPAMHO20 O0amuuKad Rnapamempos 6eKkmopa G030YUIHOU CKOPOCHU.
Paccmampusaromess nymu yMeHbUeHUs CUCMEMAMUYECKUX U CIYUAUHBIX COCMABISTIOUUX
MEMOOUYEeCKUX aAdPOOUHAMUYECKUX TNOSPEUHOCTNEN 3a CYem 68e0eHUst NONPAGOK 6
AneOPUMMbL  BLIYUCTICHUS, Peanu3ayuu NPUHYUNOE KOMIJIEKCUPOBAHUS U ONMUMATIbHOU
Gunompayuu.

(KHHTV—KAH, Ka3’aHb) BeKTOp BO3AYIIHOM CKOPOCTH, HU3MEPECHHE, MAHOPAMHBLIM AATYUK, METOAUIECCKUEC

w-soldatkin@mail.ru

AAPOIUHAMHUYECCKHE MOrpe€mIHOCTH, MNPUYMHbLI, MOACIH, Ppac4Ye€T, YMCHBIICHUEC,
NEPCHECKTUBLI MIPUMECHCHUSA

Models and Analysis of Error of Method of the Panoramic
Sensor of Aerodynamic Angles and Air Speed with Fixed
Receiver and Ultrasonic Instrumentation Channels

B.I. MIFTAKHOV, V.M. SOLDATKIN, E.S. EFREMOVA, A.V. NIKITIN,
AND V.V. SOLDATKIN

Tupolev Kazan National Research Technical University, Kazan

The importance of reliable information about aerodynamic angles and air speed for piloting,
control and providing of flight safety of aircrafts and other types of aircraft planes (AP) in the
surface layer of the atmosphere is substantiated. Analytical models are developed and the
results of calculating the aerodynamic method’s errors of measuring the true air speed,
indicated speed, Mach number and aerodynamic angles of incidence and gliding of the
panoramic sensor of the air speed vector’s parameters are presented. The ways of reducing
systematic and random components of aerodynamic method’s errors by introducing corrections
to calculation algorithms, implementing the principles of complexation and optimal filtration
are considered.

Air speed’s vector, measurement, panoramic sensor, aerodynamic method’s errors,
causes, models, calculation, reduction, application prospects.
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TEXHONOIrma ABUALULMOHHOIO NPON3BOACTBA

YK 629.7.015.4
OnpeaereHMe AMANA3OHA pPaA3bpoca  MEexXaHU4YeCKUX
XapAKTepPUCTUK CepUnHOro ynpyroro AAEMEHTA
u3 MOAUMEPHbIX KOMMO3ULIMOHHBIX MATEPUAAOB
£t HiKkoAEB, || METOAOM Heaaepa — Muaa

KaHO. MeXH. HAYK

(A0 «Kazanckuii || Mexanuueckue xapaxmepucmuki. nonumMepHblX KOMROZUMHBIX MAMEPUANOB CYUJeCMBEHHO
sepmonemnblii 3a600y, || 3a8UcAm om pasdpoca mexHoNI02UYECKUX NAPAMEmpPos Npu U320MOBIEHUL KOHCMPYKYUU, d

Kazanp), || maxoice enewnux ycroguii u uenoseuecko2o gaxmopa. Ouenv 00poco onpedenamov u

0. A. _]IEZIHHI(HHA’ KOHmpoJaupoeams npoyecc np0u3eodcm6a no pesyabmamam UCnLlmaHul 06pa3u06,
Kano. mext. Hayx nosmomy 00bIUHO oYyeHusarom Kaiecmeo u3comoejleHusl 6 xo0e nepuoduuecxux Ucnvlmanul
(KHHTV_KAH Ka3’aHb) KOHCMPYKYUU 6 Yeaom. ﬂuanawH pa36p0ca MEXAHUHYECKUX XapaKmepucmuk Heobx00UMOo
C.E. HUKOJIAEB |} 31tamb He mMOJIbKO ons obecneyenus npovHocmu u pecypca, HO u 3anaca no Huciam

(AO «Vpaﬂbc;cuﬁ 30600 060[701’1’!06 UHMA 00 HacmynjieHuslt pe30OHAHCHbLX S6IeHUll Ha eepmaoJieme.

2PAACOAHCKOT ABUAYUUY,
Kasany) || Cepuiinplii ynpyruii 3jJeMeHT HeCylmlero BHHTA, NPHEMOCIATOYHbIE HCIBLITAHHUS,

Led o@mail.ru || mexannyeckue XapakTepUCTHKH KOMIO3UTHBIX MATEPHAJIOB

The Mechanical Characteristics Range Spread of a Serial
Polymer Composite Materials Made Elastic Element
by the Nelder-Mead Method

E.I NIKOLAEV', O.A. LEDANKINA?* AND S.E. NIKOLAEV®

'JSC ”Kazan Helicopters®, Kazan

*Tupolev Kazan National Research Technical University, Kazan

3JSC ”Ural works of civil aviation®, Kazan

The mechanical characteristics of polymer composite materials significantly depend on the
spread of the manufacture technological parameters of the structure, external conditions and
the human factor. It is very expensive to determine and control the production process based on
the results of sample tests; therefore, the manufacture quality is usually assessed during
periodic tests of the structure. The range of dispersion of mechanical characteristics must be
known not only to ensure strength and resource, but also a margin in the number of rotor
revolutions before the onset of helicopter resonant phenomena.

Main rotor blade, serial elastic element, acceptance and delivery tests, mechanical
characteristics of composite materials
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YIK 621.9

C.B. CTAPOBOHTOB,
KaHO. MeXH. HAYK

(HIIA «Texnonapx
ABUAYUOHHBIX MEXHOIOZULLY,

MosbilweHne 3hdPEKTUBHOCTM  A€3BUMHON  0BpPABOTKM
KOMMPECCOPHBIX AOMATOK 3Q CHET OOLEMHOIO CTPOraHUS

IIpeonooicen  cnocobd  0bpabomku  KpOMOK — KOMHPECCOPHBIX — JONAMOK — 0ObeMHbIM
cmpoeanuem Ha cmanxe ¢ GI1Y. Onucanvt memoouku co30anust ynpasisioueti npoepammol
01 06pabomKu cmpozanuem Ha NAMUKOOPOUHAMHOM CMAHKe, d MAKdICe paccMOmpeHbl
MEXHONI02UYEeCKUe YCI08USL GbINOIHEHUS ONePaYUU CMPO2AHUsL HA PA3IUYHBIX (Qpe3epHbIX

Vepa), MHO20KOOpOUHAmMHIX  0bpabamuiarowux yewmpax. Ilpueedenvl KcnepumenmanbHvle
H.Il. KPACHHKOB,

M.JI. TAHJTHIII,
mazucmpanm
(VILATY, Yepa)

sHaueHus — pedcumoe  pesanus.  Ocywecmenena — meopemuueckoe — CpPAGHeHuUe
npou3600UMeIbHOCIU  00paAbOmKY cmpo2anuemM U @peszeposanuem npu obecneveHuu
AHATIOCUYHBIX XAPAKMEPUCIUK KAYeCmEa NOGEPXHOCIU.

starovoitov.s@tp-at.ru |} Crporanue, HpOM3BOIHTEILHOCTD, JIONATKA, KPOMKA

Increasing the Efficiency of Compressor Blades Machining
Due to Volumetric Planing

S.V. STAROVOITOV', I.P. KRASNIKOV?, AND M.D. GAILISH?
'Scientific and Production Association “Technopark of Aviation Technologies*, Ufa

*Ufa State Aviation Technical University, Ufa

A method of processing the edges of compressor blades by volumetric planing on a CNC
machine is proposed. The methods of creating a control program for planing processing on
a 5-coordinate machine are described, as well as the technological conditions for performing
the planing operation on various milling multi-coordinate machining centers are considered.
Experimental values of cutting modes are given. A theoretical comparison of the planing and
milling processing performance was carried out while ensuring similar surface quality
characteristics.

Planing, performance, blade, edge
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ABTOMATU3ALNA NMPOEKTUPOBAHUA N NPOU3BOACTBA ABUALIMOHHOM

TEXHUKH

YIK 621.9

JK.A. OCYIIOB,

KaHO. MexXH. HayK
(KHUTY-KAH, Kaszans),
/.3. OCYIIOB,
cmyoenm

(KDY, Kazanv)

MporpammupoBaHue 0bpabotku HQ CTAHKQX
¢ CNC-cuctemon YIMY HaA ONTUMAABHBLIX MEPEMEHHbIX
PEXMMAX pe3aHus

Paccmampusaiomes 6onpocel hopmuposanus Ha npoOIEMHO-OPUEHMUPOSAHHOM  S3bIKe
CNC-cucmemor UIIY cmpykmypupo8aHHvlX ynpasisiowux npocpamm  oopabomku Ha
MHOCODYHKYUOHANLHBIX CMAHKAX HA NEPEMEHHbIX ONMUMANbHBIX PEeNCUMAX Pe3aHus,
VCMAHOGIEHHBIX C UCHONb308AHUEM VHUDUYUPOBAHHOU MEmOO0I02UU  peuleHus 3a0ay
napamempuyecKol ONMuUMU3AYUY NPoYecco8 MexaHuieckou oopabomru Ha nepemMeHHbix
pedicumax pe3aHus.

CNC-cuctemsr UYIlY, ynpasasiiomasi nmporpaMmma, Npo0JeMHO-OPHEHTHPOBAHHbIM
SI3BIK, MIEpeMEeHHbIE PE;KUMbI Pe3aHusi, NapaMeTpUYecKasi ONTHMHU3AIUS

Programming Processing on Machines with CNC Systems
on Optimal Variable Cutting Modes
J.A. YUSUPOV' AND D.E. YUSUPOV*

'"Tupolev Kazan National Research Technical University, Kazan

’Kazan Federal University, Kazan

The issues of forming in a problem-oriented language CNC system of CNC-structured control
programs of processing programs at the optimal cutting modes established using a unified
methodology for solving the problems of parametric optimization of mechanical processing
processes in variable cutting modes.

CNC systems, control program, problem-oriented language, variable cutting modes,
parametric optimization
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PAOWOTEXHUKA U CBA3b
YK 621.396

P.P. TAHHYT/IHHOB,
KaHO. MeXH. HAYK,

C.®@. YEPMOIIIEHIIEB,
0-p mexH. HayK
(KHUTY-KAH, Kaszanw)
emc-kai@mail.ru

MeToAOAOrMS UICCASAOBAHUSA DAKTPOMArHUTHOM CTOMKOCTU
TEXHUYECKMX CUCTEM TMPU BHELLUHUX SAEKTPOMArHUTHbBIX
BO3AEUCTBUSAX OT HECKOABKUX UCTOYHMKOB

Ilpeonooicena memooonocusi nO NPOSHOZUPOBAHUIO  DNIEKMPOMASHUMHOU  CIMOUKOCMU
MEXHUYECKUX CUCTeM NpU 8030elicmeuu 00HOBPEMEHHO HECKONbKUX UCMOYHUKOG GHEULHUX
INEKMPOMACHUMHBIX 6030€ICMBULL.

DJIEKTPOMATHUTHAS CTOHKOCTb, Pa3Psii MOTHIHU, CBEPXKOPOTKHE IJIeKTPOMATHUTHbIE
HMIYJbChl, NPOTHO3MPOBAaHHME, JJIEKTPOMATHMTHAsI  IOMeXa, MeTOd0JIOr s,
TEXHHYECKAs] CHCTeMAa, OeCHMMJIOTHBIA JIeTATEJIbHBI anmapatr, KOMIO3HUTHBII
MaTtepuaJl

Methodology for Studying the Electromagnetic Resistance of
Technical Systems under External Electromagnetic Influences

from Several Sources
R.R. GAYNUTDINOV AND C.F. CHERMOSHENTSEV

Tupolev Kazan National Research Technical University, Kazan

We propose the methodology for predicting the electromagnetic resistance of technical systems
under the exposure of simultaneous several sources of external electromagnetic influences.

Electromagnetic resistance, lightning discharge, ultrashort electromagnetic pulses,
prediction, electromagnetic interference, methodology, technical system, unmanned aerial
vehicle, composite material
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VIK 621.391.82; 629.7.05

MeTtoanka NCCAEAOBQHMS KOHAYKTUBHbIX nomex
ot SHepreTM4ecKmx YCTPOWCTB CAMOAETa
HQ 3TAMe ero MoOAePHU3aLMH

Ipeonooicena memoouxa Onst UCCACO08AHUSL KOHOYKINUBHBIX NOMEX OM IHEPSemUecKux
yempoticme camonema Ha smane e2o0 mooepHuzayuu. Memoouka no3eonsiem 6vlas/isinb
nymiu pacnpoCmpaHenuss U CHUNCEHUs. NOMEX, OYeHUMb 3P@DEKmueHoCms NPUHUMACMBIX
Mep 0N NOSbUUEHUS DIIeKMPOMASHUMHOU coemecmumocmu. Paspaboman cmeno u
npeoCcmasieHbl pe3yibmamvl UCCIe008aHUs. KOHOYKMUGHBIX NOMeX Om npeodpazosames
60pmoeoll  OONOIHUMENbHOU — cucmembl  2eHepuposanus. Tlonyuennvie  pesyibmamol
VKQ3bleaiom — Ha  HeoOXO0OUMOCMb — AHAIU3A U NOBbIUMEHUS  DJIeKMPOMASHUMHOU
COBMECTNUMOCTIU IICKMPOHHBIX CUCMEM CAMOLEMA HA IMANe €20 MOOEPHUAYULL.

3.M. TH3ATYJLUIUH,
0-p mexH. Hayk,
M.IT. HUVTEHMOBHY,

KaHO. MeXH. HAYK
(KHUTY-KAH, Kasany) Camouer, 3JIEKTPOMATHUTHAS COBMECTHMOCTb, JIeKTPOHHASN cHCTEMA,

zmgizatullin@kai.ru npeodpa3oBaTe/ib 3JIEKTPOIHEPIMH, JIOMOJIHUTE]bHAS CHCTEeMa TIeHepHPOBAHHS,
KOHIYKTHBHAS MOMeXa, METOAMKA, CTEH/I, IKCIePHMEHT

Technique for Research of Conductive Interference from
Aircraft Power Devices during Ilts Modernization

ZM. GIZATULLIN AND M.P. SHLEYMOVICH

Tupolev Kazan National Research Technical University, Kazan

The current stage of the Russian aircraft industry is associated with a deep modernization of
existing aircraft. The relevance of ensuring the electromagnetic compatibility of onboard power
and electronic means of aircraft increases significantly at the stage of modernization. A
potential source of conducted interference on board the aircraft during its modernization is an
additional power generation system. A technique for research conductive interference from
aircraft power devices at the stage of its modernization the paper proposes. The technique
allows to identify the ways of propagation and reduction of interference, to evaluate the
effectiveness of the measures taken to improve electromagnetic compatibility. The experimental
stand has been developed and the results of a research of conducted interference from the
converter of the on-board additional generation system are presented. The results obtained
indicate the need to analyze and improve the electromagnetic compatibility of aircraft
electronic systems at the stage of its modernization.

Aircraft, electromagnetic compatibility, electronic system, power converter, additional
generation system, conducted interference, technique, stand, experiment
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YIK 629.783

@.B. MUTHH,

KAHO. MeXH. HAYK,
A.U. KPUBYIIIOB
(BI'TY « BOEHMEX»,
um. 1. ®@. Yemunosa,
Canxm-Ilemepbype)
fedor28@list.ru

MosbiweHne 3PEPEKTUBHOCTM YNPABAEHUSI  ABUTATEAEM
MOCTOSIHHOrO TOKAQ  AAS  HACTPOMKM  OTpaXaiollen
NOBEPXHOCTU pedAEKTOPA KOCMNYECKOTO Ba3npoBaHUs

Paccmampusaemess  3a0aua Hacmpotxu Gopmbl  paduoompadicaouje2o cemenoiomua
KPYRHO2a0apumno20 mpanchopmupyemozo pehuekmopa KOoCMUecKo2o 6azuposanus ¢
npUMeHeHUueM mpoco-6aHmMOBoU cmpykmypol. B kauecmee akmioamopa, 6cmpaueaemozo 6
6anmy, 8vlOpan dgueamenb NOCMOSAHHO20 moka. [Ipedcmasiena mamemamusecKkas Mooeb
ogueamers, NO380JAOUASL NOTYUUMb 3AGUCUMOCTIL MENCOY HANPSICEHUEM KOS U YeIOM
nogopoma eana ogueamens. Iloxkaszana axmyansHocms npobiemvl ynpaeieHus 0gueamenem
Ol WUPOKO20 Kpyea 3a0ay, OMHOCAUWUXCA K KOCMUYECKOU U ABUAYUOHHOU MeXHUKe.
Ilpusedeno peuwsenue 3adauu ynpaeienus ogucamenem HOCMOSIHHO20 MOKA HA OCHOGe
NPUHYUNA MAKCUMYMA C UCRONIb308aHUeM Memo0os Hoiomona u Kpeinosa — Yeproycwio.
Beuody sampyonenuii 6 cxooumocmu OAHHBLIX MemMO008 pazpaboman  arcopumm
ONMUMANLHOU  KOPPEKYuu napamempos cmpykmypvl ynpaeienus. IIpedcmagnenvl
PE3VALMamvl MOOEIUPOBAHUSL, NOKA3bIEAIOWUE IPPHEeKMUSHOCTb ANOPUMMA KOPPEKYUU
napamempos CmpyKmypol YAPAGIeHUs. N0 CPAGHEHUI0 C KIACCUYECKUMU Memooamu
onmumanvHo2o ynpasnenus u IIA-cmpymypor pecyaupoeanus.

KpynHora6aputHslii peduieKTOp, ABHraTejlb NOCTOSSHHOIO TOKA, MaTeMaTH4YecKoe
MOJeJMPOBaHNe, ONTUMHU3ALMSA

Improving the Efficiency of DC Motor Control to Adjust
the Reflective Surface of the Space-Based Reflector

F.V. MITIN AND A.I. KRIVUSHOV

Baltic State Technical University “Voenmeh”, Saint Petersburg

The problem of adjusting the shape of a radio-reflecting net of a large-sized transformable
space-based reflector using a cable-stayed structure is considered. A DC motor was chosen as
an actuator built into the cable. A mathematical model of the engine is presented, which makes
it possible to obtain the relationship between the motor rotor voltage and the angle of rotation
of the rotor. The relevance of the motor control problem for a wide range of problems related
to space and aviation technology is shown. A solution to the problem of controlling a DC motor
based on the maximum principle using the Newton and Krylov-Chernousko methods is given. In
view of the difficulties in the convergence of these methods, an algorithm for optimal correction
of the parameters of the control structure has been developed. The simulation results are
presented, showing the effectiveness of the algorithm for correcting the parameters of the
control structure in comparison with the classical methods of optimal control and the PID
control structure.

Large-sized reflector, DC motor, mathematical modeling, optimization
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0-p MexH. HayK .
(CITY wwen OT BbICOKOBOAbTHbIX BO3AYLUHbIX AMHUUN JSAEKTPOMNepeAQ4yu

Tazapuna 10.A., Capamos), 6eCnMAOTHLIMU AETATEALHBIMM annaparamMm

A.A. CKPHIIKHH, Hccnedyemesr 603modcnocms nogvluleHus 3Qhekmuenocmu  OeckOHmakmmo2o omoopa

0-p mexn. nayx 9NIEKMPOIHEP2UL O NPOBOO0E OCICMBEYIOWUX MPEXPAZHBIX 6bICOKOEONbIMHBIX 6030V UIHBIX

(CT'Y, Capamos), \§ 71 aneKmponepedad ¢ NOMOWbI0 NAOCKUX OOHOCIOUHBIX KANTYULEK.

JI.b. CHBIKOB,

KaHO. MeXH. HAYK
(CI'TY umeny || BPICOKOBONILTHbIE BO3IYIINbIE JIMHUN JICKTPONEPEasi, MATHHTHOE NoJIe, IIIOCKHE

Tazapuna I0.A., Capamos)
sibokon@rambler.ru

BecnmiioTHbIe JeTaTejbHBIE anmaparsl, 0eCKOHTAKTHBII 0T60p IJICKTPOIHEPIUH,

OHHOCHOﬁHbIe KaTylulKid, MaTepuaJ ¢ BBICOKOH MarHMTHOM NMPOHUIAEMOCTBIO MEKIY
BUTKaMH, MPOAOJKUTEJIBbHOCTb U JAJIBHOCTD MOJIETA

Non-Contact Selection of Electricity from High-Voltage
Overhead Power Electric Transmission Lines

by Unmanned Aerial Vehicles

B. K. SIVYAKOV', A. A. SCRIPKIN?, AND D.B. SIVYAKOV'
"Yuri Gagarin State Technical University, Saratov

*Saratov State University, Saratov

The possibility of increasing the efficiency of contactless electricity extraction from the wires of
operating three-phase high-voltage overhead power electrical transmission lines with the help
of flat single-layer coils is being investigated.

Unmanned aerial vehicles, non-contact extraction of electricity, high-voltage overhead
power electrical transmission lines, magnetic field, flat single-layer coils, material with
high magnetic permeability between turns, duration and range of flight
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CUCTEMOM
MOHUTOPUHIra

YnpasaeHue MHOTOMO3MLMOHHOM
CTPYKTYPHO-MH(POPMALMOHHOTO
BO3AYLLHOIoO NPOCTPAHCTBA

IIposeden ananuz npunyunoe CmMpyKmypHo-uH@GOPMAYUOHHO20 MOHUMOPUH2A BO30YUHOZ0
NPOCMPAHCIBA MHOLONOZUYUOHHOU CUCMEMOU UHGOPMAYUOHHBIX cencopos. OBOCHOBAHbL
cmpame2uy  A0ANMUBHO20 U CUMYAYUOHHO20 YNPABNEHUST KOMNOHEHMAMU CUCMeMbl 6
unmepecax akmueayuy ux KOMNJIEKmo8 U Peicumos (QYHKYUOHUPOBAHUsL NPU COBMECHIHOM
KOHMpOJie 06CAHOBKU.

CTpyKTYpHO-UH(}OpMATMOHHbII MOHUTOPHHT, uHGpopMaAUMOHHbI CeHcop,
MHOTONO3MIMOHHASI CMCTEeMA MOHWTOPUHIA, CTpPaTerusl ynpapJjieHHsl, aJallTHBHOE U
CUTYallMOHHOE YIIpaBJieHUue HH(OPMAIMOHHBIM PeCYpPcoM

Control of Multi-Position System for Structure and Information

Monitoring of Airspace
V.A. SHEVTSOV', A.V. TIMOSHENKO', M.V. KNYSH?, AND S.N. RAZIN’KOV*

'Moscow Aviation Institute (National Research University), Moscow

*Yaroslavl Higher Military School of Air Defense, Yaroslavl
*Russian Air Force Military Educational and Scientific Center “Air Force Academy”, Voronezh

The principles of structural and information monitoring of airspace were analyzed by a multi-
position system of information sensors. Strategies for adaptive and situational management of
system components are justified in order to activate their sets and modes of operation during
Jjoint monitoring of the situation.

Structure and information monitoring, information sensor, multi-position monitoring
system, control strategy, adaptive and situational management of information resource
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— TEXHUYECKME 3AMETKW
ABUALNOHHBIE NPUBOPbLI U UBMEPUTEJNIbHO-BbIYUCIIUTENIbHBIE KOMIMJIEKCbI
VK 533.6:551.5:004.9:006.067

NHPOPMALIMOHHO-TEXHOAOTUMECKUE MPOLIECCHI BbISIBAEHUS
oLmnbok B METPOAOTMYECKNX AOKYMEHTOX,
PErAaMEHTUPYIOLLMX NapamMeTpsl CTAHAQPTHOM
arMocepbl NPUMEHUTEALHO K AETATEAbHBIM ANMNAPATAM

IIposeden cpasHumenbHull AHAIU3 MEMPOTOSULECKUX OOKYMEHMOG, PEIAMEHMUPYIOWUX 6
XPOHONO2UMECKOM NOpSIOKe Napamempsvl CMAaHOapmHol ammocgepvl. Bwisgreno, umo
T'OCT 4401-81 — 2ocyoapcmsennviii cmanoapm CCCP, Oevicmsylowuti no nHacmosiyee
M.M. IEBYEHKO, epems, — cooepiicum  MHOJcecmeo — owubok.  Ilpeonosicenvt  ungopmayuonHo-
M.A. IEBYEHKO, || mexnonozuveckue npoyeccyl GblAGNCHUA OWUOOK 8 MAOIUYAX, COCMABIIOUUX OCHOBHOE

KaHo. mexu. HayK cooepoicanue  AHAAUUPYEMbIX — MEMmpONO2UYecKux — Ookymenmos. [anvl  npumepol

UATA W yenonvsosanus npoYeccos, Nepedciensl yice GbisgIeHHble OWUOKU 8 IMUX CMAHOAPMAX.
um. npogh. H.E. JKyrxoeckoeo,

JKyrosckuii)
imeasurel3@gmail.com

CranpgaptHasi atMmocdepa, rocyJlapcTBEHHbINi CTAHIAPT, MEXKIocyaapcTBeHHbII
CTAHJAAPT, OWMOKM B  METPOJOrHYECKHX JOKYMEHTaX, HH(OPMAIMOHHO-
TEXHOJIOTHYeCKHE MPOLECCHI BbISBJIEHUS OLINOOK

Information-Technological Procedures of Identifying Errors
in the Metrological Documents Specifying Parameters
of the Standard Atmosphere with Reference to Flying Vehicles
M.M. LEVCHENKO AND M.A. LEVCHENKO

Central Aerohydrodynamic Institute, Zhukovsky

Comparative analysis of the metrological documents specifying chronologically parameters of
the standard atmosphere is completed. It was revealed, that GOST 4401-81 — the state
standard of the USSR, which is currently in force, — contains a lot of errors. Information-
technological procedures are proposed to identify errors in the tables that are the main stuff of
the metrological documents under analysis. Examples of the use of procedures are given, the
errors already identified in these standards are listed.

Standard atmosphere, state standard, interstate standard, errors in metrological
documents, information-technological procedures of identifying errors
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