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1. ABHaniMOHHbIE CUCTEMbI

1. Aviation Systems

K Bonpocy MHOroKpHMTepHaJILHOI ONTHMH3ALMH KOMILIEKCHOMH CHCTEMbI TeNJI0BOii 3aIMThI
BBICOKOCKOpPOCTHOrO JIA
Aponos JI.1., Kisrun B.A.
MAM, r. Mocksa, Poccust

MHTepec K aBHALMOHHOM TEXHHUKE, CKOPOCTb II0JIeTa KOTOPOH NpEBbIMIAET IOKa3aTeNu
COBPEMEHHBIX CBEPX3BYKOBBIX CaMOJICTOB, TPEOYET peLICHHs MPOOJIEMbI TEIIOBOTO HATPY)KCHUS B
KOMIUIGKCHOH IIOCTaHOBKE. ODTO O3HA4aeT, YTO B COCTABE TaKHX AamlapaToB [OJDKHA OBITh
MPEeIyCMOTpEHa CHELHalIbHAsi CUCTEMa TEIUIOBOI 3alUUThI, MPEACTABILIIOIAs cO0OH coueTaHue
TTACCUBHBIX TEIJIO3aIUTHBIX MaTepUaJioB, OXJIQXKAAEMBIX naHesnen OOIINBKH,
TEPMOUICKTPOrCHEPUPYIOLIUX YCTPOUCTB M IPYrUX BO3MOXHBIX CIOCOOOB YMEHBILECHHS TEILIOBBIX
Harpy3okK Ha IUIaHep.

JlanHast cucreMa TpeOyeT ONTHMH3ALUM TEXHMYECKUX MAPAMETPOB B LENISAX MOJTYyYCHUS
KOHCTPYKLMM HauMeHbLIeH Macchl. [IpH 3TOM, NMOCKOJBKY CHCTEMa TEIUIOBOW 3allMTHI SABISACTCS
COBOKYITHOCTBIO IPHHLMITHAIBGHO Pa3HbIX [0 NPHHLMITY JEHCTBHS JIEMEHTOB, K HEl HEOOXOIUMO
MPUMEHATH CXEMBl MHOTOKPUTEPHAIBHOH onTuMH3auuu. CXeMbl MOTYT MpPEACTaBIATH COOOM
CJIEIYIOLLYIO COBOKYITHOCTb JEHCTBUIA:

1. C ucnonp3oBaHueM OUOIMOTEK MAaTepHasoB, TUIIOB TOIUIMB U XJIaJareHTOB MPOBOIUTCS LMK
pacyeToB I HONYYEeHHs apaMeTPU30BaHHBIX 3aBUCHMOCTEH XapaKTEPUCTHK JIEMEHTOB CHCTEMBI
TEIJI03aIUThI.

2. Tlony4yeHHble 3HAUYEHMs XapaKTEPUCTHK IMOCTYMAIOT B OJOK pacyera TEIJIOBBIX MOTOKOB K
JJIEMEHTaM CHUCTeMbl. B  KOHe4HOM wurtore, (OpMUpYeTCS MHOXKECTBO (0aza JaHHBIX)
PaCCMOTPEHHBIX BAPHAHTOB Ka)KJJOT0 JIEMEHTA CUCTEMBI TETUIOBOW 3aIL[UTHI.

3. HManee HamonHeHHas 0a3a JaHHBIX MPOXOOMT IPOLEIYPY MEPBOTO dTama ONTUMHU3ALHMH C
HCTIOJIb30BAaHMEM 3apaHee 3aJaHHOTO BUA (DYHKIMHU ONTUMAIBHOCTH M COOCTBEHHBIX (JIOKAJIbHBIX)
KpuTepueB. KOMIIOHEHTBI CUCTEMBI, 3HaYCHUS (DYHKIMU KOTOPBIX YIOBJICTBOPSIOT BBIOPAHHOMY
JMana3oHy, B KOHEYHOM HTOre, COOMPAIOTCS B HOBYIO 0a3y NAaHHBIX M YYHTHIBAIOTCS Ha
CJICIYIOLIEM JTalle alrOpUTMa — OUCKA ONTUMAJIBHBIX BADHAHTOB BCEH CHCTEMBI.

4. OnrtuMu3anus KOMIUIEKCHOW CHCTEMBI TEIUIOBOM 3amiuThl B cocTaBe JIA mpoBomutcs
AQHAJIOTMYHBIMH METOJaMH, KOTOPBIMH ObUI BBIIOJHEH OTOOp HAWIYYIIMX BapUAaHTOB €€
OTJENBHBIX AJIEMEHTOB. 3/1€Ch BO3MOXKHO HCIIOIB30BaTh yXK€ TOJBKO OJWH KPUTEPHid, HapUMep,
Maccy OJIHOTO KBaJIPaTHOTO METPa KOHCTPYKIHMH, 3aHATOTO CUCTEMOM TETUIO3aLIHThI.

On the issue of multicriteria optimization of the integrated thermal protection system of a
high-speed aircraft
Aronov D.I, Klyagin V.A.
MAI, Moscow, Russia

The interest in aviation technology, the flight speed of which exceeds the performance of modern
supersonic aircraft, requires a solution to the problem of thermal loading in an integrated setting.
This means that such devices should include a special thermal protection system, which is a
combination of passive heat-shielding materials, cooled skin panels, thermoelectric devices and
other possible ways to reduce the thermal load on the airframe.

This system requires optimization of technical parameters in order to obtain the lowest weight
structure. At the same time, since the thermal protection system is a set of elements that are
fundamentally different in terms of the principle of operation, it is necessary to apply multi-criteria
optimization schemes to it. Schemes can represent the following set of actions:

1. Using libraries of materials, types of fuels and refrigerants, a calculation cycle is carried out to
obtain parameterized dependencies of the characteristics of the elements of the thermal protection
system.
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2. The obtained values of the characteristics enter the block for calculating heat fluxes to the
system elements. Ultimately, a set (database) of the considered options for each element of the
thermal protection system is formed.

3. Further, the filled database goes through the first stage of optimization using a predetermined
form of the optimality function and its own (local) criteria. The system components, the function
values of which satisfy the selected range, are ultimately collected in a new database and taken into
account at the next stage of the algorithm — the search for optimal options for the entire system.

4. Optimization of the integrated thermal protection system as part of the aircraft is carried out by
similar methods that were used to select the best options for its individual elements. Here it is
possible to use only one criterion, for example, the mass of one square meter of the structure
occupied by the thermal protection system.

CoBpeMeHHBIIi 00,IHK CHCTeMbl MOHUTOPHHTA COCTOSIHHS CaMoJIeTa B IPAaKAAHCKOI aBHAIIMH
Boraras M.B., Akumosa 10.C., Kpacosa C.U., Kpacuukosa P.B.
T'ocHUUAC, r. Mocksa, Poccust

B nmokmame paccMOTpEHBI CHCTEMBI MOHUTOPHHIA TEXHHYECKOIO COCTOSHHUS 3apyOeXKHBIX
MpOU3BOAMTENCH ISl BO3IYLIHBIX CyHOB Takux, kak Airbus 380, Boeing 787, Gulfstream wu
TIPEUIOKEH B3I HA COBPEMEHHBIH OOJMK CHCTEMbl MOHHTOPHHIA cocTosHus camonera (ACMS
— airplane condition monitoring system) npumeHutensHo k BC, paspabaTsiBaeMbIM 0T€UECTBEHHOI
HPOMBIIIIEHHOCTBIO.

ACMS — 3T0 crcTeMa MOHHTOPHHIA KaK TEXHUYECKOTO COCTOSIHHS CaMOJIETa, TaK U €ro JICTHBIX
XapaKTEePUCTHK, KOTOpask KOHTPOIMPYET M 3alKCHIBACT MApPaMCTPHYCCKHE MaHHBIC CaMoJIeTa,
CBSI3aHHBIC C €r0 TEXHMYECKUM OOCTy)XHBaHHEM, (YHKIMOHMPOBAHHEM, PEMOHTOM U C
OTCJICKUBAHNEM TECHACHINH U3MEHCHHS COCTOSIHUS CaMoJIeTa.

CucreMa MOHHTOPHHIA COCTOSHHS CaMoOJeTa SBISIETCS YacThlo OOPTOBOM  CHCTEMBI
TEXHHYECKOTro 0OCTyXKHBaHUA. B OTIHYME OT CHCTEMBI TEXHHYECKOrO OOCIY)KMBAaHMS, KOTOpas
JIOKAJIM3yeT M PETUCTPUPYET OTKa3bl M HEHCIIPAaBHOCTH, IPOW3OLICANINEG Ha OOpTy camolera,
ACMS Ha OCHOBAaHHH TTAPAMETPUYECKUX TaHHBIX TI03BOJISIET IIPOTHO3UPOBATH IIPOOIEMBI, KOTOPBIE
MOTYT IIPHBECTU K OTKa3HBIM COCTOSHHSM.

B xommiekce GoproBoro o6opynoBaHUS COBpeMEHHbIX camosneTroB ACMS peanusyercs 1o
TEXHOJOTHU HHTETPHPOBAHHOW MOMYIBHOI aBHOHHKH B OJOKaX OOPTOBOH BBIYHCIUTEIHHON
CHCTEMBbI B BHJIE (D)YHKIIMOHAJIBHOTO IPOrPAMMHOI0 00CCIICHEHHS.

CoBpemeHHbIe (DYHKLIHOHAIBHBIE TpeOoBaHMs, mpenbsisieMbie k. ACMS: c6op u oOpaboTka
JTAHHBIX, OTCICKMBAHKE ITaPAMETPOB CaMOJICTa, CO3AAHUE OTYETA [0 OHPEACICHHOMY COOBITHIO B
TEYEHUE ONPEAESIICHHOTO MEpHoJa BPEMEHH, Iepeiada OTYeTa Ha 3aJaHHOE YCTPOWCTBO BBIBOJA
(TepMHHaJI, KaHaJl Mepeliaul JaHHBIX Ha 3€MIII0), BO3MOXKHOCTh Moaupukanuu B 6oproBom 10
caMoleTa MapaMeTpoB, HCIOJNB3YEMbIX B alIrOPUTMAX MOHHTOPUHIA, a TAKXE OTOOpaXKeHHE B
pealbHOM BpEMEHM Ha TEPMHHAJIe CHTHAJIOB WM IapaMEeTpoB II0 3alpocy orepaTopa —
00CITy’KMBAIOIIEro MepcoHala.

Jlnst Toro 4To0BI yIOBIETBOPHTH TPeOOBAHUAM pa3IHIHbIX aBuakoMmanuii, ACMS HeoOXxoxumo
HMETh BO3MOXKHOCTh HACTpOMKHM (yHKIMOHambHOCTH. Hactpoiika ACMS mpousBoautcs
HIOCPEJICTBOM OT/ENIBHOTO (haitiia MoaudHIpyeMoi HHbOpMaLHH.

The modern appearance of the airplane condition monitoring system in civil aviation
Bogataya M.V., Akimova Y.S., Krasova S.I., Krasnikova R.V.
GosNIIAS, Moscow, Russia

The report considers systems for monitoring the technical condition of aircrafts such as Airbus
380, Boeing 787, Gulfstream, and offers a view of the modern appearance of the airplane condition
monitoring system (ACMS) for aircrafts designed by Russian aviation industry.

ACMS is an airplane and flight performance monitoring system. It monitors and records selected
airplane data related to airplane maintenance, performance, troubleshooting, and trend monitoring.

The airplane condition monitoring system is part of the onboard maintenance system. ACMS,
unlike a central maintenance system (CMS) that isolates and records faults and failures on board an
aircraft, allows predicting problems that may lead to fault conditions, based on parametric data.
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In the on-board equipment of modern aircraft ACMS is implemented using the integrated
modular avionics technology in the units of the airborne computer systems as functional software.

Modern functional requirements for ACMS: data acquisition and processing, tracking aircraft
parameters, generating a report over specified periods of time referenced to a specific event,
provide the capability to route any report to specific output devices (terminal, Datalink), provide
onboard programmability to modify parameters used in monitoring algorithms, displaying signals
and parameters in real time on the MAT by technical personnel request.

In order to correspond the different aircraft manufacturers' requirements the ACMS needs to be
able to configure the functionality. ACMS configuration is performed using a separate modifiable
information file.

YuciieHHOe MO/l IMPOBaHHe BJIUsIHUSA nepdopanuu padoyeii yactu AT na
23poAMHAMHYECKHE XaPAKTEPHCTHKH BePTOJIETHOIO NPO(u/Is Ha KPUTHYECKHX YIJIaX aTaKu
Bynros M IO., Makees I1.B., Urnatkun FO.M.

MAMU, r. Mocksa, Poccust

OmHUM U©3 OCHOBHEIX PEXKHMOB IIONETa BEpTONETa SBIETCS MONET C TOPH3OHTAIBHOU
ckopocTtblo. Jlomactu Hecymero BunTa (HB) mpu 9TOM paboTaroT B IEpeMEHHOM II0JIE CKOPOCTEii,
YTO BBI3BIBACT HX IEPUOJUYECKOE MaxoBOe JBWKEHME. B  pesynbrare HalOmonaercs
HECTAI[MOHAPHOE OOTEKaHWe, a YINbl aTaKd IPOQUIL JIONACTH MOTYT JOCTUTaTh KPUTHYECKHX
3Ha4YeHUH. AspopuHamuueckue xapaktepucTuku (AX) mpoduis, Kak IpaBUIIO, HCCICHYIOTCS
SKCIIEPHUMEHTAIBHBIM ITyTeM. JIJIst 3TOro 0TCeK KpblIa ¢ HCCIIEAYEMbIM IPO(UIEM YCTaHABIHBACTCS
B adpoauHamuueckyto TpyOy (AZT) Tak, 4yToOBI €ro TOpLEBbIE HMOBEPXHOCTH YIUPAIUCH B €€
cTeHkd. JInst WccienoBaHWi HecTauMoOHapHBIX AX THpoQMIS HCHONB3YIOTCS MEXaHH3MBI,
o0ecreunBaloLHe ero MUKINIECKoe KoJieOaHue 1o 3alaHHOMY 3aKoHy. Iloiydaemble B pe3yspTaTe
AX mpoduiis UCTIoNb3YIOTCS B pa3Iu4HbIX MeToaax pacuera AX HB.

Pabouast wacte AJIT, B KOTOpOil yCTaHAaBIMBAETCS MOJEIb OTCEKA KpbUIA, B OOJBIIMHCTBE
CllyyaeB UMEeT OTHOCHTENIBHO HeboubIe pa3mepsl. [Ipn MoaenipoBaHuy oOTeKaH s POQUIIT Ha
OONBIIMX YTJIaX aTaKd MOJEIb YCTAaHABIHBACTCS IO COOTBETCTBYIOIIMMH YIJIaMU OTHOCUTEIIBHO
notoka. ITpr 3ToM BO3MOXXHO BO3HHUKHOBEHHME 3((eKTa «3alupaHus», KOraa MOAEIb ePEKPhIBAeT
OonbIIy0 4acTh cedeHus pabouei wacth AJIT, 4TO 3HAUMTENBHO 3aTPyAHSET WM JelaeT
HEBO3MOXXKHBIM MpOBeAeHHe dKcnepuMeHTa. s 6opbObl ¢ 3 dekToM «3amupaHusy Hauboiee
4acTo NpUMeHseTcs nepgoparus CTeHoK coria u paboueil wactu AJIT. Ilpu stoM u3yueHue
BJIMSIHUSL Pa3iIMYHOM mepopanyy Ha pe3yJbTaThl IKCHEPUMEHTA MPH Pa3INYHOM COOTHOIICHUH
pasmepoB paboueit yactu AJ/IT u pa3MepoB MOAeNU MPEACTAaBISIET OOJBIIONH MPAKTHYECKUI
HHTEpecC.

IpencraBnenHas pabora NOCBAILIEHA HMCCIEJOBAaHUIO YKAa3aHHOTO BOIpOca Ha 0ase METOHOB
BEIMUCIUTENsHON adporuapoauHamuku (CFD). Paspaborana matemarnueckast mogens AJIT B 2D-
MIOCTaHOBKE, 00€CIeyHBaroIasi BO3MOKHOCTb PacyeTa Kak CTallHOHAPHBIX, TaK U HECTALlHOHAPHBIX
AX npoduns ¢ yderoM BiumsiHHS paboueit wactu AJ[T ¢ pasmudHOi mepdopaiueil CTeHOK.
Paccmotper BeproneTHbii mpodmms SC1095 ¢ mpenBapuTensHOH Bamuaaluel pe3ylIbTaToB
pacueToB juIsi ciydas paboTel B cBoOoxHOM notoke. Ha 6ase moxemu AJIT mpoBenens! pacuersl
CTAlMOHAPHBIX W HecTalmoHapHbIX AX npoduia. CrenaHsl BBIBOABI O BIMAHUM HepQopanuu
creHok A/IT Ha oOTekaHHE BEPTOIETHOrO Mpoduiisi Ha KpUTHYECKUX yrinax ataku. Co3maH 3ajern,
MO3BOJIIIOLINI MepeiTH K pa3paboTke nmonHodyHKIHOHANEHOH "mudposoit moxenn" AT B 3D-
noctaHoBKke. Takas MOZENb MO3BOJUT YTOYHSITH OCOOCHHOCTH TedeHWs B paboueit wactn AT ¢
y4eToM OCOOEHHOCTEH HCCleqyeMoll MOJeIM M ONpeleliaTh IONpaBKH, I Iepecdera
a’pOIMHAMIYECKHX XapaKTEPUCTHK Ha HATypHBIC YCIOBHSL.

Numerical simulation of the wind tunnel test section perforation influence on the helicopter
blade airfoil acrodynamics at critical angles of attack
Buntov M.Y., Makeev P.V., Ignatkin Yu.M.
MAI, Moscow, Russia
One of the main flight regimes of the helicopter is flying at a horizontal speed. The main rotor
(MR) blades operate in a variable velocity field, which causes their periodic flapping motions. As a
result, unsteady flow is observed, and the angles of attack of the blade airfoil can reach critical
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values. The aerodynamic characteristics of the airfoil are usually studied experimentally. To do this,
the wing section with the studied airfoil is installed in the wind tunnel (WT) so that its tip surfaces
rest against wind tunnel walls. To study the airfoil unsteady aerodynamics, mechanisms are used to
ensure its cyclic oscillation according to a specified law. The resulting airfoil aerodynamic
characteristics (AC) are used in various methods for calculating the AC of the MR.

The test section (TS) of the WT, where the model is installed, in most cases has a relatively small
size. When modeling the flow around an airfoil at high values of angles of attack, the model is
installed at the appropriate angles relative to the flow axis. In this case, the WT "locking" effect
may occur, when the model overlaps most part of the TS area. This significantly complicates the
experiment or makes it impossible. To avoid the "locking" effect, perforation of the TS walls is
most often used. At the same time, the study of the effect of different perforation values on the
experiment results at different proportions of the WT TS and the size of the model is of great
practical interest

This paper considers the study of this issue on the basis of CFD methods. The mathematical
model of the WT in 2D representation has been developed. The model provides both steady and
unsteady AC of the airfoil aerodynamics, taking into account the influence of the WT TS with
different wall perforation values. Aerodynamics of the SC1095 helicopter blade airfoil with
preliminary validation for the case of free stream conditions is considered. Calculations of steady
and unsteady AC of the airfoil are made on the basis of the developed WT model. Conclusions
about the effect of perforation of the WT TS walls on the flow around the airfoil at critical angles of
attack are made. Obtained scientific basis allows proceeding to the development of "digital model"
of WT in 3D representation. This model will allow refining the flow characteristics in the WT TS,
taking into account the model features, and determining the corrections for recalculating the AC to
the full-scale conditions.

Ofecneyenue 6e30MaCHOCTH MHJIOTHPOBAHHUS 110 KPUBOIHHEHHOH TPaeKTOPHH
Byrenko B.T'., Tarnmuk M.C.
MAMWU, r. Mocksa, Poccust

B Hacrosee BpeMst ropojia MOAKPaAbIBAIOTCS K IPAHULIAM a3pOINOpPTOB Bce Oike. B cBssm ¢
3THM BBIICIAIOT HECKOJIBKO MPOOJIEM — MOBBIICHHBIA PUCK JUIS TPaKJIaH, MOBBIICHHBIA IIyM Ha
MECTHOCTH U 3arpsi3HEHHs, BEIOPOCAMH aBHAIIHOHHBIX JABUTATEICH.

B cBsA3u ¢ 9TUM, BBIIENAIOT HECKOJIBKO HEOOXOAUMBIX PElIEHHH — COKpallleHue NPENOocagoYHbIX
HPSIMBIX M TIOCTPOCHHE TPACKTOPUH 00JIeTa pelbedpa MECTHOCTH.

Pemenusi, 0 KOTOPBIX CKa3aHO paHee — MOAPA3yMEBAIOT 10J cO00H MaHEBPHPOBAHUE HA HU3KOH
BBICOTE — OJIM3 MJIM HaJ a3pOHOPTOM/a3pOAPOMOM U YXOJ Ha BTOPOI KPYT.

B cBsi3u ¢ 3TUM B 1aHHOI padoTe, paccMaTpuBaeTcs obecrieueHre 6e301acHOCTH TIPH 3aX0/e Ha
MOCaJKy MO0 KPHBOJIMHEIHOM TPaeKTOPHH.

CrniepBa OblIa MOCTpOEHA MOAOOHAS KPUBAst C y4ETOM BCEX TPEX KOOPJHMHAT MOJI0KEHUH TOUEK, a
TaKKe YIJIbl oJ103keHus JIA B mpocTpaHCTBe.

Jlanee ObLIN OIpEEICHBI CPEACTBA OTOOPaXKCHUS TOJ00HON HH(pOPMANUX IS THIIOTA.

3a cTaHAapT ObUIM NPHUHATEI GOPTOBBIC CPEICTBA — ITO KOMIUICKCHBIH MMIOTaXKHbBIH NpHOOp, Ha
KOTOPOM OTOOPaKaroTCsl KYpCOIIIHCCaAHbIE IJIaHKH, KPEeH TaHIax.

B sTOM citygae paccormacoBaHHe IPOTPaMMHOIN TPaeKTOPUH OBLIO ITOKA3aHO Ha 3T IIIAHKH, HO
B JTOM Clyyae HMJIOT CTaJKHBAE€TCA C BBICOKUM MOPSAAKOM AacTaTU3Ma IpH YHOpPaBICHHH IIO
HPOJIOJIBHOM KOOPJMHATE U TP YNPaBICHUHM OOKOBON KOOPAMHATOM.

Bropsmv, paspaboTannsiM B MAI, BapHaHTOM CTano — IMOCTPOCHHE TPEXMEPHOTO KOPUAOpA C
TIPOTHO3HBIM OKHOM, TZi¢ OBI JISTYHMK BU3yaJIbHO BUJICN STOT KOPUJIOP U KaK OH U3MEHSETCS Jajiblie
B IIPOCTPAHCTBE, YTOOBI OH CMOT pabOTaTh HA ONEPEKCHNUE.

Jlnst TorO, 9TOOB! IPOBOAUTH HCCIEAOBAHUE HA CTEH/IE, 110 OleHKe (D (PEKTUBHOCTH, HyKHO OBLIO
COCTaBUTh MAaTEMaTHYECKYI0 MOJeNb — Obula B3fTa JIMHEHHAss MOJENb IPOCTPaHCTBEHHOIO
JIBHKEHHMS CAMOJIETA HA 3TAIlE IOCAIKH.

IIpun mpoBemeHUH HSKCIEPUMEHTOB PETHCTPHPOBAIOCH MHOMKECTBO IIOJNETHBIX IapaMeTpoOB C
maroM 0,01 ceKxyHIBI — 3TO KOOPAUHATSL, YITIbL, CKOPOCTH, OTKJIIOHEHHE PHIYAroB YIPABICHUS.

B kayectBe KpHTEpHEB ONpPEACICHUS TOYHOCTH IMIIOTHPOBaHMsA ObUIM BBIOPAaHBI TaKue
XapaKTepUCTHYECKUE ITOKA3aTeIn, KaK MaT OXKHUAAHUE U JUCIICPCUs OTKIOHEHUS OT IIPOrPaMMHOM
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TPACKTOPUM YHPABIICHHS, PACXOJOB PHIYArOB YIPABICHUS, YIJIOB MOJOXKEHHUS, OTKIOHCHHE OT
3aJIaHHBIX CKOPOCTEH.

B koHIe KOHIIOB, IS ONpeNeICHHs MOBBIIICHUS TOYHOCTH, 2 KaK CIIEICTBHS — O€30IIacHOCTH,
Obl1a MPON3BE/ICHA MHTETPANIbHAS OLICHKA CPEAHEKBAAPATHYHOIO OTKIOHCHHUS BEITHYHH

Bbu10 MONTY4eHO, YTO TOYHOCTH BBIACP)KMBAHHSA KOOPAMHAT yBeIMuuiack B 9,7 pas, CKOpPOCTH
nonera B 2,4 pa3a, BEpTUKAILHONU CKOPOCTH B 5,7 pa3a, 3arpys3Ka JIeTYHKA yMEHBIIHIACE B 2 pasa,
TOYHOCTb 110CAJIKU BO3pocia B 1,8 pasa, a ckopocTH nocajku B 2,4 pasa.

Ensuring the safety of piloting along a curved trajectory
Butenko V.G., Tyaglik M.S.
MAI, Moscow, Russia

Nowadays cities are creeping closer to airport borders. So, several problems are distinguished -
an increased risk for citizens, increased noise on the ground and pollution by emissions from
aircraft engines.

Several necessary solutions are identified - the reduction of pre-landing straight lines and the
construction of a trajectory for flying around the terrain.

The solutions mentioned earlier - involve maneuvering at low altitude — near or over the
airport/airfield and go-around.

Because of that, in this work, talking about ensuring safety piloting when approaching a landing
along curved trajectory.

First, a similar curve was built with all three coordinates of the points positions, angles of aircraft
position in space.

Further, the means of displaying such information for the pilot were determined.

Onboard systems were taken as the standard — this is a complex flight instrument on which
course-glide paths, roll, pitch are displayed.

In this case, the mismatch of the programmed trajectory was shown on these bars, but in this case
the pilot is faced with a high order of astatism.

The second one, developed at the Moscow Aviation Institute, was the construction of a sky
tunnel with a forecast window, where the pilot would visually see this tunnel, and how it changes
further in space so that he can work ahead of the curve.

To conduct research on the stand, according to the assessment of the effectiveness, needs to draw
up a mathematical model — a linear model of the spatial motion of the aircraft was taken at the
landing stage.

During the experiments, many flight parameters were recorded with a step of 0,01 seconds —
these are coordinates, angles, speeds, deviation of control levers.

As criteria for determining the accuracy of piloting, we chose such characteristic indicators as
mathematic expectation and variance of deviation from the programmed control trajectory, control
levers flow rates, position angles, and deviation from preset speeds.

In the end, in order to determine the increase in accuracy, and as a consequence — safety, an
integral assessment of the root-mean-square deviation from the trajectory, position angles, costs of
control levers, speeds, landing points was made.

It was found that the accuracy of keeping the coordinates increased by 9,7 times, the flight speed
by 2,4 times, the vertical speed by 5,7 times, the pilot's load decreased by 2 times, the landing
accuracy increased by 1.8 times, and the landing speed 2,4 times.

Cnoco0bl CHHZKEeHHSI PHCKA YeJI0BeYecKoro (pakTopa Npu NONaJaHUH caMoJIEéTa B
HHTEHCHBHYI0 aTMOc(epHYI0 TYpOy/IeHTHOCTh
Boponka T.B., Tarnmuk M.C.
MAM, r. Mocksa, Poccust

B pabote ObutH paccMoTpeHs! gaHHBIE Oonee 1200 JETHBIX MPOUCIICCTBHI, aHANIU3 KOTOPBIX
TIOKa3bIBACT, YTO OCHOBHBIM HJIM COMYTCTBYIOIIMM (paKTOPOM SBIISUIOCH ITONMAZaHUE CaMoiéra B
MHTEHCHBHYIO aTMOC(EPHYIO TypOYJIEHTHOCTh, B YACTHOCTH, BUXPEBOIT CIIe]| OT BIIEPEAH JICTSIIETO
camorera.

Ionmaganue B BUXpU OCOOCHHO OIACHO Ha HTarle IOCAIKH, IIOCKOIbKY OHO IPHBOIHUT K PE3KOMY
M3MEHCHHUIO YTIIOBOTO MOJIOXKEHUsI CaMOoNIETa, CKOPOCTH T0JIeTa M BBICOTHI. [Ipy neduimre BpeMeHn
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U OTCYTCTBMH 3ariaca BbICOTBI IIADHUPOBAHHE STUX BOSMYILICHHH MOXET MPHUBECTH K YEIOBEYECKUM
XKEPTBAM HJIM K TTOBPEKACHUAM aBHALIHOHHON TEXHUKH.

B o10ii cBA3u B paboTe pa3pabaTbiBaeTCs CHCTEMa OTOOpaXKEHUS MPOTHO3HOH HH(pOpMAIHH,
CHIDKAOIIasi BEPOSITHOCTh BO3HUKHOBEHHS aBapHHHOI CUTYaI[MH U3-3a YEIOBEYECKOro (akropa.

Ilpu nposnere camMoneTOM BETPOBBIX BO3MYIUEHHH, 0OYCIOBICHHBIX TYpOYJICHTHBIM BHXPEBBIM
CIIEIOM OT paHee IPOJIETEBIIETo CaMolIETa, IPOUCXOIUT Pe3Koe 3MEHeHne KpeHa camonéTa. Tak,
IIPH TIepeceueHn BUXps 1o yrioM 30 rpagycoB K IIIMCCaje, JUana3oH U3MCHEHHS yIia KpeHa oT
—7 10 5 TpaJycoB, a IpH MepecedeHny BUXPs noj yrioM 10 rpalycoB — quana3oH H3MEHEHHs yriia
KkpeHa oT —19 1o 26 rpamycoB. YBelndeHHe MacChl caMoneTa B 18 pa3 IpHBOIUT K yBEIUUCHUIO
pa3bpocoB OTKIIOHEHHMIT OT rimccasl B 1,4 pasa.

B ToMm ciyuae, eciiu BUXpeBOil ciieq pacrojiarajics Ha MajoM paccrosHud ot Topua BIIII, To
BEPOSATHOCTh MPHUHATUS JETYMKOM DPEIICHUs Ha BBHIIOIHCHHE IIOCAJKH COCTaBIIET Bcero 8%.
Vcronp3oBaHue  NPOrHO3HOM ~ CHCTEMBI  OTOOpakeHHMsT  HMH(OpPMAaMKM  COBMECTHO  C
MPeIyNPEXACHAEM Ha3eMHBIX CIY)KO YBEIMYMBACT 3Ty BEPOSATHOCTH 10 62%. IIpu 3TOM BO BCex
HCCIICOBABIIHIICS BapHaHTaX HCIOIb30BAHME MPEMTOXCHHON MHAMKALNK II03BOJISIET AOOUTHCS
TOTO, YTO OTKJIOHEHHUSI OT INIUCCABI HE MPEBBIIAIOT 2-3 METPOB.

OrnycaHHbIC BBIIE HPEHMYIIECTBA MCIOIb30BAHUS IPEIIOKEHHON CHCTEMbI OTOOpaKEHHs
nHGOpMAaIMi MOATBEPXKIAIOT LEIeCOOOpPa3’HOCTh €€ HCIONB30BaHUA JUIL HapUpPOBAHUS
HEraTHBHBIX IOCIEJCTBUH IIOMaJaHHsi CaMOJICTA B BETPOBBIC BO3MYILECHHs, OOYCIIOBICHHbIC
TYpOYJICHTHBIM BUXPEBBIM CIIEIOM OT IIPOJICTEBILIErO CAaMOJIETA.

Means of Reducing the Human Factors Risks in High Atmospheric Turbulence Encounters
Voronka T.V., Tyaglik M.S.
MAI, Moscow, Russia

The work considers data on more than 1200 flight occurrences, analysis of which shows that the
primary or a causal factor was encountering high atmospheric turbulence, particularly a wake
vortex from a previously passing aircraft.

A vortex encounter can be especially dangerous at the landing stage, as it leads to a sudden
change in aircraft attitude, airspeed and altitude. Time constraints and insufficient altitude margin
when counteracting such disturbances may lead to human casualties or aircraft damage.

In this connection, the work develops a predictive information display system, reducing the
probability of a human factors-related incident.

When passing wind disturbances caused by wake cortex turbulence from a previously passing
aircraft, a sharp change in roll occurs. So, when crossing a vortex at a 30 degree angle to the glide
slope, the range of roll angle change is —7 to 5 degrees, whereas when crossing a vortex at a 10
degree angle, the range of roll angle change is —19 to 26 degrees. Increasing the aircraft weight by
18 times leads to the spread of glide slope deviations increasing by 1.4 times.

In case of a wake vortex being located close to the runway threshold, the probability of a pilot
making the decision to land is only 8%. Using the predictive display, in conjunction with warning
the ground services, raises this probability to 62%. Moreover, in all of the studied variants, using
the proposed indication allows to achieve glide slope deviations that do not exceed 2-3 meters.

The advantages of the proposed display described above attest to the viability of using it for
counteracting the negative effects of encountering wind disturbances caused by wake vortex
turbulence from a previously passing aircraft.

HccienoBanue BJIUSHUS YIPABIsEMbIX HHTEPUENTOPOB HA THAPOAMHAMUYECKHE
XapaKTepHCTHKHU caMoJieTa-aMpuoun
Jukuii C.B., ApxxanoB A.1., Mensiino M.1O., CokonsHekuit B.I1.
LAI'H, r. Kopones, Poccus
T'uapoarHaMuYecKue HHTEPUENTOPHl — 3TO HOPMAJIbHBIC K THHILY JIOJKHU IUIACTUHBI, MMEIOLIHNE
BBICOTY OKOJO 1% IUMPHHBI JIOOKH MO CKyJIaM. 3a CYeT TOPMOXKCHHS IOTOKa Mepen
HHTEPLENTOPaMH CO3/1aeTCs 00J1aCTh MOBBILICHHOTO ABJICHUS, LICHTP JABJICHHS CMEIIAeTCs Hazal,
MOJBEMHAs CHJIa JHHWINA TOBbIIAeTcs. B pesymbrare yriel muddepeHta camonera HECKOIBKO
YMEHBIIAIOTCS, YMCHBIIAETCS M CMOYEHHASI TIOBEPXHOCTDH JHUIIA, THAPOJHHAMIIECKOES KAueCTBO
BO3pAcTacT. YIPAaBJICHUE BBICOTOH BBIIBIKCHUS HHTEPLENTOPOB B 3aBUCHMOCTH OT CKOPOCTH
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JIBIDKCHHSI CaMOJIeTa MO3BOJISCT aKTHBHO YIPABILSITh THIAPOJMHAMHYECKHMH XapaKTEPUCTHKAMH,
ONTUMHU3HUPYSI UX C LETbI0 COKPAIICHHs TUCTAHIMI pa3dera U mpodera 1o Boje.

C Havana 1990-x rooB Ha OTEUECTBEHHBIX CKOPOCTHBIX CyIaX ¢ MIMCCUPYIOLIMMHU JHUIIIAMHU BCE
Jaie NpUMEHsIoT paspaborannsie B LIAT'M ympaBisiemble rHIPOIMHAMUYECKHE WHTEPLENTOPHI.
VmpaBieHne BBICOTONM HHTEPLENTOPOB [0 CKOPOCTH XOJa II03BOJSIET ONTHMH3UPOBATH YIJIBI
nmudbepenTa 1 MOBBICUTH THAPOANHAMUYECKOE KadecTBO. VICMOIb30BaHNe aKTHBHOTO YIIPABIICHUS
THAPOJMHAMHYCCKHMH XapaKTePUCTHKAMU 32 CYET MHTEPLENTOPOB Ha JIOAOYHBIX CaMoJeTax
NPENCTAaBIACTCS KpaiHe CIOXHOW 3ama4eil, T.K. B OTJIMYHE OT IJIMCCHUPYIOIUX CYIOB, I
JIHana30H pacCMATPUBAEMBIX BO3MOXKHBIX HArPy30K HA BOAY W IEHTPOBOK JOCTATOYHO Y3KHIA,
THAPOIMHAMHYECKAs OIbEMHAs CHJIA U IUIONIaAb KOHTAKTA JIOJKH caMoJieTa ¢ BOJOH B Iporecce
pasbera u mpobera 1o BoJie MEHSIOTCS B OUCHb INPOKHX Mpeenax.

JlaHHast cTaThs MOCBSIICHA YKCIICPUMEHTAILHOMY HCCIICIOBAHUIO BIMSHHUS U3MEHECHUS BBICOTHI
THAPOIMHAMHYCCKHX MHTEPLENTOPOB Ha THAPOJMHAMIYECCKHE XapaKTEPHCTUKH THApOCaMolieTa B
ombiToBoM OacceitHe LIAT'M. OGHapykeHbl OCOOCHHOCTH M3MEHEHHS T'HAPOJMHAMHYECKHUX
XapaKTEepUCTHK, BBI3BAHHBIC BIMSHHEM HHTEpIENTOpa Ha (GopMy ciena, (GOpMUPYIOMIErocs Ha
CBOOOJHOM MOBEPXHOCTU MO33[H CEYCHHs, Ha KOTOPOM OH YCTaHOBJICH. JTO BIMSHHE HMeEET
CYILIECTBEHHOE 3HAYCHUE B CJy4ae NPHMEHEHHs MHTEPLENTOpa Ha THIPOCAMOJIETE, TaK KaK B
MpoIecce B3J€Ta W MOCAIKH HA BOJE MMPOUCXOIUT B3aMMOJCHCTBHE Ciefia ¢ KOPMOBOH YaCTBIO
KopIiyca. B MHOTOYMCIICHHBIX TEOPETHYECKHX M JKCIIEPHMEHTAIBHBIX paboTax, IMOCBSIICHHBIX
HCCIICIOBAHHUIO Clie[a 3a IIMCCHUPYIOLIMM TeNOM, 3TO BIMSHHE He paccMaTpuBayiock. Taioke B
CTaTbhe MPEMIOKEHA MATEeMATHYECKasi MOJIENb, OIKCHIBAIONIAS BIMSHHE HWHTEPIENTOPOB Ha
TEOMETPHIO ClIe]a U TTapaMeTpPhl IBIKEHHS CXeMaTH3UPOBAHHOH MOJIENH T'HAPOCAMOJIETa IO BOJE,
KOTOpAasi XOPOLIO COINIACYETCsI C PE3yJIbTaTAMH MOJICIBHBIX OIBITOB.

Study of the influence of controlled interceptors on the hydrodynamic characteristics of an
amphibious aircraft
Dikiy S.V., Arzhanov A.L, Menyaylo M.Y., Sokolyansky V.P.
TsAGI, Korolev, Russia

Hydrodynamic interceptors are plates normal to the bottom of the boat, having a height of about
1% of the width of the boat along the cheekbones. By braking the flow in front of the interceptors,
an area of increased pressure is created, the center of pressure is shifted back, and the bottom lift is
increased. As a result, the trim angles of the aircraft are slightly reduced, the wetted surface of the
bottom is also reduced, and the hydrodynamic quality increases. Controlling the height of the
interceptor extension depending on the speed of the aircraft allows you to actively control the
hydrodynamic characteristics, optimizing them in order to reduce the distance of take-off and run
through the water.

Since the beginning of the 1990s, Russian high-speed vessels with planing bottoms have
increasingly used controlled hydrodynamic interceptors developed by TSAGI. Controlling the
height of the interceptors by speed allows you to optimize the trim angles and improve the
hydrodynamic quality. The use of active control of hydrodynamic characteristics due to interceptors
on boat aircraft is extremely difficult, since in contrast to planing vessels, where the range of
possible water loads and centering is quite narrow, the hydrodynamic lift and the contact area of the
aircraft boat with water during the take-off and run through the water vary very widely.

This article is devoted to an experimental study of the effect of changes in the height of
hydrodynamic interceptors on the hydrodynamic characteristics of a seaplane in the TSAGI
experimental pool. Features of changes in hydrodynamic characteristics caused by the influence of
the interceptor on the shape of the trace formed on the free surface behind the section on which it is
installed are found. This effect is significant in the case of using an interceptor on a seaplane, since
during take-off and landing on water, the track interacts with the aft part of the hull. This effect has
not been considered in numerous theoretical and experimental studies of the planing body trace.
The article also offers a mathematical model describing the effect of interceptors on the geometry
of the track and the parameters of movement of a schematized model of a seaplane on water, which
is in good agreement with the results of model experiments.
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OnTHMH3aNUs XapaKTePUCTUK PbIYAroB yNPaB/IeHUs HX HHTerPalus ¢ CHCTeMOoit
yIpaBjeHUs BLICOKOABTOMATH3HPOBAHHOIO J1eTATEILHOIO0 ANNAapaTa
Edpemos E.B., Edpemon A.B.

MAM, r. Mocksa, Poccust

TpaguiuonHo 3ajaya oOecrieyeHHs HAWIy4IIMX IMJIOTAXKHBIX XapaKTEPHCTUK JIETATEIbHOIO
ammapaTa ¥ TOYHOCTH HMJIOTHPOBAaHUS peIIaeTcss IyTeM CHHTe3a CHCTeM ynpapieHus. B
HacTosIIIeH paboTe MOKa3aHO, YTO MOXKHO JOCTHYb JOMOIHUTENBHOTO YTy4YIIeHHs TOYHOCTH IIyTeM
PaLOHALHOIO THIA phlYara YyNpaBlIeHHs H ONTUMHU3ALUM €ro XapakTepPUCTHK, TaKMX Kak
TPaJUeHT 3arpy3KH IpYXHHBI, JeMIpupoBaHne. B KkauecTBe pasIUMUHBIX THUIIOB PHIYAroB
YHPABIICHHS UCHOJIB30BAIUCH ICHTPAIBHBIA 1 OOKOBOM. J[JIs KaXk0ro U3 HUX MCIIONIb30BAIINCH J[BA
THIIA YNPaBIAIOIEr0 CHIHANA: MPONOPIUOHAIBHO HepeMelieHnto poraara (Displacement Sensing
Control (manee peryar tunma DSC)) ¥ mponopuuoOHaNbHO YCHIIMSIM, MPHUKIIAJBIBAEMOMY K HEMY
(Force Sensing Control (nanee peryar tuna FSC)). MccnenoBanust NpOBOIMINCH HA MUJIOTaXKHOM
crenie MAU, ocHallleHHOH cucTeMO UMHUTAllMU YCUIIMI Ha pblyare yrpasJeHHs U MO3BOJISIOLIEH
peammuzoBath ynpasienue tuna DSC u FSC. B kadectBe 00bekTa ympaBlICHHS! HCIOJB30BaJIach
JIMHEApU30BaHHAS MOJENb BEPTOJIETa, ISl KOTOPO MpPEeIBAPUTENBHO BBIIOJIHEH CHHTE3 CHCTEMbI
yhpaBiieHUs Ha Oa3e IpHHOUNA «oOpaTHas IUHAMHKa». B Monenn Tarke y4TeHBI NPUBOJBL,
OIICBHIBAEMbIC 3BEHOM IIEPBOTO IOPSIKA C y4E€TOM OTPAaHMYCHHH HAa MAaKCHMAJIbHYIO CKOPOCTbH
OTKJIOHECHHSI PYJIEBBIX TIOBEPXHOCTEN.

PesynbTaThl HccnenoBaHUN MOKa3ajlM, YTO HAaWIy4llas TOYHOCTb NMUJIOTUPOBAHMS JTOCTUIaeTCs
IIPU HCIOIb30BaHUU O0KoBOro perdara Tuma FSC 1mo cpaBHEHHIO ¢ TPaIUIMOHHBIM IIEHTPAIbHBIM
Tuna DSC. To4yHOCTh MUIIOTUPOBAHUS NIPU 3TOM yiy4iuaercs B 1,5-2 pasa.

B paGorte Taxke BBISBICHO, YTO HCIOJB30BAHHE CHUCTEMbl YIPaBJICHHs Ha 0a3e NpPHHIHIIA
«obpaTHasi AMHAMUKA» INPUBOAUT K TOMY, YTO HOTPEOHBIE CKOPOCTH OTKJIOHEHUS IPHBOIOB
GonbLIe pacnonaraeMbix (B Hactosimieit padore 30 rpa/c), 0COOCHHO MPY UCHOJIB30BAHUU OOKOBOI
pyuku. J{ns mpenoTBpaiieHus NMOAOOHBIX SBJICHHH B paboTe NMPEUIONKEHO B TPAKT YIPaBICHUS
BBECTH HENIMHEHHBI npeduabTp, MaTeMaTHueckas MOZAENIb KOTOPOTO OTpPa)KaeT OCHOBHBIC
cBoiictBa npuBona. Cepuu >KCIEPUMEHTANBHBIX MCCIIEIOBAHUM IOKa3ajld, 4TO TAKOE pELICHHE
HO3BOJIAET O0ECIeYnTh OE30MacCHYI0 pPabOTy MCIONHUTENBHBIX YCTPOICTB 0€3 yXyAIleHHs
TOYHOCTH MHJIOTHPOBAHHSL.

Optimization of inceptors’ characteristics and their integration with the flight control system
of a highly automated aircraft
Efremov E.V., Efremov A.V.
MAI, Moscow, Russia

Traditionally, the problem of ensuring the best flying qualities of an aircraft and piloting
accuracy is solved by synthesizing control systems. In this paper, it is shown that it is possible to
achieve an additional improvement in accuracy by rationalizing the type of control stick and
optimizing its characteristics, such as spring loading gradient and damping. The different types of
control sticks used were the central and side ones. For each of them, two types of control signals
were used: one proportional to the displacement of the stick (Displacement Sensing Control
(hereinafter referred to as the DSC-type stick)) and proportional to the force applied to it (Force
Sensing Control (hereinafter referred to as the FSC-type stick)). The studies were carried out on the
MALI flight simulator, equipped with a system stick allowing to simulate forces on the control stick
and allowing to implement control of the DSC and FSC types. A linearized helicopter model was
used as the control object, for which the synthesis of a control system based on the principle of
"inverse dynamics" was previously performed. The model also takes into account the drives
described by first-order system with restrictions on the maximum deflection speed of the control
surfaces.

Research has shown that the best flying accuracy is achieved when using an FSC-type side stick
control in contrast with to a traditional DSC-type center stick. The piloting accuracy improve by
1,5-2 times.

The work also revealed that the use of a control system based on the principle of "inverse
dynamics" leads to the fact that the required actuator deflection rates of the drives are greater than
those available (in this work, 30 deg/s), especially when using the side stick. To prevent such
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phenomena in the work, it is proposed to introduce a nonlinear prefilter into the control loop, the
mathematical model of which reflects the main properties of the actuator. A series of experimental
studies have shown that such a solution allows safe operations of actuators without compromising
piloting accuracy.

®duzuyeckas CyIHOCTh HellpeJHAMEPEHHOI0 PAa3BOPOTA OIHOBUHTOBOI0 BePTO/1eTa Ha
Pe:KMMax MaJIbIX CKOPOCTeil moJiera
WBunn B.A.
AO «HLIB Munb u Kamos», 1. TomuinHo, Poccus

ABHANMOHHBIC TIPOUCHIECTBHS OJHOBHHTOBBIX BEPTOJICTOB, CBS3aHHBIX C SIBICHUEM JIEBOTO
BpAIllCHNs, IEPUOIMYECKH BO3HUKAIOT KaK NPH UX SKCIUTyaTauuu B Poccuu, Tak u 3a pyOekoM.
IlpyurHa WX BO3HMKHOBEGHMS HCCICAYETCS MHOTO JIET, HO JIO HACTOSIIEro BPEMEHHM HET
O/IHO3HAYHOTO OOBSICHECHHS €r0 BOSHUKHOBEHHMSL.

ABTOp J1aHHOH pabOTBI HEOAHOKPATHO y4acTBOBAJI B pACCICIOBAHUSX aBHALIMOHHBIX
HPOMCLICCTBUH C OAHOBUHTOBBIMH BEPTOJETAMH, CBS3aHHBIMU C JICBBIM BpAllleHUEM BEPTONIETA.
Be1to ycraHoBiIeHo, 9TO B 95% citydaeB, B KOTOPBIX CHCTeMa 00BEKTHBHOIO KOHTPOIL 3alMChIBaIa
JIefiCTBUS JIeTYMKA, B TOM YHCJIE W 3allUCH IyTEBOTO YIPABICHUS, JICTYMKH HE BBINOJHSIIOT
HEOOXOAMMBIX NEHCTBHIl Ul BBIXOZAA M3 BO3HUKIIEH cuTyauuu. IIpnumHa Takoro OesmercTBHs
Takxke TpeOoBalia CBOEro OOBSICHEHHUSI.

Cnemmanucramu  LIAT'M Obutl  pa3paboTaH M MOCTPOCH OKCHEPUMEHTANBHBIA CTEHI s
UCCIICZIOBAHMI XapaKTEPHCTUK pPYJIEBBIX BHHTOB NP MX HPUHYAUTEILHOM BpAIICHUH Ha
CIeNMaNbHOH, Bpamaromeiicss Oanke. OTH HCCIENOBAHUSA IIO3BOIMIN IONYYUTh H3MCHCHHS
TSATOBBIX M MOIIHOCTHBIX XapaKTEPHCTHK PYJICBOrO BHHTA BEPTOJETa IPU HAJIMYHU BpAIICHUS
Beproiiera. [lomydeHHbIe pe3yabTaThl ObLIM HCIIOIB30BAHBI JUIS TECTUPOBAHUS MAaTEMATHYECKOH
MO/IENH PYJICBOrO BUHTA Ha MMMJIOTaXHbIX CTCH/AX.

B MI'TY I'A, mo vHMIMATHBE W NPH YYacTHU aBTOpa JaHHOW pabothi, B. EdumoBbM Oblia
CIIPOEKTHPOBaHA U CO3JjaHA YCTAHOBKA II0 HCCICAOBAHMIO OINKMCHIBACMOTO SBJICHHMS HAa OCHOBE
cBOOOHO BpAIIAOMICIICS MOJETM BEPTOJIETa B adpOJMHAMHUYECKON TpyOe, KOTOpas MO3BOJIMIA
ONPENENNTh BIMAHUE HANpPaBICHUs W BEIMYHHBI CKOPOCTH BETpa Ha BO3HUKHOBEHHE
HEelpeJHaMEPEHHOTO  pa3BOpOTa OJHOBHHTOBOro Beproiera. Cnenmamucramu MAW  nox
pykoBoacTBoM }O. WrHaTkuHa, OBLT BBINONHEH psif pabOT MO TEOPETUYECKUM HCCIEIOBAHUAIM
BUXPEBOIO BIIMSAHHUSA HA PYJIE€BONH BHHT. DTH HCCIICAOBAHMS II0KA3alll CTPYKTYpPY BHXPEBOTO cliena
OT HECYIIero BUHTA PH Pa3IMYHbIX COYCTAHUSIX CKOPOCTH BETPA U €ro HAIpPaBJICHHS.

OTH HCCIe10BaHuUS ITO3BOIMIIN YCOBEPIICHCTBOBATh MaTEMAaTHIECKYIO MOZIENb PYIEBOrO BHHTA U
IIPOBECTH MCCIICIOBAHHS 110 ONPEACICHUIO (PU3NYECKO CYIIHOCTH HEMpPeJHAMEPEHHOTr0 Pa3BopoTa
BJICBO, PE3YJIbTAaThl KOTOPOTO MPEACTABIICHBI B JIOKJIAJE.

The physical nature of an unintentional turn of a single-rotor helicopter at low flight speeds
Ivchin V.A.
National Helicopter Center Mil&Kamov, Tomilino, Russia

Accidents of single-rotor helicopters associated with the phenomenon of left rotation periodically
occur both during their operation in Russia and abroad. The reason for their occurrence has been
studied for many years, but until now, there is no unambiguous explanation of its occurrence. The
author of this work has repeatedly participated in the investigations of aviation accidents with
single-rotor helicopters associated with the left rotation of the helicopter. It was found that in 95%
of cases the actions of the pilot, including the track control records, the pilots did not take the
necessary actions to get out of the situation. The reason for this inaction also required an
explanation.

TsAGI specialists have developed and built an experimental stand for studying the characteristics
of tail rotor screws when they are forced to rotate on a special rotating beam. These studies made it
possible to obtain changes in the traction and power characteristics of the tail rotor of the helicopter
in the presence of rotation of the helicopter. The results obtained were used to test the tail rotor
mathematical model on aerobatic stands.

At the MSTU CA on the initiative and with the participation of the author of this work, V.
Efimov designed and created an installation for studying the described phenomenon based on a
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freely rotating helicopter model in a wind tunnel, which made it possible to determine the influence
of the direction and magnitude of wind speed on the occurrence of an unintentional turn of a single-
rotor helicopter.

Specialists of the MAI Institute under the leadership of Yu. Ignatkin have carried out a number of
works on theoretical studies of the vortex effect on the tail rotor. These studies have shown the
structure and intensity of the main rotor wake for various combinations of wind speed and
direction.

These studies made it possible to improve the mathematical model of the tail rotor and to carry
out studies to determine the physical nature of the unintentional turn to left.

XapaKTepUCTHKA OCHOBHBIX IPHHIMIIOB Pa3padoTKH HHTETPHPOBAHHBIX 0OPTOBBIX CHCTEM
obecneyeHHs 6€30MIACHOCTH MOJETOB BO3IYIIHBIX CY/10B, BKJIIOYAsl CHCTeMbI KOHTPOJIS
(pyHKIHOHAJIBLHOIO COCTOSIHMSI OlepaTopa
Konres /1.C.

I03I'Y, r. Kypck, Poccus

CymecTBeHHOH 3afadeil rocymapcTBeHHOH mporpammsl Poccmiickoit ®denepamuu «Pa3Butue
aBUALIMOHHOW mpoMbliieHHocTH Ha  2013-2025 roapl»  SBISETCS  IOBBILEHUE YPOBHSA
6e3omacHOCTH MOJETOB Bo3ayIIHbIX cynoB (BC), pemienne KoTopoii 3akiroyaeTcss B OpraHu3alum
HEIIPEpPHIBHOTO MOHUTOPUHTAa TEXHUYECKOTO COCTOSHUS BO3AYIIHOTO CyJHA HEHNOCPEACTBEHHO B
mpouecce 1Non€Ta, a TakkKe HPOBEJEHMH IIOCTOSHHOIO  JHAarHOCTHYECKOIO  KOHTPOJIS
(DYHKIMOHAIIBHOTO COCTOSIHUSI 3JI0POBBSI OIEPAaTopa IPH BBINOJIHEHHH MM IPO(ECCHOHATBHBIX
¢ynxnuil. TexHnueckoe pemeHre M3I0KCHHBIX 3a[a4 BHAWUTCS B pa3paboTke MHTEIPUPOBAHHOMN
0OOpPTOBOI CHCTEMBI IMArHOCTHKU U MPOTHOCTHKU TEXHHYECKOro coctosiiusi BC, 00beMHeHHOM ¢
CHCTEMOMH TEKyILEro KOHTPOJIs ()YHKLIMOHATIBHOTO COCTOSIHHS OIlepaTopa.

IlomoGHast cuctema [oO/DKHA obOecredWBaTh COOp JAaHHBIX C JATYUKOB COCTOSHHS Y3I0B U
arperatoB BC, nx 06paboTky Ha 6OpTYy C yCTaHOBICHHEM AMHAMHYECKHX KOPPEIALUOHHBIX CBSI3EH
MEX/ly 3HAUCHHSMH I1apaMeTPOB BO BceX (has3ax 1oseTa, aBTOMATHUECKOE CPABHEHHE IONTYYCHHBIX
JAHHBIX C MpeJeNbHBIMH 3HAYEHWSIMH U Iepefady Ha Ha3eMHBIC IUCIIETYEPCKHUE ITyHKTBHI
JIMArHOCTHYECKOI MH(pOPMAIIMH CPEACTBAMU aBHALIMOHHOM CBs3U. CHCTEMa JODKHA CTPOUTHCS 110
MOJlyJIbHOMY HPHHIMIY C OTKPBITOM apXMTEKTYpOH I/ MAaKCHMMAaJbHO IPOCTOH ajanTallud Ha
pasnmuuHbix Tunax BC. B cucteme HEOOXOIMMO NPENyCMOTPETh 1Ba pexXuMa paboThl: pabouuii u
BcTpoeHHoro koHtpons (BCK). B mepBom pexume n3menue oOecrieyrBaceT BBIIOJHEHHE BCEX
0a30BbIX (QyHKIMHA. Bo BTOPOM — OCYyLIECTBIISIET HENPEPBIBHBI KOHTPOJIb COOCTBEHHOM
paboTOCIOCOOHOCTH C BEPOSTHOCTHIO OOHAPYKEHUS HEUCTIPaBHOCTH He Hike 0,9.

B coctaB mogo0HOM MHTErpUPOBAHHON CHCTEMbI BXOIAT: OJOK JHATHOCTHKH M IPOTHOCTHKH
(BJIUII), 6ok cOopa auarnoctuueckoit nupopmauuu (BCAN), 610k GecnpoBoaHoii cesizu (BBC),
610k koHTpois coctosiHus onepaTtopa (BKCO). Ilepseiit obecneunBaer npeodpasoBanue, cOop U
nepenady no kanamy Ethernet curHanoB BHOpPOJIAaTUMKOB, YCTAHOBJICHHBIX Ha KOHTPOJIHPYEMBIX
y3max u anementax BC. Bropoil mpencraBisier co0OH  BBIYHMCIUTENBHOE  YCTPOMCTBO,
o0ecIeunBaroniee BBMUCICHHE IUATHOCTUYECKUX IOKAa3aTeNeld IO 3aJIOKCHHBIM alrOpHTMaM
06paboTku. IIpy KpUTHYIECKOM TPEBBIILICHHUH TIPEJIEIBHO JOIyCTHMbIX 3HAUSHHI ITapaMeTpoB OJIOK
BAWUIT Beimaer aBapuiiHelii  curHan. brnoxk  BBC  npenHasHaueH Juid  OpraHu3aluu
nHPOPMALMOHHOTO 0OMeHa ¢ Ha3eMHbIM myHKTOM. B BKCO, B cOOTBETCTBUU ¢ pEeKOMEHIALUSIMU
LEHTPa ABHAILMOHHON M KOCMHYECKOH MEIHIMHBI, JAMAarHOCTHPOBAHHIO B pEaJbHOM Macmitabe
BPEMEHH JOJDKHBI ITOJBEPraThCsl CleNyronye (U3HOIOTHIEeCKHEe IOKA3aTel 3A0POBbS IHIIOTA:
YpOBeHb Hepu(epruuecKoil caTypallud KPOBM, YacTOTHI IylbCa H JBbIXaHHUSA, BapHAOEIbHOCTH
CEepIIeYHOT0 PUTMA.

Description of the main principles of development of integrated on-board systems for
ensuring the safety of aircraft flights, including systems for monitoring the functional state of
the operator
Koptev D.S.

SWSU, Kursk, Russia

An essential task of the state program of the Russian Federation "Development of the aviation
industry for 2013-2025" is to increase the level of flight safety of aircraft (AC), the solution of
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which is to organize continuous monitoring of the technical condition of the aircraft directly during
the flight, as well as to conduct continuous diagnostic monitoring of the functional the state of
health of the operator in the performance of his professional functions. The technical solution of the
stated tasks is seen in the development of an integrated on-board system for diagnostics and
prognostics of the technical condition of the aircraft, combined with a system for monitoring the
functional state of the operator.

Such a system should ensure the collection of data from the state sensors of aircraft components
and assemblies, their processing on board with the establishment of dynamic correlations between
the values of the parameters in all phases of the flight, automatic comparison of the obtained data
with the limit values and transmission of diagnostic information to ground control centers by means
of aviation communication. The system should be built on a modular principle with an open
architecture for the simplest possible adaptation on various types of aircraft. The system must
provide for two modes of operation: working and built-in control (VSC). In the first mode, the
product provides all basic functions. In the second, it continuously monitors its own performance
with the probability of detecting a malfunction not less than 0.9.

The structure of such an integrated system includes: a diagnostics and prognostication unit
(ODIP), a diagnostic information collection unit (BCDI), a wireless communication unit (BBS), an
operator's state control unit (BKSO). The first one provides conversion, collection and transmission
via Ethernet of signals from vibration sensors installed on monitored units and aircraft elements.
The second is a computing device that calculates diagnostic indicators using embedded processing
algorithms. If the maximum permissible values of the parameters are critically exceeded, the ODIP
unit issues an alarm signal. The BBS unit is designed to organize information exchange with a
ground point. In the BCS, the following physiological parameters of the pilot's health are diagnosed
in real time: the level of peripheral blood saturation, pulse and respiration rates, and heart rate
variability.

Yci10BUsl H OTPAHHYEHHUs], KOTOPbIe He00X0MMO YUHTBIBATH IPH MOCTAHOBKAX
ONTHMH3ANMOHHLIX 32124 U GOPMHPOBAHNM LeJIeBBIX GYHKIMI B 3a1a4aX ONTHMH3ALHA
npodpuieii kppuibeB MBILJIA npu manbix unciax Peiinoabaca
Kouyposa H.I., ITapxaes E.C., Cemenunkos H.B.

MAMWU, r. Mocksa, Poccust

B mHacrosmee Bpems OIHOW M3 aKTyalbHBIX IPOONEM adpOAMHAMUKM MAaJopa3sMEpHBIX
OecnmoTHBIX JieTaTenbHbIX annapatoB (MBITIA) siBisieTcst yiydmieHHe UX adpOIMHAMHYCCKHX
xapaktepuctik (AJIX) U JeTHO-TEXHUYECKHX XapakTepucTuk. HezaBucumo ot tuma MBIUIA ero
a’poJMHAMIKa MMeeT CBOIO crenuduky: obdrexanue yacteid MBIIJIA mpoHCXOmUT HpH MajbIxX
yucnax Peitnonbaca (Re < 200 000). Cuitbl BI3KOCTH B JAHHOM CiIy4ae Mpeo0iafatoT Hajl CUIIaMH
HHEpIIMH, YTO B UTOTE IPUBOJMUT K 00pa30BaHMUIO HA Hecylux noBepxHocTax MBIIJIA namunapHo-
TypOyJIEHTHOTO Nepexo/ia ¢ OTPBIBHBIM ITy3bIpeM. Hanmuue oTpbIBHOTO Iy3bIps IPHBOAUT K POCTY
ko3¢ duuneHTa J1000BOr0 CONPOTHUBICHMS, BBI3BIBACT HelMHeHHoe u3MeHeHHe AJIX mpodmuis
KpBUIA U YXy/IICHHE JICTHO-TEXHUIECKHUX XapaKTepHUCTUK Bcero JIA B nenom. OQHHM H3 CIOCO00B
yiyamennst AIX npoduiist npu Maiblx yucnax PeliHonbca SBISETCS MOHUCK €ro ONTUMATIbHON
tdopmer. TIpu ontumusanmm npoduns MBITJIA BakHO y4YHTBIBATR HE TOJBKO CIEIHPHKY
n3MeHeHnst AJ/IX mpu ManbIx yncnax PeliHonbica, HO U yYHTHIBATH JOIOMHUTEIBHBIC YCIOBHS H
OrpaHUYEHMs], yIUTHIBAIOIIME H3MEHEHHE uKcia PeliHonbaca npu MmaneBpuposanuu MBILJIA.

Ilenplo MaHHOTO MCCENOBaHUs SBISETCS ONpENETICeHUE YKa3aHHBIX YCIOBMH, a Takke
ocobeHHOCTeH (pOPMHUPOBAHHS LENEBBIX (YyHKIUH B 3aJadax ONTUMHU3AHU HNpoGHIeH KPHLIbEB
MBIUIA npu HU3KHX yncnax PeiiHonbaca.

B pabote Haii/icHbI TOMOJIHHUTEIbHBIC YCIOBHS, CBSI3aHHBIE C M3MCHEHHEM IOJETHOTO YHCIIa
PeitHonpaca mpu BbmmonHeHun bBITJIA BepTHMKanpHOro B3/eTa W TMOCAIKH, a TaKXkKe IpU
MaHEBPHUPOBAHUM B TOPU30HTAJIBHOM M BEPTHKaIbHOH MiockocTsax. Ha ocHoBaHMM aHamM3a 3THX
pexumoB nosnera MBITJIA Obuto ycTaHOBIEHO, YTO, HE3aBUCHMO OT BHJa MaHEBpa, HEOOXOAUMO
YUUTBHIBATh CBS3U 4McIa PeliHombaca U KO3 GUIUMEHTa MOABEMHON CHiIbl. MaHEeBp, BHITOIHAEMBIN
MBIUIA, omnpexpenser BHI U CIOXHOCTh (DYHKIMOHAIBHOW 3aBUCHMOCTH MEXAY YHUCIOM
PeiiHonbaca U K03(DQUIMEHTOM MOABEMHOM CHIIBL.
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Conditions and restrictions that must be considered when setting optimization problems and
forming objective functions in the problems of optimizing UAV wing airfoil for small
Reynolds numbers
Kochurova N.I, Parkhaev E.S., Semenchikov N.V.

MAI, Moscow, Russia

Currently, one of the most important problems in the aerodynamics of small-sized unmanned
aerial vehicles (UAV) is to improve their aerodynamic characteristics and performance. Regardless
of the type of UAV, its acrodynamics has its own specifics: the flow around the parts of the UAV
occurs at small Reynolds numbers (Re < 200 000). In this case, the viscous forces prevail over the
inertial forces, which ultimately leads to the formation of a laminar-turbulent transition with a
separation bubble on the carrying planes of the UAV. The presence of a separation bubble leads to
an increase in the drag coefficient, causes a nonlinear change in the aerodynamic characteristics of
the wing airfoil and a deterioration in performance of the entire UAV. One of the ways to improve
the aerodynamic characteristics of the airfoil at small Reynolds numbers is to find its optimal
shape. When optimizing the UAV airfoil, it is important to consider not only the specifics in
aerodynamic characteristics for small Reynolds numbers, but also additional conditions and
restrictions.

The purpose of this study is to determine these conditions, as well as the features of the formation
of objective functions in the problems of optimizing the wing airfoils of UAV at low Reynolds
numbers.

In this paper, additional conditions associated with changes in the flight Reynolds number when
performing vertical take-off and landing were found, as well as when maneuvering in the horizontal
and vertical planes. Based on the analysis of these flight modes, it was found that, regardless of the
type of maneuver, it is necessary to take into account the relationship between the Reynolds number
and the lift coefficient. Maneuver performed by UAV determines the type and complexity of the
functional relationship between the Reynolds number and the lift coefficient.

HccaenoBanue a3poANHAMHKH BeJIOCHIIEIHOTO KoJieca
Kynpsasues .A., Bonoaun .M.
MAM, r. Mocksa, Poccust

AdponuHaMHKa BEIOCHIENa OKa3bIBaeT OIPOMHYIO POJNb Ha JOCTIDKCHHS CIOpTcMeHa. JIroGoe
IPEUMYIIIECTBO TEpe]] CONEPHHKAMH MOXET IIPUBECTH K JIy4IlMM pe3yiabratam. Pacuer
a’pomuHaMuKK Benocunena ¢ nomomipio CFD  makeToB  ciokeH, TpeOyer  OONbLIONH
BBIYUCIHUTENIFHON MOITHOCTH U HE BCEIIa COOTBETCTBYET ACHCTBUTENbHOCTH. OHAKO H3MEPEHUS,
CJIeTIaHHbIE B a3POANHAMUYECKHX TPYOax, MaKCHMaJIbHO IPUOIIHIKEHBI K PEaIbHbIM YCIOBHSM.

Ho Tak kak HaTypHbIC HCCIEIOBAHMS a’POJMHAMUKU KOJIECA COMPSDKEHBI CO 3HAUMTEIbHBIMH
TPYAHOCTSIMH, NPEIJIAraeTCsi METOAMKA CTCHIOBBIX WCHBITaHHIL. [10M0OHBIC HCHBITAHHS MOTYT
OXBaThIBaTh PAJl HANPABICHHIL. ASPOJMHAMUYECKMI SKCIIEPUMEHT C  HCHOJIb30BAHHEM
pa3paboOTaHHOTrO CTEHJa IO3BOJIAET ONPEAEIATH JIOOOBOE CONPOTUBICHUE HEPEHEro Kojeca M
OOKOBYI0O CHJIy, BIWSIONIYI0O Ha TPAaCKTOPHIO [BIKCHHS BEJIOCHIEAHCTA. lIpoBeneHue
SKCIIEpUMEHTa He TpeOyeT BbICOKOH KBanudukauun. Pa3paboTka cTeHIa I ONpeneNeHHs
a3pOJMHAMHYECKHX XapaKTEPUCTHK BEIIOCHIIEAHOrO KoJleca MO3BOJIAET CPABHUBATh TEOPETHYECKUE
MU3MEPEHUsT C JaHHBIMH OJM3KMMH K peaabHbIM ycioBusiM. [lomydeHHble mnaHHBIC OyayT
HCIIONB30BATHCS KOHCTPYKTOPAMU JUIsSl CO3JIAHUSI H YCOBEPIICHCTBOBAHUSI IPOQUIIS BEIOCHIIEIHOTO
xoneca. Hammume a’pofMHAMHYECKHX TPYO IO3BOJSIET INPOBOJUTH MWCHBITAHHUS HE TOJBKO
OTJENBHBIX 4YacTeil Bemocumega, HO M MHO3BOMSIET  PAcCMOTPETh  adpOAMHAMHYECKHUE
XapaKTEePUCTHKH CHCTEMBI BEITOCHIIS-TOHIIHK.

CTeH COCTOMT W3 INEPEeBEPHYTOW BHIIKM I 3aKperuieHus koineca. [lox BMiKo# Haxomurcs
[PUBOAHON BajlWK, MEPEJAIONINK KPYTAIM MOMEHT C ABHraTels Ha Koieco. Peryiamposka
000pOTOB JABHUTaTeNsl IIO3BONSET IUIABHO M3MEHATh CKOPOCTh BpameHus. Hamuume skpaHa
UMHUTHpYET JBIKCHHE 110 3eMiIe. MeXxaHn3M 10oBOpoTa obecrednBaeT HEOOXOAUMBIE YIIIbI 00/1yBa.
CreHZ CIPOEKTUPOBAaH Uit adpoauHaMudeckoil TpyOsl «T-1 MAM». Ilporpamma HCIBITAaHUIH
BKJIIOYaeT B ceOs BECh qMana3OH CKOPOCTEil U yIJIOB IMOBOPOTA KOJIECA, KOTOPBIE BCTPEYAOTCS BO
BpeMs BesoroHkH. Ilociemyromas MoJepHM3allusi CTEHIA IIO3BOJHMT pellaTh Oojee IMIHPOKUI
CIIEKTP 3a/1ad.
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I[aHHaX pa3pa60TI<a HamnpaBJICHa Ha YJIYYIICHUE adPOAMHAMUYCCKUX XapPAKTCPUCTUK CHCTEMBI
BEJIOCUIIC-TOHIIMK JUIsl oOecrieueHus O0bIei 3(1)(1)CKTHBHOCTH CIIOPTCMCHA.

Bicycle wheel aerodynamics study
Kudryavtsev D.A., Volodin LM.
MALI, Moscow, Russia

Bicycle aerodynamics play a huge role in the athlete's achievement. Any advantage over rivals
can lead to better results. The aerodynamics calculation of a bicycle using CFD packages is
complicated, requires a lot of computing power and does not always correspond to reality.
However, the calculations, which are made in wind tunnels, are close to real conditions.

The method of bench tests seems to be the most possible, because field research of wheel
aerodynamics are associated with significant difficulties. Such tests can cover a number of areas.
An aerodynamic experiment with using the originally developed stand allows determining the front
wheel drag and lateral force affecting the cyclist's trajectory. The experiment does not require high
qualifications. The development of a stand for determining the aerodynamic characteristics of a
bicycle wheel makes it possible to compare theoretical measurements with data close to real
conditions. Designers to create and improve the rim of a bicycle wheel will use these findings. The
presence of wind tunnels allows to test individual parts of a bicycle and to consider the
aerodynamic characteristics of the bicycle-racer system.

The stand consists of an inverted wheel fork. Under the fork is a drive roller that transmits torque
from the engine to the wheel. Adjusting an engine speed allows to change smoothly a speed of
rotation. The presence of a horizontal screen simulates movement on the ground. The rotation
mechanism provides the necessary blowing angles. The stand is designed for the T-1 MAI wind
tunnel. The test program includes the entire range of speeds and wheel angles that occur during
bicycle races. The subsequent modernization of the stand will allow solving a wider range of tasks.

This development is aimed at improving the aerodynamic characteristics of the bike-rider system
to ensure greater efficiency of the athlete.

YucyieHHOE HCCIe0BaHNe KPYTOro CHHKEHHsI Hecyllero BUHTa B 00/1aCTH PeKMMOB
«BHXPEBOI0 KOJIbIIa» HA §a3e HeIMHeiHON BUXPeBOii Moaeau
Makees I1.B., Urnatkun FO.M., [llomoB A.H.
MAMWU, r. Mocksa, Poccust

V3ydyenne a’poaMHaMHUYECKUX XapaKTepUCTHK Hecymero BuHTa (HB) Ha pexxmmax kpyroro
CHIDKEHUSI, BKIIFOYAsi PEXUMBI «BHXpeBoro kombua» (BK), sBisercs BaxHOH 3aaueil, TOCKOIBKY
OHAa CBf3aHa C OE30IIAaCHOCTBIO MONETa BepToneTa. KoHeuHOW Ienpio TaKMX HCCICHOBAHUI
SIBJIETCS OIpejieieHne rpanul pexumoB BK B ckopocTHBIX KoopanHaTax VX-Vy U BKIIOUYEHHE X
B PYKOBOJICTBO JIETHOM SKCILTyaTal[iy B Ka4eCTBE 0C000it 001acTH.

AdponuHaMHKa HECyIIero BHHTAa Ha pexumax BK mmeer psjg ocoOeHHOCTEH, TakuX Kak:
yBEIMYECHHUE MOIIHOCTH, ToTpednsiemoit HB npu mocTosHHOM TATE; MyNbCALlMU TATH U KPYTSAIIETrO
MoMmeHTa. Kpome toro, pexxnmam BK cBoficTBeHHBI 0cOObIe KapTHHBI OOTEKaHMsI BUHTA U (opma
BUXPEBOTO ClIea.

Hccnenosanns pexxumoB BK  myTeM JI€THBIX HCIBITAaHUH CONpPSsKEHBl € IOBBIIIEHHOM
OIAaCHOCTBIO. MOJIC/IBHBIC HCIIBITAHUS CONPSDKEHBI OONBIIMMH 3aTpaTaMH M TEXHUYECKHMHU
mpobIeMaMH, cpeld KOTOPBIX TPYAHOCTH 00ECTICUEHHs MaIbIX CKOPOCTeH 00MyBKU M HCKITIOUCHHE
BJIMSIHUS TPAHMI] IOTOKA HAa BUHT. DKCIIEPUMEHTAbHBIE UCCIIEOBAHHS a9POJAMHAMUKH BUHTA Ha
pexunmax BK, HocAT eauHMYHBIA M orpaHMYeHHbIH xapakrtep. IIpu 3TOM cpaBHEHHE Pa3IUYHBIX
Pe3yIbTaTOB UCCIIEIOBAHHUI MOKA3bIBACT UX 3HAUUTEIBHYIO 3aBUCHMOCTH OT IIapaMeTPOB BUHTA U
ycioBuii  ucnbelTaHui. ITo3ToMy B KakIOM Clydae JKENaTelIbHO IIPOBOJIMTHL OTJENbHbIE
HCCIIeIOBaHKsA. B mocneqHue roasl ¢ ydeToM PasBUTHsI BEIYUCIHMTENBHOW TEXHHKH M METOJIOB
YHCIICHHOIO MOZICIIMPOBAHHUS TaKasi BOSMOXKHOCTh CTAHOBHTCS PEAIbHOM.

IpencraBienHoe uccienoBanue cHOKYCHPOBAHO Ha adpOAMHAMUYECKHMX Xapaktepuctukax HB
Beprosnera Mu-8 Ha pexuMax BHCEHUS M KPYTOTO CHIDKEHHs C yriaMmu araku BuHTa aB=90-30°
Bkitouast ooacte BK. MccnenoBanue BBIOMHEHO Ha 0ase pa3paOOTaHHOW aBTOpaMU HEITMHEHHON
BuxpeBol Monenu. IlomydeHBl U TPOAHANM3HPOBAHBI PACIpPENeNEeHHBIE U CyMMapHBIC
a3pOJMHAMHMYECKHE XapaKTepHCTHKH, (opmbl BuxpeBoro ciena HB, kaprunel obrexkanms. Ha
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OCHOBE aHaJM3a IOJTyYeHHBIX JaHHBIX NOCTpOEHa oOnacTh pexxumoB BK B koopauHatax Vx-Vy.
Hcnonp30BaHkl ATh pa3ianyHbIX kputepueB BK: poct moTpebHOro yriia ycTaHOBKH JIOacTei, pocT
notpedHoi MouHoctH HB, poct cpemHero 3HaueHHMs WHIAYKTHBHO#M ckopoctn HB; Bemuuumna
myJbcalluil Taru U kpytsmero momenra HB. JlaHHBIE pacueToB CONOCTABJIEHBl C MMEIOIMMUCS
JTAaHHBIMH PAacyeToB M OSKCIIEPUMEHTOB JPYTHMX aBTOPOB M JIEMOHCTPHPYIOT HPMMEHHMOCTh
HCIIOJIb30BAaHHOW MOJeNM Ui pacyera M aHainuza pexxumoB BK HB Bepronera. IomyuenHbie
pe3yabTaThl MOTYT 3HAYMUTENBHO JONOJIHUTH MMEIOIIMECS JaHHbIE AKCIEPUMEHTAIBHBIX U
pacyeTHBIX UcclienoBaHui aspoarHamMuku HB Ha pexxnmax kpyToro cHmwkenus B oonactu BK.

Numerical study of the main rotor steep descent modes in the VRS area based on the free
wake model
Makeev P.V., Ignatkin Yu.M., Shomov A.L
MAI, Moscow, Russia

The study of main rotor (MR) aerodynamics in steep descent modes including VRS (vortex ring
state) area is among the most important tasks of main rotor aerodynamics, since it is related to
helicopter flight safety. The final goal of the study is, as a rule, to define VRS area boundaries in
Vx-Vy coordinates (horizontal and vertical flight speed components) and included in flight
operation manual as a special dangerous area of helicopter flight.

Rotor aerodynamics in VRS area has a number of features. They primarily include rise of power
consumed by a rotor with constant thrust and rotor thrust and torque pulsations. Besides, they
include rotor wake shapes and flowing pictures typically for VRSs.

Any research of VRSs by flight tests implies a certain degree of hazard. Experiments involves
technical problems related to ensuring of low flow velocity values and avoidance of airflow
boundaries impact on the main rotor operation. Thus, experimental studies of rotor aecrodynamics in
VRS area are isolated and limited. The comparison of different study results shows a significant
dependency of the results on a rotor geometry and testing conditions. Therefore, separate tests need
to be done in every individual case. This possibility has become real in recent years due to
development of computational technologies and numerical methods.

The research presented has been focused on aerodynamic characteristics of the Mi-8 helicopter
MR in the hover and steep descent modes at rotor angles of attack aR = 90-30°, including VRS
area. The research is based on the original free wake model developed by authors. Total and
distributed aerodynamic characteristics, rotor wake shapes and airflow line pictures have been
calculated and analyzed. Based on the results analysis the VRS area in the Vx-Vy coordinates has
been defined. There have been used five criteria of VRS area borders: growth of the required blade
pitch angle; growth of rotor power with a fixed rotor thrust; increase of the averaged value of the
induced velocities and value of the rotor thrust and torque pulsations amplitudes. The calculation
results have been compared with experimental and calculations data of other authors and indicate
sufficient reliability and applicability of used free wake model for calculation and analysis of the
VRS.

The results presented can also significantly supplement the available results of experimental and
computational studies of the MR operation at steep descent modes in the VRS area.

Bb16op myTH pa3BuTHS 6€CHHIOTHBIX KOMILIEKCOB
MassicoB A.A.
AO «HILIB Munb u Kamos», 1. TomuiuHo, Poccus

Pa3BuTHe aBHALMKM HAaXOAUTCS HA IIEPBOM JTare CO3JIAHUS LIENOr0 CeMEiCTBa OT anmapaToB A0
MUJIOTAXKHBIX KOMIUICKCOB Pa3IMYHON TIIyOMHBI aBTOMAaTH3alUHM CHCTEM. B Hacrosiiee NpUHATO
JIBa OCHOBHBIX MO/IX0/Ia I10 POCKTHPOBAHUIO OECITHIOTHBIX cHcTeM. [lepBoe HampaBiieHHE HACT 110
IIYTU Pa3BUTHsI OCCIMIOTHUKOB, IJIe YETOBEUECKUH (DaKTOP MOJHOCTHIO UCKITIOUCH U3 YIIPABICHUS
JIETAOIICH TEXHUKOW, a BTOPOM HIET MO MyTH COXPAHEHWS MHIOTHPOBAHHUS YEIOBEKOM, HO C
obecreueHeM CHI)KEHHSI YPOBHSI CIIOKHOCTH YIIPABJICHUS JIETaTeNIbHBIM anmnapatoM. C pa3BUTHEM
KJIFOUYEBBIX TEXHOJIOTUH, TOCTUIHYB HPHEMIIEMOTO YPOBHS TOTOBHOCTH U 0€30MacHOCTH, 00a IyTH
COCMHSTHCS B CIMHOM HAIMPABJICHHH, KOTOPOE MO3BOJIUT OMIIHOHAIBHO BRIOUPATH Pa3HbIe YPOBHH
YIIPaBIICHUSI ¥ KOHTPOJISL.
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IIpumepoM BTOpPOro MmyTH Pa3BUTHS OECIMIOTHBIX CHCTEM SBISIOTCS MPOCKTHI aMEPHKaHCKOM
komnanun Cuxopckuil. IIpoeKTl 3aKIIOYAlOTCs B MOJEPHU3ALMS CEPUHHBIX BEPTONICTOB C
[OPUMEHCHHEM MATPUYHBIX ABTOHOMHBIX TEXHOJOrWi. IIpMMEpPOM TEXHOIOTHH  CITYXHT
JIEMOHCTPATOp, MOCTPOSHHbIM Ha 0a3ze Bepronéra Mmoxmenu S-92B. Ilyte moctpoeHust ot
OILMOHATBHO-ITHIOTUPYEMOTO BEPTOJIETa B IIOJHOCTHIO OECHMIIOTHBI BEPTONET BO3MOXKHO
[IOCPE/ICTBOM MOJACPHHU3AIMH CEPHUHHOrO MHIOTHPYEMOro BepTojiera B jABa sTama. Ha mepBom
JTamne, WHCHOJIbB3YIOTCS WMEIOIIHEeCs CEpUHHBIE H3eIns W 00OpYyHOBaHHME, C MHHHMMAJbHOW
NepeaeNkoil s o0eceueHnsl CO3JaHMsl BapHaHTa BEpTOJieTa, NMpEeJHAa3HAaueHHOro UIsl TI0JIETOB,
KaK C JITYNKOM, TaK ¥ B OCCIHJIOTHOM PEXHME — ONIHOHAILHO-IMIOTHPYEMbI BapHaHT. DTO
MIO3BOJIUT OTPabOTATh OSCHHIOTHBIH BapHaHT BEpPTOJETa, IPOBEPHTH MPABUIIBHOCTD BBINOJTHEHHS
JIOTUKH paboTHl IOA KOHTPOJEM JIeTYMKa-ucIbITaTeNns. Ha BTopoMm JTame, NpH yCTaHOBKE
HEOOXOIUMOTO OOHOBJICEHHOTO O00OpYIOBaHMS, CO3JaTh BapUAaHT IOJHOCTBIO OECHHMIOTHOTO
BapyaHTa BEpTOJIeTa M MOATBEPAMTH HOJYYCHHBIC NPH OTPAOOTKE MEpPBOrO dTama pe3yJbTaThbl.
JlaHHBI TyTh pPa3sBHUTHS OOECIEYHUT COKPAIICHHE IKCIUTYaTallIOHHBIX PACXOZOB M MOBBILICHHU
KOHKYPEHTOCIIOCOOHOCTH MO CPAaBHCHHIO C JPYTMMH BHHTOKPBUIBIMH allllapaTaMy, a TaKiKe
TIO3BOJIUT IIOBBICHTH AaBTOHOMHOCTB, YTO OOECHEUUT CHIDKCHHE TPEOOBaHHWH K MIJIOTHPOBAHHIO H
TIOBBICHT BOCTPEOOBAHHOCTD JIETATEIBHBIX AIIAPaTOB Ha KOMMEPYECKOM PBIHKE.

Choosing a path for the development of unmanned systems
Malyasov A.A.
National Helicopter Center Mil&Kamov, Tomilino, Russia

The development of aviation is at the first stage of creating a whole family from vehicles to
aerobatic complexes of various levels of automation of systems. Currently, there are two main
approaches to the design of unmanned systems. The first direction goes along the path of
development of drones, where the human factor is completely excluded from the control of flying
equipment, and the second goes along the path of preserving human piloting, but ensuring that the
level of complexity of aircraft control is reduced. With the development of key technologies,
reaching an acceptable level of availability and safety, both paths are connected in a single
direction, which will allow you to optionally choose different levels of management and control.

An example of the second way of development of unmanned systems is the projects of the
Sikorsky Company. The projects include the modernization of serial helicopters using matrix
autonomous technologies. An example of the technology is a demonstrator based on the S-92B
helicopter. The path of construction from an optionally piloted helicopter to a fully unmanned
helicopter is possible through the modernization of a serial manned helicopter in two stages. At the
first stage, the existing serial products and equipment are used, with minimal alteration to ensure
the creation of a helicopter version intended for flights, both with a pilot and in unmanned mode -
an optionally piloted version. This will allow you to work out an unmanned version of the
helicopter, check the correctness of the logic of the work under the control of the test pilot. At the
second stage, when installing the necessary updated equipment, create a fully unmanned version of
the helicopter and confirm the results obtained during the first stage. This development path will
provide a reduction in operating costs and an increase in competitiveness compared to other rotary-
wing vehicles, as well as increase autonomy, which will reduce the requirements for piloting and
increase the demand for aircraft in the commercial market.

Bri6op napamMeTpoB KpelicepcKoro pesxnuMa B 1oJieTe Ha JaIbHOCTH JIETKOT0 IPaskIAHCKOT0
caMoJIeTa ¢ HCH0/Ib30BAHHEM MHOI0IIeJIeBOro MOIX0/1a
Mapxkeuy I1.
MAM, r. Mocksa, Poccust
B pabore paccmaTpuBaeTcsi KpeHCEpCKHH PEXHMM II0JIeTa JIETKOrO IPakJaHCKOTo caMolieTa B
3aj1aue 1ojeTa Ha JanbHOCTh. [Tox kpelcepCKHM peXUMOM HOHUMAIOT PEXKHUM NPOJOIDKHTEIEHOTO
JIBHKEHHUS JIETATENBbHOIO ammapara, BO BpEMsl KOTOPOIO BBIIIOJIHSETCS LieJeBas 3aa4a — MoJeT Ha
3aJlaHHYI0 WM MAaKCHMAaJIbHYIO JalbHOCT. OOBEKTOM HCCIENOBAHMS SBIACTCS JICTKHH
TPaXIaHCKHH CaMOJIeT, OCHAIICHHbI BHUHTOMOTOPHON CHJIOBOM YCTaHOBKOM C MaKCHMAaJIbHOM
B3jeTHON Maccoii He Oonee 5700 kr. OCOOCHHOCTH MAHHOM 3amayd 3aKII0YAETCS B IIOMCKE
ONTHUMAJILHBIX NapaMETPOB IIyTeM HCCIIEJOBAHHA KOMIPOMHUCCA MEXAY HAHMEHBLIMM PacXxojoM
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TOIMBa (HAMBBITOJHCHINMH DPEXKHM) M KPOTYAMIIUM BpeMeHeM (CKOpOCTHOH pexum). B
COOTBETCTBUH C TPEOOBAHUAMH a3POHABHIAIIMOHHOIO IJIAHMPOBAHUS II0JIETa U FEOMETPHUYECKHMH
OrpaHUYCHHUSAMU KPEHCEPCKUIl pPeXHM II0JeTa pacCMaTpUBACTCS C IMOCTOSHHOH CKOPOCTBIO Ha
3a/laHHOM DSIIeNOHe TojeTa. B 3ajauax OMHaMMKH IONeTa JaHHBIH BUJ KPEHCEPCKOro pexuMa
paccMaTpUBaeTCsl KaK TOPU30HTANIBHBIN TOJIET, B KOTOPOM BCE CHIIBI U MOMEHTBI COAIaHCUPOBAHBI.
Ilonck onTUManbHOM CKOPOCTM M BBICOTHI KPEHCEPCKOTO peXHMa OCYHIECTBISIETCS IIyTeM
MHMHHMHU3alUKM OOOOIIEHHOTO IIOKa3aTells IIOTeph pacxoja TomumBa M BpemeHH. C  yuérom
MHOTOLIE/ICBOH TIOCTAHOBKOM 3a/1audl JaHHBII MOKa3aTelnb MOXKHO HPEICTaBUTh, KaK JIMHEHHYIO
CBEPTKY HOPMHPOBAaHHBIX YACTHBIX IIOKa3aTeneil C 3aJaHHBIMH BECOBBIMH Kod(dummeHTamu,
OTPaXAIOIWMMH CYyOBEKTHBHOE OTHOLICHHWE HCCIEA0BATeNsl K JAHHBIM YacTHBIM KPUTEPHSM.
IToka3aTens MoTepb pacCMaTPHUBAETCS, C OJHOW CTOPOHBI, IIOCPEICTBOM HCCIICJOBAHHS OTHOIICHUS
MPEIIOYTCHUS] MKy YaCTHBIMHU IOKA3aTEISIMU H, C IPYTOH CTOPOHBI, IOCPEICTBOM OTHICKAHUS
BECOBBIX KOI((UIMEHTOB, 0O0CCHEUMBAIONINX EIMHCTBEHHOE PELICHHE 3aJadll MHHHMH3AIUH
nokasareis noreps. ONTHMaNbHas BBICOTa KPEHCEPCKOTo pEeXMMa JOCTHIaeTcs Ha DIIeJIOHe,
KOTOPOMY COOTBETCTBYeT HAauMMEHbIIEC 3HAYCHHE IIOKa3aTelds MOTepb. IIpencTaBIeHHBIM
HCCIICIOBAaHHEM aBTOp IIpeUlaraeT METOJ YMEHBIIECHHs I10Ka3aTels IOTepb ITOCPEICTBOM
SIIEIOHNPOBaHMs. B paboTe paccMaTpHBalOTCs OrpaHHYEHUS B BHAE OOJACTH pacIoiiaraeMbIX
BBICOT U CKOPOCTEH, JOIyCTHMOIO [Hala3oHa peXuMa paboTel ABUTaTens (CTeHmeHH
JIPOCCEJIMPOBAHMS JIBUTATENsI) U paclojlaraeMoil Macchl TOIUIMBa. B kadecTBe mpoToTria o0beKTa
HCCIIEJOBaHUS UCIIONB3YETCSl MaTeMaTHueckas Mojeib camorera MJI-103.

The long-haul flight cruise mode parameters selection of a light civil aircraft by multipurpose
system approach
Markiewicz P.
MAI, Moscow, Russia

In the paper is considered the cruise mode of light civilian aircraft in the task of long-haul flight.
The cruise mode refers to the mode of long-duration movement of the aircraft, during which the
target is a flight to a given or maximum range. The object of the research is a light civil aircraft
equipped with a propeller propulsion system with a maximum take-off weight of no more than
5700 kg. The task peculiarity lies in finding optimal parameters by researching the trade-off
between the lowest fuel consumption (the best-range mode) and the shortest time (high-speed
mode). In accordance with the requirements of aeronautical flight planning and altitude separation,
the cruise mode of flight is considered at a constant speed on a given flight altitude. In the flight
dynamics tasks, this type of cruise mode is considered as a level flight, in which all forces and
moments are balanced. The determination of the optimal speed and altitude of the cruise mode is
carried out by minimizing the generalized rate of fuel loss and time loss. Taking into account the
multipurpose nature of the task, given rate of loss can be presented as a linear combination of
normalized partial losses with specified weight coefficients, which reflect the subjective preference
of the researcher to these partial losses. The rate of loss is considered, firstly, by examining the
relationship of preference between partial losses and, secondly, by finding weight coefficients that
provide the single solution to the problem of minimizing general loss. The optimal altitude of cruise
mode is reached on the flight level, which corresponds to the lowest value of the general loss. The
author of the study develops a method of reducing the rate of loss by optimal altitude separation.
The paper considers limitations in the area of disposable heights and speeds, the allowable range of
engine mode (engine throttle ratio) and the disposable mass of fuel. The mathematical model of the
IL-103 aircraft is used as a prototype of the research object.

CpaBHHTeJIbHOE HCC/IeI0BAHNE 29POTHHAMHKH COOCHOT0 HECYIIlero BHHTA HA pexKuMe
BHCEHMs Ha 0a3e BuXxpeBoii Mogesn u metoga URANS
Hukutun C.O., Koncrautunos C.I'., Urnatkun F0.M., Makees I1.B.
MAM, r. Mocksa, Poccust
Coocupiii Hecymmii BUHT (HB) Ha mpotsbkennu yxe Oonee yeM 70 JieT SIBISETCS BU3HTHOU
KapTouKoil BepToneToB GupMsl "Kamos". OTcyTcTBHE HEOOXOAUMOCTH 3aTpaulBaTh MOITHOCTD HA
BpAlllCHHE PYJICBOr0 BHHTA M PsA APYTHX HpeuMyIliecTB coocHoro HB mo3Bommia cooCHBIM
BEPTOJIETaM 3aHATh B MUPOBOM IapKe BEPTOJIECTOB CBOIO NMPOYHYIO Humly. B To *e Bpems, ocoOble
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cBoiictBa coocHoro HB ¢ keCTKIM KperieHHeM JIoacTel B TOPH30HTaIbHOM MOJIETe, CAENaIN ero
ocHoBoii jurst TexHonorud ABC (anrn. Advancing Blade Concept) BriepBbIe BOIUTOICHHON (GUpMOii
CHKOpPCKOTO B JEMOHCTpAaTOpe CKOPOCTHOro Bepronera S-69. C Tex HMOp COOCHBI BHHT CTal
OCHOBO#{ [l MHOTHX IPOEKTOB CKOPOCTHBIX BEPTOJICTOB, YTO 3HAYNTEIBHO YBEIMYHIO HHTEPEC K
nanHO# cxeme HB. Tlostomy B nocnenHee BpeMs BOIPOC MCCIIEAOBAHUS a3POJMHAMUKH COOCHBIX
HB Ha pasianuHbIX peXXUMax pabOThI SIBISETCS TEMOH OONBIIOr0 KOJINYECTBA HAYYHBIX paboT U HE
TepseT CBOEH aKTyaJlbHOCTH.

Pabora mocBsieHa pacueTy a’poAMHaMHKH coocHoro HB Ha pexmmax BHCEHHS.
MogzenupoBanue paborsl HB BBIMOMHEHO C NPUMEHEHHEM MABYX IMOAXOJ0B BBIYHCIMTEIBHON
ruaponuHamukn CFD (computational fluid dynamics): paspaGoranHOil aBTOpamMH HENTHHEHHOM
BuxpeBoil Mozmenu u merona URANS (Unsteady Reynolds-averaged Navier Stokes equations) ¢
Mozenbio TypOymentHoctu "k-w SST" ma Oase makera Ansys Fluent. B pesymbrate paboTs
TIOJIy4YEHBI U NIPOAHAIN3UPOBAHBI: CTPYKTYpa BUXpeBoro ciena 3a HB, kapTuHbl 1MHuH ToOKa, OIS
3aBUXPCHHOCTH W HHIYKTHBHBIX CKOpPOCTEH, MOJy4eHbl CYMMapHble H paclpejieleHHbIe
aspoanHamudeckue xapakrepuctuku HB. [locTpoens! nonspa BUHTa U Onpe/iesieH OTHOCUTENbHBIH
K03(pUIIMEHTa [OJIE3HOTO JASHCTBHS HA BUCEHHH. [IpOaHAIN3MPOBAHO COOTHOLICHUE TAT MEKIY
BEPXHHM H HIDKHUM BHHTaMH. VcCIie[0BaHbl TPAEKTOPHH BHXpeH, CXOASIIMNX C KOHIOB JIOMACTel
BEPXHET0 M HIDKHETO BHHTOB. IIPOBEICHO COIOCTABICHHE PE3y/IbTATOB PACUETOB, ITOTYYCHHBIX
000OMMH METOJAaMH MEXIy COOOH, a TakKe C JAHHBIMH SKCIIEPHMEHTOB M PacderoB JPYrux
aBTopoB. IToka3aHO yIOBICTBOPUTEIHHOE COBMAICHHE JAHHBIX, OATBEPIKAAIOIICE JOCTOBEPHOCT
OpUMEHSCMbIX ~ Mogeneil. [IpoaHannM3upoBaHbI OCHOBHBIE OCOOCHHOCTH M BO3MOXHOCTH
[PaKTUYECKOTO NPHMEHEHHs PACCMOTPEHHBIX IIOAXOMOB JUISl PELICHHs pa3IMYHbIX 3a1ad
aspoguHaMuku coocHoro HB. Crenan BBIBOA O 11€1€CO00Pa3HOCTH COBMECTHOTO MPHMEHEHHS
PacCMOTPEHHBIX METOIOB MPH PEIICHUH KOMIIICKCHBIX 33a4 a9poHHaMUKy coocHoro HB.

Numerical study of the coaxial main rotor aerodynamics in hover based on the free wake
model and the URANS method
Nikitin S.0O., Konstantinov S.G., Ignatkin Yu.M., Makeev P.V.
MAI, Moscow, Russia

The coaxial main rotor has been the feature of "Kamov" Company helicopters for more than 70
years. The absence of the power consumption on the rotation of the tail rotor and a number of other
advantages of the coaxial main rotor (MR) allowed coaxial helicopters to hold on their own place in
the world's helicopter fleet. At the same time, the special features of the coaxial MR scheme in
horizontal flight made it the basis for the ABC (advanced blade concept) technology first
implemented by the Sikorsky Company in the S-69 high-speed helicopter demonstrator. Since then,
the coaxial MR has become the basis for many high-speed helicopter projects, which has
significantly increased interest in this aerodynamic scheme of the MR. Therefore, recently the
problem of studying the aecrodynamics of the coaxial MR in various operating modes has been the
subject of a large number of researches and nowadays it does not lose its relevance.

This work is dedicated to the numerical modeling of the coaxial MR aerodynamic characteristics
in hover. Modeling was performed using two methods of computational fluid dynamics (CFD): the
free wake model developed by authors and the URANS (Unsteady Reynolds-averaged Navier
Stokes equations) method with the "k-w SST" turbulence model based on the Ansys Fluent
software package. As a result of work there have been obtained and analyzed the structure of the
vortex wake behind MR, flow images, induced velocity and vorticity fields, total and distributed
aerodynamic characteristics of the rotors. There were obtained rotor performance and Figure of
Merit diagrams. The ratio of thrust between the upper and lower rotor is analyzed. The trajectories
of vortices descending from the tips of the upper and lower rotor blades are studied. The results of
calculations obtained by both methods are compared with each other, as well as with experimental
data and calculations performed by other authors. A satisfactory data match is shown, confirming
the reliability of the models used. The main features and possibilities of practical application of the
considered numerical methods for solving various tasks of coaxial MR aerodynamics are analyzed.
The conclusions about the rationality of joint application of the considered methods in solving
complex problems of coaxial MR aerodynamics are made.

26



IlpumeHenne B aBHAIMH META/LIO-NOIHMEPHBIX KOMIIO3HIIHOHHBIX MATEPHAJIOB HA 0CHOBE
THTAHOBOTO CILIABa
TTeuentok B.C., [Tomos 10.1.
MAM, r. Mocksa, Poccust

Mertaso-nonuMepHble KoMrosuioHHble Matepuansl (MITKM) sBisioTCst HMepCHEeKTUBHBIMH
MaTepHalaMH JUI COBPEMEHHOH aBHAIIMOHHON TeXHUKH. OHH NPEACTaBIIOT U3 CeOs CIOUCTHIMA
MaTepHall ¢ YepeIyIOIUMHUCS CIOAMH U3 TOHKHX METaJUIMYECKHX JIMCTOB ((ONBIH) U MOITMMEPHBIX
KOMIIO3MIIMOHHBIX MarepuanoB. CoueraHue MeTala M IOJMMEPa B MaTepHanax II03BOJIAET
peann30BaTh TPYAHO JOCTIDKHMEIE, a HHOTAA H HEBO3MOJXKHBIE C TOUKH 3PEHUS CBOICTB U3BECTHBIX
MaTepHaoB, CBOHCTBA.

B coBpeMeHHBIX OOEBBIX CaMOIETaX, B YACTHOCTH OCCIMIIOTHBIX, HECOOXOJHMMO BO3AEPIKATHCA OT
UCTIONB30BAHUS B KOHCTPYKIIMU JETaled U3 CTAIH U yBEIHIHUTH INPUMEHEHHE ANTIOMHUHUEBBIX H
TUTAHOBBIX CIJIABOB M NONMMEPHBIX KOMIIO3MIJMOHHBIX MaTepuasoB. KOHCTPYKIMS MOTOOTCEKOB
BBITIOJIHACTCS IPEUMYIIIECTBEHHO U3 THTAHOBBIX CIUIABOB KaK BHELIHUE 00BOJIbI, TAK M BHYTPEHHUI
KapKac H3-3a TPeOOBaHUH K II0XKAPOCTOMKOCTH ¥ BBICOKHX OKCIUTyaTallHOHHBIX TEMIIEPAaTyp B
orceke. Ilo 3Toif mpuunMHe B KayecTBe OOMIMBKM MOTOOTCEKA IEPCIIEKTHBHBIM HAIPaBICHHEM
sBisiercst npumenenrne MITKM Ha ocHOBE TUTaHOBOTO CIIIaBa BMECTO OOBIYHBIX METAJUIMYECKHX
mctoB. B OT'YIT «BUAM» B pamkax «CTpaTern4yecKux HaINpaBJICHUI pa3BUTHS MaTEPHUAIOB U
TEXHOJOTHH MX nepepaborku Ha mepuox 1o 2030 roman[l] paspabarsBatorcst MIIKM cucrembt
«TUTaH-YTIEIUIACTHK» W3 TUTaHOBBIX crmaBoB BT23M u BT20, cmocobGHblE cOXpaHATH
aJre3MOHHbBIE CIIOCOOHOCTH K MpENperaM yrilemiacTHKa ¢ TemIocTonKocTho 10 200°C.[2]

B 2015 romy B dumane ITAO «Kommanus «Cyxoit» «OKB Cyxoro» Obuia mpoBencHa
9KCIIEpUMEHTaIbHas paboTa, MO OLEHKE BO3MOKHOCTU M3TOTOBJIEHMS JeTanei M3 TMOPHUAHOIO
CIIONCTOTO THUTAaH-NIONUMEPHOro Marepuana. B pesymprate mposemenHoii B OKB Cyxoro
SKCIIEPHUMEHTAIBHOIH PabOThl OblIa IOATBEPXKACHA BO3MOKHOCTh M3IOTOBIECHUS KOHCTPYKLIHH C
HCIIONB30BaHNEM THTaHOBOI ¢osbru u KieeBoro mpenpera mMapka KMKC-4m.175.T64.55. Ilpu
9TOM, Onarogaps OTHOCHTENHHO HEBBHICOKMM TEPMHUYECKUM HAIPSKEHHSAM Ha TPaHUNE pasfena,
Oblla JIOCTUTHYTa BBICOKAs CABUIOBas IPOYHOCTH CKJIeiiku MarepuasnoB, Ha 10-20%
NPEBbIIAIONICH AHAJIOIMYHBIM IOKa3aTellb COCAMHEHHUS TIOPATIOMHHMII — crekiomiacTik. Ko
BceMmy npodemy MITKM Ha 29-45% nerde THTaHOBOTO JMCTa, YTO JaeT OOJNbIIEE HIPEUMYIIECTBO.
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«CTpaTerndyeckyx HalpaBlIeHHUI pa3BUTUS MATEPHAIOB U TEXHOJIOTHH UX IepepabOTKU Ha HEPHOX
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2. SlxoBneB A.JL., HouoBnas H.A./ BinsiHue TepMuueckoil 0OpabOTKH Ha CBOMCTBA JIUCTOB U3
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Application in aviation of metal-polymer composite materials based on titanium alloy
Pechenyuk V.S., Popov Yu.L
MAI, Moscow, Russia

Metal-polymer composite materials (MPCM) are promising materials for modern aviation
technology. They are a laminated material with alternating layers of thin metal sheets and polymer
composite materials. The combination of metal and polymer in materials makes it possible to
realize properties that are difficult to achieve, and sometimes impossible from the point of view of
the properties of known materials.

In modern combat aircraft, in particular unmanned aircraft, it is necessary to refrain from using
steel parts in the structure and to increase the use of aluminum and titanium alloys and polymer
composite materials. The design of the motor compartments is mainly made of titanium alloys, both
the outer lines and the inner frame due to the requirements for fire resistance and high operating
temperatures in the compartment. For this reason, as a cladding for the motorcycle compartment, a
promising direction is the use of MPCM based on titanium alloy instead of conventional metal
sheets. In FSUE "VIAM" within the framework of "Strategic directions for the development of
materials and technologies for their processing for the period up to 2030" [1], MPCM systems are
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being developed "titanium-carbon fiber" from titanium alloys VT23M and VT20, capable of
maintaining adhesion to CFRP prepregs with heat resistance up 200°C. [2]

In 2015, the Sukhoi Design Bureau, carried out experimental work to assess the possibility of
manufacturing parts from a hybrid layered titanium-polymer material. As a result of the
experimental work carried out at the Sukhoi Design Bureau, the possibility of manufacturing
structures using titanium foil and adhesive prepreg grade KMKS-4m.175.T64.55 was confirmed. At
the same time, due to the relatively low thermal stresses at the interface, a high shear strength of
materials gluing was achieved, which is 10-20% higher than that of the duralumin — fiberglass joint.
In addition, MPKM is 29-45% lighter than titanium sheet, which gives a greater advantage.
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HccienoBanne a3poAHHAMHYECKHX XaPAKTEPHCTHK NAPAIIIOTOB MOBBIMIEHH O
YCTOHYMBOCTH
IMnockos C.10.
AO «HUU napamrorocTpoenusi», r. Mocksa, Poccus

YCTONUMBOCTH  MapallioToB IIpUAAcTcss 0coboe 3HaYeHME CO MHOIMX TOYEK 3PCHHUS:
HEJOCTaTOYHAsl YCTOMYMBOCTH CIACATENbHBIX U JICCAHTHBIX IAPAIIIOTOB MOXKET IPUBECTH K
TpaBMaM IpH NPHU3EMIIEHUH, TOPMO3HBIX NAPAILIOTOB — K YCIOKHEHHIO YIPABJIECHUS CAMOJIETOM BO
BpeMs IpoOera, cTaOMIM3HPYIOMIUX IapalllOTOB K INOJHOMY BBIXOAY BCEH CHCTEMBI U3 CTPOSL.
3HaHUE JTHX OOCTOATENBCTB M PACHIMPEHHE OOJIACTH NPUMEHEHHUs MapallioTOB, BBI3BAHHOE
HPOTPECCOM  aBUALIMOHHONW TEXHUKM, IPUBEIM K HEOOXOIMMOCTH CO3JAaHUS KOHCTPYKLHUH
MIapaIIIOTOB C BBICOKOH YCTOHYHMBOCTBIO.

Jloknaj MOCBSIEH HCCIENOBAHUAM psna (opM KyHOJIOB MApallioToB, KaK THIIOBBIX, TaK H
nepcnekTHBHbIX. Llenb paGoThl — M3BICKAHME HOBBIX NPHHIUIIOB CO3/aHUsS [ApaIlloTOB
MOBBIIIEHHON YCTOHYMBOCTH HAa OCHOBE aHA/IU3a PE3yJIbTaTOB YHUCIEHHBIX M DKCIIEPHMEHTAIBHBIX
HCCIIeIOBAaHHH) KYIIOJIOB Pa3IHIHBIX (HOPM.

B pabore mnpennokeHo paclIMpUTh TOHATHE YCTOMYMBOCTH MHapallloTa. TpaauIlMOHHO
CUUTAJIOCh, YTO IApallIOT SBJISETCS YCTOHYMBBIM, €CIIH OH CIOCOOEH TIacHTh MasTHHKOBBIE
KOJIeOaHMs [IPH CHIKCHHH CHCTEMBI IPy3+Iaparior. IT0 YTBEPXKACHHUE MPEITI0KEHO JOMOIHATh
00513aTeNbHBIM YYETOM CIIOCOOHOCTH CHCTEMBI COXPAHSTh 33JaHHYIO TPAEKTOPMIO BHKEHHUs IPH
HEUTpaJbHOM KyIOJ€ BHE 3aBMCHMMOCTH OT M3MEHEHHMs Macchl MONe3HOH Harpysku. Jns
JICCAaHTHBIX CHCTEM IOBBIIIGHHE JTOrO pOJa YCTOHYMBOCTH MApAIIIOTOB IPUBOAUT K
CYILIECTBEHHOMY YBEJIMYEHHIO KyYHOCTH NPH3EMJICHHUS IECAHTHUKOB U YMEHBIIEHUIO BEPOSITHOCTH
CXOXKIEHHUS MAapaIlIOTUCTOB B BO3JAyXe. AHAIN3 OOLIEAOCTYHHBIX MaTEepHaloB 10 paboTe TakHX
napamtotHeix cucreM kak: T-11 (CLHA), C-400 (Mcmanus) u LLP Mkl (BenukoOpuranust)
NIOKa3bIBAET, YTO UMEHHO PACIIMPEHHOE MOHSITHE YCTOIHYMBOCTU B3STO 33 OCHOBY COBPEMEHHOI'O
MOIX0/1a K MPOSKTUPOBAHHIO HHOCTPAHHBIX AecaHTHBIX 11C, Tak 3TO MONMKOHNYECKHE MapalIioThL.

B pabote npuBOAATCS pe3yIbTaThl YHCICHHOTO MOACIUPOBAHNUS KYIIOIOB: Hapamora Tina T-11,
nosyc(hepryeckoro, 4eTBepThChepUIECKOro M TONMKOHMYeckoro. Ha ocHoBe aHamm3a 3THX
pe3yabTaToB OblIa IpEAIOKEHa TIHUIoTe3a O TOM, YTO YMEHBIIEHHE HHTEHCUBHOCTH
BUXpeoOpa3oBaHMUs B CJ€le MPUBOJUT K IIOBBIICHUIO YCTOMYMBOCTH CHIDKGHHS IIapalliOTOB.
Pe3ynbTaThl 4MCIEHHOrO MOJEIHPOBAHMS OOTEKAHMs IOJIMKOHMYECKOrO KyIojia IOATBEpANIH
MIPaBUIILHOCTD BBIJIBUHYTOH TUIIOTE3b.

Taxxe A1 HOATBEPXKIEHHS OTOTO IPEAINOIOKEHHS ObUI IOMUT MOJCTBHBIM IMapamroT
CTIeLMAlIbHOM TTOJMKOHMYECKOH (popMbl. Bblna mpoBeneHa ero sKCIepHMEHTallbHas NpPOBEpKa,
KOTOpasi MOATBEP/HIA XOPOLIYI0 yCTOHYMBOCTh M BBICOKHME a9POJAMHAMUYECKHE XapaKTEPHCTUKH
TaKoro mapamrnora. B pabore mpencraBieHbl 000OLIEHHBIC PE3yIbTaThl CTPEILOOBBIX U JICTHBIX
9KCIEPUMEHTOB ¢ MonenbHou [1C.
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Study of the aerodynamic characteristics of parachutes with improved stability
Ploskov S.Yu.
Institute of Parachute Design, Moscow, Russia

The stability of parachutes is of particular importance from many points of view: insufficient
stability of rescue and landing parachutes can lead to injuries upon landing, braking parachutes — to
complication of aircraft control during the run, stabilizing parachutes to complete failure of the
entire system. The knowledge of these circumstances and the expansion of the field of application
of parachutes, caused by the progress of aviation technology, led to the need to create high-stability
parachute designs.

The report is devoted to the study of a number of parachute canopy shapes, both typical and
advanced. The aim of the work is to find new principles for creating parachutes with increased
stability based on the analysis of the results of numerical and experimental studies of canopies of
various shapes.

The paper proposes to expand the concept of parachute stability. Traditionally, it was believed
that a parachute is stable if it is capable of damping pendulum vibrations when the system weight +
parachute descends. It is proposed to supplement this statement with the obligatory consideration of
the system's ability to maintain a given trajectory of movement with a neutral canopy, regardless of
the change in the payload mass. For landing systems, an increase in this kind of stability of
parachutes leads to a significant increase in the accuracy of the landing of paratroopers and a
decrease in the likelihood of parachutists converging in the air. An analysis of publicly available
materials on the operation of such parachute systems as: T-11 (USA), S-400 (Spain) and LLP Mkl
(Great Britain) shows that it is the expanded concept of stability that is taken as the basis of the
modern approach to the design of foreign troops parachutes, so these are polyconic parachutes.

The results of numerical modeling of canopies are presented. Based on the analysis of these
results, a hypothesis was proposed that a decrease in the intensity of vortex formation in the wake
leads to an increase in the stability of the parachute descent. The results of numerical simulation
confirmed the correctness of the hypothesis.

In addition, to confirm this assumption, a model parachute of a special polyconic shape was
sewn. Its experimental verification was carried out, which confirmed the good stability and high
aerodynamic characteristics of such a parachute. The paper presents the generalized results of
shooting and flight experiments with the modeling parachute system.

IIpoexTHpoBaHUe COBPEMEHHOI CHCTEMbI BLUIMBHOIO ABUALIMOHHOTO IPUGOPa 1J1s1 copoca
OrHeracsimei ;KMIKOCTH ¢ BOCHHO-TPAHCIIOPTHOTro camoJieta Ui-76
IIpokonenko 1. A.

MAMU, r. Mocksa, Poccust

3a mocnenHue S5 JeT TOJBKO Ha TeppuTopuu Poccuiickoi ¢enepanuy orHeM ObLla OXBaueHa
TeppUTOpuUst obwIel miomanso 6onee 18 MUILIMOHOB rexTap, HaHecs ymep0 B 165 MummapaoB
pyOuneii. B coBpeMEHHOM MHpE C IOCTOSHHO MEHSIOIIMMUCS IOTOJHBIMHU YCIOBHSIMH, BO)KHO HE
TOJIBKO MAKCHMAIBHO 3(G(EKTUBHO GOPOThCS C OTHEM 3a JOCTATOYHO KOPOTKHE CPOKH, HO U
PEry/sIpHO TPOBOIHUTH pPa3BebIBATE/IbHBIE MEPOIPHUATHS B JIECHOH MECTHOCTH, 3amepsisi M
MOAZICPKUBASI TOCTATOYHBIA yPOBEHb BJIATH, KOTOPHIH He OyJeT AaBaTh OTHIO PacHpOCTPAHATHCS
HA OTPOMHBIE TEPPUTOPHUH.

Lenp paboTBl — YCOBEpIICHCTBOBAHHME OTHACIBHBIX MOIYJEH CYIIECTBYIOIIEIO BBUIMBHOIO
aBHAIMOHHOTO npudopa BAII-2, KOTOPEIH IHPOKO MPUMEHSETCS] P TYLICHUH JICCHBIX T0XKapOB
Ha BOCHHO-TPaHCIIOPTHOM camonere Win-76.

IIpemnaraercst N3MEHUTh METOAUKY cOpoca Bozbl ¢ roMolbsio BAIT-2. Bmecto MexaHHYECKOro
criocoba cOpoca BOABI, 3a CYET OTKPHIBAHWS CTBOPOK BBUIMBHOIO MPHOOpa C IMOMOIIBIO WiCHA
JKHIIAXa, TPEIIaracrtcss BBIBECTH  OTACHbHYI0  KOMIIBIOTEPHYIO — POrpamMMy, KOTOpas
aBTOMATHYECKH OyIeT yHpaBiiaTh cOpocoM oOrHerymamieil skuakoctd. JlanHas mnporpamma
aBTOMATHYECKH PACCUUTBHIBACT, KOIJA, C KAKUM PAcXoIOM M 3a KaKoe KOJIUYECTBO BPEMEHH
MaKCHMaIIbHO 3(Q(PEKTHBHO OCYILIECTBUTE COPOC.

OCHOBHBIMH BXOJIHBIMH MapaMeTpaMu JUls pacyéra cOpoca BOABI SBIISIOTCS:

1. I1nomaae Bo3ropaHusi.

2. HampaBieHue u CKOpOCTh BETpa.
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3. CKopoCTh IOJIETa CAMOJIETA.

4. BeicoTa noeTa camMoseTa.

Buenpenne maHHOH IpOrpaMMbl IO3BOIMT B Pas3bl COKPaTUTh JHEPro3aTPaTHOCTb BBHLIETOB
aBMALMH 32 CYET SKOHOMUH TOIUINBA U PACX0/la OTHETYIIAIIEro COCTaBa.

B xozne paboThbl ObUIM BBITIOJHEHBI CIIEAYIOIIHUE 3TAMbL:

1. Pa3paborana TuapaBiIndecKas CHCTeMa YIPaBIeHUS cOPOCOM BOABL U3 BEUIMBHOTO IPHOOpa C
00paTHOM CBA3BIO MO PACXOJy JUIS Pa3INYHBIX THUIIOB OJIOKOB MUTaHHSA M BUJOB HCIIONHUTEIBHBIX
MEXaHH3MOB.

2. IlpoBemeH aHanu3 HArpy30K Ha HCHONHUTENBHBI MEXaHU3M H 3aTBOP BOJOHAIMBHOIO
pubopa ¥ B KAYECTBE OCHOBHOMN CHCTEMBbI [UIs UCCIICNOBAHMS PACCMOTPEH aBTOHOMHBIH TIPUBO C
TUJIPO3aMKOM, APOCCEINPYIOIINM PacpeieuTeIeM 1 OJIOKOM ITUTaHHs B BUJIC HACOCHOH CTaHIIUN
[IOCTOSIHHO# ITOIa4X C PETYIIATOPOM PEJie TaBIICHHS.

3. Paspaborana MaremMaTH4yecKas MOJENb CHCTEMbl PETYIHPOBAHUS, AITOPHUTM BBIYHUCICHUS
pacxona BOJbl B 3aBHCHMOCTU OT YIJla aTakd CaMoJjeTa, YPOBHS CBOOOIHON MOBEPXHOCTH H
JIABJICHUS Ha CPE3¢ 3aTBOPA M €ro yriia MOBOPOTa.
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Design of a modern spray tank of an aircraft for the discharge of fire-extinguishing liquid
from military transport aircraft 11-76
Prokopenko D.A.
MAI, Moscow, Russia

During the last 5 years, over 18 million hectares of forestlands in Russia have been caught in fire,
resulting in loss of 165 milliard rubles. In a modern word with constantly changing weather
conditions it is not only important to fight fire effectively but to hold regular investigating
operations over forests to check and maintain humidity level enough to stop fire from spreading to
big territories.

The aim of this research work is to modernize and upgrade some of the features of an existing
spray tank VAP-2, which is widely used in extinguishing forest fires on I1-76.

It is recommended to change the method of discharging the water with VAP-2. Instead of
mechanical discharge of water, when a spray tank is activated by a crew member, it is suggested to
create a computer program which will automize the process of discharging fire extinguishing liquid.
This program automatically calculates when and how much of water should be discharged to make
the process effective.

The main input parameters for calculating water discharge are:

1. The fire area.

2. Wind flow direction and speed.

3. The flight speed of the aircraft.

4. Flight altitude of the aircraft.

Implementation of this program will significantly reduce the energy consumption of flights by
saving fuel and fire extinguishing liquid.

During the research, the following stages were completed:

1. A hydraulic system of water discharge from a spray tank with flow feedback for various types
of power supplies and types of actuators.

2. We analysed the loads on the actuator and the shutter of a water-filling device. An autonomous
drive with a hydraulic lock, a throttling distributor and a power supply unit in the form of a constant
flow pumping station with a pressure switch regulator is considered as the main system for the
study.

3. A mathematical model of the control system, an algorithm for calculating the water flow rate
depending on the angle of attack of the aircraft, the level of the free surface and the pressure on the
shutter section and its angle of rotation.
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IIpoexTHpoBaHue, NOCTPOIKA U JETHbIE HCTIBITAHUS JETKOT0 CaMOJIETA € NIEKTPHYECKUM
JBHraTejieM
CruéB A.B., banscueiii K.B.
MAM, r. Mocksa, Poccust

OmHUM W3 TEpCICKTHBHBIX HAmpaBlIeHWH B JETKOH aBHAMM  SBISIIOTCS  CaMOJETHL,
HCTIONB3YIONIME B OCHOBE CBOEH CHJIOBOM yCTaHOBKM JJIEKTpHUYECKMH aBHraTens. IIpumeHnenue
3JICKTPUYECKOrO JIBHTaTelss BEAET K OCOOCHHOCTSM JIETHBIX M TEXHMYECKHX XapaKTEPUCTHK
caMonéra K MNPUHIUNUAIGHOMY H3MEHEHHIO BBICOTHO-CKOPOCTHBIX XapaKTePHCTUK CHIOBOH
YCTaHOBKM U BO3JYIIHOTO BHHTA, MAaCCOBO-UHEPIMOHHBIX, JIETHO-TEXHUYECKUX U JTHHAMHYECKHX
XapaKTEePHCTUK, TPaHCHOPTHON 3(dekTuBHOCTH. Takke KOHCTPYKLHMS M KOMIIOHOBKA CaMoJIETa
HUMEET CBOU OCOOCHHOCTH.

Ocoboe 3HaueHHe UMeeT paboTa Mo CO3/IaHHIO JICTAIOMIEro 00pasia caMosIéra Takoro THIa. JT1a
paboTta TpoBeleHA TpPYNIOH HH)KCHEPOB M CTyJACHTOB. Pa3paboTaHa cuioBas YCTaHOBKA C
JNICKTPUYECKHM [BUTATENeM M OJHOMECTHBIM, JIETKHH CaMONET, KOTOPHIC SIBIAIOTCS OOBEKTOM
HCCIIE/IOBAHHS.

Bonpiuas yacTk MccIen0BaHUM NPOBOAMIACH HA MCHBITATEIBHOM CTEHJIE CHIIOBOM YCTAHOBKH.
VcmbITaTeNnbHBI  CTEH[ IO3BONSCT IIONYyYHTh BCE DICKTPHUYCCKHE IapaMeTphl JBHTATEI,
TeMIEepaTyphbl arperaTos, TArY BO3JYIIHOTO BMHTA M MOIIHOCTH C HCIOIb30BAaHUEM MOMEHTHOIO
npHCIocoOIeHus. B pesynbrate TecTOB IONyYeHa ONTUMAabHAs KOH(UIypalus CHIIOBOH
YCTaHOBKH.

Bri0 mpoBesieHo npoekTHpoBaHue muanepa. Cuenansl pacdyéTel Ha Npo4HOCTh. C IpUMEHEHHEM
KOMIIBIOTEPHBIX IPOrpaMM IIPOBEIEHBI a3POIHMHAMUYECKHE PACUETHI OTAEIbHBIX arperaToB 1 BCETO
camonéra. B pesynaprare npoBeAEHHOW MPOEKTHOM paOOTHI BBIMYIIEHA KOHCTPYKTOPCKAs
JIOKyMEHTaLHUs.

Janee Obuta pa3paOoTaHa M W3rOTOBJICHA TEXHOJIOTHMYECKAass OCHACTKA. BBUIM H3rOTOBIICHEI
OT/IeNbHBIC arperaTsl U Ipou3BeneHa obmas cOopka camonéra. IIpoBoaumuch Ha3eMHBIC TECTHI
CHJIOBOM YCTAaHOBKH HENIOCPEICTBEHHO Ha CaMOJIETe.

ITo paspaboraHHOIl mporpamMMe NETHBIX HCIBITAHHI MPOM3BEACHBI MPOOEKKH U HECKOIBKO
TIONIETOB.

Bce cucrembl camonéra pabotanu 6e3 3aMedaHM. OIGKTpUYECKas CHIIOBAas YCTaHOBKa
otpaboTana 6e3 0TKa30B.

B pesymbrare paboTHl 1O DIEKTPUYECKOMY CAMOJNETY MONY4eH IPAKTHICCKHII OIBIT
SKCILTyaTallly U [IEHHbIE JaHHbIC JJIs1 MPOIOJDKCHHUS HCCIIEI0BATEIbCKOH PabOThI.

Design, construction and flight testing of a light aircraft with an electric engine
Sychev A.V., Balyasny K.V.
MAI, Moscow, Russia

One of the most promising areas in light aviation is aircraft that use an electric engine as the basis
of their power plant. The use of an electric motor leads to the peculiarities of the flight and
technical characteristics of the aircraft to a fundamental change in the altitude-speed characteristics
of the power plant and propeller, mass-inertia, flight-technical and dynamic characteristics, and
transport efficiency. In addition, the design and layout of the aircraft has its own characteristics.

Of particular importance is the work on creating a flying sample of this type of aircraft. A group
of engineers and students carried out this work. Developed a power plant with an electric motor and
a single-seat, light aircraft, which are the object of research.

Most of the research was conducted on the test bench of the power plant. The test bench allows
you to get all the electrical parameters of the engine, unit temperatures, propeller thrust and power
using a torque device. As a result of the tests, the optimal configuration of the power plant was
obtained.
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The airframe was designed. Strength calculations are made. Using computer programs,
aerodynamic calculations of individual units and the entire aircraft were performed. As a result of
the project work, design documentation was released.

Further, technological equipment was developed and manufactured. Separate units were
manufactured and the General Assembly of the aircraft was made. Ground tests of the power plant
were conducted directly on the aircraft.

According to the developed flight test program, runs and several flights were made.

All systems of the plane worked without any comments. The electric power plant worked without
failures.

As a result of the work on the electric aircraft, practical operational experience and valuable data
were obtained for continuing research work.

YTouHéHHas Teopusi pacyéTa MHOIOCJI0IHOI OPTOTPONHOI KOMIIO3UTHOMH 000/109KH
BpallleHus
®am B.T., dupcanos B.B.
MAMWU, r. Mocksa, Poccust

[lInpokoe NpHMEHEHNE MHOTOCIOWHBIX KOMIIO3HUTHBIX O00OJOYEK B PA3HYHBIX 00NACTAX
MAIIHHOCTPOEHHUS, B TOM YHCIIC aBUAIIMOHHO-KOCMUYECKONW TEXHUKH, BBI3BIBACT HEOOXOIMMOCTH
pa3paboTku HaIEKHBIX U d(G(EKTUBHBIX METONOB UX pacu€ra. B cBs3u ¢ stEM pa3paboTka
YTOYHEHHBIX TEOPHH INpPH HCCIENOBAaHUM HanpshkEHHO-IedopmupoBanHoro coctosuus (HIC)
KOMITO3UTHBIX 000JI0UEK IPE/CTABIISIET aKTyalIbHYIO IPo0OIeMy.

B namnoit pabore npennaraercs BapuanT pacdera HJIC opTOTpOmHOH KOMIIO3UTHOH 00OIOUKH
BpallleHHs Ha OCHOBE HeKJaccuueckoil Teopuu. IIpuMeHsieMblii TOOXOA OCHOBaH —Ha
aNmMpOKCHUMAIUK UCKOMBIX TI€pEMEIIeHHH 000JIOUKH MOJIMHOMAMH 110 HOPMAJIbHOH K CPEAMHHON
MOBEPXHOCTU KOOPJHMHATE Ha [BE CTENCHH BBINIE [0 OTHOIICHUIO K KIIACCHYECKOI TEOpHH THIIA
Kupxroga-Jlspa.

B pe3ynbTaTe MHHHMHU3ALUK YTOUHEHHOTO 3HAYEHHUs SHEPreTHYECKoro (pyHKunoHaa Jlarpamxka
MIOJTy4eHbI CUCTEMa OCHOBHBIX YPaBHEHUH PABHOBECHS U COOTBETCTBYIOIIME I'PAHHUHBIC YCIOBHUSL.
Jlns perienust chopMyITMpOBaHHON KpaeBO# 3a/jauyl MOC/IEJOBAaTENbHO IPUMEHSFOTCS: Pa3lIoKEeHUE
NepeMEILEeHN ¥ Harpy30K B TPUTOHOMETPHYECKHE PAIbl IO OKPYKHOH KOOPIHHATE, METOABI
KOHEUHBIX Pa3HOCTEH M MAaTPUYHON MPOTOHKH.

B kauecTBe mpuMepa paccMaTpHBAaeTCs MHOTOCIIOMHAsS KOMIO3MTHas cdepuueckas 000I0YKa,
JKECTKO 3alleMJIeHHas Ha JAByX Kpasx. OOonodyka HaXOAUTCS MOA AEHCTBHEM CHMMETPUUYHON H
aCHMMETPUYHON HArpy30K Ha HAPYXKHOH MOBEPXHOCTU.

YucneHHble pe3ynbTaThl pacyeTa Ge3pa3MepHOro mporuba o00NOUeK, MONyYCHHbIE B JAHHOM
paboTe, TPaKTHYECKH COBMNAJAIOT C OMYOJNMKOBAHHBIMH pE3yNbTaTaMM HCCIEAOBATEINCH,
HCTIONB3YIONIMX APYrUe METOAbl B JKypHAlaX, HUTHPYEMBIX MeXIyHapomHbMu Oazamu Web of
Science m Scopus, 4TO MOATBEPXKAACT JOCTOBEPHOCTh MPEANIAraeMoil yTOYHEHHOH TEOPHH.
IpuBoxdTcs TpadMKH HENPEPHIBHOTO PACHPENENCHUS HANPSDKEHWH 10 TONIIMHE OOONOYKH.
VYCTaHOBIICHO, YTO B KpaeBOil 30HE MHOTOCIOHHBIX O0OJIOUEK BO3ZHHUKAIOT 3HAYUTENBHBIC IIO
BEJIMYMHE HE TOJBKO IIONEPEYHble HOPMAajbHble M KacaTelbHblE HANPSUKEHHS, HO H
TaHI'CHLMAIbHbIC HANPSHKCHUS. OTOT pE3yJbTaT IO3BOJSET C BBICOKOH CTENEHBIO TOYHOCTH
OLICHUTH MPOYHOCTb U TPEIIUHOCTOHKOCTH MHOTOCTIOHHBIX KOMIIO3UTHBIX 000I0UEK.

Refined theory for calculating a multilayer orthotropic composite rotary shell
Pham V.T., Firsanov V.V.
MAI, Moscow, Russia

The widespread use of multilayer composite shells in various fields of mechanical engineering,
including aerospace engineering, necessitates the development of reliable and efficient methods for
their calculation. In this regard, the development of refined theories in the study of the stress-strain
state (SSS) of composite shells is an urgent problem.

We propose a variant of calculating the SSS of an orthotropic composite rotary shell based on the
non-classical theory in this paper. The applied approach is based on approximation of the required
shell displacements by polynomials in the coordinate normal to the median surface two degrees
higher in relation to the classical theory of the Kirchhoff-Love type.
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As a result of minimizing the refined value of the Lagrange energy functional, a system of basic
equilibrium equations and corresponding boundary conditions are obtained. To solve the
formulated boundary problem, the following are consistently applied: decomposition of
displacements and loads into trigonometric series along the circumferential coordinate, finite
difference and matrix sweep methods.

A multi-layer composite spherical shell rigidly clamped at two edges is considered as an
example. The shell is exposed to symmetrical and asymmetric loads on the outer surface.

The numerical results of calculating the dimensionless deflection of shells obtained in this work
practically coincide with the published results of researchers using other methods in journals cited
by the international databases Web of Science and Scopus, which confirms the reliability of the
proposed refined theory. Graphs of the continuous stress distribution over the shell thickness are
given. It was found that not only transverse normal and tangential stresses, significant in
magnitude, but also tangential stresses arise in the edge zone of multilayer shells. This result allows
us to evaluate the strength and crack resistance of multilayer composite shells with a high degree of
accuracy.

LleneBas pyHKnus onpeaejeHHs: ONTHMAILHOIO NPOEKTHOTO PeLIeHUusl
Xakumos A.B.
HUTMO, r. Cankrt-Iletepbypr, Poccus

3amaun aBTOMAaTH3aLMK HUKOTAA HE TEPSIOT aKTyaJbHOCTH B cpeJie pa3pabOTYHKOB M CIIpoca Ha
PBIHKE CHCTEM IpoeKTupoBanus. GopMannsaiys Npoueayp NPOSKTUPOBAHUS MO3BOJISAET B MOJIHOM
Mepe OCYIIECTBUTH IIEPEXO K aBTOMATHU3ALMH Pa3INYHBIX ACHEKTOB IIPOCKTUPOBAHUS GOPTOBOTO
00opynoBaHus BO3/IYIIHBEIX CyZ0B. B kauecTBe 00bEKTa IPOSKTUPOBAHUS BEIOPAH HABUTALIMOHHBIN
KOMILIEKC, KaK OTHeNbHas HMH(OPMAlLMOHHAs CHCTEMa, MMEIONIas IIOJNHBIH Habop ycTpOICTB
00€ecIeynBaOINX €ro0 aBTOHOMHYIO padoTy.

HaBurauponHele 1aHHbIC BCET/a SBISUIHCH MPOIYKTOM JIOTIONHUTEIBHBIX (YHKIMH Pa3IM4HbIX
camoneTHblXx cucteM. CeromHs Omarogaps pa3BUTHIO HMH(OPMALMOHHBIX TEXHONOTHH M
MHHHATIOPU3alUK KOMIUICKTYIOIHX, MOSBHIACH BO3MOXHOCTH (POPMHUPOBAHMSI HABHTALIOHHOTO
KOMILIEKCA, KaK CaMOCTOSITE/IbHOMN €IMHHUILIBI.

Kax u mrobast cloxHas TEXHHYECKass CHCTEMa, HABUTAI[MOHHBIH KOMILUIGKC HMEET MHOXECTBO
BapHAHTOB PeaIM3alli{, 3aBUCALINX OT Pa3IMYHBIX (PaKTOPOB: OOBEKT pa3MENICHHs, €ro 3aaadH,
YCIOBHSL 3KCIUIyaTaMM M T.A. Takas BapUaTHBHOCTh MOJPAa3yMEBAeT CJIOXKHYIO 3a1ady
HPOEKTUPOBAHUS M PaOOTY C MHOXKECTBOM HMPOCKTHBIX PEIICHHIA.

BapuatuBHOCTE ¥ gubdepeHIMAnUs 1O  CIOXKHOCTH  (YHKIMOHANBHBIX 3aJad M|
TEXHOJIOTHYECKOMY OCHAIIEHUIO, OOYCIIOBMJIA HEOOXOAMMOCTh aBTOMATH3ALUM M HOIy4eHUs
UTOTrOBOTO 00JIMKA HABUTAIMOHHOTO KOMILICKCA.

Wnest HaXOXKICHUS ONTUMAIBHOTO PEIICHUS] W3 MHOXKECTBA MPOCKTHBIX PEHICHUH MOXKET OBITH
OCYIIECTBIICHA 3a CYET MOCTPOCHUS M OTHICKAHMS ILieleBod (yHKIMH TpeOyeMoro mapamerpa.
MHorokpuTepHanbHas ONTHMHU3ALUS C ONpEICICHUEM BECOBBIX KOI()(QHIMEHTOB sBIACTCS
Hanbosee OTPabOTAaHHBIM METOZOM B PEIICHHH 3a[ad MojoOHOro poxa. KiroueBeiM MOMeHTOM
SIBJISICTCS. BO3MOXKHOCTh (DOpPMalIM3allMi OTPaHMYEHHH HU3KOrO YPOBHS 3a CYET NpPHMCHEHUs
OIMCAHNH 00BEKTOB BEPXHUX YPOBHEH.

The objective function of determining the optimal project
Khakimov A.V.
ITMO, Saint Petersburg, Russia

Automation tasks never lose their relevance in the development environment and demand in the
design systems market. The formalization of design procedures makes it possible to fully
implement the transition to automation of various aspects of aircraft avionics design. As the object
of design, the navigation system is selected as a separate information system that has a full set of
devices that ensure its Autonomous operation.

Navigation data has always been the product of additional functions of various aircraft systems.
Today, thanks to the development of information technologies and miniaturization of components,
it is possible to form a navigation system as an independent unit.
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Like any complex technical system, the navigation system has many implementation options that
depend on various factors: the location, its tasks, operating conditions, etc. This variability implies
a complex design task and working with a variety of design solutions.

The variability and differentiation in the complexity of functional tasks and technological
equipment made it necessary to automate and obtain the final appearance of the navigation system.

The idea of finding the optimal solution from a set of design solutions can be implemented by
constructing and finding the target function of the required parameter. Multi-criteria optimization
with the determination of weight coefficients is the most well developed method for solving
problems of this kind. The key point is the ability to formalize low-level constraints by applying
descriptions of upper-level objects.

Onenka 3¢)(eKTHBHOCTH NePCHEKTHBHOI cHCTeMbl 0TOOpazkeHust HH(popManuu B 3a1a4e
MOCaJKH B YCJIOBHSX CHJIbHBIX BETPOBBIX BO3MYLICHHI
Ilep6akos A.U., Tarmuk M.C., Kop3yn ®.A., [Iponanuk B.A.
MAMU, r. Mocksa, Poccust

Opranmsarueil IATA cosmectro ¢ ICAO 6bi1a IpoBeneHa OIEHKA IPOIEHTHOIO BKIAna TOTO
WM MHOTO (haKTopa B OOIIee YHCIIO aBHALMOHHBIX MHIMJICHTOB U KatacTpod. CorimacHo oT4éTy,
TIATA B nepuoxn c¢ 2014 no 2018 rr. mpOLEHTHbIH BKJAJ IONAJaHUS caMoJIeTa B CIOXKHYIO
BETPOBYIO 0OCTaHOBKY cocTaBHI 19% BO Bcex CepbE&3HBIX aBHAMOHHBIX MHIUICHTOB U 14% Bo
Bcex KaracTpodax. IIpu 3ToM BKJIax B IOTEPI0 YNPABISIEMOCTH B BO3Ayxe cocTtaBumi 16%, B
BbIKaThIBaHUE 3a 1ojocy 30%, B Henosér 10 nosockl 56%, B xéctkue nocanku 30%, B KacaHUsAX
xBoctoM BIIIT 29%. B 18% Bcex cepbhE3HBIX HMHIUACHTOB M KAaTacTpod BHEIIHHE BETPOBBIC
BO3MYILEHHS — COIYTCTBYIOIHH (hakTop.

B pabore pemaercs 3ajaua MOCajKH CaMoJIETa B YCIIOBUSIX BO3ICHCTBHS BHELIHMX BETPOBBIX
BO3MYIICHUH. JIIs yIIydqIneHus! BBIIOIHEHUS OCAAKU UCIONB3YETCs, IIOMUMO IITaTHBIX CPECTB,
CrienMalbHas ePCIIEKTUBHAs CHCTEeMa OTOOpaXKeHNs MH(OpMaIuy.

CTaTHCTUKA TIOKa3blBa€T, YTO HAMOONbIIEC KOJMYCCTBO ABMAL[MOHHBIX IPOHMCLICCTBUH
IIPOUCXOJUT UMEHHO BO BPeMs BBHIIOIHEHMS MOCAAKU. Tak, OHOH U3 caMbIX PacIpOCTPaHEHHBIX
MIPUYHMH aBUALMOHHBIX NPOHMCIIECTBUM HAa MOCAJ0YHOM PEXUME SBJIAIOTCS BETPOBBIE BO3MYLIEHUS,
HalpuMep, BUXPEBOH Cliefl OT camonéra Winm MHUKponopsiB. ITockosbKy 0e30macHOCTB ITOJIETOB
SIBIICTCSI ONHUM U3 BaKHEHIINX TpeOOBAaHMII K aBHAIUH, TO HEOOXOAUMO 0OecHednTh e€ Ha BCeX
JTanax.

B paGore npoBoautcs oueHKa 3((PEKTHBHOCTH pPa3pabOTaHHOW CHCTEMBI OTOOpaXKEHHUs
nHdOpMaIMy NPH MONAaJaHWH caMoJeTa Ha JTale MOCAIKH B CABHUT BETpa, MPUPOAOH KOTOPOTo
SIBJISIETCSI MMKPOB3PBIB.

Jns  oueHkn  3QQEKTHBHOCTH  CHCTEMBI  OTOOpakeHHMS ~ MH(OPMAaLMU  TPOBOAATCS
OKCIICPUMEHTANbHBIC HCCICAOBAHUS B YCIOBHSX pa3lIHYHBIX BETPOBBIX BO3MYIICHUH C
HCIIONB30BAaHUEM ITHJIOTaKHOIO CTEH[A, MOKAa3bIBAIOIIME BIMSHUE MMKPOIOpPBIBA HAa TOYHOCTH
BBITIOJIHEHUS 33/la4d TOCAJKU. ODKCHEPHMEHTHI NPOBOAMIM 0€3 M C NPUMEHEHHEM CpEICTBa
oToOpakeHUsI HHPOPMaUK 11 TPEX YCIOBHII MONETa — 03 BIHAHMS BETPa, C MUKPOB3PBHIBOM,
PACIOJIOKEHHBIM CJIEBA OT IIIMCCA/bl  C IEHTPOM MHUKPOB3pBIBA HA IIIMCCAJIE.

Jl1s OLIGHKM TOYHOCTH BBINOJIHEHHS 3a[add, MO MapaMETPUYCCKUM 3allHCSM II0JIETOB ObUIH
paccUMTaHBl MAaTEMAaTHYECKHE OXHAAHUS U CPeJHEKBAIPATHUYHBIC OTKIOHEHUS MO CKOPOCTH,
BbICOTE M OOKOBOH koopauHate. ITo pesyibTaTaM mMccneoBaHus ObLUIO J0Ka3aHa 3(Q(HEKTHBHOCTH
IPUMEHEHHUs CPEICTB OTOOpakeHWs HMH(OPMALUM IPH BBINOJIHEHHH II0CAIKH — TOYHOCTh
OTCIIe)KUBAHHS IIHCCAABI yIydmmaercs B cpeaHeM Ha 90%, a OTKIOHEHHE OT IICCAMBI 110 BEICOTE U
OOKOBOIl KOOp/AMHATE BO BCEX MOJETaX He mpeBblmaer 1-2 merpoB. PaspaboraHHas cucrema
Haubonee >(pQpeKTUBHA B HEONArONPHUATHBIX YCIOBUAX MOJETA, YTO CYIIECTBEHHO ITOBBIIIACT
6€30IaCHOCTD IOIETOB.
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Assessment of the effectiveness of a perspective information display system in the landing task
in the strong wind disturbances conditions
Shcherbakov A.L, Tyaglik M.S., Korzun F.A., Prodanik V.A.
MAI, Moscow, Russia

IATA, together with ICAO, assessed the percentage contribution of one factor or another to the
total number of aviation incidents and accidents. According to the IATA report, in the period from
2014 to 2018, the percentage contribution of aircraft hitting a difficult wind situation was 19% in
all serious aviation incidents and 14% in all accidents. At the same time, the contribution to the loss
of control in the air was 16%, to rolling out of the runway 30%, to undershoot to the runway 56%,
to hard landings 30%, to tailstrikes 29%. In 18% of all serious incidents and disasters, external
wind disturbances are a concomitant factor.

This work solves the problem of aircraft landing under the influence of external wind
disturbances. To improve the performance of the landing in addition to the standard means a special
promising information display system is used.

Statistics show that the largest number of accidents occurs during the landing. Thus, one of the
most common causes of accidents during the landing stage is wind disturbances, for example, a
wake vortex from an aircraft or a microburst. Since flight safety is one of the most important
requirements for aviation, it is necessary to ensure it at all stages.

The work evaluates the effectiveness of the developed information display system when an
aircraft hits the wind shear at the landing stage the nature of which is a microburst.

To assess the efficiency of the information display system, experimental studies are carried out in
conditions of various wind disturbances using a ground facility, showing the effect of microburst on
the accuracy of the landing task. The experiments were carried out without and with the use of a
means of displaying information for three flight conditions — without the influence of the wind,
with a microburst located to the left of the glide path and with a microburst center on the glide path.

To assess the accuracy of the task, the math expectations and standard deviations in speed,
altitude and lateral coordinate were calculated using parametric flight records. According to the
research results, the effectiveness of the information display using means during landing was
proved — the accuracy of tracking the glide path improves by an average of 90%, and the deviation
from the glide path in altitude and lateral coordinate does not exceed 1-2 meters in all flights. The
system works most efficiently in adverse flight conditions, which significantly increases flight
safety.
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1.1. MexxayHapoaHasi KOHpepeHUUs
«Becnuj0THBIE JiIeTaTe/IbHbIE aNllapaThI»

1.1. International Conference
“Unmanned Aerial Vehicles”

Pacyer asporunamuyeckux xapakrepuctuk BILJIA ¢ ncnosib30BaHneM HHCTPYMEHTOB
Discovery Live
Ammnaros U.B., Boposukos JI.A.
MAMW, r. Mocksa, Poccust

CoBpeMeHHBIE ~IpOrpaMMHBIE  cpeacTBa 1D MomemupoBaHHS IIO3BOISIIOT — IIPOBECTH
MaTeMaTHYECKOE MOJICIMPOBAHUE IIOBEJEHHS CJIOXKHBIX CHUCTEM, B TOM YHCJE JIETaTEIbHOIO
anmapaTa ¢ JBuraresieM. UTo mo3BoseT MPOBECTH OLIEHKY KaueCTBA TaKOH CUCTEMBI 10 KPUTEPUSIM
BBICOKOTO ypoBHS. Takue 3amaud pemarTcs ObICTpo, HO TPeOyroT OonbIIoro oO0béMa JaHHBIX,
HOJIy4EHHBIX I10 pe3y/IbTaTaM HATYPHBIX HJIM BHPTYalbHBIX HcHblTaHHUd. COKpPaTHTH Bpems
BUPTYaIbHBIX HCIBITAHMH MOXKHO 3a CYET HCMoib3oBaHMs st pacyeroB GPU, npu stom
COBpEMCHHbIE HHCTPYMEHTHI, IIO3BOJIIONIHE pelIaTh 3aJaud YHUCICHHOTO MOAEIHPOBAHHS
METOZIOM KOHEYHBIX JJICMEHTOB HMEIOT psJ OrpaHWYCHHH Ha INPUMEHEHHE, CBs3aHHBIE C
HCIIOJNTb3yeMbIMH MOJIEIIIMU 1 KaYECTBOM PACUETHBIX CETOK.

OpHOl U3 3a/1a4, KOTOPYIO MOXHO PELIMTh, UCIONB3Ys AOCTyIHbIe B Ansys — Discovery Live
HMHCTPYMEHTHI NpH ucnons3oBanud GPU, sBisieTcst pacyeT adpOAMHAMUYECKHX XapaKTEPUCTHK
JI03BYKOBOTO JleTaTenbHoro anmapara. C ncronszoBanneM Discovery Live ObUT BBINONHEH pacder
K0O(G(UINEHTOB TMOABEMHONM CHIBI U  adPOAMHAMUYECKOIO COHNPOTHBICHHA OECIHIOTHOTO
JIeTaTeIbHOTO ariapara JUls TIOCIIELYIOMEro UCIIO0Ib30BaHMs TIPU pacyeTe IOJIeTHBIX MHUKIOoB. ITo
CpaBHEHHIO C pacyeToM Ha Tmporeccope pacder Ha GPU mno3Boimn ycKOpUTBH IONyYeHHE
pe3ynbTaToB Gonee yeM B 100 pa3. UTo mo3BOJIMIO 32 BPEeMsl SKBHBAJIEHTHOE BPEMEHH pacuera
ONIHOW TOYKM C HCIIONB30BAaHMEM MPOILECCOPA, PACCUNTATh IMOAPOOHYI a’pOIMHAMHUYECKYIO
xapakrepucTuky BITJIA B 1103BykoBO#f 06acTh 11st pa3IMYHBIX YIIIOB aTaKH.

CyIecTBEeHHBIM HEJJOCTATKOM SIBIISIETCS] MEHBIIIAs [0 CPaBHEHUIO ¢ ApyruMu MogymsiMu CFD us3-
3a HHU3KOTO KaduecTBa CETKH TOYHOCTh. Discovery Live ucnomb3yer nexapToBy CceTKy Oe3
TIPH3MATHYECKOTO TIOJICIIOS, YTO BHOCHT CHCTEMATHYECKYIO TTOTPENIHOCTh B PE3YNIbTAT pacyera 3a
CUeT HCHONIb30BAHHUSA NPHUCTEHOYHOH (DYHKIMH, IUIOXOTO Pa3pellieHHs MENKHUX TOHKUX AeTaiel
KOHCTPYKIIMH. YacTHYHO KOMIEHCHpPOBATh TAaKy0 OMMOKY B CiIydae pacdera XapaKTepUCTUKH
JIeTaTebHOTO arapaTa MOXHO 3a CYeT KOMOMHMpPOBAaHHMS pacdeToB ¢ mcnonb3oBanuem GPU c
KIIACCUYECKUMH H KOPPEKTUPOBKH pe3yabTaToB. IloMMMO 3TOro, TOYHOCTh pE3yIbTaTOB
TIOBBIIIACTCS 32 CYeT GOJBIIOTO KOJTMYECTBA TOUEK HA XapaKTEePHCTHKE.

B nenom ncnons3oBanue Discovery Live mo3BonseT CymecTBeHHO COKPAaTUTh BPEMsI PACUETOB, a
COBMECTHOE HCIIOJb30BAHUE C TPAIULMOHHBIMU HHCTPYMEHTaMH YHCJICHHOTO MOJEIHpPOBAHHUE
M03BOJISIET YACTHYHO KOMIIEHCHPOBATh CHIDKEHHYIO TOYHOCTh PE3YJIbTaTOB.

Calculation of the UAVs aerodynamic characteristics using Discovery Live tools
Alpatov L.V., Borovikov D.A.
MALI, Moscow, Russia

Modern software tools for 1D modeling allow to perform mathematical modeling of the complex
systems behavior, including aircraft with an engine. This allows to evaluate the quality of a system
based on high-level criteria. The problem could be quickly solved, but require a large amount of
data obtained from bench or virtual experiments. To reduce the time, GPU could be used for
calculations. Modern tools, that allow solving problems of numerical simulation by the finite
element method, have a number of application restrictions associated with the models and the
quality of the computational meshes.

One of the tasks that can be solved by using the tools available in Ansys — Discovery Live when
using a GPU is to calculate the aerodynamic characteristics of a subsonic aircraft. Discovery Live is
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used to calculate the lift and drag coefficients of an unmanned aerial vehicle for further use in
calculating flight missions. Compared to the calculation on the processor, the calculation on the
GPU allowed to speed up the results by more than 100 times. This made it possible to calculate the
detailed aerodynamic characteristics of the UAV in the subsonic region for various angles of attack
in a time equivalent to the time of calculating one point using a processor.

A significant drawback is the lower accuracy compared to other CFD software due to the low
mesh quality. Discovery Live uses a Cartesian grid without a prismatic sublayer, which introduces
a systematic error in the calculation result due to the use of the wall function and low resolution of
small, thin details of the structure. To partially compensate this error in the case of calculating the
characteristics of the aircraft, calculations using the GPU could be combined with classical ones to
adjust the results. In addition, the accuracy of the results is improved due to the large number of
points on the characteristic.

In General, using Discovery Live allows you to significantly reduce the calculation time and the
combination with traditional numerical modeling tools allows you to partially compensate for the
reduced accuracy of the results.

TlepcneKTUBBI CePTH(PUKAIMN ABTOHOMHBIX 0€CIUJIOTHBIX ABHALMOHHBIX CHCTEM
Anomnonos /1.B., lu6aes B.M., Kpyros A.A., Ocsinauko M.O.
AT, r. XXykosckuit, Poccus

OmHMM W3 KIIIOYEBBIX HPHHLOUIIOB olecriedeHHs: Oe3omacHOCTH mnonetoB BAC  sBisiercs
HEOOXOIMMOCTh MCTAaHLOHHOTO YIPABJICHUS OCCHMIOTHBIMU JICTATECIbHBIMHU allapaTaMH, YTO
O3HayaeT, 4To BHemHNH muioT BAC momkeH B 10001 MOMEHT Ioj1eTa KOHTPOJIMPOBATE H UMETh
BO3MOYKHOCTb BMELIAThCs B yrpasiieHue nojaerom BJIA. MexnyHaponssiMu komuteramu 1o BAC,
paboratromumu  nox  pykoBoactBom ICAO u  EASA, pa3paboTaHpl peKOMEHJAIMH 110
JIMLIEH3UPOBAHUIO BHEIHUX MHUI0TOB BAC, a Takke crpaBouHble MaTepHalbl 1 HalMOHAIbHBIX
OpPraHoB B O00JACTH TPaXKIAHCKOW aBHAMKM IO pa3padOTKe COOTBETCTBYIOLIMX HOPMAaTHBHBIX
JIOKYMEHTOB. DTH PEKOMEHJAIMU OINpPEIEIAIOT HEOOXOIUMBIE TEOPETHYECKHUE U IMPAKTHYECKUE
MHHHMYMBI JUISl BHEIIHHUX IWJIOTOB, OCHOBAHHBIC Ha (DYHKIMSX, KOTOpHIC BBHINOJNHSIET BHEIIHUH
MUJIOT NIpHU ynpasieHuu nonerom BJIA.

C poCTOM YpOBHS TEXHOJIOTHH, TAKUX KAaK aJTOPUTMbI aBTOMaTUYECKOTO YIIPABIICHUS, CPEICTBA
camonuartocTukn BAC, cpexctBa m3MepeHHs mapaMeTpoB IBIKeHHs BJIA u oOHapykeHHs
HU3MEHEHHIl B OJypKaiillieM BO3IYIIHOM IPOCTPAHCTBE (IIOTOAHBIE YCIIOBHS, APYIHE YYacTHUKH
BO3IYLIHOTO IBWKCHHS), ABTOMATH3aUWH Iepenadd wuHpopMauuu, Bce Oompiie (yHKumit
BHEIIHETO ITHJIOTa MOTYT BBIIOJIHATHECS aBTOMATHYECKUMHU CHCTEMaMH. [Ipy 3TOM H3MeHseTcs He
TOJBKO CTENEHb AaBTOMAaTU3allMM CHCTEMBl C TOUKM 3PEHHUS TEXHUYECKOTO COBEPILEHCTBA
HCIIOJIb3yeMOro 000pYI0BaHUS, HO U YPOBEHb MOJIHOMOYMH, JAENErupyeMbIX BHEIIHUM SKHUIIaXeM
0OOpTOBOI cHCTeMe yIpaBIECHHS B YacTH NPUHATHS PEIICHUH IPH M3MEHEHHHU YCJIOBHH II0JeTa, a
TaKOKe ONPEIENICHNs OrPaHUYCHUH, yCTaHABIMBACMBIX JULS BHITOJIHEHUS HEOOXOIUMBIX AEHCTBUI.

B cTatbe paccMOTpeHBI CyLIECTBYIOLIME KOHLEMIIUY aBTOHOMHOCTH, aBTOHOMHBIX JIETaTeNbHBIX
annapaToB U aBTOHOMHBIX IIOJIETOB, a TAKKE OTEYECTBEHHBIC U MHPOBBIE JOCTIDKEHHS B 00JIACTH
aBTOMATH3AIMH YIIPaBIeHHs] OCCIMIOTHBIMU aBHAIMOHHBIMH cHCTeMaMu. Ha ocHOBe aHamm3a
MEX/IYHApOIHbIX CTAHIAPTOB M PEKOMEHAATEIbHBIX JOKYMEHTOB PabOuyMX TPYII HCCIEIO0BaHA
BO3MOXKHOCTb ~HCIIOJIb30BAaHHS aBTOHOMHBIX BAC B eIMHOM BO3MYIIHOM IIPOCTPAHCTBE.
OmpeneneHsl  KIIOYEBBIC HANPABICHUS PA3BUTHS OCCHHIOTHOM OTpacid  aBHAIOHHOH
MPOMBILUICHHOCTH U Pa3pabOTKH JTOKYMEHTOB HX TEXHHYECKOTO PEryInpOBaHHUs IO Mepe pocTa
YPOBHSI aBTOHOMHOCTH OECITMJIOTHBIX JIETaTEIbHBIX alapaToB.

Autonomous unmanned aircraft systems certification perspective
Apollonov D.V., Shibaev V.M., Krugov A.A., Ovsyannikov M.O.
TsAGI, Zhukovsky, Russia
Remote pilot possibility to have continuous control over unmanned aircraft under normal
operating conditions is considered one of the key principles of unmanned aircraft systems flight
safety. UAS International Committees chaired by ICAO, EASA etc., have published
recommendations on RPAS licensing and guidance materials to national aviation authorities for
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developing their regulations. These recommendations define theoretical and practical minima for
RPAS crew training based on remote pilot functions necessary for RPA control.

With technology advances like automated control algorithms, UAS self-diagnostic capability,
UAS motion parameter measuring instruments, means to detect changes in close environment
(weather, other airspace users), and information transfer automation, more and more remote pilot
functions can be performed automatically. Concurrently, the degree of system automation as
regards technical excellence and the authority level the remote crew delegates to onboard control
system in terms of decision-making in varying operating conditions change as well as the
definitions of limits established for taking the needed action.

The paper discusses the current concepts of autonomy, autonomous aircraft and autonomous
flight as well as world achievements in unmanned aviation system automated control. The
possibility to use autonomous UAS in non-segregated airspace based on analysis of international
standards and advisory documents of working groups was studied. Key areas for unmanned sector
development in aviation industry and development of documents for their technical regulation with
growing UA autonomy were identified.

Pa3paboTka KOMIUIEKCHOI CUCTEMbI ABTOMATHYECKOI0 YIIPaBJIeHUs 6eCIMIOTHOTO
JIETaTeJIbHOT0 aNnapaTa Ha OCHOBe NMapaiJiaHa
Axpamosuy C.A.
MAMW, r. MockBa, Poccust

Co31aHre aBTOHOMHBIX OECHHMJIOTHBIX JIeTaTesbHbIX annapaToB (BIIJIA) sBisieTcs akTyanbHBIM
HaIpaBJIEHUEM Pa3BUTHs COBPEMEHHON aBuanuu. OIHUM M3 TaKUX HEPCHEKTUBHBIX JIETATEIbHbBIX
annapaToB SBJIAETCS anmapaT ¢ MATKUM KpPbLIOM, K KOTOPOMY OTHOCHMTCS IaparulaH, Mapanér u
a’poitoT. [ToMUMO OCHOBHBIX JOCTOMHCTB 0OBbIYHBIX BIIJIA, naHHbIE TUIIBI annapaTroB 00IaaaloT
CJIELYIOIIMMH IPEUMMYIIECTBAMU: MIPOCTasi CUCTEMA YIIPABJIEHUS 0 KYpCY M BBICOTE C HOMOILBIO
YIPABISIIOLIMX  CEPBONPHBOJIOB M JBHUIaTelIeM TATU; XOpOLIas YCTOMYMBOCTBIO 3a CYET
HU3KOPACHIOJIOKEHHOTO LIEHTPa Mace; JIETKOCTh TPAHCIIOPTUPOBKH, TaK KaK KPBUIO CHETAHO U3
MapanrfoTHOI TKaHH OHO HE COIEPXKUT COOPHBIX JJIEMEHTOB, OOJIafaeT MalbIM BECOM, JIETKO H
KOMITAKTHO CKJIaJBIBACTCS IS OCIIEAYIONIel TepeBo3KH; OONbIIast Tpy30MoABEMHOCTE, KOTOpas B
3aBUCHMOCTH OT IUIOLIAX KPblJIa MOXKET gocturath 120 Kr.

B uacTHOCTH, nepedyHciIeHHbIe NPEUMYILECTBA TO3BONAIOT NMPUMEHATh JaHHbI Tun BITJIA B
LeJSIX MPOBEJECHHS HCIBITAHUI JTOPOTOCTOSIEr0 000OpYJOBaHMS B IOJNETe, He IPHIMHSASA Bpesa B
cilyyae BO3HMKHOBEHMS HEIUTATHBIX CHTYyallMd WM OTKa3a OOPTOBBIX CHCTEM YIPABICHHS.
JlerkocTh ympaBieHHUs TO3BOJSIET PEaM30BaTh IOJHOCTHIO aBTOHOMHBIM TOJIET IO 3aJaHHOMY
MapuIpyTy, TEM CaMbIM HCKJIIOYasi N3 KOHTYpa yIIPaBJICHUS OIlepaTopa U CUCTEM TeleyIPaBICHHUS.

B nmoxiaze paccMaTpHBAalOTCA CXeMa KOMIUIGKCHOW CHUCTEMbl aBTOMATHYECKOTO YIpPABJICHHMS,
MPUMEHSEMbIC MaTeMaTHYeCKHE MOJCIM Ha OCHOBE KBaTCPHHOHOB M OWKBATCPHHOHOB,
MHCTPYMEHTBl M TOJIXOJbl K IPOSKTUPOBAHHIO OCCIMIIOTHBIX JIETATENBHBIX —AallllapaTos,
HCIOJIb30BAaHUE CPEJCTB JIMHAMUYECKOrO MOJECIMPOBAHMS TEXHUYECKHX CHCTEM M CO3/1aHHE
uudposoro nBoiinnka BITJTA.

B 3arioyeHHH IIpeNCTaBIEHBI PE3YNBTATHl JICTHBIX HCIBITaHMI pa3zpaboranHoro BIIJIA Ha
OCHOBE IaparviaHa.

Development of an integrated system for automatic control of an unmanned aerial vehicle
based on a paraglider
Akhramovich S.A.
MALI, Moscow, Russia
The creation of autonomous unmanned aerial vehicles (UAVs) is a current direction in the
development of modern aviation. One of these promising aircraft is a soft-wing UAV, which
includes a paraglider, a powered paraglider, and powered parachute. In addition to the main
advantages of conventional UAVs, data on the types of devices have the following advantages: a
simple height control system and with the help of control servo drives and thrust engines; good
resistant due to low center of mass; easy to transport, since the wing is made of parachute fabric, it
does not contain prefabricated elements, has a low weight, and is easily and compactly folded for
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subsequent transportation; large capacity, which, depending on the area of the wing can reach 120
kg.

In particular, these advantages allow you to use this type of UAV in order to test expensive
equipment in flight, without causing harm in the event of emergency situations or failure of on-
Board control systems. The ease of control allows you to implement a fully autonomous flight
along a given route, thereby excluding the operator and remote control systems from the control
loop.

The report discusses the scheme of an integrated automatic control system, applied mathematical
models based on quaternions and dual quaternions, tools and approaches to the design of unmanned
aerial vehicles, the use of dynamic modeling of technical systems and the creation of a digital UAV
twin.

In conclusion, the results of flight tests of the developed UAV based on a paraglider are
presented.

IIpuMeHeHne GeCIUIOTHBIX ABHALMOHHBIX CHCTEM /15l TOCTABKH MeIHIIHHCKOIO rpy3a
Bapabamr MLII.
Aspomakc, . Mocksa, Poccust

BIIJIA yxe cranmu MOJHONPAaBHBIM CErMEHTOM MHPOBOM ABUALMOHHOW OTPACid, MPHYEM
CErMEHTOM Hanbolee IMHAMHYHO Pa3BUBAIOIIIMCS.

PriHOK KOMMepuecKMX NpUMeHeHni OecnmiuoTHeIX aBuannoHHeIX cucteM (BAC) pacrer, n
npousBoautenu BJIA BeayT akTHUBHBIM MOHMCK IyTeH PACUIMPEHHs PBIHKA 3a CHUET IPAXKIAHCKUX
orpaciieit 3koHoMukH. B Poccun nHanbonee oueBHIHY O 001aCTh MPEACTABIISAET JIOTUCTHKA TPY30B B
TPYAHOJOCTYIHBIE paiOHBl: ApkTnueckas 3oHa P®, paiionsr Cubupm u JlaneHero Boctoka.
HazemHoe cooblieHne ¢ HUMH BO3MOMKHBIM TOJBKO B OTpaHMYEHHBIH Iepuos rofa. Pazsurue stux
TEPPUTOPHUIL HEBO3MOXKHO Oe3 00ecTieueH s pery/SIPHBIX U HaISKHBIX TPY30IEpPEBO30K.

BILTA BBI3BIBAIOT HHTEPEC y TPAHCIIOPTHO-JIOTUCTHIECKUX KOMIIAHHMIA, B IIEPBYIO OYEpEeNb, TEM,
YTO YBEIUYUBACTCS HPOH3BOJAUTENBHOCTb TPYyHa, MOSBISIETCS BO3MOXKHOCTH ONTUMU3HPOBATH
pacxompl M YMEHBIIWTH BIHSHHE deloBedeckoro ¢akropa. C wucnonb3oBanmeM bBIUIA u
COBPEMEHHBIX TEXHOJIOTHI pelIeHUe JIOTHCTHIECKHX 3a/a4 KaK, HalpuMep, ToA00p ONTHMaIbHOTO
MapupyTa cienoBaHus Oyner (opmupoBaThCs 0€3 ydacTHs YelOBEKa, YTO B LIEJIOM IIOBBICHT
CKOpOCTb JIOCTaBKU I'PY30B, CTAOMIIM3HUPYET TpaHK U Pasrpy3uT aBTOMOOMIBbHBIC qopord. BITIIA
JIOCTABKa IO3BOJIUT PE3KO COKPATHTH KOJINYECTBO JOPOKHO-TPAHCIIOPTHBIX POUCIIECTBUIA.

IIpoekr mno OecnmnoTHOM MexanocraBke B TOMCKOH 00macTé B YCHOBUSIX OTCYTCTBHUS
JIOTHCTHYECKHX MapIIPyTOB:

PesynbTaThl HEpBBIX OKCIEPHUMEHTAIBHBIX nonetoB BIIJIA ¢ nexapctBamMu B OTHaieHHbBIE
paiionsl ToMckol 001aCTH I HYK/I HACENICHUSL.

BecrnorHasi, GeCKOHTaKTHasl JOCTaBKa — HE3aMEHHMBIH HHCTPYMEHT B YCIIOBHSIX IMAaHAEMHUH
Covid-19.

Application of unmanned aircraft systems for medical cargo delivery
Barabash M.P.
Aeromax, Moscow, Russia

UAVs have already become a full-fledged segment of the global aviation industry and the most
dynamically developing segment.

The market for commercial applications of unmanned aerial systems (UAS) is growing, and
UAV manufacturers are actively looking for ways to expand the market at the expense of civilian
industries. In Russia, the most obvious area is the logistics of goods to hard-to-reach areas: the
Arctic zone of the Russian Federation, regions of Siberia and the Far East. Ground communication
with them is possible only during a limited period of the year. The development of these territories
is impossible without ensuring regular and reliable cargo transportation.

UAVs are of interest to transport and logistics companies, first, by the fact that labour
productivity increases, it becomes possible to optimize costs and reduce the influence of the human
factor. With the use of UAVs and modern technologies, the solution of logistic problems, such as
the selection of the optimal route, will be formed without human intervention, which will generally
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increase the speed of delivery of goods, stabilize traffic and unload roads. UAV delivery will
dramatically reduce the number of road accidents.

Project for unmanned medical delivery in the Tomsk region in the absence of logistics routes:

The results of the first experimental UAV flights with drugs to remote areas of the Tomsk region
for the needs of the population.

Unmanned, contactless delivery is an indispensable tool in the face of the COVID-19

pandemic. Creation of a pilot project area for drone flights in the Tomsk region within the
framework of the federal project Taiga.

O030p MeTO/10B yNIPaBJIeHNs N10JI€TOM 0eCUIOTHHIMH KOHBEPTOIUIAHAMM € IOBOPOTHOM
BHHTOMOTOPHOIi rpynmnoii
Bepesyes A.B., bycypun B.1., Mynun I1.B.
MAMW, r. MockBa, Poccust

BecnuioTHBIH KOHBEPTOIUIAH C MOBOPOTHOW BUHTOMOTOPHOM TPYHIION KaK OOBEKT YIpaBICHHS
MIPECTaBIACT COOOH CIOKHYIO HETMHEIHYI0 THHAMIYECKYIO CHCTEMY, C HaJTMYHEM IIePEKPECTHBIX
cBs3eil Mex Iy KaHaitamu yrpasiieHHs. OCOOSHHO CIIOXHBIM SIBIICTCS yIPaBJIeHHUE Ha MEPEXOIHBIX
pexuMax Iojieta OT BEPTOJICTHOTO K CaMOJICTHOMY M OOpaTHO, KOTOpBIE COIPOBOXIAIOTCS:
TIOBOPOTOM BEKTOPa CyMMApHOI TSATH; U3MEHEHHEM JTHHAMHYECKHX CBOMCTB; HEOIPEICICHHOCTBIO
B HX XapaKTePHCTUKAX.

DT 0cOOSHHOCTH O00YCIIaBIMBAIOT MOUCK HamOonee >3(P(EKTHBHBIX METOJOB YIPABIICHHUS,
KOTOpbIe MOXXHO CBECTH K CIEAYIOIIMM: IPOrpaMMHOE M3MEHEHHE CTPYKTYphl alrOpHTMOB
YIIpaBJIEHHs B 3aBHCHMOCTH OT PEXKHMa IIOJIeTa M ero IapaMeTpOB; OPaHMYEHHS] CHTHAJIOB Ha
BBIXOJIE MHTETPUPYIONINX YCTPOHCTB B BBIYHCIUTENSX, HA BXOJAX HCHOJIHUTENIBHBIX IPHBOIOB;
HepapxXu4ecKoe yrpaslieHHe (OpraHu3alys BHyTPEHHETO U BHEIITHETO KOHTYPOB yIPaBICHHUS).

ITpoBeneHHBI 0030p MOKa3al, 9T0 IS (OPMHPOBAHUS KOHTYPOB YIIPaBJICHHS HCHOJB3YIOTCS:
KJIacCHUeCKasi TEOpUsl YIpaBIICHUS JIMHEHHBIX cucTeM ynpasiieHuil; teopust AKOP; anroputmsl
pOOACTHOTO YNpPaBICHUS; CHCTEMbl C STAJIOHHOM MOJEJbIO; METOAbl OOPAaTHOW JWHAMHKH;
QITOPUTMBI C HCIIOIb30BAaHUEM HEUETKOH JIOTHKY, HEHpOHHBIX ceTell. [Ipu 3TOM IpHMEHSIOTCs U
JMHEHHbIe, U HeNMMHeHHbIe perynstopsl. Jluneitnsre ITH/I-perynstopbl 00BIMHO UCIIONB3YIOTCS IS
YIJIOBOH CTaOMIM3alMKM B BEPTOJETHOM PEXHME TOJIeTa M CTaOMIM3alMU YITIOBOM CKOPOCTH B
CaMOJICTHOM pexuMe. J[yis ydera BIMSHHUS HEONPENENEHHOCTEH paccMaTpHBAIOTCS BO3MOXKHOCTU
npumenerust B [IU/[-perynsropax HeHpoHHBIX ceTeil. ORHAKO CYyIIECTBEHHOE YCIOXKHEHHUE
CTPYKTYpBl DEryIsTOpa, CIOXKHOCTh IPOLENYp IPOSKTHPOBAHUS BCE €Ile OrpaHHYMBAET HX
HCIIOIB30BaHUE.

B HacTosmIee BpeMst HanOoIbIee pacIpOCTPaHSHNE MOMYYIIH KIIaCCHUECKHE PerysTopsl. [Ipn
3TOM obecneyeHue TpeOyeMbIX IMOKaszaTenedl KayecTBa KOHTYPOB YIPABJICHHS Ha HEPEXOIHbIX
pexuMax JOCTUTAeTCs HCIIOIb30BaHNEM Habopa peryasTopoB, JIOTHKA UX IIEPEKIIOUEHHUS 3a0aeTCst
KOPHJOPOM 3aBHCHMOCTEH! yIII0B IIOBOPOTAa BUHTOMOTOPHOI IPYIIIEI 1 CKOPOCTH IIOJIETA.

Jlureparypa:

1. Hernandez-Garcia RG, Rodriguez-Cortes H. Transition flight control of a cyclic tiltrotor UAV
based on the Gain-Scheduling strategy. Proceedings of the 2015 international conference on
unmanned aircraft systems; 2015 Jun 9-12; Denver, USA.

2. Dickeson JJ, Miles D, Cifdaloz O, Wells VL, Rodriguez AA. Robust LPV H1 gain-scheduled
hover-to-cruise conversion for a tilt-wing rotorcraft in the presence of CG variations. Proceedings
of the 2007 46th IEEE conference on decision and control; 2007 Dec 12-14; New Orleans.
Piscataway (NJ): IEEE Press; 2007.

Overview of flight control methods for unmanned tiltrotor with rotary propeller group
Berezuyev A.V., Busurin V.I., Mulin P.V.
MAI, Moscow, Russia
An unmanned tiltrotor with a rotary propeller group as a control object is a complex nonlinear
dynamic system with cross-links between the control channels. It is particularly difficult to control
the transition flight modes from helicopter to airplane and back, which are accompanied by:

40



rotation of the total thrust vector; changes in dynamic properties; uncertainty in their
characteristics.

These features determine the search for the most effective control methods, which can be reduced
to the following: software changes in the structure of control algorithms depending on the flight
mode and its parameters; restrictions on signals at the output of integrating units in controller, at the
inputs of actuators; hierarchical control (organization of internal and external control loops).

The review showed that the classical control theory of linear control systems; linear optimal
control; robust control algorithms; systems with a reference model; methods of reverse dynamics;
algorithms using fuzzy logic and neural networks are used to form control contours. In this case,
both linear and non-linear regulators are used. Linear PID controllers are commonly used for
angular stabilization in helicopter flight mode and angular velocity stabilization in airplane mode.
To account for the influence of uncertainties, the possibilities of using neural networks in PID
controllers are considered. However, the significant complexity of the regulator structure and the
complexity of design procedures still limit their use.

Currently, the most widely used classical regulators. At the same time, ensuring the required
quality indicators of control loops in transient modes is achieved by using a set of regulators, the
logic of switching them is set by a corridor of dependencies of the rotation angles of the propeller
group and the flight speed.

References:

1. Hernandez-Garcia RG, Rodriguez-Cortes H. Transition flight control of a cyclic tiltrotor UAV
based on the Gain-Scheduling strategy. Proceedings of the 2015 international conference on
unmanned aircraft systems; 2015 Jun 9-12; Denver, USA.

2. Dickeson JJ, Miles D, Cifdaloz O, Wells VL, Rodriguez AA. Robust LPV H1 gain-scheduled
hover-to-cruise conversion for a tilt-wing rotorcraft in the presence of CG variations. Proceedings
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Piscataway (NJ): IEEE Press; 2007.

Hcnoab3oBaHue 6eCIMJIOTHOIO JIETATEILHOIO aNNapaTa sl Hec/1e0BaHus TypOyJIeHTHOI
CTPYKTYPbI aTMOC()epPHOI0 IOIPAHHYHOIO CJIOSI
'Bonynxos H.E., Ueunn JI.T., 2Apramonos A.1O., 'Kansrun M.IO.
'MAU, r. MDA PAH, r. Mockaa, Poccus

B Uucturyre ¢usuku atMocdepsr mM. A.M. Ob6yxoBa PAH coBmecTHO ¢ MOCKOBCKUM
ABunannonseiM MHcTuTyToOM OBUT paspaboran BIIJIA camonmernoro tuma «llumnsHus» c
BEPTHKAJIBHBIM B3JICTOM/TIOCAAKOH JUISl MCCIIENOBAHMS CpPeiHeil M TypOYJIEHTHOH CTPYKTYphI
aTMocdepHoro norpanuuHoro cinosi. OcHOBHOE Ha3HaveHHe paspaboranHoro BITJIA — n3mepenue
TypOYICHTHBIX CTaTHCTUK TpPeX KOMIIOHEHT CKOPOCTH BeTpa M TEMIIepaTypsl BO3IyXa Ha
Pa3IMYHBIX BBICOTAX B IpeJieNax MOrPAaHMYHOIO CJIOs, a TaKXKe HaJl HEOHOPOIHOM MoAcTHIatoel
MOBEPXHOCThI0. OCHOBHOW LEIBIO TAKHX WCCIIEIOBAHMH SIBIACTCS yTOYHEHHE IapaMeTpOB
TypOyIeHTHOTO 0OMEHa, UCIONB3YEMBIX B YHCIICHHBIX MOJEIIX aTMochepsl. Mcrnons3oBanue st
STHX 3aJ1a4 M3MEPHUTENBHOTO KoMIuiekca Ha 6ase BITJIA mo3Bosnsier npeojoneTs psji OrpaHuYeHH,
MPUCYIIUX TPAJULIMOHHBIM CTallIOHAPHBIM H3MEPEHWsM TYpOYJICHTHOCTH Ha MadyTe, a TaKKe
sIBIISieTCsI OoJiee ICMICBOI M YHUBEPCANBHOM aJIbTePHATUBON JIOPOTOCTOSIIIMM H3MEPEHHUSM C
TIOMOIIBIO MTHJIOTUPYEMBIX CaMOJIETOB-JIA00PaTOPHH.

OcobenHocThio paspabotanHoro BIIJIA sBisiercss BO3MOXHOCTH €ro B3JeTa H IIOCAJKH B
KONTEPHOM pPEXHME, U KpeHcepckoM MoiéTe B caMoJeTHOM pexkume. IlpemmyiiecTBo Takoit
«TUOPHIHOM) CXEMBI 3aKII0YaeTCst B 00JIee MATKOM M KOHTPOJIMPYEMOM PEKHME B3IIETa/TIOCAIKH,
4TO CHIKAeT BEPOATHOCTH MOBPEXKJCHUS TOJNIE3HOW Harpy3kd. biok monesHoit Harpyskn
«lumIsIHUHA) BKIIOYAET B ceOs:

* BocbMUKaHANBHBIH IPHEMHUK BO3MYIIHBIX JABJICHHH, pa3paOOTaHHBIH COBMECTHO C
HHcTuTyTOM Teopermueckod M npuknagHoid Mexanuku uM. C.A. Xpucrumanosnua CO PAH
(HoBocubupck).

* NHepuuanbHyio HaBuranuonnyto cucremy Ellipse 2N npousBoacTsa.
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* MallOMHEpIIMOHHBIH  NJIaTHHOBBIA ~ TEPMOMETP  CONPOTHBJCHMS,  HM3TOTOBJIEHHBIH B
cotpyaHu4ecTe ¢ LleHTpanbpHOl asposorunueckoii oocepaTopueit (JonromnpyaHeblii).

* JlaTunk Temmepatypsl i Bnaxxuoctu Vaisala HMP110.

» EMkocTtHOi#t natunk Biaxxuoctu IST P14 Rapid.

* UK-paT4nk TeMmepaTypbl IOACTHIAIONIEH TOBEPXHOCTH.

» Cucremy ompoca JaTYMKOB M PETUCTPAlUM INOKAa3aHWil Ha 0a3e OJHOIUIATHOrO KOMIIBIOTEpa
Raspberry Pi.

TectoBbie monersl BIIJIA «l{umisiHuH» W anpoOaius KOMIUIEKCAa IOJE3HOW Harpy3KH B
HATYPHBIX YCIOBHSX OBUIM INPOBEIECHBI BO Bpems mojieBoro skcrnepumenta MDA um. A.M.
O6yxoBa PAH nHa 6asze llumusHckol HaywHOW craHmuu B rmepuox 6-14 asrycra 2020 r. B
pe3yibTaTe HOJIETOB OBLIO IPOAEMOHCTPHPOBAHO COOTBETCTBHE JICTHBIX XapakTepHcTuK BITJIA
pacueTHbIM. [lepBHYHBIH aHaNU3 IAaHHBIX HW3MEPCHUH, IMONYYEHHBIX C ITOMOIIBIO KOMILIEKCa
TOJIE3HOW ~ HArpys3KH, TIPOJAEMOHCTPUPOBAN PabOTOCTIIOCOOHOCTh CHUCTEMBI M KOPPEKTHOE
(YHKIIHOHUPOBAHHE BCEX AATYUKOB U Y3II0B CHCTEMbI OIPOCA M PETUCTPAIIUH.

Pa6ota BbimonHeHa 3a cyer rpanta PHO Ne 18-77-10072.

Use of an unmanned aerial vehicle to study the turbulent structure of the atmospheric
boundary layer
'Bodunkov N.E., 2Chechin D.G., *Artamonov Y.V., 'Kalyagin M.Yu.
'MAL, IAP RAS, Moscow, Russia

At the Obukhov Institute of atmospheric physics of the Russian Academy of Sciences, jointly
with MAL a "Tsimlyanin" UAV with vertical take-off/landing was developed to study the medium
and turbulent structure of the atmospheric boundary layer. The main purpose of the developed
UAYV is to measure the turbulent statistics of the three components of wind speed and air
temperature at different altitudes within the boundary layer, as well as over the inhomogeneous
underlying surface. The main goal of such studies is to Refine the parameters of turbulent exchange
used in numerical models of the atmosphere. The use of a UAV-based measurement system for
these tasks overcomes a number of limitations inherent in traditional stationary measurements of
turbulence at the mast, and is also a cheaper and more versatile alternative to expensive
measurements using manned laboratory aircraft.

A special feature of the developed UAV is the possibility of its take-off and landing in copter
mode, and cruising in airplane mode. The advantage of this "hybrid" scheme is a softer and more
controlled take-off/landing mode, which reduces the likelihood of damage to the payload. The
payload block of “Zemlyanin” includes:

* An eight-channel air pressure receiver developed jointly with the S. A. Khristianovich Institute
of theoretical and applied mechanics SB RAS (Novosibirsk).

ellipse 2n inertial navigation system manufactured by.

» Low-inertia platinum resistance thermometer manufactured in collaboration with the Central
aerological Observatory (Dolgoprudny).

* Vaisala hmp110 temperature and humidity sensor.

« IST P14 Rapid capacitive humidity sensor.

* IR sensor for the underlying surface temperature.

* A system for polling sensors and recording readings based on a single-Board raspberry Pi
computer.

Test flights of the UAV "Zemlyanin" and testing of complex payloads in situ was conducted
during the field experiment IFA im. A. M. Obukhov of RAS on the basis of Tsimlyanskaya
research station during the period 6-14 August 2020 As a result of the flights, the UAV flight
characteristics were demonstrated to match the calculated ones. The initial analysis of the
measurement data obtained using the payload complex demonstrated the system's operability and
correct functioning of all sensors and nodes of the survey and registration system.

The work was carried out at the expense of the RPF grant No. 18-77-10072.
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Pa3pa6oTka ruépuaHOro peaKTHBHOIO ABUraTe sl 11s1 cBepxMaibix BITJIA
Boposukos JI.A.
MAM, r. Mocksa, Poccust

PasBuTHE COBpPEMEHHOH JJIEKTPOHUKH IIO3BOJSIET CYLIECTBEHHO YMEHBIIMTH BEC I10JE3HOU
HArpy3KH OCCIMIOTHBIX JICTaTeNbHBIX amnapatoB. YTo B CBOIO odepeqb MO3BOILIET CYIIECTBEHHO
cHU3UTH UX pa3mep. CoBpemenHsble I T/ B kiacce Taru 5-50 Krc UMEIOT psiJi HEAOCTAaTKOB - HU3KHE
ylenbHble apameTpsl, HU3kuit pecype. Coznatb ['T/] ¢ Tsroit MeHee 5 Krc npezacraisieTcs KpaitHe
CJIOKHBIM HM3-32 BBICOKHX, mpeBbimatoimux 200000, 000poToB poTopa B MUHYTY M MajiOil BBICOTHI
KaHanoB. B Takux pasmepax npumensitorcs JIBC wmim anexTpuueckue ¢ BO3AYLIHBIM BHHTOM.
OO6nacTh IPUMEHEHHs TAKHX JBHTaTeNleld OorpaHuyYeHa HU3KHMH ckopocTsiMu g0 100 m/c n manoi
BBICOTOH MOJIETA.

CyIecTBeHHO PacIIMpPHUTh 00JNAcTh NPHMEHEHHS CBEPXMAJIbIX JIETATEIBHBIX AlNapaToB MOXKHO
3a CUeT HCIIOJb30BaHMs JIBHTaTeNel HOBBIX cXeM. OJJHOM M3 TAKUX CXEM MOXKET OBITh IBHTIATEINb C
OJHOCTYINEHYATHIM OCEBBIM HJIM IEHTPOOEKHBIM KOMIIPECCOPOM IPHBOJMMBIM B JBI)KCHHUE
9JIEKTPOJBUTATEIIEM [IOCIIE KOTOPOTO CTOMT KaMepa CrOpPaHus U PEaKTHBHOE COILIO.

Taxoit nBUraTens MokeT paboTaTh B ABYX peXHMax. B XoJomHoM pexume 6e3 Iogady TOILUIHBA
OH yCTyNaeT ABUraTeII0 C BO3LYIIHBIM BUHTOM, HO UMEET XOJOJHYIO PEaKTUBHYIO CTPYIO, UTO
MIO3BOJISIET €r0 IKCIUIyaTallMio B JIFOOBIX YCIOBHSX BKIIOYAs MOMEIICHUs. B ropsdem pexume B
KaMepy CropaHdsi IIOJAaeTcsi TOIUIMBO, IIPH OTOM MOXKHO JOOUTBCS TSITH CYIIECTBEHHO
IIPeBbIIAIONIEH TATY BO3AYIIHOTO BHHTA C JBUTATENIEM aHATOITMYHOH MOLIHOCTH.

K npyruM npenmymiecTBaM TAaKOro JBHIATelsi MOXKHO OTHECTH pEKyNepalyio Telula,
BBEIPAa0ATHIBAEMOr0 JIEKTPOJBUTATENIEM, YTO IO3BOJISIET JOIOJIHHUTEIBHO IMOAOIPETh BO3AYX Ha
HECKONIBKO TpaxycoB. OTCyTCTBHE TypOUHBI U BO3MOXKHOCTb HCIOJIB30BAHHs KaMephbl CTOpaHUs
KOHCTPYKTHBHO CXOKe ¢ (OpCaKHBIMH KamepaMH aBHAllIOHHBIX JBHTATeleH IT03BOJISET
TOBBIIATE TeMIepartypy rasa o 2000 K 6e3 neodxonumoctr oxnaxaenus. IIpu Habope ckopocTn
moseta 3(GHEeKTHBHOCTS PabOTHI TAKOTO JABUraTess BO3PACTACT 3a CUET CKATHUS HaOErarouero
noroka B B3VY. IIpocTtoTa KOHCTPYKLMH IO3BOJIIET YACHIEBUTH JBUrareib. B 3aBUCHMOCTH OT
TeMIIepaTyphl Ta3a JBHTaTeNlb MOXET o0JlajaTh BHYTPEHHEH TATOH BIUIOTH IO CBEPX3BYKOBBIX
CKOpOCTeii moneTa.

K HenmocTaTkaM MOXXHO OTHECTH HEOOXOAUMOCTE TOYHOTO YIIPABICHHS PEaKTHBHBIM COILIOM IS
IIPeNOTBpPAILeHNs IOMIIaXka IIPH Ho/iaye TOIUINBA, BBICOKUIT yeNbHBIH pacXo]] TOIUIMBA HA YpOBHE
0,2-0,4 xr/H/4 1 OTHOCHTENIBHO BBICOKHI BEC aKKyMYJISITOPHOM Oatapeu.

JleraTenpHBI amnmapar, OCHAICHHBIH MMOZOOHBIM IBUTATeNleM MOXKET pa3BHBATh CKOPOCTH JIO
500 M/c Ha BBIcOTe Goree 10 KM U UMETh IIPOJOIDKHTENEHOCTS HojeTa 10-20 MUHYT.

Small-size UAV hybrid propulsion development
Borovikov D.A.
MALI, Moscow, Russia

The development of modern electronics can significantly reduce the payload weight of unmanned
aerial vehicles. This allows to significantly reduce UAVs size. Modern gas turbine engines with the
50-500 N thrust have a several disadvantages - low specific parameters and short life. It is
extremely complicated to create a gas turbine engine with less than 50 N thrust due to the high,
over 200000, rotor RPM and low channels height. Internal combustion or electric engines with a
propeller are used in such sizes. The area of application of such engines is limited by low, up to 100
m /s, speeds and low flight altitudes.

It is possible to significantly expand the field of application of small aircraft by using engines of
new types. One of such engine examples can be an engine with a single-stage axial or centrifugal
compressor driven by an electric motor, followed by a combustion chamber and a jet nozzle.

The engine can operate in two modes. In cold mode without fuel supply, it is inferior to an engine
with a propeller, but has a cold jet stream, which allows it to be operated in any conditions,
including in premises. In hot mode, fuel is supplied to the combustion chamber, and a thrust can be
achieved significantly exceeding the thrust of a propeller with an electrical engine of similar power.
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Other advantages of the engine include recuperation of the heat generated by the electric motor,
which makes it possible to additionally heat the air by several degrees. The absence of a turbine and
the possibility of using a combustion chamber structurally similar to the afterburners of aircraft
engines allows the gas temperature to be raised to 2000 K without the need of cooling. As the flight
speed increases, the efficiency of the engine increases due to the compression of the incoming flow
in the air intake device. The simplicity of the design allows the engine to be cheaper. Depending on
the gas temperature, the engine can have internal thrust up to supersonic flight speeds.

The disadvantages include the need for precise control of the jet nozzle area to prevent surging
during fuel supply, high specific fuel consumption at the level of 0.2-0.4 g/N/h and a relatively high
weight of the battery.

An aircraft equipped with such engine can reach up 500 m/s flight speeds at an altitude of more
than 10 km and have a flight duration of 10-20 minutes.

BeposiTHOCTb NepeceyeHUsI §eCNUIOTHBIM JIETATeILHBIM ANNAPATOM IPAHHMILI 32/IAHHOM
obacTn
bymait A.1O.
BHTY MUJIO, r. MuHck, benapych

B OonbmmHCTBE CciydaeB OecnmiioTHbe JerarenbHblie anmapatel (BJIA) B Buay cBoero
NpeIHasHaYeHUs] ¥ (YHKIHMOHAIBHBIX OCOOCHHOCTEHl WMEIOT BEPOSTHOCTH OTKJIOHUTCS OT
3alaHHOM TPACKTOPUH MM U3MEHUTH €€ IOJ JeHCTBHEM BHEIIHUX M BHYTpeHHHX (axTopos. [Ipu
9TOM €CThb BEPOATHOCTD 3ajeTa B 00JIACTH, KOTOPbIE NPEACTaBIAIOT omacHOCTh A BJIA mmum sxe
HA000pOT, BEPOSTHOCTH HeceHHs yrpo3bl camuM BJIA. Takume o0macTH NPencTaBISIOT COOOM
3alpeTHBIC 30HBI JUIS I10J€Ta, KOTOPble MMEIOT YeTKO BBIPQKCHHBIE I'PAHMIBI U OrPaHHYCHUS:
3ampeT Ha IepeceueHre IPaHuIbl 00IacTH, 3alpeT Ha HAXOXKICHUS B 30HE Oosee OIpeIeneHHOro
BpeMeHH. IloaToMy Bcerma cymiecTByeT 3ajada IIPEIBApPHTENBHOIO aHaIW3a IONAJaHUs B
3aIPETHBIE 30HBI C LENbI0 KOPPEKTHPOBKH Kypca.

PaccMoTpena 3a/1aua BEpOSITHOCTHOTO aHanu3a nepecedeHus bJIA rpanun 3anpetHoit 30Hb1. s
MIPOBEJICHNS HCCIIENOBAHNUS IBOIIONHHN (Da30oBbIX koopauHaT BJIA mpencraBieHa MaTeMaTHYecKas
MOZeNIb CHCTEMBl KaK JHHAMHYECKOM CHCTEMBI HECTAlMOHAPHOIO YIPaBIIEMOro OOBEeKTa,
MOJIBEPIKCHHOTO JIEHCTBUIO MoMeX (Bo3MylleHuit). s ynpouieHus 3anads 000CHOBaH Mpolecce
JIMHeapH3alii CHCTEMBI B BUJY TOTO, 9TO B OOJIBIIMHCTBE cirydacB BJIA He moaBep)keHBI CHIIBHBIM
neperpysKam, B OTIIHUHE OT pakeT. Mcnonp3oBaHa kaHOHHYECKas: (popMa MaTeMaTHIECKO MOIENH
COCTOSTHMSI JIMHEHHON HeCTallMOHAPHOW cUCTeMBl. [y BEPOATHOCTHOIO aHanu3a ObLT NPUMEHEH
METOJl TPaHUYHBIX PEXHUMOB CTOXaCTHYECKOW CHCTEMBI, NpeiokeHHBIH JloGateiM A.A. B
pe3yibTaTe aHanu3a ObUIO YCTAHOBJIEHO, YTO ONpPENENSIONIM (HaKTOPOM BEpPOSTHOCTH HOIIAIaHUs
BJIA B 3amaHHyl0 00JacTh SIBJISETCS MHEPIMOHHOCT CHUCTEM CIICKEHUS 3a BO3JYIIHON
00CTaHOBKOI. AHQJINTHYECKas TOYHOCTH OIPENCISIeTCS] BPEMEHEM CIIOKECHHS U BpEMEHEM
npe6siBanmst BJIA B 3anaHHOI 001acTH.

The likelihood of crossing the boundary of specified area by an unmanned aerial vehicle
Bumai A\Y.
BNTU IIDE, Minsk, Belarus

In most cases, unmanned aerial vehicles (UAVs), in view of their purpose and functional
features, are likely to deviate from a specified trajectory or change it under the influence of external
and internal factors. At the same time, there is a possibility of flying into areas that pose a danger to
the UAV, or vice versa, pose a threat to specified areas. Such areas are prohibited zones for flight,
which have clearly defined boundaries and restrictions: a prohibition on crossing the border of an
area, a prohibition on staying in the zone for more than a certain time. Therefore, there is always a
task of preliminary analysis of getting into restricted zones in order to correct the course.

The problem of probabilistic analysis of the crossing of the UAV boundaries of the forbidden
zone is considered. To examine the evolution of the phase coordinates of a UAV, a mathematical
model of the system is presented as a dynamic system of a non-stationary controlled object, subject
to the action of noise (disturbances). To simplify the task, the process of linearizing the system is
justified in view of the fact that in most cases, UAVs are not subject to strong overloads, unlike
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missiles. The canonical form of the mathematical model of the state of a linear nonstationary
system is used. For the probabilistic analysis, the method of boundary modes of a stochastic system
proposed by Lobatym A.A. was applied. As a result of the analysis, it was found that the
determining factor of the probability of a UAV hitting a specified area is the inertia of the systems
for tracking the air situation. Analytical accuracy is determined by the tracking time and the time
spent by the UAV in a specified area.

Iocaaxa GecnUIOTHOrO JIETATeJILHOI0 ANNAPATa BePTHKAJIBLHOIO B3JIeTa H MOCAKH HA
PoOOTH3MPOBAHHYIO IJIAT(GOPMY B yCIOBHAX MOPCKOI KaYKH U (JOHOBOI0 BeTpa
'Tacanos M.®., 'Pri6akos J1.B., 2Cononosnukos FO.B.

'TT'Y umenu I'.P. Jlepsxasuna, r. Tam6oB, Poccus
2000 «Kopnopanus Unskenepusiit Llentp Texuoapt», r. Ceactonos, Poccus

Tocanka GecrmnoTHoOro JetarensHoro annapata (BJIA) Ha mardpopmy Mopckoro 6a3upoBaHus
SIBJIAETCS CIIOKHOM 3ajadeil. OCHOBHbBIE NPUYMHBI 3TOMY CJIEAYIOIIUE: OrPaHUYEHHBIE Pa3MEphI
MOCAZOYHON IUIAT(GOPMBI; HEyNpaBIsieMble IIEPEMEIICHHs, BBI3BAHHBIC KAauKOH KOpaOILi;
HeOIaronpusTHbIC BHEIHIE YCIIOBUS (BETEp, TYMaH U T.X).

Ilpobnema ocnoxHseTcss TeM, 4YTO Kayka ObIBaeT pasHoro Buja (OoproBas, KuieBas H
BepTUKAJbHAS), AMIUIATY/Ja ¥ IEPUO BETPOBOII BOIHBI 3aBHCST OT MHOTUX (DAaKTOPOB, B YaCTHOCTH
OT JUIMHBI Pa3roHa BOJIH, NPOJOJDKUTEIBHOCTU NEHCTBHs BeTpa, riaybuHsl u mp. [lepemerenus
N0CaZI0YHON IIAaT(OPMBI 3aBUCSAT OT MECTA €€ Pa3MEIEHHsI OTHOCHTENBHO cyaHa. OTcioa cienyer
Oonblrasi BapHaOENbHOCTh MAEHCTBYIOIIMX BHEIIHUX YCIOBHH, KOTOpas TPYAHO MOANAETCs
KJIaccU(pUKaLHH, ¥ JAJIEKO He BCer/la MOXKET OBITh OJJHO3HAYHO IpeACKa3aHa.

B pabote npemioxkeH KOMILIEKC Mep, KOTOPbIH HO3BOJISIET 00ECIIEUUTh OE30IacHYIO ITOCaIKy Ha
OrpaHUYCHHYIO IUIOMAIKY B YCIOBHSAX MOPCKOM KauKH U ()OHOBOTO BETpa:

1) B3nerHo-nocamouHas mwiomanka (BIIII) siBisercst MOIBHKHOM, Kak B TOPH30HTAIBHON, TaK U
BEPTHKAJBHOI IUIOCKOCTH, MOXXET COBEPLIaTh HAKJIOHHBIE W TOBOPOTHBIC JIBIIKCHUS,
MOJICTpanBasich NoA AmxeHue bJIA u cmsaryas nocaaky;

2) BJIA nocne kacaHums IUIaTGOPMBI BKIIOYAeT peBepc TArM (kacaHue QUKCHpyeTcs
TEH30JaTYMKaMH), YTO INPIDKMMAeT ero K miarhpopmMe M obOecIednBaeT NEePBUYHYIO (DHKCAIIHIO,
3aTeM IPOHCXOAUT (DUKCAIMS 3aXBaTaMH, II0CIIC YETO OH BBIKIIOYAET MOTOPHIL.

3) Konrpons msmxenus BJIA co croponsr BBII ¢ ncronb3oBaHHEM CHCTEMBI TEXHHYECKOTO
3peHHsI.

OnucaHHble MEPONPUSTHS ONPOOOBAHBI HA MPOTOTHIE. ba30BEI cleHapuil MOCAJKH BBITJISAUT
TaK: Cy[JHO IBIDKETCS WM KaK MHHUMYM OPHUEHTHUPOBAHO IIPOTHB BETpa M COOTBETCTBEHHO
MePICHANKYISIPHO (DPOHTY BOJIHBEI (TeM caMBIM yMeHbINaeM yriel oTkiaoHeHus BIIII Bo Bpems
kauku). BJIA nBwxkercst no Hanpasienuto Berpa BMecte ¢ BIIII ¢ nuneitHol ckopocThio 10 5 M/c,
COBepIIasi IOCAJKy IO JIMHHM JTOTO IBIKCHUsS. BO BpeMs B3aMMHOTO IBW)KCHUS IO BETPY
OecrimioTHHK cHIDKaeTcs Kk BIIIT Takum 06pa3oM, 4TOOEI ONACTh B HYXHYIO (ha3y BOJIHBI KauKH, a
BIIIT co cBoeil CTOPOHBI COBEPILIAET MOIbEMHO-HAKIOHHbBIC IABMXKEHHS, 00ECIeunBas MATKOCTh
TUIOIA KH.

Vertical take-off and landing unmanned aerial vehicle landing on a robotic platform in
conditions of sea rolling and crosswind
!Gasanov M.F., 'Rybakov D.V., Solodovnikov U.V.
'Derzhavin TSU, Tambov, Russia
Technoart Engineering Center, Sevastopol, Russia

Unmanned aerial vehicle (UAV) landing on a sea-based platform is a challenging task. The main
reasons for this are: limited size of the landing platform; uncontrolled movements caused by the
ship's rolling; unfavorable weather conditions (wind, fog, etc.).

The problem is compounded by the fact that the platform rolling could be of different types (side
roll, pitching, vertical roll). The amplitude and period of the wind wave depends on many factors,
in particular, on the length of wave acceleration, duration of wind action, depth, etc. The landing
platform movement depends on its location relative to the vessel. This implies a large variability of
external acting effects, which is difficult to classify and unambiguously predict.
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The paper proposes a set of techniques that allows to ensure a safe landing on a limited site in
conditions of sea rolling and crosswind:

The take-off and landing area (TLA) is movable, both in the horizontal and vertical plane. It’s
able to make tilting and turning movements, adjusting to the UAV movement and softening the
landing.

When the UAV touches a platform(touch is determined by strain gauges), it starts the reverse
thrust, which presses it to the platform and provides preliminary fixation. Then fixation with
grippers occurs and motors are turned off.

The use of a computer vision-enabled TLA to control an UAV.

The described techniques have been tested on a prototype. The basic landing scenario looks like
this: the ship is moving or at least it’s directed against the wind and perpendicular to the wave
front(thereby reducing the TLA deflection angles during pitching). UAV is moving in the direction
of the wind along with the TLA at linear speed up to 5m/s and initiates landing on the line of this
movement. The drone descends to the TLA during mutual downwind movement in such way to get
into the right phase of the rolling wave and the TLA, for its part, makes up-and-down movements,
ensuring the smoothness of the landing.

BusyaabHasi HaBHranusi 6eCIMHJIOTHBIX JIeTATeIbHBIX ANNAPATOB C HCI0JIb30BAHHEM ONTHKO-
3JIEKTPOHHBIX CHCTEM
I'puropenxo H.C.
AO «Kponwrranm», r. Mocksa, Poccust

B coorBerctBuu ¢ I'OCT P 56122-2014 [1] GecnmioTHOE BO3IYIIHOE CYAHO — BO3IYIIHOE
CYyZHO, KOTOPOE NPeJHA3HAUYCHO BBIIOIHATE MOJIET 0e3 MHIoTa Ha O0PTY, aBTOHOMHOE BO3/yIIHOE
CY/IHO — OECIMIIOTHOE BO3AYIIHOE CYAHO, KOTOPOE HE MPEeLyCMaTPHUBaeT BMEIIATEIbCTBO IINIIOTa B
YIIPaBJICHUH MIOJIETOM.

PaccMoTpuM BapHaHTHI NOBBIEHHS 2(Q(EKTHBHOCTH HABUTAMOHHOr0 KoMmIutekca briJIA myrem
HCIOJIb30BaHMs BU3YaJbHOW HAaBUrallMK ¢ ucnoib3oBanueM ODC.

HaBuranyoHHbIH KOMIUIEKC WIPaeT OCHOBHYIO POJIb IIPU OCYIIECTBICHHH aBTOMATHYECKHX U
ABTOMATH3UPOBAHHBIX PEKHMOB IT0JIeTa. B HacTosIee BpeMs U1 ONPENENICHUsI MECTOHAX 0K ICHHS
6ecrimnotHoro JserarenbHoro ammaparta (BrnJIA) wucnonssyercs 'NIOHACC wim cnyTHUKOBas
cucremMa Hapurarmum GPS, Taoke HCHONB3yIOTCS — HMHEpIHAIbHBIE —OecIuIaT(pOpMEHHBIE
HaBurauuonssie cucremsl (BUTHC).

Ilpu QopmMupOBaHMM KOMIUIEKCHOIO HABMI'ALMOHHOTO pelleHust ¢ ucnoiab3doBanuem ODC
HCIIONB3YIOTCSl  ONepalii  KOMIUIEKCHPOBAaHHMS M OOpabOTKM  MHOTOCIEKTPaIbHOH
BHACOMH(OPMAIINH, CHCTEMAa BH3yaIH3allHd Ha OCHOBE IPUMEHEHUs HEHpPOHHBIX ceTel
(hopMHpYeT U IPEICTABIAET OHEPaTOpy KOHTYPhI 00BEKTOB (B 4aCTHOCTH, ONPE/IENICHUE TTOIOCHI).

Cucrema BH3yalH3allMM IIpefHA3HadeHa JUII BBOJAA, OOpPaOOTKM U KOMIUICKCHPOBAHHS
MHOTOCTIEKTPAJILHON BHACOMH(GOPMAINY B IEISIX (OPMUPOBAHHS B PeaJbHOM MacIuTade BpeMeHH
BEKTOPHOW HJIM DAcTPOBOIl OMEpPaTHBHOW TIpaduueckoil HH(pOpPMAIUH, KOTOpas HeoOXoauma
orepatopy IpH IPEANONCTHOH IOATOTOBKE, «PYJEKKE», 3aXOfe Ha Iocaiky, mocaake. OHa
PETUCTPUPYET MHOTOCIEKTPAIbHYIO BHICOMH(OPMAIHIO, BHIIONHIETCS €€ KOMIUIEKCHPOBAHHE
OCYIIECTBIIICT ABTOMATHYECKYIO PHBSI3KY BUACOMH(POPMALIMH C yIETOM HaBUTAIMOHHBIX JAHHBIX.
IIpu 3axozme Ha mocaxKy aBTOMaTHYecKH oOHapyxkuBaeT BIIII n npensTcTBUS.

B pexume «Ilocagka» Ha OCHOBAaHHM CPaBHEHHS TEKYIIUX MApaMETPOB MOJIETa C JTATOHHOU
TIIMCCAIoN €CTh BO3MOXHOCTD BbIJa4H TEKCTOBBIX MIIM 3BYKOBBIX IIOCKA30K MUIIOTY THIa «Bbimre
100, ITpaBee 50». BriOpanHbli yroa 0630pa HHANIHUPYET B KaKylo cTopoHy HampaBieHa OOC u
nonazgaer au B Hero BIIII, a Takke, B Kakoi 4acTH SKpaHa OHAa HAXOIMTCS, A Oosiee OBICTPOro
OOHapy)XCHHsI M paclo3HaBaHUs €€ omepaTopoM. Takke IPUCYTCTBYET OTOOpa)KeHHME TEKyIIUX
TapaMeTpoB I0JIeTa ISl KOHTPOJIS TIIHCCATbl CHIDKCHHSL.

B HAaBUTamWOHHOM peIIeHHH IIPH HCIONB30BaHMM KOMIUIEKCHOTO moxxoma bmjIA ¢
HCIIOJIB30BAHUEM CHCTEMBI BU3YaI3allMi MOXET aBTOMaTHYECKH ONMPEAENATh MOJIOCY U BHIIABaTh
HaBUranuoHHbsle napamerpbl BnJIA c¢ orknoneHusmu ot BIIII u npoBoauTh KOPPEKTUPOBKY
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HaBUT'allMUOHHBIX IMAPaMETPOB IJISA BBIITOJIHEHUA ITOJICTHOI'O 3a1aHUs B PEKUME PCAJIbHOIO BPEMEHU,
HMCIIOJIb3Ys 3TAJIOHHBIC TAHHBIC, IIOJTYYCHHBIC B XO1€ 06pa6OTKI/I TCJIEMECTPUU.

UAYV visual navigation using optoelectronic systems
Grigorenko N.S.
KRONSHTADT, Moscow, Russia

In accordance with GOST R 56122-2014 [1], an unmanned aircraft is an aircraft that is designed
to fly without a pilot on board, an autonomous aircraft is an unmanned aircraft that does not
provide for pilot intervention during flight control.

Let us consider various options for increasing the efficiency of the UAV navigation systems by
applying visual navigation using OES.

Navigation systems play a major role in the implementation of automatic and automated flight
modes. Currently, GLONASS or GPS satellite navigation system is used to determine the location
of an unmanned aerial vehicle (UAV); inertial navigation systems (INS) are also used.

When forming an integrated navigation solution using OES, the operations of integrating and
processing multispectral videodata are used, the visualization system based on the use of neural
networks forms and presents to the operator the contours of objects (in particular- the runway).

The visualization system is designed for input, processing and integration of multispectral
videodata with the goal to generate in real-time a vector or a raster operational graphic information,
which is necessary for the operator during the pre-flight preparation, taxiing, approach and landing.
It registers multispectral videodata, performs its integration and automatically links together the
videodata and the corresponding navigation data. Also automatically detects runways and obstacles
on approach.

In the "Landing" mode, which is based on a comparison of the current flight parameters with the
reference glide path, it is possible to issue text or sound prompts to the pilot. For example “Higher
100, Right 50”. The selected viewing angle indicates in which direction the OES is directed and
whether the runway falls into it, as well as in which part of the screen it is located, allowing for a
faster detection and recognition by the operator. There is also a display of the current flight
parameters to control the glide path of the descent.

In a navigation solution, when using an integrated approach, a UAV using a visualization system
can automatically determine the runway and provide navigational parameters of the UAV with
respect to deviations from the runway and adjust those parameters to perform the flight task in real
time using the reference data obtained during telemetry processing.

Mpumenenue BIIJIA nis 3aaa4 1e¢eKTOCKONNH NPOMBILLIEHHBIX 00bEKTOB
Janstopron b./1.
MAMU, r. MockBsa, Poccust

B Hacrosmee Bpems BIIJIA mMpoko UCHONB3YHOTCS Ul MOHMTOPUHIA  COCTOSIHUS
MPOMBIIIICHHBIX 00BEKTOB. YTPaBJICHHE aNNapaToM U IOCIEHOJIeTHAs 00paboTKa ITOITydeHHBIX
JAHHBIX OCYLIECTBIISIETCS 4YeloBeKoM. B mocimennee BpeMs HaMeTHIach TEHIGHLHUS K
aBTOMATH3aIlMM MoOJeTa U OOpabOTKM IIOTYy4YEHHBIX JAHHBIX C IPUMEHEHHEM OJIEMEHTOB
HCKYCCTBEHHOTO MHTEIUIEKTA.

Crneunanuctamu MAW co3gaérest mporpaMMHO-anmnapaTHbl KOMIUIEKC 1Uisl 1e(heKTOCKOMUH
noBepxHocTel Harpesa komioB ['POC. [IpumeHeHHe TOJ0OHOH TEXHOIOIHHU IO3BOSIET COKPATUTh
BpeMsl B IIEPHOJ POBEICHHUS IIAHOBOTO U aBAapHIHOIO PEMOHTA, 3aTPauMBaEeMOE HA BO3BEICHUE
JIECCOB M OCMOTp noBepxHocTel HarpeBa. Komruiekc coctout ux BITJIA, ciocoGHOro coepiuarh
aBTOHOMHBIH MOJIET BHYTPH OCTAaHOBIEHHOTO KOTIa U IPOTPaMMHOr0  oOecIedeHus,
obecreunBaronero 00padboTKy 1 paciudpOBKY OTyIEHHBIX CHIMKOB.

Cucrema ynpasienust BIIJIA coctout u3 aBTOmHMIOTa, OOPTOBOrO KOMIIBIOTEpa M Habopa
JaT4uKoB. JIIsI HaBHTAalMH BHYTPH IIOMCHIEHMS ammapaT OCHAImleH HaOopoM Ja3epHBIX
JTATbHOMEPOB, IO3BOJIIONINX IIOTYyYHTh MOJIOKCHHE alllapaTa OTHOCUTENBHO CTEH W HIDKHEH
OTMETKH KOTJIa, a TaKKe — CTePEeOKaMepoH, s TMOJJEep/KaHHA MO3HIHU OTHOCUTEILHO
UCCIIClyeMOi TOBEPXHOCTH KOTJIa. JlaHHBIE ¢ JAaTYMKOB M CTEpeoKaMepbl oOpadaThIBaroTCsS B
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GOpTOBOM KOMITbIOTEpE, KOTOPBII (POPMUPYET YNPABISIONIME CUTHAJBI HA aBTOMMJIOT. Ammapar
coBepIIaeT o0JIeT epuMeTpa KOTJIa C IePEeX0A0M OT YPOBHS K yPOBHIO.

ITonesnast Harpyska cocrout u3 TB kameps! 1 maapa, paboratomiero B GimnkaeM MK nnanasowne.
B mpornecce monera ocymectsisiercs GOTOChEMKA ¢ NMPHBSI3KONH KaJpoB K TPEXMEPHOH Mozmenn
xoTna. CobpaHHbIE H300paKeHHS aHAM3UPYIOTCS C MPUMEHEHHEM almapaTa HeHPOHHBIX CeTeil.
IlomMumo m300pakeHHi, TIoNe3Has Harpy3ka IOJydaeT OOJaKo TO4YeK, XapaKTepU3YIOUIHX
HIOBEPXHOCTHU HArpeBa.

ITporpaMMHO-anmapaTHbIH KOMIUIEKC aHAIM3a JOJDKEH IO3BOISTH BBIIBISTH CIEAYIONIHE THIIBI
ne(heKTOB MOBEPXHOCTEH HAarpeBa: TPEeLIMHbI, [[BETA MOOSKAIOCTH, KPHIIBI, KOPPO3Hsl, BBIXOA TPYO
13 psifa. B Hacrosimiee BpeMst yBEpEHHO OOHAPY)KMBAIOTCS TPEIMHBI, BEIXO TPYOBI U3 psija, BETa
nobexxanocta. O0ydeHue ceTeil MPOBOAMIOCH Ha peallbHBIX M CHHTETHIECKUX JaHHBIX. B mponecce
pa3paboTKy OBLIO MPOBEICHO TECTHPOBAHUE TPEX apXUTEKTYp HelpoHHBIX ceteil: YOLO, Detector
RS, DTS. Jly4mue pe3ynbTathl noiay4eHsl Ha apxurekrypax Detector RS u DTS.

KoMmruteke mpoXoanuT SKCIEepUMEHTAIBHYIO OTpadOTKY Ha peanbHOM o0bekte UuTtep PAO.

The use of UAVs for the tasks of flaw detection of industrial facilities
Danzurun B.D.
MALI Moscow, Russia

Currently UAVs have been widely used for condition monitoring of industrial facilities. Control
of the device and post-flight processing of the received data is carried out by a person. Recently,
there has been a trend towards automating the flight and processing the data obtained using
elements of artificial intelligence.

MALI specialists create a software and hardware complex for flaw detection of heating surfaces of
GRES boilers. The use of this technology allows you to reduce the time during scheduled and
emergency repairs spent on the construction of loess and inspection of heating surfaces. The
complex consists of a UAV capable of performing Autonomous flight inside a stopped boiler and
software that provides processing and decryption of the received images.

The UAV control system consists of an autopilot, an on-Board computer, and a set of sensors.
For indoor navigation, the device is equipped with a set of laser range finders that allow you to get
the position of the device relative to the walls and the lower mark of the boiler, as well as a stereo
camera to maintain the position relative to the studied surface of the boiler. Data from sensors and
stereo cameras are processed in the on-Board computer, which generates control signals to the
autopilot. The device flies around the perimeter of the boiler with the transition from level to level.

The payload consists of a TV camera and a lidar operating in the near-IR range. During the flight,
photos are taken with the frames linked to a three-dimensional model of the boiler. The collected
images are analyzed using neural networks. In addition to images, the payload receives a cloud of
points that characterize the heating surface.

The hardware and software complex of the analysis should allow detecting the following types of
defects of heating surfaces: cracks, run-off colors, creeps, corrosion, pipe failure. At present,
cracks, pipe out-of-line, and run-down colors are confidently detected. The networks were trained
on real and synthetic data. During development, three neural network architectures were tested:
YOLO, Detector RS, and DTS. The best results were obtained on the Detector RS and DTS
architectures.

The complex is undergoing experimental testing at a real inter RAO facility.

O0y4eHne NPOEKTHPOBAHMIO H MPOH3BOJCTBY JIeTATEILHBIX ANNAPATOB HA OCHOBE CO3AAHHS
MojeJeii
JuxoBa @.A., Kapmanos 1.®.
YTATY, r. Ya, Poccus

AKXTyanpHOCTb OOy4YEeHHS M OpPHEHTHPOBAHHS IOAPACTAIOIIEr0 IIOKOJIEHHS U OCBOCHUS
AaBHAaKOCMUYECKHX MHpodeccHil cBsA3aHa C HOBATOPCTBOM aBHAMM M KOCMOHABTHKH. C IIENBIO
ABHAKOCMHYECKOro oOpasoBaHus Mononeku B YI'ATY HeckoNbKO JIeT yaenseTcs BHUMaHHE
MPAaKTUYECKOMY OINBITY CO3JaHUs JEHCTBYIONIMX MOJENEeH a’pPOKOCMUUYECKUX allapaToB
Pa3IUYHON CIOKHOCTHU, B TOM YHCIIE OECIIMIOTHBIX JIETaTENbHEIX allliapaToB.
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Jlns pemienys 3Tol 3a1aui KOMaH/a CTyJJ€HTOB IPOXOAUT BCE ATAllbl TEXHUYECKOTO MPOEKTa: OT
OIIBITHO-KOHCTPYKTOPCKOH pa3pabOTKH IO 3alycKa JIETaTeNbHOTO ammapara, 3HaKOMHTBCS C
COBPEMEHHBIMH METOJaMH PacyeToB, KOHCTPYHPOBAHMS, M3rOTOBJIEHHs, HMCIBITAHHS MOJENEH,
MIPUMEHEHHS] CUCTEM YIPaBJIEHMS.

Pabota Ham TPOEKTOM IIOMOraeT KaXIOMY CTYAEHTY PACIIHPUTh TEXHUYECKHH KpYrosop,
cienaTh NPABHIIBHBIHA BEIOODP HAINPABIICHHIT JIMYHOTO Pa3BUTHsL, BBIOOP mpodeccuH.

IIpoexTnpoBanne, KOHCTPYHPOBAHHE, HM3TOTOBJICHHE M HCIBITAHUS MOJENeH OCCIUIOTHBIX
JIeTaTeIbHBIX allapaToB CIOCOOCTBYeT BOZHUKHOBEHMIO HOBBIX HACH M pENICHHH, a Takke
Pa3BUTHIO TBOPYECKMX cIOcoOHOCTerH Momonexu. Co3jaBaeMble OECIHMIIOTHBIEC JICTAaTENIbHBIC
MOJICNIH TOCTOSIHHO CYIIECTBEHHO COBEPHICHCTBYIOTCS M JIONOJNHSIOTCA. B paboTe BbIiETeHBI
OCOOEHHOCTH COBPEMEHHOTO COCTOSIHHSI CO3JaHHs Mofenell OeCHHIOTHBIX JIeTaTeIbHBIX
anrnapaToB U NMEPCIEKTUB Pa3BUTHS.

o uroram ycrnemHsIx 3amyckoB komanaa Y AT HEOqHOKPATHO MOJydalia JUINIOMBI HOOequTeNs
Ha BcepoccuiickoM yemnuoHate MI'Y u Pockocmoc «BozaymHo-nHxeHepHas mkonay. Llensio
9TOr0 NMPOEKTa SABISETCS NMPUBJICUCHUE IIKOJIBHOW M CTYAEHUECKOH MOJOAEKU K HAyKOEMKHUM U
BBICOKOTEXHOJIOTHYHBIM 00JIACTSIM JIEITEILHOCTH, PEXKIE BCEr0, K KOCMHYECKUM HCCIICOBAHHSM.
IIpoextr peamusyercs B (opMe UYEMIHMOHATa — EXKETOJHOTO COPEBHOBAHUS IIKONBHBIX H
CTyJCHYCCKUX KOMaHJA. YYaCTHHKH [OJDKHBI BJIaJieTh 0a30BBIMH 3HAHWSAMH II0 MaTeMaTHKE,
NHGOPMALOHHBIM TEXHOJIOTHSIM M E€CTECTBEHHBIM HaykaM. HeoOXOOMMBIM yCIIOBHEM YdYacTHs
SIBTIICTCSI HAUYHE B KOMAH/Ie HAYYHOTO PYKOBOAUTENS U KAIUTaHA KOMAH/BL.

ITnannpyercs opranmsoBate B Pecry6imke Bamkoprocran Permonanmsneni Typ Poccuiickoro
oOpa3oBaTenbHOro IpoekTa «Bo3gymHo-mHxeHepHas mkonay Ha Oaze YAT YIATY mis
BOBJICYCHUS IIKOJbHOW M CTYAEHYECKOH MOJIOAEKH B IPOIECC pa3paboTKuM Mojeneil paker-
HOCHTENeH N OECITHIIOTHBIX JICTATENIbHBIX allapaToB.

Hay4Ho-TeXHHYeCKHUii Iporpecc ONpefessioT Oyaymiee B CO3AaHHN OSCIMIOTHBIX JIeTaTeIbHBIX
anmapaTtoB. [l coBepLIGHHS HOBBIX INIPOPLIBOB HAJ0 pPa3BHBaTh TBOPUYECKHE CIIOCOOHOCTH
MOJIOJIEXKH, CO3/1aBaTh Bce OosIee MepCIeKTHBHBIE MOJIENH JIETAaTEbHbIX alapaTos.

Training in the design and production of aircraft based on the creation of models
Dikova F.A., Karshanov LF.
USATU, Ufa, Russia

The relevance of training and orientation of the younger generation for the development of
aerospace professions is associated with the innovation of aviation and cosmonautics. For the
purpose of aerospace education of young people in UGATU, attention has been paid for several
years to the practical experience of creating existing models of aerospace vehicles of various
complexity, including unmanned aerial vehicles.

To solve this problem, a team of students goes through all stages of a technical project: from
experimental design to the launch of an aircraft, get acquainted with modern methods of
calculation, design, manufacture, testing models, and application of control systems.

Working on the project helps each student to expand their technical horizons, make the right
choice of personal development areas, and choose a profession.

Designing, constructing, manufacturing and testing models of unmanned aerial vehicles
contributes to the emergence of new ideas and solutions, as well as the development of creative
abilities of young people. The created unmanned aerial models are constantly being significantly
improved and supplemented. The paper highlights the features of the current state of creation of
models of unmanned aerial vehicles and development prospects.

As a result of successful launches, the UAT team has repeatedly received winner's diplomas at
the all-Russian championship of Moscow state University and Roscosmos "Air engineering
school". The goal of this project is to attract school and student youth to science-intensive and high-
tech areas of activity, primarily to space research. The project is implemented in the form of a
championship — an annual competition of school and student teams. Participants must have a basic
knowledge of mathematics, information technology, and science. A necessary condition for
participation is the presence of a scientific supervisor and team captain in the team.
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It is planned to organize a Regional tour of The Russian educational project "Air engineering
school" in the Republic of Bashkortostan on the basis of UAT UGATU to involve school and
student youth in the process of developing models of launch vehicles and unmanned aerial vehicles.

Scientific and technological progress determine the future in the creation of unmanned aerial
vehicles. To make new breakthroughs, it is necessary to develop the creative abilities of young
people, to create more and more promising models of aircraft.

MHoroueieBoii 6ecMIOTHBINH BEPTOJIET rpy30N0AbEMHOCTBIO 50 KT
JpsxonoB /I.A., 3aBanoB O.A., Gununenkos C.A.
MAMU, r. Mocksa, Poccust

B MockoBckoMm aBuanmonHoM uHctHTyTe B CKB 602 «Vckatens» kadeapsr 602 mpoBoasTes
pabotsl o co3nanuto JATJIA s paGoOThI B COCTaBE KOMILIEKCOB PA3MYHOrO HasHaueHus. OmHO
u3 Benyumux HampasineHui B pabore CKB 602 «Mckarenb» — pa3paboTKa BBICOKOPECYpPCHOIO
MHOTOIIEJIEBOTO BEPTONETa — HOCHTENS M aJanTalys K HEMY HOJIE3HON HAarpy3KH: KOHTEHHEPOB C
TPY30M, ONTHKO-3JIEKTPOHHOH HH-(OPMAOHHOH CHCTEMBI, CHCTEMBI IIOXKAPOTYIICHHUS H APYIHUX
CHCTEM.

B ocHOBe mporpaMmbl JIOKHT TIIyOOKas MOJACPHM3ALMS JHCTAHIMOHHO IHIOTHPYEMOI'O
Beproiéra «Bopon-300» u3 coctaBa KoMmIuiekca Bo3ayiiHol passenku «KBP Bopon» (I'H, nutepa
O1, yreepxnénnsie TY Ha usgenue).

PaspaboTana TpExypoBHEBas porpaMma 00ydeHHs SKUIIaxKa.

OCHOBHBIE 3JIEMEHTBl KOHCTPYKIMH C O€30IacHbIM pa3pylIeHHEM — CPOK HX CIY)XObI
onpenernsercsi 0 COCTOSIHUIO, HO He MeHee 6000 wacoB (mpuMep: NOBpeXIEHHAs 3y0daTo-
pEeMEHHAsT TPAHCMHCCHSL JONMYCKAaeT IpH KOHTPOJE IMHAMHUKH pa3pyLICHHS HPOJODKATH
9KCIUTyaTalio BepTOJETa).

Ha Bepronére ycTaHaBIMBAIOTCS MHTETPAJIbHBIC IBUTATENbHBIE YCTAHOBKY, pa0oTarolipe Ha
«TSDKENBIX)» COPTaxX TOIUIMBA (aBHALMIOHHBIA KEPOCHH, JU3EIBHOE TOIUIMBO) M HAa «CTaHAAPTHOM»
6ensune cepun A-92...98.

KoMmIoHOBKa BepTONIETa BBHIONHEHAa MO KIIACCHYECKOH CXeMe OJHOBHHTOBOTO BEpTONETAa C
pyJIeBEIM BHHTOM. Bce arperaTsl BepToi€Ta MOHTHPYIOTCS Ha CHIJIOBOM Kapkace (roserspka
(hepMEHHOM KOHCTPYKIIHH.

OCHOBHBEIM PEXHMOM KOMIDIEKCA YIIPABICHUS SBISETCS aBTOMATHYECKHII IMOJET BEPTONETA IO
3alaHHOMY MapLIpyTy.

B cnydae BBIKIIOYEHMS CIyTHHKOBOW HABUTALMOHHOM CHCTEMbl HABUTALUS OCYIIECTBILICTCS
WHC c xoppekuueii 0T MarHUTOMETpa U ONTHIECKOTr0 JaTIHKA.

Iepenaua TaHHBIX WIN paJHoOKaHAN «OOpT-3eMIIsT». TN MoxeMa nepefadd KOMaH[ yIpaBlIeHHs
BEPTONIETOM U II0JI€3HON HArpy3Koii, JHamna3oH pabouyKx 4acTOT, IapaMeTphl aHTEHH OIpeensieTcs
TpeGOBaHNEM DKCIUTyaTaHTa.

Wnrerpansubie nétHble Xapakrepuctuku (MJIX). MJIX B ommume OT «CTaHZAPTHBIX» JIETHO-
TexHudeckux  xapakrtepuctuk (JITX) mpencraBiasioT cobOOif  XapakTepHCTHKH —BEpTONETa,
BBITIOJIHSIONIHECS COBMECTHO NP YCTAHOBJICHHBIX BHEIIHUX YCIOBHSX SKCILTyaTalluH.

IpoBenéunsie B nepuog ¢ 2008 mo 2020 rr. JETHO-KOHCTPYKTOPCKUE HCIIBITAaHUS BEPTOJIETA
M10KA3aJI1 II0JHOE COOTBETCTBUE MOMYUEHHBIX XapaKTepHCTUK MPUHATHIM MPOEKTHBIM MOJI0KEHUIM
1 pacuETHBIM JIETHO-TEXHUUECKUM XapaKTePUCTHKAM.

Multipurpose unmanned helicopter with a payload capacity of 50 kg
Dyakonov D.A., Zavalov O.A., Filipenkov S.A.
MAI, Moscow, Russia

At Moscow Aviation Institute in SKB 602 “Iskatel” of the department 602, from the mid-90s of
the last century, work has been carried out on the creation of remotely-piloted aircraft (UAVs) for
work as part of complexes for vari-ous purposes.

One of the leading areas in the work of SKB602 Iskatel is the development of a high-resource
and inexpensive both in the acquisition and operation of a multi-purpose helicopter carrier with a
take-off mass of 120 kg (flight time in difficult weather conditions is 4 hours) and adaptation to it
of vari-ous payloads weighing up to 50 kg.
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The program is based on the deep modernization of the Raven 300 remotely piloted helicopter
from the KVR Raven air reconnaissance complex.

A three-level crew training program has been developed. The first level is to complete a flight
mission only in automatic mode. The second is supplemented by a semi-automatic mode and the
ability to perform take-off and landing in difficult weather conditions. The third level is helicopter
control in manual mode without automation within the line of sight and at a distance by camera in
simple and difficult weather conditions.

The layout of the helicopter is made according to the classical scheme of a single-rotor heli-
copter with a tail rotor. All helicopter assemblies are mounted on the power frame of the truss
fuselage.

In the case of turning off the satellite navigation system, navigation is carried out by an ANN
with correction from a magnetometer and an optical sensor. The optical sensor operates in the
visible and broadband infrared ranges and actually performs the functions of a horizon and DISS.

The ability of the helicopter to accurately position in the hovercraft mode will provide a de-
veloped algorithm for the operation of the technical vision system, autopilot and the helicopter
carrier system.

In addition, the developers are working on the installation of an onboard board-ground optical
link based on a UV laser on board the optical line, which allows, within the line of sight, full
control of the flight mission during electronic warfare systems.

Conducted between 2008 to 2020 helicopter flight design tests showed full compliance of the
obtained characteristics with the accepted design provisions and design flight technical
characteristics.

KoHIenT 6ecnuIoTHOTO JIeTATeJILHOT0 ANNAPaTa ¢ JIUTEeJIbHBIM PEAKTHBHBIM CTAPTOM U
H3MeHsIeMOli reomMeTpHeil Kpblia
ExoB A.Jl., Korosuu U.B., I'putunn .M., Exxos H.IT.
MAMU, r. Mocksa, Poccust

PEIHOK OECTIMJIOTHBIX JICTAJBHBIX aNllapaTOB HA CETOMHSIIHHN JICHb NPECTAaBISICT OrPOMHOE
pa3Ho0Opasue (opM, THIIOB U pa3MepoB, M Ha3HadeHHil. HanMeHee TpyJOeMKIMH B M3rOTOBICHUH
U TOATOTOBKE K 3aIlyCKy SIBIIIIOTCS HAIpaBlICHHE Mallopa3MepHbIX OECIMIOTHHKOB-Pa3BeIUUKOB,
9Ybsi OCHOBHAS 3ajlaya SIBISICTCS MOHUTOPUHI MECTHOCTH. BONBIIMHCTBO M3 HUX OO TpeOyroT
JUIITENIBHOI TTOATOTOBKU K CTapTy, B CBSI3M C Pa3BEPTHIBAHUEM JONOJIHUTEIHHOIO CTapTOBOIO
0o0Opy10BaHHMs B BHIE POraToK, KaramyiabT W T.I., JUOO MMEIOT Majoe Bpems mnoiera. Jlus
CHIDKEHUSI MacChl CTAPTOBOTO 00OPYIOBaHUS, BPEMEHH Pa3BEPTHIBAHUS U 3aITyCKa OECIMIOTHOTO
JIETaTeILHOTO allapara, a TakKe Ul YBEJIMUEHHs POIODKUTEILHOCTH BPEMEHH TI0JIeTa, B CBS3U
C HEMCIIO/Ib30BAaHMEM HCTOYHMKOB MUTAHUs A/ HabOpa BBICOTHI, mpeanaraercs kouuent BJIA ¢
JUTITEIEHBIM PEaKTHBHEIM CTapTOM M H3MEHSIeMOl reoMeTpHeil Kpblia.

B npennaraemom konmente, BJIA, 1o MOMeHTa 3amycka, HaXOAUTCS B TPAaHCIIOPTUPOBOYHOM
KOHTEifHepe, KOTOPBIA Tak jKe SIBISCTCS M CTApTOBOW YCTaHOBKOH. ['eomeTpusi GECIUIOTHOrO
JIETaTeILHOTO allapaTra TakoBa, YTO B IPOIIECCE CTapTa H CKOPOCTHOTO Habopa BBICOTHI (MOpsiIKa
50-70 m/c), Bcsi KOHCTPYKIMS IUIAaHEpa HAXOAUTCS B CIOKCHHOM COCTOSHHH, 9TO MO3BOJISIET
CYILIECTBEHHO CHH3UThH JIOOOBOE CONPOTUBIICHHE M YBEIUUYHUTh BBICOTY B3ieTa. Ilo mocTmkeHHH
amoress WM 3aJaHHOM TOYKH IIPOU3BOJNHUTCS MNEPEXOA B IUIAHUPYIOIIUH PEXKHM, Ha KOTOPOM
BBINIOJIHSACTCS] OCHOBHAsL (PyHKINUS anmapaTa. J{jis BEIMOIHEHHUS MOJIETOB [0 MapIIPYTY, a TAKKE s
BO3BpaTa Ha MCXOJHYIO Mo3uiuio, BJIA ocHalleH cuiloBOi yCTaHOBKOH CO CKJIaJIbIBAFOLIMMUCS
JIOTIACTSIMU.

Ipemnaraemast KOHIENIUS OECIIIOTHOTO JICTATEILHOTO alapaTa IM03BOJIeT Pealn30BaTh €ro B
KJIacce IIMPOKOM JIMara3oHe BECOBbIX XapakTepucTuk (ot 0,1 1o 2 xr) u Ha3HayeHuil. Ha naHHbIi
MOMEHT aBTOpaMH peall30BaHa M YCIINIHO OTpaboTaHa cxeMa cBoOogHoneraromero BJIA 6Ge3
AKTHBHOTO yIPaBIECHHS I MOHUTOPHHTA.

Hanuune GecnuaoTHOrO —JIETaTENbHOIO —ammapara pPacCMAaTpHBAEMOro THUINA  IO3BOJISET
3HAYMTENBHO CHM3UTh BpeMs OT Hauaja pPa3BEpTHIBAHMSA KOMIUIEKCA IO MOMEHTAa IOIydYEeHMs
urdopmanuu ¢ BJIA, uTo sBIIsSeTcs OMHUM U3 BaXKHBIX (PaKTOPOB B psiae 3aad. JlaHHBIH IOIXOX
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MOXET IIOJIOKUTEIIBHO PCATIM30BBIBATHCS IIPU IMPOBEACHUU ITOUCKOBO-CHACATEIBHBIX onepauuﬁ,
TCO0JIOr0-pa3BECAbIBATCIBHBIX pa60T ¥ MOHUTOPUHI'a MECTHOCTH.

Unmanned aerial vehicle with long jet launch and variable wing geometry
Ezhov A.D., Kotovich I.V., Gritchin D.M., Ezhov N.P.
MALI Moscow, Russia

The market for unmanned aerial vehicles today represents a huge variety of shapes, types and
sizes and purposes. The least labor-intensive in the manufacture and preparation for launch is the
direction of small-sized reconnaissance drones, whose main task is to monitor the terrain. Most of
them either require lengthy preparation for the launch in connection with the deployment of
additional launch equipment in the form of slingshots, catapults, etc., or have a short flight time. To
reduce the mass of the launch equipment, the deployment and launch time of the unmanned aerial
vehicle, as well as to increase the duration of the flight, due to the non-use of power sources for
climb, a concept of a UAV with a long jet launch and variable wing geometry is proposed.

In the proposed concept, the UAV, until the moment of launch, is in a shipping container, which
is also a launch vehicle. The geometry of the unmanned aerial vehicle is such that during the launch
and high-speed climb (about 50-70 m / s), the entire structure of the airframe is folded, this can
significantly reduce drag and increase takeoff altitude. Upon reaching the apogee or the set point, a
transition is made to the gliding mode, in which the main function of the apparatus is performed. To
perform en-route flights, as well as to return to the starting position, the UAV is equipped with a
power plant with folding blades.

The proposed concept of an unmanned aerial vehicle makes it possible to implement it in a class
with a wide range of weight characteristics (from 0.1 to 2 kg) and purposes. At the moment, the
authors have implemented and successfully worked out a free-flying UAV scheme without active
control and monitoring.

The presence of an unmanned aerial vehicle of this type can significantly reduce the time from
the beginning of the deployment of the complex to the moment of receiving information from the
UAYV, which is one of the important factors in a number of tasks. This approach can be positively
implemented in search and rescue operations, geological exploration and terrain monitoring.

IonaBienue 3¢ (pexToB 3a1epKKU TPAHCIAANNN CHTHAJIOB MPH YNPaBJIeHHH 0eCMUIOTHBIMHU
JleTaTeIbHbIMH ANNIAPATAMH € IOMOLILI0 IPOTHO3HOTIO U CILIes!
Edpemos A.B., Upranees .X., Tsrmuk M.C.
MAMU, r. Mocksa, Poccust

OnHol M3 XapaKTepHBIX 4epT YIpPaBICHHs OCCIMIOTHBIMH JieTaTeldbHbIMU ammapatamu (BJIA)
SBJISICTCS 3alla3[blBaHHE B TPAKTe INIPHU YIPAaBICHHH HMMH OIEPAaTOPOM C HA3eMHOIO ITyHKTa
ynpasienus (HITY). Dt 3anepxku CBsi3aHbl ¢ BPEMEHEM HEOOXOAMMBIM JUIsS KOJUPOBAHMS U
JEKOJMPOBAHUS CHTHAJIOB, MHTEPBAJIOM BPEMEHH TPAaHCILIIUH CUTHAJIA Yepe3 CHYTHHK H PSIOM
npyrux. BemmumHa 3THX 3ajmepikek mocturaer 1-1.2 ¢ mpm ympaBineHHH aBHarHOHHBIMEH BJIA.
IIpumepHO Takue ke 3aJepKKU HPOMCXOAAT IPH YNpaBiIeHHMH KocMuueckumu JIA Ha srame
CTHIKOBKH B TeneoneparopHoM pexxnme (TOPY). Eme Gonbiue 3anepsxkn (10 4 cek) XapaKTepHEI
IIpU YIpaBIeHUH ¢ 3eMid JIyHHBIM poBepoM. YIpaBieHHE TaKUMH OOBEKTaMH OINEepaTopoM B
HETIPEpBIBHOM PYYHOM pEXHMME MM KpaifHe 3aTpyAHHTENbHO, WIH IPAKTHYEeCKU HeBo3MOoxHO. C
LEebI0 PeaN3aliy HEePEephIBHOTO PYYHOTO YIPABIICHHS OIIEPaTOpPOM U HoAaBiIeHHS d(hdeKxToB
3ama3ablBaHus. B paboTe IPEeUIOKEHO HCIHONIB30BaTh IIPOTHO3HBIN AMCIUICH, OTOOpakarommid
NPOrPaMMHYI0  TPAaeKTOPHIO W HPOTHO3UPYEMYIO Tpaekropuro jswxeHus bBJIA. 3akon
(opMHpPOBaHUS NPOTHO3HBIX CHTHAJIOB, OTOOpaXKaeMBIX Ha JKpaHe AHCIIes, (GopMHpyeTcs MO
CHTHaJIaM M3MEpEHHH, a Taloke ITyTeM BBIYHCIICHHS OTJAENBHBIX (Pa30BBIX KOOPAMHAT, HCIOIb3Ys
MaTeMaTHYECKyl0 MOJIeb JBMXKEHMSI HE YUHTBHIBAIOILYIO 3amasjbiBaHue. B pabore usnaraercs
MeTouKa (POPMHPOBAHHUS IPOTHO3HOTO CHTHANIA, a TAKXKE APYrUX IMapaMeTpoB, OTOOpakaeMbIX Ha
9KpaHe NPOTHO3HOTO AMCIIes. VX ompeneneHne OcyIIecTBISIETCS METOJaMH MaTeMaTHIECKOTO
MOJICITIPOBAHUS. CHCTEMBI «delioBek-onepatop — JIA». B pabore npuBomsrTcs pes3yibTaThl
9KCIIEPUMEHTANIBHBIX MCCIIEIOBAHUM, IOMyYEHHbIE Ha CTEHJE MOIYHATYpHOTO MOJEIMPOBAaHMS,
MOATBepKAaIoNHe dP(GEeKTUBHOCTS MPEUIOKCHHOTO PEIICHUSL.
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Suppression of Signal Transmission Delay Effects in Unmanned Aerial Vehicle Control Using
a Predictive Display
Efremov A.V., Irgaleev . Kh., Tiaglik M.S.
MAI, Moscow, Russia

One of the characteristic features of unmanned aerial vehicle (UAV) control is the delay in the
flight control system, operated from a ground control station (GCS). These delays are associated
with the time necessary for the encoding and decoding of signals, the interval of signal transmission
through a satellite, and a number of other factors. The time of these delays reaches 1-1.2 seconds
when controlling atmospheric UAVs. Roughly similar delays occur during remote manual docking
of spacecraft. Even longer delays (up to 4 seconds) are characteristic of controlling a lunar rover
from Earth. Continuous manual control of such objects by a human operator is either extremely
difficult or virtually impossible. For the purpose of implementing continuous manual control by the
operator and suppressing the delay effects, the study proposes to use a predictive display,
representing the programmed and predicted flight paths of the UAV. The law of the displayed
predictive signals generation is developed based on measurement signals, as well as calculating
individual state variables, using a mathematical model of motion that does not factor in the delay.
The study presents a methodology for generating a predictive signal, as well as other parameters
rendered on the screen of the predictive display. Their definition is done by means of mathematical
modeling of the human operator-UAV system. The study provides the results of experimental
research, obtained via ground-based simulation, which confirm the effectiveness of the proposed
solution.

Ipumenenne BBC ¢ pa3iM4HbIMYU M0/Ie3HBIMH HATPY3KAMU ISl pelleHus 32124 10
nocrpoenno uudposoii mogean peaseda (IIMP), HHCIEKTHPOBAHUIO H MOHUTOPHHTY
00beKTOB MHPPACTPYKTYPbI HAa IPUMepPe NPOMBIILIEHHbIX pelennii komnanuu DJI
3aBeprkuH C.A.

MAMU, r. Mocksa, Poccust

Pa3BuTHE OSCIMIOTHBIX aBHAIMOHHBIX TEXHOJOTHI cO37aeT BCE OOJbIIe BO3MOXKHOCTEH JUIs
HCTIONB30BaHNs OECIIIIOTHUKOB HE TOJIBKO B BOCHHOM, HO M B IpaX<JaHCKOH cdepe, a HHTerparys
UX B IIPOU3BOJICTBEHHbIE IIPOLECCHl IMOPOXKAACT HOBBIC 3alpOChl M CLEHAPHU INPUMEHEHUS.
KpymHble KOMIIAaHWHM CO3[Al0T HHTETPUPOBAaHHBIE OJKOCHCTEMBI Ha 0a3e CBOMX JICTAIONIMX
wiatpopM, B KOTOPBIX OOBEAMHSIOTCS pPa3pabOTYMKH IOJNE3HBIX HArpy3oK, NPOrpaMMHOTO
obecreueHdss U MOOWIBHBIX TIPUIOKEHHH I MaKCUMAlbHO IIOJHOTO  yIOBIECTBOPECHHS
NMoTpeOHOCTeH pbIHKA. J[pOHBI HM3MEHWIM TEXHOJOTMYECKHE IIPOLECCH B TaKHX OTpacisX
MIPOMBIIUICHHOCTH KaK TOPHOMOOBIBAIONIAs, CENbCKOE XO3SHCTBO, JHEPreTHKa, CTPOUTENLCTBO,
HHOPACTPYKTypa i CTpaXOBaHHE.

Jlnst nmpumepa kommanust DJI u3HauansHO pa3pabaTbiBajia M M3rOTaBIMBala KOMIIOHEHTHI IS
OECIMIIOTHHUKOB, a 3aTeM JIFOOUTEIbCKHE IPOHBL. J{IIs1 yIOBIETBOPEHHMS 3alIpOCOB OH3HECA IIOMUMO
COBEpILICHCTBOBAHMS ~ alllapaTHOro OOecTeueHus ObUI0 IPHUHATO pElIeHHEe 3aHUMAaThCs
Pa3paboTKOI pa3IMIHBIX MOJE3HBIX HATPY30K H IIPOTPaMMHOTO 00eCTIeUeHH s, a TakxKe 00yJIeHneM,
HHTErpanyeil u COMyTCTBYIOINME yCIyraMd. B OCHOBY HOBOI KOHIENIIMU OBUTH 3aJI0KEHBI TPH
OCHOBHBIX KOMIIOHEHTa: cepBHC pa3paboTku 10 (KOMIUIEKC HHCTPYMEHTOB s Pa3pabOTKH
MOOWIIBHBIX IIOJIb30BATEILCKUX IPUIIOKCHUH, CHCTEM YIPABICHHS M HHTETPAIMH IOJIC3HBIX
Harpy3oK), MOAyJbHas JieTalomast IaTdopMa U 3aIlyCK WHBECTHIMOHHOTO (oHna. B pesynbrare,
TO 4YTO HAYMHAJIOCh B KAayeCTBE HCCIIEIOBATENBCKOTO IIPOEKTa, HPEBPaTUIOCh B  LEIYIO
9KOCHCTEMY, KOTOpasi IIOMOINa CHOpPMHPOBATHCS NECSATKAM KOMMEPUSCKHX KOMIIAHHH H, TeM
CaMBbIM, TIOBBICHTH 3HAYMMOCTh OECIIIIOTHBIX INIAT(OPM MOLYJIHHOTO THIIA.

Ha pnaHHBI MOMEHT TeKYIIMH OIBIT B3aUMOJEHCTBHSA C OTEYECTBEHHBIMU 3aKa3uMKaMu,
uHTerpanuu 1 agantaruu BAC mox ux TpeOOBaHUS MO3BOJISET pEeHIAaTh Pa3iIHYHbIC MPHUKIATHBIC
3amaun. Co3gaBaTh HU(POBEIE MOJENU penbeda ¢ BHICOKOH TOYHOCTBIO TEONPUBS3KH, 33 CUET
ucnosb3zoBanuss GNSS Moxyseil 1 CHHXpOHHM3ALMK TEIEMETPUM B pealbHOM BpeMeHH. [Ipumensis
nuaapel, ¢opmupoBaTs 3D-nmaHHble, (GUKCHPYS JeTand CIOXKHBIX CTPYKTyp. IIpoBomuth
oOcienoBaHHe OOBEKTa HAa 3HAYUTENHBHOM PACCTOSHHH C BO3MOXKHOCTSAMH CTAaHIApPTHOU H
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TEIJIOBOM CBEMKM, B T.U. JUIS TONY4EHHs] TOYHBIX IIONMHUKCEIbHBIX 3HAYEHHH TeMIepaTypsl
HCCIeNyeMBIX OOBEKTOB M MO KOHTPOIS HApYIICHHS TPAaHUI OXPaHAEMOH TEepPPHTOPHU.
Hcnionb3yst BEICOKOYYBCTBUTEIIBHBIN JIETEKTOP METaHa MPOBEPATh U 00CITY)KHBATh TAKUE OOBEKTHI,
KaK yCTaHOBKM M pe3epByapbl JUIi CXKIJKEHHOTO IIPHPOJHOrO rasa, TIa3olpoBOJBI B
TPYZHOROCTYIHBIX U OIEpaTopoB MecTax. /[l MOHHTOpHHTa OKpyXaromeil cpemsl H
CENbCKOXO3SIHCTBEHHOM OTPACIIM NMPOBOJUTH MYJIbTHCIIEKTPAIBHYIO ChEMKY U 00pabOTKy MoJei.

Application of UAVs with various payloads for solving problems of digital terrain model
(DTM) generation, inspecting and monitoring infrastructure using the example of DJI
industrial solutions
Zavertkin S.A.

MALI, Moscow, Russia

The development of unmanned aviation technologies creates more and more opportunities for
using drones not only in the military, but also in the civil sphere, and their integration into
production processes generates new requests and application scenarios. Large companies create
integrated ecosystems based on their flying platforms, which bring together developers of payloads,
software, and mobile applications to comprehensively meet the needs of the market. Drones have
changed technological processes in industries such as mining, agriculture, energy, construction,
infrastructure, and insurance.

For example, DJI initially developed and manufactured components for drones, and then drones
drones for Hobbies and outdoor activities. To meet business needs, in addition to improving
hardware, it was decided to develop various payloads and software, as well as training, integration,
and related services. The new concept was based on three main components: a SOFTWARE
development service (a set of tools for developing mobile user applications, autopilot and payload
integration), a modular flying platform, and the launch of an investment Fund. As a result, what
started as a research project has turned into an entire ecosystem that has helped launch dozens of
commercial projects and, thus, increase the importance of unmanned modular platforms.

At the moment, the current experience of interaction with domestic customers, integration and
adaptation of UAV systems to their requirements allows us to solve various applied problems.
Create digital terrain models with high geo-referencing accuracy, using GNSS modules and real-
time telemetry synchronization. Using lidar, generate 3D data by capturing details of complex
structures. Perform inspections of infrastructure objects at a considerable distance with the
capabilities of standard and thermal photography, including: to get accurate pixel-by-pixel values of
the temperature of the studied objects and to control violations of the boundaries of the protected
area. Using a highly sensitive methane detector, check and maintain facilities such as installations
and reservoirs for liquefied natural gas, gas pipelines in places that are difficult for operators to
reach. To monitor the environment and the agricultural sector, conduct multispectral surveys and
field processing.

IIpoexTpoBaHue cucTeMbl ynpapjaeHusi 1o1etomM BIIJIA ¢ moMoub10 4aCTOTHOr0 MeTOAa
ONTHMH3AUH
"3aiinesa 10.C., 2Kysnenos H.B.
'UlMam PAH, 2CII6I'Y, r. Cankr-Iletep6ypr, Poccus

B jnokmaze paccmaTpuBacTCs MaTeMaTHYecKas MOJENb CHCTEMbl YIPABICHUS IIOJETOM IO
NPOAOJBHOM OCH OECHUJIOTHOTO JICTAaTENIbHOTO ammapata ¢ JKeCTKUM KpbuioM Phastball.
VccnenoBaHue CHCTEMBI IPOBOAUTCS UL PEXKUMA IHUCTAHIIMOHHOTO YIIPABICHHUS 110 PaJHOKaHAITY
C TNOMOIIBIO YEJIOBEKA-TUIIOTa, KOTOPhIH BBINOJIHACT POJb PETYIATOPAa M BXOIAWUT B 3aMKHYThIN
KOHTYp CHCTEMBI YIpapieHHs. UelOBEK-IMIOT ONMKCHIBACTCS YIPOIIECHHOH JIMHEIHOW MOJenbio,
OTpaKalolllell ero KOPPEKTUPYIOLIME NEeWCTBHS B JMAla3oHE CpeaHuX 4acTtoT. CBOWCTBO
aJanTay 4eloBeKa-NMIoTa K IEPEeMEHHBIM 3aJadaM IIojleTa W IIepPHOAMYECKUH Xapakrep
JIBIOKCHHUSI PYJIsl HAIPABJICHHs MO3BOJISIOT OOECHEYHTh ONTHMANbHBIE CBOMCTBAa 00pa3yeMoll MM
CHCTEMBI, a B MOJICJIMPOBAHNH MCIIOJB30BATh MPABHJIa HACTPOMKN ONTHMAIBHBIX CHCTEM. B cBsi3n ¢
9THUM, Ha OCHOBE YAaCTOTHOTO MeETOa ONTHMH3ALMK CHCTEM pa3paboTaHa KOMITbIOTEpHAs
nmporpaMMma MMHUTAlMK TEXHUKH ITHJIOTHPOBAHUSI OECIMIIOTHOTO JICTATEIBHOIO —arapara
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YeJIOBEKOM-0IIEPaTOPOM B 3aMKHYTOM KOHTYpE yHPABIICHHS Ha NPUMEpE 331a4l OJHOKOHTYPHOTO
CIIeKEeHHs, € y4eroM A(QeKxra HACHICHHS CKOPOCTH IMPUBOJA OpraHa YIpPaBJICHHS, IPU
TOSIBJICHMU BPEMEHHM 3aIa3lblBaHMS B TPaKTe yNpaBleHHs. B pesymbrare s Kaxmoro npumepa
TIOJTy4YEHBI TTapaMeTpbl ONTUMAJIBHON CHCTEMBI YHPABIICHHS, 110 KOTOPBIM C IOMOIIBIO KPUTEPUCB
OLICHKU TMJIOTaXHBIX XapaKTEPHCTHK, B TOM YHCJIE KPUTEPHs TCHACHIMM K pacKadke armapara,
MOJKHO OLICHUBATh IMHAMHYECKHE XapaKTEPUCTHKH CHCTeMbI. IIpeanoxkeHbl MyTH KOPPEeKTHPOBKH
apaMEeTPOB CHUCTEMBI [T YJIyYIICHHs IHIOTAXHBIX XapaKTEPHCTHK. PaccMOTpEHHBIH MOIXOJ
[I03BOJISICT OLCHUTH BO3MOXKHOCTH CHCTEMBI YIPABICHUS IS PAa3iIMYHBIX 33/ad [MHIOTHPOBAHMS,
MIPOBEPHUTH PEATM3yeMOCTh KOHILEIIHMH JICTATe/IbHOTO alapara, B TOM 4YHCJIE C TOYKU 3PCHUS
Oe3omacHocTH ToneToB. KoMIbIOTEpHOE MOIENMPOBaHHE COKpAalaeT BPeMEHHbIE M (DHMHAHCOBBIE
3aTpaThl Ha MPOBEACHHUE HIMPOKOrO CIIEKTPa HA3eMHBIX M JIETHBIX HKCIICPUMEHTOB, CIIOCOOCTBYET
PACKpPBITHIO TEXHUYECKHX HEONPEACHCHHOCTEl B HOBBIX KOHIICNTYaJIbHBIX KOHCTPYKTHBHO-
TEXHOJOTHYECKHUX PEIICHHSX.

Pabota BbINONHEHA NPU MOJIEPXKKE MporpaMmbl Beaymue Hayunsie mkonsl PO wa 2020-2021
(HIII-2624.2020.1).

Design of UAYV flight control system based on the frequency optimization method
1Zaitceva 1.S., >Kuznetsov N.V.
'TPME RAS, ?SPSU, Saint-Petersburg, Russia

In the report, the flight control system of an research fixed-wing UAV called Phastball is
considered. UAV is remotely controlled on the longitudinal axis by a ground pilot. The human pilot
is described by a simplified linear model that reflects his corrective actions at the crossover
frequency. He/she plays the role of a regulator and is part of the closed-loop system. The human
pilot ability to adapt to the flight tasks changing and the periodic nature of the rudder movement
make it possible to ensure the optimal system properties, and to use the optimal systems tuning in
simulation. Due to this circumstance, based on the frequency system optimization method, a flight-
imitator program was developed and applied by the example of a compensatory mode in the pilot
behavior, under the saturation effect of the actuator rate limit and when a time lag appears in the
control loop. As a result, the optimal control system parameters were obtained, according to which
the system dynamic characteristics are estimated using the flight handling qualities criteria. The
ways of adjusting the system parameters to improve the flight performance are proposed. The
considered approach makes it possible to assess the capabilities of the control system for various
piloting tasks, check the feasibility of the aircraft concept, including from the point of view of flight
safety. Computer simulation reduces time and cost for conducting a wide range of ground and flight
experiments, contributes to the disclosure of technical uncertainties in new conceptual design and
technological solutions.

This work was financially supported by the Leading Scientific Schools of the Russian Federation
program for 2020-2021 (SS-2624.2020.1).

OneHka NJIOLIAIN MOJIETAHHSI SIPOBOTO STYMEHS ¢ IOMOLIBI0 MYJIbTHCIIEKTPAILHON CheMKH ¢
BILJIA
3axaposa H.U., Kyp6anos P.K.
OI'BHY ®HAIL BUM, r. Mocksa, Poccust

becnmnoraere neratensHble ammapatbl (BITJIA) sBisfoTcS COBpPEeMEHHBIM HHCTPYMEHTOM B
I(POBOM CENBCKOM XO3SHCTBE [UII MOHHTOPHHIA CEIbCKOXO3SHCTBEHHBIX OHOOOBEKTOB H
KOHTPOJISL TEXHOJOTHYeCKUX onepaiuid. OCHOBHOH MHTEpEC, CHOCOOCTBYIOLIMH BHEAPEHUIO
OCCIMIIOTHBIX JIETATENPHBIX allllapaTOB B CEJILCKOE XO3SHCTBO, CBSA3aH C BO3MOXKHOCTBIO
aBTOHOMHOTO c0opa JaHHBIX M YCTaHOBKOH pa3IM4HBIX NprOopoB Ha 60opT BILJIA, uTo mo3Bosier
IIPOBOJUTH MOHUTOPUHI PACTEHMH M IOYB Oo0jee TOYHBIM IO CPABHEHHIO C APYIHMHU BHIAMU
JIICTAaHIMOHHOTO 30HAMPOBAHWSA. MOHHTOPHHI CEMEHOBOMYECKOTO IIONS SIPOBOTO  STAMEHS
MIPOBOJMIICS C IIOMOIIBIO IIaTGopMeHHOro pemenus, cocrosero u3 bIIJIA DJI Phantom 4 pro;
MYJIBTHUCIIEKTPAbHON Kamepsl Parrot Sequoia; moaBeca A KPEIUICHHS KaMepbl, YYUTHIBAIOLIUIA
cercopsl U natuuku BITJIA (marent RU 2 728 846 C1).
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MOHHTOPHUHT TTOCEBOB OCYIIECTBIISUICSA B MEPUOJ anpeib-nuioib 2020, MOIeThl OCyIECTBISINCH
20 mas, 11 wurons, 22 urons, 2 utons u 17 urons. Bbutk cocTaBieHbl BBICOKOCTAIN3UPOBAHHBIC
opTO(OTOILIAHBI C MPOCTPAHCTBEHHBIM paspenieHueM (GSD) paBHbIM 1,57, criekTpanbHbIe KapThl
Red xanana u Bereraunonnsie kaptel NDVI ¢ GSD = 6,44.

W3-3a HEOMArONPUSTHBIX MOTOAHBIX YCIOBHI MPOMU30LUIO MOJEraHue MOCEBOB HadMHAs ¢ (asbl
BbIXOZla B TpYOKy, uTo ObUIO 3amedeHO npu cbeMke ¢ BIIJIA. BusyanbHas oneHka
OpTO(OTOINIAHOB CHOCOOCTBOBAJIA BBISIBICHHIO 30H C IIOJIETAHUEM SIPOBOTO sYMeHs. PacTpoBblit
QHAIM3 CIEKTpaJbHBIX KapT Red kaHama MO3BONII OMPEACTNTH IUIONIA/b MOJETaHHs TOCEBOB Ha
(azax BbIXOJa B TPyOKy M KoyomieHus. Ilnomajs moneraHust moceBOB Ha 22 MIOHS COCTaBHIIA
0,3045 Ta. HM3-3a poxnedl ¢ CHIBHBIMM HOpPBIBAMH BETpa IIOMIAJAL IIOJEraHUsl IOCEBOB
yBemnumiack Ha 0,4905 I'a m cocraBuma 0,795 I'a Ha 2 wrons 2020. K 17 uions Bu3yanbHO
royieranue cocraBisuio mopsaka 70-80% or oOmieil miomaaM Mons, NMpH 3TOM TPUMEHHTH
BBIIICONUCAHHBII allTOPUTM HE YIaJoCh, T.K. IOCEBBI HAYaJM JKeNTeTh U MokaszaTenu Red kananma
CHJIBHO H3MCHHUITHCh.

HcenenyeMmplii METOI OLIGHKH ITIOJIETaHUs IIOCEBOB SIPOBOTO SIYMEHSI MOXKET OBITh IIPHUMEHEH Ha
HayaJbHBIX CTAIMSAX BEreTAlluH SPOBOTO SUMEHs, T.C. JO Hadajla M3MCHEHWs LBETa MOCEBOB C
3e/IeHOr0 B OKedThlid. IlodydeHHBIE pe3ysnbTaThl CIIOCOOCTBYIOT OLICHKE IOTEPh ypoiKas,
00pAaIleHNIO B CTPAXOBYIO KOMITAaHHIO, TIPOTHO3MPOBAHMIO YPOXKAHHOCTH B TEKYIIEM CE30HE.

Estimation of the area of spring barley lodging using multispectral UAV survey
Zakharova N.I., Kurbanov R.K.
FGBSU FSAC VIM, Moscow, Russia

Unmanned aerial vehicles (UAVs) are a modern tool in digital agriculture for monitoring
agricultural biological objects and monitoring technological operations. The main interest that
contributes to the introduction of unmanned aerial vehicles in agriculture is related to the possibility
of autonomous data collection and the installation of various devices on board the UAV, which
allows monitoring plants and soils more accurately than other types of remote sensing. Monitoring
of the spring barley seed field was carried out using a platform solution consisting of a UAV DJI
Phantom 4 pro; a Parrot Sequoia multispectral camera; a camera suspension that takes into account
different types of UAV’s sensors (patent RU 2 728 846 C1).

Monitoring of crops was carried out in the period April-July 2020, flights were conducted on
May 20, June 11, June 22, July 2 and July 17. Highly detailed orthophotos with a spatial resolution
(GSD) of 1.57, spectral maps of the Red channel, and vegetation maps of NDVI with GSD = 6.44
were compiled.

Due to adverse weather conditions, there was a lodging of crops starting from the phase of
entering the tube, which was noticed when shooting from a UAV. Visual assessment of orthophotos
helped to identify areas with lodging of spring barley. Raster analysis of spectral maps of the Red
channel allowed us to determine the crops lodging area at the phases of exit into the tube and
earing. The lodging area on June 22 was 0.3045 Ha. Due to rains with strong gusts of wind, the
crops lodging area increased by 0.4905 Ha and amounted to 0.795 Ha on July 2, 2020. By July 17,
visual lodging was about 70-80% of the total area of the field, while applying the above algorithm
was not possible, because the crops began to turn yellow and the Red channel indicators changed
significantly.

The studied method for assessing the lodging of spring barley crops can be applied at the initial
stages of the spring barley vegetation, i.e. before the color of the crops changes from green to
yellow. The results obtained contribute to the assessment of crop losses, contacting the insurance
company, and forecasting the yield in the current season.

Pacnpenesienne Bbrunciaenuii B rpynnax BJIA ¢ ucnosib3oBanneM 3J1eMeHTOB KOHIeNMIUH
TYMAaHHO# po0OTOTeXHHKH B VIUTEIbHBIX MUCCHAX
HBanos [1.51.
IO®Y, r. Taranpor, Poccus
B pabore paccMOTpeH ClLEHApHil NPUMEHEHHs MHOTOYHCICHHOW TpYMIbl OECIUIOTHBIX
nerarenbHbIX anmapaToB (BJIA) mis MOHMTOpHMHra yAaleHHBIX Tepputopuil. HazoBem «0a3oii»
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MECTO B3JICTa/TIOCAKH, MOA3APAAKH U MelKkoro peMoHrta BJIA, a paGounmu 3oHamu — obiactu
MOHHTOPHHTA.

IIpu panuTen-HOM MOHHTOPUHIE BPEMs MOHUTOPMHIA IIPEBBINIAET BPeMs aBTOHOMHOH paGoThl
BJIA rpynnsl. ITostoMy HeoOXoauMO ocyuecTBIATh 3aMeHy (porauuto) BJIA u3 pesepsa,
cymectByrouiero Ha 0asze. BJIA, uspacxomoBaBiine OOpPTOBOM SHEpro3amnac WM MOTYy4YHBIIME
PEMOHTOIPUTO/IHBIE TIOBPEXKIEHHU B X0J€ paboThl B paboueii 30He OTHPABIAIOTCS Ha 0asy Ul
HOJ3apsAAKH W/Wian pemoHTa. Ilocne dero momonHsoT pesepB Ha Oasze. B Tom ciywae, ecim
YAQIEHHOCTh paboueil 30HBI OT 0a3bl MPEBBIACT TUCTAHIMIO TIPSIMOM CBS3M OOPTOBBIX
TEJIEKOMMYHHUKAIMOHHBIX ~ ycTpoiicTB  BJIA  rpynmel, Hekoropble BJIA  BbIMONHSIOT — poib
PETPaHCISTOPOB, KPyXkKa WIIM 3aBHCas B TOYKAX PETPAHCISAMU HAa MapHIpyTax Mexay padodeit
30HOH U 6a301.

IIpemtaraercst 3aMeHATh NOBPEXKICHHBIE WM U3pacXooBaBuIne 3anac sHeprun BJIA temu BJIA,
KOTOpBIE BBITIONHAIOT POJIb PETPaHCIATOPOB, a bJIA-perpanciaTops! 3amensth BJIA u3 pesepsa.

Brigenum mects BUoB coctosinus BJIA:

* Pabounii.

* Perpancnarop.

* Pe3epBHBIH.

* BosBpaiaercs Ha 0a3y.

» Haxoxutes Ha mojzapsake MM B PEMOHTE.

* be3Bo3BpaTHO yTepsiH.

Jlns opraHu3anuy aBTOHOMHOH paboTsl rpynmbsl BJIA mpu onmcaHHOM ClieHapuH NpezyaraeTcs
MCTIOJIb30BATh 3JIEMEHThI KOHIEIIIMY TYMaHHOH POOOTOTEXHUKH, PACTIPEAEICHHBIX BEIYHCICHHH 1
MYJITHAr€HTHOTO B3aHMOAEHCTBUS, a TAKOKE BUPTYaIbHYIO TOCKY OOBSBICHUH.

Ha 6opToBOM BBIUMCINTETEHOM ycTpoiicTBe Kaxaoro BJIA 3amymen arent. Taxoke Ha oOnagHOM
cepBepe 3allyIIeHbl areHThl Kakaoil padoueli obmactu. Arentsl BJIA Moryr B3amMozeiicTBoBaTh
HaNpsIMyIO APYT C APYroM, MO0 MOCPEACTBOM BUPTYAIBHOH JOCKH OOBSBICHUN. Ar€HTBI paboynx
obmacTeil B3auMoielicTBYIOT ¢ areHTaMu BJIA TobKO Yepes BUPTyalbHYIO JOCKY OOBSIBIICHHIA.

B pabote npemioxer rpad cMeHBI cocTOSHMS areHToB bJIA rpynmel, oOmmii anroput™ areHTa
paboueii obnacty, oOmuii anroput™ arenta BJIA u cxema 3amens! BJIA B cioydyae moBpexaeHUst
WIIM M3PacX010BaHMs OOPTOBOTO YHEPro3amnaca.

HccenenoBanue BEIIONHEHO pH (HrHAaHCOBOH noanepxkke PODU, mpoekt Ne19-07-00907.

Distribution of computations in UAV groups using elements of the concept of fog robotics in
continuous missions
Ivanov D.Y.
SFU, Taganrog, Russia

The paper considers the scenario of using a large group of unmanned aerial vehicles (UAVs) for
monitoring remote areas. Let's call the “base” the place of take-off/landing, recharging and minor
repairs of the UAV, and the working areas — the monitoring areas.

With long-term monitoring, the monitoring time exceeds the battery life of the UAV group.
Therefore, it is necessary to replace (rotate) the UAV from the reserve existing at the base. UAVs
that have consumed the onboard energy reserve or have received repairable damage during work in
the working area are sent to the base for recharging and / or repair. Then the reserve is replenished
at the base. In the event that the remoteness of the working area from the base exceeds the distance
of direct communication of the on-board telecommunication devices of the UAV group, some
UAVs act as repeaters, circling or hovering at relay points on the routes between the working area
and the base.

It is proposed to replace the damaged or used up the energy reserve of the UAV with those UAVs
that act as repeaters, and the UAVs-repeaters to replace the UAVs from the reserve.

Let us single out six types of UAV state:

» Worker.

* Repeater.

* Reserve.
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* Returns to base.

* Is being recharged or under repair.

* Is irretrievably lost.

To organize the autonomous work of a UAV group in the described scenario, it is proposed to
use elements of the concept of foggy robotics, distributed computing and multi-agent interaction, as
well as a virtual bulletin board.

An agent is launched on the on-board computing device of each UAV. The agents of each
workspace are also running on the cloud server. UAV agents can interact directly with each other,
or through a virtual bulletin board. Workspace agents interact with UAV agents only through the
virtual bulletin board.

The paper proposes a graph of the state change of UAV agents in a group, a general algorithm for
an agent in the work area, a general algorithm for a UAV agent, and a scheme for replacing a UAV
in the event of damage or consumption of the onboard energy supply.

The study was carried out with the financial support of the Russian Foundation for Basic
Research, project No. 19-07-00907.

CoBpeMeHHbIE NOAX0/1bI K IPOEKTHPOBAHMIO cHcTeM ynpasJieHust BJIA
Upranees U.X., Eppemos A.B., Tarmuk M.C.
MAMW, r. MockBa, Poccust

B nanHO# paboTe BBITIOIHEH KOMILIEKC HCCIIEOBAaHUH 110 pa3pabOTKe CHCTEMBI YIPABICHUS 1T
BBICOTHOTO OECIIMIIOTHOTO JIeTaTeIbHOro anmnapaTa. C 3ToH IeNnbio peaan30BaHa MOAEINb JBHKEHUS
BJIA B cpene Simulink Matlab ¢ ncnons3oBaHneM HMEROIHUXCS B HEM MPOIPAMMHBIX CPEJICTB IS
MOJIETMPOBAHMS AUHAMUKH JBIKEHHSI 00BeKTOB. MaTeMaTH4eckasi MOZEIb II03BOJIHIIA IIPOBOJHTE
HCCIIeNOBAaHUSl pEXUMOB ympasineHus BJIA B peanmsHOM BpemeHu. B e€ cocraBe BXOAAT
CIIE/TYIOIINE OCHOBHBIE IIEMEHTHI MIIH MOTYIIH:

* MOJIYJIb pacyeTa JMHaMUKH JBHxkeHus BJIA;

* MOJYJIb pacueTa BHEIIHHUX CHWJI U MOMEHTOB, JieicTByrommx Ha BJIA, Bkimrowaromuii Moxynu
pacdera a3poJHHAMHYECKUX CHJI 1 MOMEHTOB, CHJI 1 MOMEHTOB OT TSTH H BECa;

* MOZyJIb OOMEHA ¢ phlYaraMy ympasieHus (kabuna crenna wm mynsT FUTABA) u ¢ cucremoit
BU3YaIM3alUH;

* MOZIyNb CHCTeMBI ymnpasieHus BJIA B mpomonbHOM, OOKOBOM, HONEPEYHOM KaHAlTaX U
YIIPaBJICHUS IBUTATEIIEM.

Hcxonuele naHHBle A7 MOICIHPOBAHHMSA BKIIOYAIOT B ce0f MHEPIMOHHO-MAcCOBBIC,
reoMeTpHYecKHe XapakTepucTUKH BJIA, Momemu aspoguHAMHYECKHX CHI M MOMCHTOB, TSTH
JIBHTATEJIS.

HccnenoBanue  AMHAMUKH — JIETaTENBHOIO  ammapaTa  CpPeICTBaMU — MAaTeMaTH4eCKOro
MOZENHPOBaHMs BBUBIIO psin mpobieM BJIA. A HMEHHO: BBICOKOE IEpeperyJMpoBaHNE H
CHHpaJIbHast HEYCTOHYMBOCTE B OOKOBOM JIBIDKECHUH, & TAKOKe PA3BUTHE KOJIEOATEIHLHOTO ABIKCHHS
10 YIJy phICKaHbsl IpU HaKpeHeHuu JIA.

beima mpoBeneHa HIEHTH(HUKAIMS YaCTOTHBIX XapaKTEPHCTHK OOBbEKTa ynpasleHHs. B
COOTBETCTBHH C pe3yJbTaTaMH HCCIENOBAaHMI OBUIM OHpENENCHBI IIapaMeTPhl CHCTEMBI
yIpaBieHHs: OECIMIOTHOrO JIETAaTeIbHOTO annapaTa.

OKCIIepHMEHTAIBHEIE HCCICOBAHHMS BKIIOYANM B ce0s MHpOBEJECHHE MOIYHATYPHOIO
MOJIETHPOBAHMS HA MIJIOTQKHOM CTEHJIE, B PE3y/lbTaTe KOTOPOTo OBLIO MOJyYEHO HMPAKTHIECKOE
MOJTBEPKICHUE KOPPEKTHOCTH BHIOPAHHBIX CPECTB ABTOMATH3AaLMK CUCTEMBI yripaBieHus bJIA.

Ha ocHOBe IPOBEAEHHOTO KOMIUIEKCA HCCIECHOBAaHMII OBLI COCTaBIICH PN PEKOMEHAAIMl Uit
HCIIONB30BAHUS PEalbHOr0 aBTONMIIOTA B COCTaBe AEMOHCTPATOpa IPH IPOBEACHUH JICTHBIX
HCIbITAaHUH.

Modern Approach to UAV Control Systems Design
Irgaleev I.Kh., Efremov A.V., Tiaglik M.S.
MAI Moscow, Russia
Within the scope of this research, a suite of studies was conducted to design a control system for
a high-altitude unmanned aerial vehicle. For this purpose, a UAV motion model was realized in the
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Simulink Matlab environment using the software tools for modeling object dynamics available in it.
The mathematical model allowed to carry out research of UAV control modes in real time. It
comprises the following elements or modules:

« the UAV dynamics calculation module;

« the module of calculating the external forces and moments applied to the UAV, including
modules of calculating the aerodynamic forces and moments, as well as thrust and weight forces
and moments;

« the module of software connection with the inceptors (located in the simulator cockpit or on the
Futaba remote control) and the visualization system;

« the UAV longitudinal, directional, and lateral control system and engine control system module.

The initial modeling data includes the mass/inertia and geometric UAV characteristics, models of
aerodynamic forces and moments and engine thrust.

The study of aircraft dynamics through mathematical modeling revealed a number of issues
pertaining to UAVs, namely: high overshoot and spiral instability in lateral motion, as well as the
development of yaw oscillation in roll.

The frequency response characteristics of the controlled element were identified. In accordance
with the research results, the parameters of the unmanned aerial vehicle control system were
determined.

The experimental studies involved ground-based simulation using a flight simulator, which
confirmed in practice the correctness of the selected means of UAV control system automation.

Based on the conducted studies, a list of recommendations was put together for using a real
autopilot as part of the demonstrator during flight tests.

PaspaboTka uudposoii mogesn BIIJIA camoseTHoro tTuna
Hcemannos K.K., Karenos A.M., Koctromun K.B., Opnos C.A.
HU TT'Y, r. Tomck, Poccust

B nanHoit pabore paccmatpuBaercs OecnwioTHbIM seratenbHblid anmapat (BILJIA) cxembt
JIeTalolee KphlIo C MOJNe3HON Harpy3koi 2 kr. Mcxons u3 TpeOoBaHMI K JIeTaTeIbHOMY anmapaTy
1 C y9ETOM TEXHOJIOTHI H3rOTOBJICHUSI OIPEJIEICHEI eT0 TeOMETPUISCKUE XapaKTepUCTUKH. Pacuer
nepBoro npuOmmwkenuss BIIJIA  npoBomwics HTEPAMOHHBIM — CIIOCOOOM 1O TOJIyYEHUS
MaKCHMAaJIbHOTO 3HAYeHUs adpOAMHAMUYECKOrO0 KadecTBa KpbUIa NPH MHHHMAIBHOW CKOPOCTH
CBAJIMBaHWA. B IemIX TEeXHOJIOTMYecKoro ympoiieHus wusroroineHus bBIIJIA  BeiOpaHa
TpaneuenanbHas Gopma Kpbula B IuiaHe. J1s JOCTMKGHMS SJUIMNTHYECKOrO PacHpesieICHUs
kpeuio BIIJIA wmMmeer a’pomyHAMHYECKYI0 M TIEOMETPHUYECKYI0 KPYTKY, 4YTO YyMEHBIIAeT
HWHIYKTUBHOE COIPOTHBIICHNE, a OTPHIIATEIbHAsI KPYTKa Ha KOHIICBOW YacTH KpPbUIA MOBBIIAET €ro
YCTOHUMBOCTh MpPHU TOTEPE CKOPOCTHM W cBaysmBaHuM [1]. B pesympTate mosydeHo KpbuIio €
mwiomaneio 0.663 M2, pasmaxom 2.3 M, CAX 0.346 M, TCOPETHUECKUMH CKOPOCTSIMH TIOJIETa:
MHUHHUMabHOU 14 M/c, HauBBICIIETO KauecTBa 22 M/C.

Jl1s  TmpoBepKM  MEPBOTO  NMPHOMMKEHWS  HPOBEACHBI  PacdeTbl [0  OHPEACICHUIO
a’poruHaMIdeckux XxapakTepucTuk BIUJIA mpu Teopermdeckux ckopocTsix B Ansys Fluent u
OpenFOAM [2]. Pe3ynbTaThl pacueToB MOKa3bIBAIOT XOPOIIEE COBIAJCHHE MEXIY PeIIaTeIsIMH
Ansys Fluent 1 OpenFOAM, yaOBJIECTBOPHUTENBHO COITACYIOLIMMHUCS C PE3YJIbTATaMU HEPBOrO
npubmokeHuss. CKOpPOCTh HAWBBEICIIEro KadecTBa cocraBmiaa 20 M/c, KOTOpas MeHBIIE
TEOPETHUYECKOH H3-3a OonbIIero ko dunueHTa conpoTuBIeHNs GopMbl. MUHUMAaNIbHAs CKOPOCTH
14 m/c nocturaercs npu yrie ataku 10 rpagycos. HaGmonaercs ycToitunBoe MoBeAeHHE KPbLIa 110
YTy aTaky Ha CKOPOCTSX MaKCHMAJIBHOTO KadecTBa. [Ipu yBemmdeHHH yria aTaky Kpbuia Bemme 10
IpagycoB BO3HHKAET CPHIB ITOTOKA HA KOHIIEBOI YacTH KPBUIA, PACIPOCTPAHSIOMMICS OT KHJIS-
BUHIJIETA, YTO MOXET IPUBECTU K ONACHOCTH HEYNPABIAEMOrO ABTOPOTAL[HOHHOTO SIBICHHSA —
mronopa. [Ipu nanpHeleM yBeIUUYeHNH yIiIa aTakd CPhIB PaCIPOCTPAHSAETCS B CTOPOHY CpeIHEeH
9acTHU KpbLIa, U IpH 15 rpagycax cpbIB moToKa 3aHUMaeT 10 70% ero miomanu.

Jlannoe nHayunoe wucciemoBanue (Ne 8.2.31.2019) BbimonHeHO mpu moazepxkke IIporpammsl
MOBBILIEHHS KOHKYpeHTocnocooHoct TI'Y.

Jlureparypa:
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1. Erep C.M., Mumun B.®., Jluceitues H.K., bagarun A.A., Porun B.E., Ckusuckuii @.1.,
Konnpamos H.A., Kucenes B.A., ®omun H.A. [IpoekTrpoBaHie caMOIETOB: YUeOHHK IS BY30B —
M.: MamuHoctpoenue, 1983.-616 c.

2. Kagenov A.M., Kostyushin K.V., Ismailov K.K., Kostyushina N.O., Orlov S.A., Prokhanov
S.A. The development of a cloud system for investigation of UAVs aerodynamic characteristics //
J. Phys.: Conf. Ser. 2020. V. 1488. P. 1-5. doi:10.1088/1742-6596/1488/1/012017

Development of plane type UAV digital model
Ismailov K.K., Kagenov A.M., Kostiyushin K.V., Orlov S.A.
NR TSU, Tomsk, Russia

This paper considers an unmanned aerial vehicle (UAV) designed on flying wing configuration
and has a payload of 2 kg. The wing characteristics were determined according to requirements for
aircraft and taking into account manufacturing technologies. The calculation of the first
approximation of the UAV was carried out iteratively until the maximum value of the aerodynamic
efficiency of the plane was obtained at the minimum level-flight stalling speed. In order to
technologically simplify the UAV manufacturing, a trapezoidal wing shape was chosen. To achieve
an elliptic lift distribution, UAV wing has aerodynamic and geometric twist, which causes
inductive drag decreasing, and the negative twist at the wing tip increases its stability in the stall
event [1]. The calculations found that the wing area is 0.663 m2, wingspan — 2.3 m, MAC — 0.346
m and theoretical speed: stall-speed — 14 m/s, the highest efficiency speed — 22 m/s.

To check the first approximation calculations, an analysis were provided in order to determine
aerodynamic characteristics of the UAV at theoretical speeds in Ansys Fluent and OpenFOAM [2].
The simulation results obtained from Ansys Fluent and OpenFOAM are in close agreement, and are
in satisfactory agreement with the results of first approximation. The highest efficiency speed
obtained is 20 m/s, which is less than the theoretical speed due to higher value of parasite drag. The
stall-speed of 14 m/s is achieved at angle of attack of 10 degrees. Stable behavior of the UAV is
observed at flight speeds close to speed of maximum efficiency. At angles of attack above 10
degrees, a stall occurs at the wing tip, propagating from winglet-fin, which can lead to a danger of
an uncontrolled autorotation — nose spin. Further with angle of attack increasing the stall widens in
direction to wing root, and at 15 degrees, the stall takes up to 70% of wing area.

This research was supported by "The Tomsk State University competitiveness improvement
programme" under grant Ne 8.2.31.2019.
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O npumeHennn ¢pyHknuu intlinprog B cnenuaIM3upoBaHHOM NPOrPAMMHOM KOMILIEKce
IJIAHHPOBAHHS ONTUMAILHBIX MAPUIPYTOB I0JIETA JIETKHX JPOHOB C y4eTOM /eiicTBUs BeTpa
Kanamnukos A.W., Moucees /1.B.

MAMWU, r. Mocksa, Poccust

Jlo cux mop B cOCTaBe CIENMAIM3MPOBAHHOIO IPOTPAMMHOTO KOMIUICKCA PEUICHHS 3a]ad
MapuipyTtusauun monera [1] ucnonb3oBanack ¢ynkuus bintprog makera MATLAB u cplexbilp
nakera CPLEX. B 6omnee mo3auux Bepcusix nakera MATLAB ¢ynknus bintprog Oblna 3ameHeHa
intlinprog ¢ Oonee MIMPOKUMH BO3MOXKHOCTAMH. B nokmane oOcykIeHBI BOIPOCHL, CBS3aHHBIE C
npumeHeHneM GyHKUHM intlinprog B OpOrpaMMHOM KOMIUIEKCE IUIAHHPOBAHHS MAapLIPYTOB
royera.

HccenenoBanue BO3MOXKHOCTeH (YHKIMHM intlinprog mpoBOAMIOCH Ha 3aJadax ABYX THIOB. B
HepBOi 3a/a4e ONPe/IeNsuICsS HAaUCKOPEHIIIMI 3aMKHYThIH MapIIpyT ApOHa [Uisl 00JieTa TOYEUHbIX
HPOTSDKEHHBIX 00bEKTOB. Bo BTOpO#i 3aaye CTpOMIIMCH MapLIPYThl MOJETa Ui TPYIIbI APOHOB,
obecreunBaronyue HanCKOpeimmii 001eT 3aJaHHOT0 MHOXKECTBA TOUSYHBIX OOBEKTOB.
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B nokiaze oTMeueHo, 4TO BBIOOp HACTPOEK (DYHKLMM OKa3bIBAacT CYIIECTBEHHOE BIIMSHUE HA
pe3ynbTar. Jleno B ToM, 4TO, 3a4aBasi 3HAUEHUS IapaMeTPOB MOXKHO 3a[eHCTBOBATH T€ WM HHBIC
AJTOPUTMBI PELICHHUs LIETOYHUCICHHOTO MPOrpaMMHUpPOBaHMS. B uacTHOCTH, MOXeT OBITh 337aHO
MIPEUMYLIECTBEHHOE HCII0Ib30BaHNE METO/Ia BETBEH U rpaHMIL.

Ioka3aHo, 4TO HCIONB30BaHHE (GYHKIMU C HACTPOHKAMU «II0 YMOTYAHHIO» OIS PEIICHHS
paccMaTpUBaeMBIX 3a71a4 HEIenecoo0pa3Ho. ABTOPBI CBSI3bIBAIOT 3TO C TEM, YTO NPEIyCMOTPEHHOE
10 YMOJYAHUIO MCIIOJIb30BAHHE PEIICHHs OCJIa0JICeHHON IENOYUCICHHOH 3a7aud METoJaMu
JMHEHHOr0 IPOTPaMMHPOBAHMS, NPUMEHEHHE OBPHCTHYECKHX MPOIEAYp, a TaKKe aHaIu3
HAa4yaJbHOTO TPUOIM)KEHMS PEIICHMS 3ajaud Ul Cilydas OWBAICHTHBIX MEPEMEHHBIX
Mano3(GeKTHBHEL

B noknaze naHel peKOMEHAAIMHU 110 HACTPOHKaM (yHKIMH intlinprog, mMo3BONSAIOMINE NONTYYUTh
TOYHOE pEIICHNE 3a7aud C OWBAJCHTHBIMH IIEPEMEHHBIMH. PeKkOMeHIyercs, B YaCTHOCTH,
HACTpOMKa aNropuTMa BETBJICHHS C HCIIOJIb30BaHHMEM IICeBIOLEHHI reliability, ycmoBue BeiGopa
TOYEK BETBJICHUS 110 JIy4IlIel POeKIuK simplebestproj u 3amnper 3BpUCTUK U OTCEYECHHU.

IlpuBenensl Takke HaHHBIE MO O00ECIIEYMBAEMOI MNPOU3BOJHUTENBHOCTH, JOIMYCTHMOH H
MPAKTUYECKOH Pa3sMEPHOCTH pEIIaeMbIX 3a/[ad.

Jluteparypa:

1. Moucees JI.B., Mounceesa C.I'., Onnocranko M.A., Yune B.M. IlporpaMmHBIil KOMILIEKC
TUTAHMPOBAHNMS ONTHMAJIBHBIX MapIIPyTOB TOJIETa JETKHUX JPOHOB C Y4ETOM JCHCTBHS BETPA B 30HE
nosera // Tesucel noknanoB 23-oif MexayHapogHoi HayuHO# KoHpepeHuun "CUCTEeMHbIH aHAIN3,
yIpaBjleHHe U HaBurauus», ¢ 1 mrond nmo 8 urona 2018 r., r. Esnaropus, Kpemv, Poceus. — M.:
MAH, 2018 — C.139-141.

About using intlinprog function in special Matlab toolbox for optimal path planning light
drones under wind conditions
Kalashnikov A.I., Moiseev D.V.
MALI, Moscow, Russia

Until now, the bintprog function of the MATLAB package and cplexbilp of the CPLEX package
have been used as part of a specialized software package for solving flight routing problems [1]. In
later versions of the MATLAB package, the bintprog function has been replaced by intlinprog for
more advanced features. The lecture discusses issues related to the use of the intlinprog function in
the flight route planning software.

The study of the capabilities of the intlinprog function was carried out on problems of two types.
In the first task, the fastest closed drone route was determined for flying around point and extended
objects. In the second task, flight routes were built for a group of drones, which ensure the fastest
flyby of a given set of point objects.

The report noted that the choice of function settings has a significant impact on the result. The
fact is that by setting the values of the parameters, one can use certain algorithms for solving
integer programming. In particular, the branch and bound method may be preferentially used.

It is shown that the use of the function with the "default" settings for solving the problems under
consideration is inappropriate. The authors attribute this to the fact that the default use of the
solution to a weakened integer problem by linear programming methods, the use of heuristic
procedures, and the analysis of the initial approximation of the solution of the problem for the case
of bivalent variables are ineffective.

The talk contains recommendations on the settings of the intlinprog function, which allow
obtaining an exact solution to the problem with bivalent variables. It is recommended, in particular,
to set up the branching algorithm using the reliability pseudo-price, the condition for choosing
branch points based on the best projection simplebestproj, and prohibiting heuristics and cuts.

The data on the provided productivity, admissible and practical dimensions of the tasks being
solved are also given.

References:

[1] Moiseev D.V., Moiseeva S.G., Odnostalko L.A., Chin V.M. The software package for
planning optimal flight routes for light drones, taking into account the effect of wind in the flight
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zone // Abstracts of the 23rd International Scientific Conference "System Analysis, Control and
Navigation", from July 1 to July 8, 2018, Yevpatoria, Crimea, Russia .-- M .: MAI, 2018 - S.139-
141.

BecnuioTHble aBHAHOHHBIE cHCTeMbl. CocTOsIHME H NePCHeKTUBLI PA3BUTHS HOPMATHBHOM
0a3pl
Kapanersn T.C., 'ymeposa A.B.
MAMU, r. Mocksa, Poccus

I'naBHas 11€M1b CO3aHUS aBUAILIMOHHOM HOpMaTHBHOU 0a3bl BAC 3akiroyaercs B oOecrieueHuu 1
HOJIEPKAHUK 110 BO3MOXKHOCTH HAMBBICIIETO YPOBHsI O€3011aCHOCTH MHOJIETOB. IIprMEHHTENBHO K
BAC 510 o03Hawaer obecriedeHue OE30IACHOCTH JIFOOOrO JPYroro IOJB30BATENs BO3LYIIHOTO
MPOCTPAHCTBA, a TAK)KEe OE30MacHOCTH JIoJei M mMmymiecTBa Ha 3emie. BAC MOMKHBI OTBEYaTh
TaKHUM e YPOBHSIM O€30IIaCHOCTH MOJIETOB, KaK U BO3IYLIHBIE Cy/ia C IIMIOTOM Ha GOpTY.

Pacniopsxenne ot 3 anpenst 2018 roga Ne576-p. Ilnman Meponpusthii («10pOXHAsT KapTa») I10
COBEPILICHCTBOBAHUIO 3aKOHOJATENbCTBA H YCTPAHEHMIO aIMHHHCTPATHBHBIX 0aphepoB B IIENSIX
obecrieyeHuss peanu3aiy HalnoHanbHOW TEXHONOTMYECKOW WHUIMATHBBI IO HANPaBJICHHIO
«AdpOHET» NpeaycMaTpUBaeT pa3paboTKy M BHEAPEHHE MPOLEYP, PErIaMEHTHPYIOIUX IeHCTBHS
IOPUANYECKUX JMI M HWHAUBUAYAIbHBIX HpEANPUHUMATENCH, MCIONB3YIONMNX OCCIUIOTHEIC
ABHALIMOHHBIC CHCTEMBI

B kadecTBe mpumepa, KaKABI TOJ 3aJep)KKU HHTErpaluy 3aKoHOozAaTeNnbHOi 0aspl mo BAC B
HAalMOHAIbHOE BO3AYIMIHO-KOcMHYeckoe mpocTpancTBo CIIA mnpHBOAMT K SKOHOMHYECKUM
morepsiM mopsiaka 10 mupa. mommapos wim 27,6 muH. $ CLIA  exennesHo. CymMapHBIii
SKOHOMUYecKHH ekt or pa3Butus uHIycTpur BAC B TeYeHHMH IEpBBIX TPEX JIET ¢ MOMEHTA
MHTErpauuu coctaBui 13, 6 mupa. nosinapos. [locne dero oH Oynaer HapacTaTh W IPEBHICUT B
o6t cnoskroctu 82,1 mupa. $ CLIA B nepuoz ¢ 2015 — 2025 rogos.

OtcraBanue B pa3paboTKe HEOOXONMMOH HOPMAaTHBHOW 3aKOHONATENBHONH M TEXHHYECKOU
JIOKyMEHTAIlM TPUBOAUT K mpobiemam B paspaborke BAC, B 3KcIulyaTalluu M KOHTPOIIO 3a
npumenenneM bAC.

Pa3paboTka COBpeMEHHOH HOPMATHBHOH 0a3bl NPUBENET K CHIDKCHUIO YPOBHS PHUCKOB IIPH
pa3paboTKe U IPOU3BOACTBE, YIyUIICHHIO YCIOBHN y4acTHs B COBMECTHBIX IPOEKTAX U JOCTyHa K
pBIHKaM, oOecrieueHre SKOHOMHIHU BCEX BHJIOB PECYPCOB, NMOBBIICHHE Y()(YEKTHBHOCTH M Ka4ecTBa
MIPOIYKIUH H TIPoLeccoB e€ mpoekTiupoBanus. OCHOBHas 3a7a4a Ha JaHHOM JTalle Pa3BUTHS PhIHKA
BAC - akTuBHOE mpuBiedYeHHE OU3HEca K pa3paboTKe HOPMATUBHOW JOKYMEHTALUHU U CTaHAAPTOB
C LeTBIO0 YIy4IIeHNs IPaBOBOTO KJIMMaTa IPH pa3paboTke U dkciuryararun BAC.

Unmanned aerial systems. Status and prospects of regulatory framework development
Karapetyan T.S., Gumerova A.V.
MALI, Moscow, Russia

The main objective of creating the UAS aviation regulatory framework is to ensure and maintain
the highest possible level of flight safety. For UAS, this means ensuring the safety of any other user
of airspace, as well as the safety of people and property on the ground. UAS must meet the same
levels of flight safety as aircraft with a pilot on board.

Order of April 3, 2018 No. 576-p. The action plan (roadmap) to improve legislation and remove
administrative barriers in order to ensure the implementation of the National Technology Initiative
in the Aeronet direction provides for the development and implementation of procedures governing
the actions of legal entities and individual entrepreneurs using unmanned aircraft systems

As an example, every year the delay in the integration of the UAS legislative framework into US
national airspace leads to economic losses of about $10 billion or $27.6 million daily. The total
economic effect of the development of the UAS industry in the first three years since integration
amounted to 13, 6 billion dollars. After that, it will increase and exceed a total of $ 82.1 billion
since 2015 - 2025.

The lag in the development of the necessary regulatory legislative and technical documentation
leads to problems in the development of UAS, in the operation and control of the use of UAS.
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The development of a modern regulatory framework will reduce the level of risks in development
and production, improve the conditions for participation in joint projects and access to markets,
ensure savings in all types of resources, increase the efficiency and quality of products and their
design processes. The main task at this stage of the UAS market development is to actively involve
business in the development of regulatory documents and standards in order to improve the legal
climate in the development and operation of UAS.

OnpenesieHne NOpsiIKa UCHOJIb30BaHUs BO3yLIHOr0o NpocTpancTsa P® 1151 6ecnuI0THBIX
TPaKAAHCKAX BO3AYIIHBIX CYJ10B
Kapanersn T.C., Murun J1.E.
MAM, r. Mocksa, Poccust

B macTosmee BpeMsi CTpaHBI, HIMEIOIIUE Pa3BUTYIO aBHAIMOHHYIO IPOMBIIIICHHOCTD, yAENSIOT
GonblIoe BHUMaHHUE K pa3BuTHIO BBC Kak BOGHHOTO, Tak U rpa)<JaHCKOT0 Ha3HAYCHHUSL.

P® He sBnsercs uckioueHHMeM. Yensercs IOBBIIEHHOE BHMMaHWe K pa3Butuio BBC
pasnuuHoro npumeHenus. Cpeau Hux: cozgannebBC rpaxpanckoro Ha3Ha4eHUS LIS IPUMEHEHUS
B HedTSIHOH OTpaciy, TeOAe3MH W MapKIIeHJepHH, NpPU IPOHM3BOICTBE MOHCKOBBIX pabOT,
MOHHTOPHMHIE ITaBOAKOBOH OOCTAQHOBKHM, JIECHBIX IIOKapOB, IPH BBINOJIHEHHH IIOMCKOBO-
cracaTenbHbIX padoT, B OCYIIECTBICHHU OXPAaHHO-MOHUTOPHHTOBOI! IEATEIbHOCTH, B OXOTHHYbEM
XO3SIHCTBE, B aTMOC(EPHBIX TEXHOJOTHAX, B JEATEIHHOCTH MO OXpaHe NMPHPOIHBIX PECypCoB. DTO
00YCIIOBJICHO IKOHOMHYECKOH 3()(EKTHBHOCTHIO, YBEIMYCHUEM HPOU3BOIUTEILHOCTH TpyHa, a
TaKXKe COKpAILEHUEM BPEMEHH Ha MOJIy4eHHe U 00paboTKy HEOOXOAUMBIX JIaHHBIX.

B Hamm gHM BOIpocaM HCIIONB30BAaHMS BO3AYLIHOTO IPOCTPAHCTBA M MHTerpauuu B Hero BAC
yaensercss OoibpIIoe BHMUMaHME. B MeXIyHapomHBIX M HalMOHAIbHBIX opraHm3ammsax HWKAO,
RTCA, EUROCONTROL, EASA, EUROCAE, a Takxke B Munrpance Poccun, Pocasuaium,
pa3nMYHBIX OW3HEC-acCONMALMAX M HEKOMMEPYECKHX OOBeIMHEHUSX BEIyTCsS IOCTOSHHBIC
JIICKYCCHM, Ha 0a3e KakMX HOPMATHBHBIX TPEOOBAaHMH M TEXHHYECKHX PEIICHUH JOJDKHBI
BBINONHATHCS noneTs! BBC B HecerperupoBaHHOM BO3YIIHOM HpocTpaHcTBe. OOLIenpU3HaHHOTO,
COIJIACOBAHHOTO U OJOOPEHHOTO0 TOCYHAapCTBEHHBIMH PEryJIITOpaMH pEIIeHHS II0 IOpPSAKY
HCIIONIb30BaHUsl BO3AyIIHOro mnpoctpadHctBa uis bBC B Poccuiickoit ®enepauun Ha AaHHBII
MOMEHT He CYIIECTBYET.

B cBasu ¢ 9THM akTyaneHOW 3ajnadeil aBngerca aHamus gokymeHToB MKAO, EASA u FAA
PErIaMEHTHPYIONIMX BOIPOCH! MCTIONBb30BaHMs BO3MymIHOTO mpoctpancTBa BAC n obocHoBaHne
HEOOXOAUMOCTH COBEpIICHCTBOBAHHSA HOPMATUBHOIO PEryIMPOBAHUS, €r0 TapMOHH3AlUU C
MEXIYHApOIHBIM PETYIHPOBAHHUEM.

Jlnst co3maHust U pa3BUTHS MaccoBoro peiHKa BAC rpaxnanckoro HasHaueHus PO, a taxke
YCKOpeHusl pa3pabOTKU U peaju3allid COOTBETCTBYIOIIUX DEryIATOPHBIX MEXaHU3MOB HX
MHTETpAllM B HAIMOHAJIbHOE BO3YIIHOE IpOCTpaHcTBO P®d, menecoobpasHO IpoBeneHHE
OINITHMH3ALIH HOPMAaTHBHO — IIPABOBBIX JIOKYMEHTOB, Pa3pabOTaHHBIX U JIeHCTBYIONHX B PD.

Determination of operating procedures in the Russian Federation's airspace for unmanned
civil aircraft vehicle
Karapetyan T.S., Mitin D.E.
MAI, Moscow, Russia

Currently, countries with a developed aviation industry pay great attention to the development of
UAVs for both military and civilian purposes.

The Russian Federation is no exception. Increased attention is paid to the development of UAV
for various applications. Among them: the creation of a civil UAV for use in the oil industry,
geodesy and surveying, in the production of search operations, monitoring of flood conditions,
forest fires, in search and rescue operations, in the implementation of security and monitoring
activities, in hunting, in atmospheric technologies, in the protection of natural resources. This is due
to economic efficiency, increased labor productivity, and reduced time to receive and process the
necessary data.

Nowadays, much attention is paid to the use of airspace and the integration of UAS into it.
International and national organizations such as ICAO, RTCA, EUROCONTROL, EASA,
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EUROCAE, as well as the Ministry of transport of Russia, the Federal air transport Agency,
various business associations and non-profit associations are constantly discussing what regulatory
requirements and technical solutions should be used for UAV flights in non-segregated airspace. At
the moment, there is no generally recognized, agreed and approved decision by state regulators on
the procedure for using the airspace for UAVs in the Russian Federation.

In this regard, an urgent task is to analyze the documents of ICAO, EASA and FAA regulating
the use of UAS airspace and justify the need to improve regulatory regulation and its harmonization
with international regulation.

In order to create and develop the mass market of civil UAS in the Russian Federation, as well as
to accelerate the development and implementation of appropriate regulatory mechanisms for their
integration into the national airspace of the Russian Federation, it is advisable to optimize the
regulatory documents developed and operating in the Russian Federation.

ABHAIIMOHHBIE CHCTEMBI /11 IMCTAHIMOHHOI0 30H upoBanus 3emu Eagle n Beep.
YecrpoiicTtBa, 00padoTka JaHHBIX, Pe3yJbTAThI IPUMEHEHH s
'Kosanes @.A., *Manbnues B.B., *T'ektun 10.M., “Ky3snenos A.E., 'Kosanes A.O.
IIHT, 2MAM, *PHUU KII, r. Mocksa, Poccus
“PI'PTY, 1. Psasans, Poccus

B Hamem MHpe MOXHO BCTPETHTh MHOXKECTBO 3aad, CBS3aHHBIX C JUCTaHLHOHHBIM
3oHaupoBanueM 3emid ([[33): MOHUTOPHHI JIeOBOM OOCTAHOBKH, MOHWCK PHIOBI, MOHHUTOPHHI
JKOJIOTMYECKOH OOCTAHOBKH, IOHUCK HEHCIIPABHOCTU B DIEKTPOCETSAX (HAIpHUMeEp, Ieperpersie
usomaTopel) M ap. Kak mpaBmio, chéMka HHTepecyromux o0JiacTell — Ipolecc HOBOJIBHO
JUIMTEBHBIA M JIOpPOrOCTOSIIMI, MO3TOMY s pEHIEHMs 3THX 3a1ad HPOBOAUTCS CBhEMKA C
MHOTOYPOBHEBBIX ~CpPEICTB HAOMIOAGHUS: JIeTaTeNbHBIM ammapaT, KOCMHYECKUH —ammapar,
OecHMIIOTHBIN JIeTaTeNbHBIN amnmapaT, paslu4Hble 30HIbl. Ha 3T JeraTenbHble anmaparthl
yCTaHaBJIMBAeTCs amnmapatypa Juisi cbopa uHpopmarmu. B pabore paccMOTpeHbI aBHALlMOHHBIE
ckanepsl JluctanimonHoro 3onaupoBaHus 3emin Takue kak Eagle n Beep. Mexny chemkamu ¢
camojeTra M CO CIYTHMKA €CTh Pa3iM4Hs: CaMOJICTHBIH CKaHEp MO3BOJSAET TPOBOAUTH CHEMKY
TOJICTHNIAONIEH TOBEPXHOCTM JUIS TOMCKa 3anexeid yriesogopona (YB) mmm  apyrmx
HeHcnpaBHOCTe. brarojapss BO3MOXXKHOCTU CHHMaTh HM300pakKEHHE € BBICOTBHI mopsiika 6-7 M,
MOJKHO TIONyd4aTh H300paKeHHe BBICOKOrO paspemeHns. OCHOBHOW — XapaKTEpPUCTHKOM
CITyTHHKOBOTO CHUMKa SBIIICTCS €r0 IPOCTPAaHCTBEHHOE pa3penieHne. OHO BBIpaXkaeTcs B pa3Mepe
CaMBIX MEIKHX OOBEKTOB, Pa3IMYMMBIX Ha H300paKCHUH. BXOIHBIMH AaHHBIMH MOTYT CTaTh
MoOBle M300pakeHUsI 3€MHOH ITOBEPXHOCTH, KOTOPHIE MO HPOCTPAHCTBEHHOMY Pa3pelICHHUIO
COOTBETCTBYIOT KapraM B Macmrabe 1:200000 u kpymuee. Jlamee JaHHBIE IOABEPraroTCs
MEPBUYHON U TeMaTHUuecKoil oOpadoTke. B pe3ynbrare 00pabOTKM MONYyYUM KapThl ¢ KOHTYpamu
MIPEIOJIaraeMbIX MECTOPOXKICHUH YTIIEBOAOPOIOB HIIM HEHCIIPABHBIX U30JIATOPOB 110 MaTepHaIaM
CaMOJIETHOH W CITyTHHKOBOW ChEMKH. BhineneHHble oOmacTd M OyayT BBICTYIIATh B KauyecTBE
TEpCTEeKTUBHBIX PAlOHOB JUI OMCKA HeHUCTIpaBHOCTe! miu YB.

Aviation systems for remote Sensing of the earth Eagle and Fan. The device, processing, the
results of the application
'Kovalev F.A., 2Malyshev V.V., *Gektin Yu.M., “Kuznetsov A.E., 'Kovalev A.O.
!CPNT, 2MALI, 3RNII KP, Moscow, Russia
‘RSTU, Ryazan, Russia
In our world you can meet many challenges associated with remote sensing (RS): monitoring ice
conditions, finding fish, environmental monitoring, search failure in the power grid (e.g.,
overheated insulators), etc. As a rule, the survey of areas of interest is a rather long and expensive
process, so to solve these problems, shooting is carried out with multi — level surveillance
equipment: an aircraft, a spacecraft, an unmanned aerial vehicle, various probes. These aircraft are
equipped with equipment for collecting information. The paper considers Aviation remote sensing
scanners Such as Eagle and Fan. There are differences between aerial and satellite images: an
aircraft scanner allows you to survey the underlying surface to search for hydrocarbon deposits or
other faults. Thanks to the ability to shoot an image from a height of about 6-7 m, you can get a
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high-resolution image. The main characteristic of a satellite image is its spatial resolution. It is
expressed in the size of the smallest objects visible in the image. Input data can be any images of
the earth's surface that correspond to the spatial resolution of maps at a scale of 1:200,000 or larger.
Further, the data is subjected to primary and thematic processing. As a result of processing, we will
get maps with the contours of suspected hydrocarbon deposits or faulty insulators based on aircraft
and satellite imagery. Selected areas and will act as promising areas for Troubleshooting or SW.

Ilpumenenune cGOPHOIo 3aNMOTHUTE/IS HMEIOIEr0 JUCKPETHYIO CTPYKTYPY B KOHCTPYKIIHH
Jgérkoro BIIJIA Tuna JjieTamomee KpbL1o
Kounnakos A.M., loaros O.C., Hazapos E.B.
MAMU, r. Mocksa, Poccust

B pabore mnpemnoxkeHa mertomuka mnpoektupoBaHus BIIJIA caMoi€THOrO THIIA HMMEHOLIETO
a’pOJIMHAMUYECKYIO CXEMY IUIaHepa JICTAIOIEEe KpbUIO, KOHCTPYKTHBHO-CWJIOBas —CXeMma
JICTATeJLHOTO amiapaTa BBIIONHEHA B BHAE TPEXCIOWHOM KOHCTPYKIMH, OTIHYUTEIBHOM
0COOEHHOCTBIO KOTOPOH SIBIACTCS NMPUMEHEHHE COOPHOTO 3aMONHHUTENS UMEIOIIEro IUCKPETHYIO
CTPYKTYPY, COCTOSIIYIO U3 TeKCArOHAIBHBIX SUEEK.

IIpoexTnpoBaH¥e BEAETCSI UTEPALIOHHO CIIEAYIOINM 00pa3oM. Ha mepBoii urepauu 3amaercs
HavyalbHOE PACIpeielcHHEe S4YeeK BHYTPHU KOHCTPYKIHHU, IPU 3TOM I'€OMETPUYECKHE IapaMeTphl
SYeeK pas’elsIIOTCS Ha JBe TIPYNNBl — IiepBas TpyNIa, OTBEYAromas 3a IPOYHOCTHBIC
XapakTEepUCTHKH s4eeK, a BTOpas YyIOBJIETBOPSIOMIAS TEXHOJOTHYECKUM OCOOCHHOCTSIM
IIPOU3BOJICTBA CIOEB 3aMOHUTEIS.

Ilocne co3naHust nepBOM WTEpaLMM INPOBOAUTCS AaHAIU3 MONYYEHHOH KOHCTPYKIMM Ha €
NIPOYHOCTHBIE XapaKTEPUCTHKU. B BHIY CIOXHOCTH TI'eOMETPHYECKOH (OPMBI 3arlOIHHUTENS
KOHEYHO DJIEMEHTHBIH aHaIu3 ABJseTCA HaubolIee MPeIIOYTUTENbHBIM, TOCKOIbKY OH MO3BOJISET
[IPOU3BOMUTH PAcUET NMOJOOHBIX KpaeBBIX 3anxad. Jlanmee myTéM W3MEHEHHS 3HAYCHHH IIEpPBOM
TPYNIBI T€OMETPHYECKHX IapaMeTpoB SYEEK ONTHMH3UPYIOTCS IPOYHOCTHBIE XapaKTEPHCTUKH
KOHCTPYKIIHU.

B pesynpraTe momydaercsi reoMerpudeckas GopmMa cI0€B COOPHOTO 3aIlOIHUTENS, COCTOSIIErO
13 CONPSDKEHHBIX TUCKPETHBIX sST9eeK, HMEIONINX TeKCaroHAIBHYIO (GopMy.

Co3nana MaTeMaTH4ecKasl MOJielib, IO3BOJIAIONIAs H3TOTOBUTH TEXHOJIOTHYECKHE OCHACTKU IS
H3TOTOBIICHUS CIOEB COOPHOrO 3alONHUTENSI HPH HOMOIM oOpabOTKM [aBieHHEM, KOTopas
MO3BOJISIET  OCYLIECTBIIATH CEPUIHOE IPOM3BOACTBO 3AIOJIHUTENEH HECYIIMX MOBEPXHOCTEN
JIeTaTeIbHBIX allapaToB, a B Cllyuae adpoAHHAMHUYECKOH CXeMbl IIaHepa THUIA JIeTaroliee KphUIo,
Korja Bech IUIAaHEp sBISIETCS HECylled IIOBEPXHOCTBIO BCEX BHYTPEHHHX JJIEMEHTOB
KOHCTPYKTHBHO-CUJIOBOM cXxeMbl 1uiaHepa bBIIJIA. B paHHOM cilyyae INpeAnodYTUTENbHOM
TEXHOJIOTMEH H3TOTOBJICHHS MOXKET CIyXHThb TEPMOBaKyyMHas (OpPMOBKAa TEPMOILTACTHYHBIX
MIOJIMMEPHBIX MaTePUaJIoB, IPUMEHEHNE KOTOPBIX IIMPOKO PAaCIPOCTPAHEHO B MHPOBOH HHIYCTPUH
npoussocTsa BITJIA.

Application of a prefabricated filler having a discrete structure in the design of a light drone
of the flying wing type
Kolpakov A.M., Dolgov O.S., Nazarov E.V.
MAI, Moscow, Russia

The paper proposes a method for designing an aircraft-type drone with an aerodynamic scheme
of the flying wing airframe. the structural and power scheme of the aircraft is made in the form of a
three-layer structure, a distinctive feature of which is the use of a prefabricated aggregate having a
discrete structure consisting of hexagonal cells.

Design is carried out iteratively as follows. At the first iteration, the initial distribution of cells
within the structure is set, and the geometric parameters of the cells are divided into two groups: the
first group is responsible for the strength characteristics of the cells, and the second group meets the
technological features of the production of filler layers.

After creating the first iteration, the resulting structure is analyzed for its strength characteristics.
Due to the complexity of the geometric shape of the placeholder, finite element analysis is the most
preferable, since it allows the calculation of such boundary-value problems. Further, by changing
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the values of the first group of geometric parameters of cells, the strength characteristics of the
structure are optimized.

As a result, the geometric shape of the layers of a precast aggregate consisting of conjugate
discrete cells with a hexagonal shape is obtained.

A mathematical model allows us to produce tooling for the manufacture of the precast layers of
filler with a processing pressure, which allows the serial production of aggregates bearing surfaces
of aircraft, and in the case of aerodynamic configuration of the glider type flying wing, when the
airframe is a bearing surface of all the internal elements of the constructive-power scheme of the
airframe of the drone. In this case, the preferred manufacturing technology can be thermal vacuum
molding of thermoplastic polymer materials, the use of which is widespread in the global drones
manufacturing industry.

AdpoanHaMHYecKast ONTHMH3AIMS KPbLIa 0eCIHIOTHOIO J1eTaTeIbHOI0 annapara 60.1b10ii
JaJbHOCTH
Konroxos 1.K.
MAMW, r. MockBa, Poccust

B nanHoOl paboTe mccienoBaHa MpoOieMa ONTHMH3ALUK FeOMETPHYECKHX [apaMeTpOB KphbUla
OECIIMIIOTHOTO  yJapHO-pa3BebIBATENIBHOTO JICTATEBHOTO ammapara OONBINOH JadbHOCTH.
IIpenBapuTensHble MPOPAOOTKH KOMIIOHOBKH NPUBOT K a9POANHAMUYECKON CXEMe «IeTarolee
KPBUIO» C HECyIell HOBEPXHOCTBIO CIOKHOW (DOPMBI, COCTOSINEH M3 Pa3BUTOrO IIEHTPOIUIAHA
MAJIOTO Y/UIMHEHHS C YIIMPEHHOW KOPHEBOH XOpIOW M CTPENOBUIHBIX KOHCOJEH OOJBIIOro
yuinHenus. dopma Kpblla B IUIaHE BEIOpaHA M3 YCIOBHI CHIDKEHHS DPaJHOJIOKAIMOHHOM
3aMETHOCTH U orpaHndeHus rabaputos JIA. OnTuMu3aniy oHa He IIoBepraiach.

IToBbInIeHHe a3pOIMHAMHYECKOTO KayecTBa MPOBOIMIOCH PYyIHBIM MOAOOPOM I€OMETPUUECKOU
KPYTKM KoHcone# kpbura. Ilpm 3Tom Kpelicepckuit KOI(p(OHUIMEHT NMOABEMHON CHIIBI TOpSIKA
cya=0,5. BakHbIM OTrpaHHYEHHEM CTano OOecredeHne MPOJIOIbHON OalaHCHPOBKHM JICTATEIbHOTO
anmapaTa Ipu MUHUMAJIbHBIX HOTEPSIX ad9POJAHHAMUYECKOTO KauecTBa, YTO YCIOKHACTCS JOBOILHO
HU3KOH  3Q¢eKkTHBHOCTRIO  pyieil. BbIOOpoM  CcTpenoBHIHOCTH  KOHCONel — obecriedeHa
YCTOHYNBOCTH, ONM3Kast K HelTpansHoi. ClIoXKHee 0Ka3aI0ch 00eCIeUNTh IPHEMIIEMYIO BETUIUHY
ko3 urneHTa MOMeHTa TaHraka mz0 — Ha «ICTAIOIIEM KpbUICY 3Ta 3ajaya PEIIacTcs TOJIBKO
mogbopoM TpoQmiIs W KPYTKH KpbUIa. BBIABIEHO, YTO TNpPUMEHEHHE Ha IIEHTPOIUIaHE
KJIACCHYECKOTO BOTHYTOTO HPOGHIL BeAET K HEOOXOAUMOCTH CIHMIIKOM CHJIBHOH 3aKpyTKH
KoHcoueil. [Toaromy reHtporuian Habpan u3 S-06pasHbix npoduieit. Koncomun chopmupoBansr Ha
0aze BbIcOKOHecymux mpoduieit cepun Eppler. st obecrnieueHus MMyTeBOH YCTOWYHMBOCTH HMX
3aKOHLIOBKM OTOTHYTHI BHH3. IIyTéM 3aKkpydHBaHUSI KOHIIEBBIX CeUeHHi Ha £2=-2° (OCHOBaHHE
3aKOHIIOBKH) U €3=-4° (cevyeHne 3aKOHLIOBKU ¢ b=1 M), momydyeH mansiit mz0. JlaHHBINH Bapuant
MIPUHSAT B Ka4ecTBe OIOPHOTo. Jlanee mocaenoBaTeIbHBIM IIepebopoM IBYX CeUeHHIT 3aKOHIIOBKY, a
TaKke OOPTOBOTO CEUCHHUs] KOHCONU ¢ maroM Agi=1° moiydeH ONTUMU3HPOBAHHBIN BapHaHT, C
BEJIMYMHOI MaKCHMaIbHOTO adpPOJHHAMHYECKOro KauecTBa, Oonbiieii Ha AK=0,6 mo cpaBHEHHUIO ¢
6a30BBIM BApPHAHTOM.

IpenBaputenbHble pacuéTsl U ONTHMH3anUs Benuch B mporpamme AT BLWEF-140 na 6a3e
YHUCJIEHHOTO MHTEIPUPOBAHUS ypaBHEHMH Oiinepa, [JONOJHEHHOIO pEIICHUEeM YypaBHEHUit
MIOTPAaHUYHOTO CNIOS. AdDPOAMHAMUYECKHE XapaKTEePHCTUKH 0a30BOr0 M ONTUMH3HPOBAHHOTO
BapuaHToB yrouHeHs! B [IK ANSYS CFX koHeqHO0-00bEMHBIMI METOIaMH.

Aerodynamic optimization of the high altitude long endurance unmanned aerial vehicle
Konyukhov LK.
MAI, Moscow, Russia

Problem of aerodynamic optimization of the multi-role high altitude long endurance unmanned
aerial vehicle (HALE UAV) have been researched in this paper. Preliminary studies have led to
"flying wing" lay-out with a low aspect ratio and high trapezoidal ratio centrebody and swept main
parts of the wing of high aspect ratio. The wing shape have been chosen from the reason of radar
observability reducing.
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L/D-ratio improving was carried out by selecting of the wing twist. The cruising lift coefficient
should be of of the order of cya=0.5. Pitching moment and longitudinal stability derivative values
were restricted by necessity of trim loses minimization. In the basic variant the wing tips was
washed out for 2 degree in the root and 4 degree in the section with b=1 m. Centrebody have a
reflected airfoil. This variant was optimized by manual searching of twist of main wing root and
two sections of wing tips. The result was a variant with L/D-ratio that in order of A=0,6 more than
in the basic variant.

Preliminary calculations and optimization were performed by the TSAGI BLWF-140 program
based on numerical integration of the Euler equations, supplemented by the solution of the
boundary layer equations. The aerodynamic characteristics of the basic and optimized variants have
refined in the ANSYS CFX using finite-volume methods.

AHaJIU3 NACCAKHPONOTOKA OCTAHOBOK IFOPOJCKOI0 TPAHCIOPTA HA 0CHOBE HCIO/Ib30BAHUS
0ecnHJIOTHBIX AaBHALIMOHHBIX CHCTEM
Koctun A.C., Maiiopos H.H., ®etncos B.A.
I'VAIL, r. Cankr-TlerepOypr, Poccus

Taccaxupckre INepeBO3KH NPEACTABISIIOT COO0OH ONHY W3 OCHOBHBIX OTpacieil 9KOHOMHUKH
kaxgoro ropoga. OmHOH H3 TINaBHBIX NPOOIEM MPEANPUITHH IaCCaKUPCKOIO TPAHCIOPTA
SIBIIIETCS HEAOIIONyIEHUE TOXOOB, YTO B UTOTE CKA3bIBACTCS KAaK HA Ka4eCTBE CAMHX IIEPEBO30K 1
BEIOOPY TPAHCIIOPTHBIX CPEACTB, DPAOOTAIOMMX HA MapLIpyTe, TaKk M Ha OOCIYy)KHBaHUH
naccaxupoB. HaBepHoe, nepe/ BceMu IPEAIPUATHAMU CTOUT BOIIPOC MOBBIIICHHS 3G (HEKTUBHOCTH
paboTEl U SKOHOMHH PECypCOB, ITOITOMY Y4YeT KOJIMYECTBA ITACCAKHPOB CTAHOBHUTCS ONHOW W3
BakHeiimmx 3agad. CeromHs OOJNBIIMHCTBO NAaCCAXKUPOIEPEBO3UHKOB HE HMMEIOT JTOCTOBEPHOM
uHpOPMAIMK O TEPEBO3UMBIX MACCAXUPAX IO YacaM CyTOK Ha aBTOTPAHCIIOPTE. DTO BBI3BIBACT
oIpeJielIeHHbIe TPYIHOCTH B INTAHUPOBAHUH Tpaduka JBIKEHUS, T.K. HCU3BECTHO, CKOJIBKO MOXET
MOHAaTOOHUTHCS aBTOOYCOB Ha IepeBo3Ky. Ha mpakTike BO3MOXHO HCIIOIb30BaHUE KPATKOCPOYHOTO
MIPOrHOZUPOBAHHS MACCAKUPOIOTOKA, KOTOPOE MO3BOIHUT C HEKOTOPOH BEPOSATHOCTHIO MOCUUTATH
3arpy)KEHHOCTh MapIupyTa Ha Oirbkaiiiiee BpeMsl M Kak CIEACTBHE KOPPEKTHPOBATH KOJMYESCTBO
aBTOOYCOB Ha JMHHHY. CIOKHOCTB IIPECTAaBIAIOT OCTAHOBKY HECKOJIBKHX HOMEPOB aBTOOYcCa, TaK
KaK MacCaKUPOIOTOK MEXAy HHMH paclpefeleH HepaBHOMepHO. Koneuno, pydHble MeTOABI
MIOZICYeTa TTACCaKUPOB CETOHS yKe Hed((eKTHBHEL. J[ONOIHNUTENFHO HEOOXOANMO UCCIIeIOBaHIe
3 HEeKTUBHOCTH pa3MEIeHHs OCTAaHOBOK Ha MaplIPyTe.

Jlis peuieHus 3a1a4yy MOJICUETA MMACCAKUPOB IMPEAJIaraeTcs MCIOJIb30BAaHUE PElIeHUH Ha Oase
OCCIMJIOTHBIX AaBHAIIMOHHBIX CHCTEM. PelleHHe COCTOMT B HCIONB30BaHUM [POHOB H
MIOCIIEAYIOIIEM aHalM3e Pe3yIbTaTOB BUJICON300paXKEHUH C OCTAaHOBOK. PelieHue ncronb3oBaHue
JIPOHOB MO3BOJISICT CIICAMUTH 3a OONBIIMMH CKOIUICHUSAMHU JIFOJICH B TOM 4YHCIIC M Ha OCTaHOBKaX. B
pe3yibTaTe HHTErpalii MOOMIBHBIX IPHIIOKEHUH, OECIIPOBOAHBIX CETeH M MPOrpaMMHEIX CHCTEM
JIPOHBI MOTYT OKa3bIBAaTh IOMOIIb IPH IOACYETEe MAcCaXKUPOB Ha OCTAaHOBKAX M MOHHTOPHHIE
cuTyauuid. Perienus Ha OCHOBe OSCHHMJIOTHBIX aBHALMOHHBIX CHCTEM Onaroapsi MOOHIBHOCTH
MIO3BOJIAIT COOpaTh JaHHEIE B PEXKHME PEalbHOTO BPeMEHH, cOOpaTh JaHHbIE [0 HHTEHCHBHOCTSIM
W3MEHEHHS] KOINMYeCTBA JIOJeH Ha OCTaHOBKaX. Ha OCHOBE MOJyYCHHBIX ITaHHBIX MOXHO
copMHpPOBATh BBIBOJ O HAPSHKEHHOCTH TACCA)KHPOIOTOKA I10 OTAENIBHBIM YacTsIM MapIIpyTa UK
B IIEJIOM IO €r0 JUIMHE, II0 3arpYy’KeHHOCTH OCTAaHOBOK, HCCIENOBATh XapakTep (hOpMHUpPOBAHUS
IIHKOBBIX PEXHUMOB Ha OCTaHOBKaX. MOXKHO OLEHUTH d(P(EeKTHBHOCTh pa3MEHIEHHS OCTAaHOBOK
TOPOJICKOTO TpaHCIoOpTa. PelleHHe Ha OCHOBE OCCIMIOTHBIX ABHAIIMOHHBIX CHCTEM MOXHO
HCTIONB30BaTh OTACNBHO OT TPAHCIOPTHOTO CPEACTBAa IHOO KOHCTPYKTUBHO COBMECTUTH C
TPaHCIOPTHBIM CPEACTBAM H coOMpaTh HHGOPMAILHU Ha KaXKIOi OCTaHOBKE.

Analysis of passenger traffic at city transport stops based on the use of unmanned aerial
systems
Kostin A.S., Mayorov N.N., Fetisov V.A.
SUALI, Saint-Petersburg, Russia
Passenger traffic is one of the main sectors of the economy of every city. One of the main
problems of passenger transport enterprises is the lack of income, which ultimately affects both the

67



quality of the transportation itself and the choice of vehicles operating on the route, and passenger
service. Probably, all enterprises are faced with the issue of increasing the efficiency of work and
saving resources, so accounting for the number of passengers is becoming one of the most
important tasks. Today, most of the passenger carriers do not have reliable information about the
passengers carried by the hours of the day by road. This causes certain difficulties in planning the
timetable, because it is not known how many buses may be needed for transportation. In practice, it
is possible to use short-term forecasting of passenger traffic, which will allow, with some
probability, to calculate the congestion of the route for the near future and, as a consequence, adjust
the number of buses on the line. It is difficult to stop several numbers of the bus, since the
passenger traffic between them is unevenly distributed. Of course, manual methods of counting
passengers are no longer effective today. Additionally, it is necessary to study the effectiveness of
placing stops along the route.

To solve the problem of passenger counting, it is proposed to use solutions based on unmanned
aircraft systems. The solution is to use drones and then analyze the results of video images from
stops. The solution to the use of drones allows you to monitor large crowds of people, including at
stops. By integrating mobile apps, wireless networks and software systems, drones can assist in
counting passengers at stops and monitoring situations. Thanks to mobility, solutions based on
unmanned aircraft systems will allow collecting data in real time, collecting data on the rates of
change in the number of people at stops. Based on the data obtained, it is possible to form a
conclusion about the intensity of passenger traffic for individual parts of the route or in general
along its length, according to the congestion of stops, to study the nature of the formation of peak
modes at stops. You can evaluate the effectiveness of the placement of public transport stops. The
solution based on unmanned aerial systems can be used separately from the vehicle or structurally
compatible with vehicles and collect information at each stop.

JleneHTpa/IM30BaHHOe yIIpaBieHHe no1eToM cTposi BIIJIA Ha ocHOBe TeopuH IIOCKHX
cucTeM
Koctun U.J., [Tonos A.M., Koctpsirun /I.I'., @aneesa 10.B.
BOEHMEX, r. Canxr-IlerepOypr, Poccust

B paGore paccmatpuBaercs mmpokuii kmacc BIIJIA, koropble MoOryr ObITh ONHMCaHBI
MareMaTHyeckoi Moznensio (9.21) u3 xuuru [1]. Oto cucrema nuddepeHINANEHbIX YpaBHSHUH 7-
ro mopsiika onuchiBaromas aABrKkeHus1 bBIIJIA B 3-X MepHOM IIPOCTPAHCTBE ¢ KOOPIMHHPOBAHHBIM
HOBOPOTOM. YIIpaBlIeHHE OCYIIECTBIIACTCS uepe3 U3MEHEHHE BEIMUYUH CKOPOCTH M YIJIOB KpeHa U
TaHTaXxa. JlaHHast MOJIeTb SIBISIETCS] HENMHEHHOH 1 HeaUHHOI 10 yIPaBIISIONINM BO3ACHCTBHSM.

B nmocnexmHue TOXBI IONYYEHHl 3HAYHMTENbHBIE pE3yJAbTaThl II0 CHHTE3y AJITOPUTMOB
JIELEHTPAIN30BAHHOIO YIPABJICHUS I MYJIbTHA€HTHBIX CUCTEM [2]. DTH METObI NPENOoaraoT
HaJuure HHGOPMAIIHOHHOTO Ipada CBsI3eil MEXXy areHTaMH, YAOBIETBOPSIOIIETO ONPEIEICHHEIM
U HE CWIBHO OTPaHHYUTENBHBIM YCIOBHsAM. [loiydeHHBIE pe3yabTaThl XOpOIIO OOOCHOBAHBI
TOJIBKO JUISl TINHEHHBIX OOBEKTOB yHPABIICHHUS, U1 HEIMHEHHBIX TOJIBKO B YACTHBIX CITy4asX.

JIist IpEMeHeHHsT aJTOPUTMOB YIPABJICHUS MyJIbTHATCHTHBIMU CHCTEMaMU K 3ajade IoJieTa
ctpost BIUJIA B HacTosmieii paboTe HCIIOIb30BaH MOAXO0/] OCHOBAHHEIN HA TEOPHHU INIOCKUX CHCTEM
[3]. JlaHHbIi MeTOX MO3BOJSIET U HEKOTOPBIX KJIACCOB JUHAMMYECKHX CHCTEM BBIICIUTH TaK
Ha3bIBacMbIe IUIOCKHE BBIXOIBL. Uepe3 3TH BBIXOABI MOTYT OBITh OJHO3HAYHO OINPENeNeHBI BCE
(a3oBble IIEpEeMEHHBIE CHCTEMBI, a TakXkKe BCe yIpaBieHUs. Taioke MOXET OBITh MHOJyYeHa
JMHeHHas cucTeMa JuddepeHIManbHbIX ypaBHEHNH B IPOCTPAHCTBE MIIOCKUX BBIXOOB C HEKUMH
BUPTYAJIbHBIMH yIpaBiIeHUsIMUA. OCOOCHHOCTBIO SIBISICTCS TO, YTO BCE TPACKTOPUH ITOH JIMHEHHON
CHCTEMBI OJHO3HAYHO COOTBETCTBYIOT TPAEGKTOPHSAM HCXOIHOH HENIMHEHHOH CHCTEMBI, a
BUPTYaJIbHbIC YIPABICHHA MOTIYT OBITh OAHO3HAYHO IIEPECYMTAHBI B pEAIbHBIC CHTHAIBI
YIIpaBICHHUS.

IMomy4eHHble aNrOPUTMEI yIpaBlIeHHs OBUTH IPOMOJEIUPOBaHbI B cucTeMe Matlab/Simulink ms
pa3IMYHbIX BapUAHTOB MOCTpOeHHUsI GopManuu (IIOCKOE MOCTPOEHHE, 3-X MEPHOE MOCTPOCHHUE).
Takke MOJEIMPOBAIUCH CUTYallMH C BBIXOJOM MX CTposi Heckonbkux BITJIA u nepecrpoeHuem
ocTaBIIHXCS. PaccMaTpuBaiicss BapHaHT C HEMOCTOSHHBIM HH(OPMAIUOHHBIM OOMEHOM MEXITY
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BIUTA. Pe3ynbTaThl MOKa3aid XOPOLIyI0 paboTOCIOCOOHOCTh BHIOPAHHOTO MOJX0A U alrOPUTMOB
YIIpaBJICHHS.

PabGora BbImonHeHa mpH (UHAHCOBOW MOJJepkKe MMHUCTEpCTBA HAyKM U BBICIIETO
obpasoBanus Poccuiickoit @eneparmu (mpoext Ne FZWF-2020-0015).

JIuteparypa:

1. R'W. Beard, T.W. McLain. Small unmanned aircraft: Theory and practice/ Princeton
University Press , 2012.

2. W. Ren, R.W. Beard. Distributed consensus in multi-vehicle cooperative control / Springer,
2008.

3. J. Lévine. Analysis and Control of Nonlinear Systems. A Flatness-based Approach/Springer,
2009.

Decentralized flight formation control of UAVs based on the flat systems theory
Kostin 1.D., Popov A.M., Kostrygin D.G., Fadeeva U.V.
VOENMEH, Saint-Petersburg, Russia

The paper deals with a wide class of UAVs, which can be described by model (9.21) from [1].
This is a system of 7th order differential equations that describes the motion of a UAV in three-
dimensional space with a coordinated rotation. Control is carried out by changing the roll and pitch
angles and angular velocities. This model is non-linear and non-affine in control.

In recent years, significant results have been obtained on the decentralized control of multi-agent
systems, see [2]. These methods rely on an information flow graph between agents that satisfies
certain conditions, which are not very restrictive. The results obtained are well substantiated for
linear plants and only for some special cases of nonlinear ones.

To apply control algorithms for multi-agent systems to the problem of group flight of UAVs, in
the present work an approach based on the theory of flat systems [3] is employed. This method
allows the selection of so-called flat outputs for some classes of dynamical systems. All state
variables of the system, as well as the control action, can be uniquely determined through these
outputs. A linear system of differential equations in the space of flat outputs with some virtual
controls can be also derived. A feature of the approach is that all trajectories of this linear system
uniquely correspond to the trajectories of the original nonlinear system, and virtual controls can be
unambiguously recalculated into real control signals.

The obtained control algorithms were simulated in Matlab / Simulink software environment for
various kinds of the formation structure (flat formation 3-dimensional formation). Situations with
the failure of several UAVs and rearrangement of the rest ones were also simulated. An option was
considered with a time-varying information exchange between the UAVs. The simulation results
showed achievement of the good system performance by application of the adopted approach and
proposed control algorithms.

This work was supported by the Ministry of Science and Higher Education of Russian Federation
(grant . FZWF-2020-0015).
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Yupasienue nonerom BIIJIA no 3aiaHHOMY NyTH HAa OCHOBE MeTO/1a BEKTOPHBIX MoJieii
Kocrtpbirun JI.I., [Tonos A.M., Koctun U.J1., ®aneesa 10.B.
BOEHMEX, r. Cankr-IlerepOypr, Poccust
B pabote paccmarpuBaercst mmpokuii kiacc BIIJIA, xoTropble MOryT OBITH HpEICTAaBICHBI
Marematnyeckoil mozaensio (9.21) u3 kuuru [1]. DT1o cucrema auddepeHInaIBHBIX YpaBHEHUIH 7-
ro nopsjaka onuceiatonas JswkeHust BIIJIA B 3-x MepHOM IpOCTpaHCTBE ¢ KOOPAMHUPOBAHHBIM
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MIOBOPOTOM. YTIpaBJIEHHE OCYILIECTBIACTCS Yepe3 U3MCHEHNE BEJIMYUH CKOPOCTH M YIJIOB KpEHa U
TaHraxa. JlaHHast MOJEIIb SBJSCTCS HEMMHEITHOM 1 Hea(HDMHHOI 110 YIIPaBIISIOIIIM BO3ACHCTBHISM.

OnHoli M3 BaXKHBIX 3a71a4, KoTopsle NokHBI pemaTs BITJIA B nponecce nomnera, sBiseTcs 3aj1a4a
JIBKCHHUS 110 3aJIAaHHOMY IIyTH B IIPOCTPAaHCTBE. B oTiiMYMe OT KJIACCHYECKHX 33/1a4 CISKEHHUs 3a
3a/laHHON TPACKTOPHUEH, 34eCh HET (DMKCHPOBAHHOI NPHBS3KA KOOPAMHAT B IPOCTPAHCTBE KO
BpeMeHu. [l pelenus nogoOHbIX 3314y HCIOJb3YIOT METO/l BEKTOPHBIX moneid [1]. B pabote [2]
CTporo 00OCHOBaH CIOCOO 3aJlaHMS BEKTOPHBIX MOJIEH, MO3BOJSIOIMX (HOPMUPOBATH TIIAJKYIO
MIPOM3BOJIBHYIO TPACKTOPHIO B MPOCTPAHCTBE. ANTOPUTMBI yHpaBieHHs B [2] IMOIy4eHBI TOIBKO
ULl JINHEHHBIX CHCTEM HIEPBOTIO U BTOPOT'O IOPSIAKOB

B Hacrosimieit paboTe MOKa3aHO, YTO AJTOPUTM YIpaBieHUS U3 paboTel [2] MoOXkeT ObITh
HEMocpeACTBeHHO NprMeHeH [yt BI1JIA, ecnu ncnonb30BaTh METO/IBI TEOPUH TIOCKUX cucTeM [3].
JlaHHBII TOJXOX MO3BOJSIET JUII HEKOTOPHIX OOBEKTOB BBIACIHTH TaK Ha3bIBAEMBIC IUIOCKUE
BBIXOJBI. Uepe3 9TH BBIXOABI MOTYT OBITH OIHO3HAYHO OIpECICHHI Bce (a3oBbIC NMEpPEMEHHBIC
CHCTEMBbI, a TaKKe BCE yIOpaBleHHMsA. B pesymbrate moimydaercs JHMHEHHas cucTeMa
i depeHInaIbHbIX  YPAaBHEHH B [POCTPAHCTBE IUIOCKMX BBIXOAOB C  BHPTYaJbHBIMH
YIIPaBICHUAMH. TPaeKTOPHH ITOH JMHEHHOH CHCTEMBI OJHO3HAYHO COOTBETCTBYIOT TPACKTOPHAM
HCXOIHOH HEIMHEHHON CHCTEMBI, a BHPTyaJbHBIC YIPABICHHS MOIYT OBITH OJHO3HAYHO
[IePECUUTaHBI B peabHble CHTHAIBI YIIPABICHHS.

ITosry4eHHBIe aNrOpUTMBI yIpaBieHHs ObUTH HIPOMOEIUPOoBaHsl B cucTeMe Matlab/Simulink st
pas3MuHbIX BapuaHTOB 3a1aHus Tpedyemoro mytu BITJIA B mpoctpancTBe. PesynbpraThl nmokasanu
XOPOIIYIO pab0TOCIIOCOOHOCTH BBIOPAHHOTO ITOAXO0/(a ¥ AITOPUTMOB YIIPABICHHUSL.

PaGora BbIMONHEHa IIpu (UHAHCOBOW moOAJEpKKe MHHHCTEpCTBA HAYKH M BBICIIETO
obpazoBanusi Poccuiickoii ®enepaumu (npoekt Ne FZWF-2020-0015).

JIureparypa:

1. R'W. Beard, T.W. McLain. Small unmanned aircraft: Theory and practice/ Princeton
University Press , 2012.

2. V. M. Goncalves, L. C. A. Pimenta, C. A. Maia, B. C. O. Dutra and G. A. S. Pereira. Vector
Fields for Robot Navigation Along Time-Varying Curves in n-Dimensions/ IEEE Transactions on
Robotics, vol. 26, no. 4.

3. J. Lévine. Analysis and Control of Nonlinear Systems. A Flatness-based Approach/Springer,
2009.

Path fellow UAYV control by vector field method
Kostrygin D.G., Popov A.M., Kostin I.D., Fadeeva U.V.
VOENMEH, Saint-Petersburg, Russia

The paper deals with a wide class of UAVs, which can be described by model (9.21) from [1].
This is a system of 7th order differential equations that describes the motion of a UAV in three-
dimensional space with a coordinated rotation. Control is carried out by changing the roll and pitch
angles and angular velocities. This model is non-linear and non-affine in control.

One of the important tasks to be solved by the UAV during the flight is the task of driving on a
given path in space. In contrast to classical tracking tasks, there is no fixed coordinate reference in
space to time. The vector fields method is used to solve such problems [1]. The method of vector
fields specifying in [2] is strictly justified to form a smooth arbitrary trajectory in space. The
control algorithms in [2] are obtained only for linear systems of the first and second orders.

This paper shows that the control algorithm from work [2] can be directly applied to the UAV if
the methods of flat system theory are used [3]. This approach allows to select so-called flat outputs
for some plants. Through these outputs all phase variables of the system as well as all controls can
be unambiguously defined. The result is a linear system of differential equations in the space of flat
outputs with virtual controls. The trajectories of this linear system unambiguously correspond to the
trajectories of initial nonlinear system, and the virtual controls can be unambiguously recalculated
into real control signals.

The obtained control algorithms were simulated in Matlab/Simulink software environment for
different variants of specifying the required UAV path in space. The simulation results showed
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achievement of the good system performance by application of the adopted approach and proposed
control algorithms.

This work was supported by the Ministry of Science and Higher Education of Russian Federation
(grant . FZWF-2020-0015).
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Pe3yibTaThl 9KCIIePHMEHTAIBHBIX HCC/1€I0BAHUI IPUMEHUMOCTH 0eCIHIOTHBIX BO3IYIIHBIX
CY/IOB JUIsI pelIeHNsI aKTYAJbHBIX 32124 KOPIOPATHBHOM JIOTHCTHKH
'Kysun P.B., 2E¢umos A.P., *Tlaiicon I.B., 'Tax B.X.
'MAU, 2MUCuC, *MI'Y, r. Mocksa, Poccus

Hcnons3oBanue 6ecMIOTHBIX BO3MYIIHEIX cyn0B (BBC) sBisieTcs BaKHBIM TPEHAOM Pa3BUTHS
TPAHCIOPTHBIX TEXHOJNOTMH M JIOTMCTUKH. KiroyeBoi mpo0GneMoil ceromHs CTaHOBUTCS
1enecoodpasHoCTh U (HOPMBI Iepexoia OT UCKIFOYUTENBHO HH(POPMAIIMOHHOTO, HAaOII0JaTEIbHOTO
¢ynxnuonana BBC k HX HCIOIb30BaHUIO B KaU€CTBE TPAHCIOPTHBIX IIATHOPM

IIpu pemennu 3a1a4, CBA3aHHBIX ¢ KOMMEPYECKOH JOCTABKOM IPY30B C MOMOLIBIO OECIIMIOTHBIX
aBuaoHHbIX cucteM (BAC), KpUTHYECKH BaKHBIM HPEICTABIISIETCS BBIOOP CXEMHOIO pEIICHHs
BBC, obecrieueHusi BO3MOXKHOCTEH aBTOHOMHOTO MHJIOTUPOBAHHS U OE3JIFOTHOTO OOCITY)KHBaHUS
BBC, apXuTeKTypbl CHCTEMbI OECITMIIOTHON aBHALMOHHOI J10CTaBKH, ONpPE/ENICHNs] OU3HEC-MOJIeTN
KOMIIAaHMM M «(OKyca» OTHOCHTEIBPHO OOIIeH IIEMOYKH ILEHHOCTeH — cleayer Ju
CKOHIICHTPUPOBATHCS Ha co3faHuu coOcTBeHHbIX BBC mimu Ha (popMUpOBaHUU OM3HEC-pPELICHHS,
OCHOBAHHOTO Ha ITOKYITHBIX araparax

MOCKOBCKHH aBUAllMOHHBIH MHCTUTYT COBMECTHO C OJIHOM M3 BEAYLIMX POCCUMCKUX KOMIaHU
MPOBOAMIN HCIBITAHUS TEXHUYECKHX PCIICHHH B pEalbHBIX YCIOBUSX IPUMEHUTENBHO K
OT/AJICHHBIM TEPPUTOPUSIM M MOZAEIISIM IPY30II0TOKA, OTPAXKAIOIIMM ITOTEHIUATIBHBIE TOTPEOHOCTH
KaKk BHYTPHKOPIIOPATUBHBIX, TaK W PHIHOYHBIX, «TOBAPHBIX» INepeBo30K. OCHOBHBIMHU LEIIMH
9KCIEPUMEHTa CTAIH OTPabOTKa HIEMEHTOB JKOCHCTEMBI OIepaTopa OECIHMIOTHON JOCTaBKU Ha
IpuMepe 3ajad TPAaHCIIOPTHPOBKH TOBAPHO-MATEPHAIBHBIX LEHHOCTEH B 4acTH OOOCHOBAaHHS H
YTOYHEHUSI SKCIUTyaTAllHOHHBIX TPeOOBaHMH K OSCHMIOTHBIM BO3MYIIHBIM CyIaM, apXUTEKTyPhI 1
COCTaBa CHCTEMBI JOCTaBKH M TEXHHKO-DKOHOMUYECKHUX acreKkToB mpumMeHenus bBC B moctaBke
IPY30B, a TaKXKe BBIABICHHE U IIOMCK IIyTefl NpPEOJOJICHHS TEXHWYECKUX, IPAaBOBBIX H
HHQPACTPYKTYPHBIX OaphepoB, BO3HUKAIOIIMX P Pa3BEPTHIBAHUN H AKCILTYaTA[HN KOMIUIEKCHOM
CHCTEMBI JOCTABKH C HCIOIb30BaHUEM OSCIIMIOTHON aBHALIUH.

B oxta6pe 2019 1. ObUI pa3BepHYT SKCHEPUMEHTAIBHBIH YJaCTOK KOMIUIEKCHOH CHCTEMBI
JIOCTaBKH T'Py30B B YPaIbCKOM PErHoHe. B oTnmume or paHee MpOBOAMBIIMXCS SKCIIEPHMEHTOB,
OblIa MpexycMOTpEeHa pa3BeTBICHHAs MApLIPyTHAs CeTh H OTCYTCTBUE CHEHHAIBHO OOY4YEHHOIOo
JIOTHCTHYECKOT0 TIEPCOHAlIa B TOYKE IPHeMa Tpys3a.

B xoze skcnepuMeHTa Oblia IPOoJEMOHCTPUPOBAHA TEXHHIECKash BO3BMOXKHOCTh JJOCTaBKU IPY30B
B COOTBETCTBHHM C 3asBICHHBIMH JOIMCTHYECKHMMH HOTPEOHOCTSMH M ampoOHPOBaHbI OCHOBHBIC
pacueTHble MOAENH (BKJIOUYas IPEIBAPUTENIBHYIO OIEHKY 3aTpaT Ha pPeaM3alfio JIOCTaBOK).
IMTpumenenne EBC mo3Bomimiio B psiie CilydaeB CHU3UTB BpeMs JOCTaBKH Ipy3a.

Results of experimental studies of the applicability of unmanned aircraft for solving urgent
problems of corporate logistics
'Kuzin R.V., ’Efimov A.R., *Payson D.B., 'Takh V.H.
'MAL >MISIS, *MSU, Moscow, Russia
The use of unmanned aircraft (UAV) is an important trend in the development of transport
technologies and logistics. The key problem today is the expediency and forms of transition from
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the exclusively informational, observational functionality of UAVs to their use as transport
platforms.

When solving problems related to commercial cargo delivery using unmanned aircraft systems
(UAS), it is critical to choose the UAV schematic solution, provide Autonomous piloting and
unmanned UAV service capabilities, architecture of the UAV delivery system, determine the
company's business model and "focus" on the overall value chain-whether to focus on creating your
own UAVs or on forming a business solution based on purchased devices.

The Moscow aviation Institute, together with one of the leading Russian companies, tested
technical solutions in real-world conditions for remote territories and cargo flow models that reflect
the potential needs of both intra-corporate and market-based "commodity" transportation. The main
objectives of the experiment were testing elements of the ecosystem operator unmanned delivery
tasks, for example transporting of inventory to justify and clarify the operational requirements for
unmanned aircraft architecture and structure of the delivery system and techno-economic aspects of
the use of BVS in the delivery of goods, and identifying and finding ways to overcome technical,
legal and infrastructural barriers that occur in deploying and operating an integrated delivery
system using unmanned aircraft.

In October 2019, a pilot section of the integrated cargo delivery system was launched in the Ural
region. In contrast to previous experiments, an extensive route network and the absence of specially
trained logistics personnel at the point of receiving cargo were provided.

During the experiment, the technical capability of cargo delivery in accordance with the declared
logistics needs was demonstrated and the main calculation models were tested (including a
preliminary estimate of the cost of delivery). The use of UAVs allowed in some cases to reduce the
delivery time of cargo.

Hcnoas3oBanne BITIJIA 1y1s1 MOHMTOPHHTIA CEIBCKOX03SHICTBEHHBIX Yrou i
Kypb6anos P.K.
®I'BHY ®HAIL BUM, r. Mocksa, Poccust

Muposoit peiHOK BITJIA cenbckoxo3siicTBeHHOro Has3HadeHMs pacteT. OCHOBHYIO [OJIIO B
npemioxennu BITJIA Ha MupoBoM peiake B 2019 roxy 3aHnMaeT MyJIbTHPOTOPHEIN THI — 56%, a
caMoJICTHBIH TUIT — 39%. DKCIEPTHI M0JIaraoT, YTO B OyIyIIEM CEIbCKOE X03SHCTBO CTAaHET OJHUM
W3 CaMBIX KPYITHBIX CErMEHTOB PBIHKA IS OSCIMIOTHUKOB.

B pamxkax HayuHo-TexHu4eckoi nestensHoctd @T'BHY OHALL BUM nmeer MHOTOJIETHUH OIIBIT
[0 PELICHHUIO 33/1a4 MOHUTOPUHIa M OOpabOTKU CENbCKOXO3SIMCTBEHHBIX YFOJAMH C ITOMOIIBIO
BITIA.

JIJ1 OLIGHKH COCTOSIHMSI TIOCEBOB M IPOTHO3UPOBAHMS YPOKAMHOCTH Ha IPOU3BOACTBEHHBIX
noisix ucnone3ytores BITJIA camonerHoro Tuma. Ha ceseKIMOHHBIX HOJISX 1€7ec000pasHo
ncrons3oBath Jerkue BIUIA mymsruxonrtepHoro tuma. B BIMe paspaborana miaatdopma mis
MOHHUTOPHMHIA CENEKLUMOHHBIX ToNel, cocrosmas u3 bBIIJIA MynbTUKONTEpPHOrO —THUIIA,
MYJIbTHCIICKTPANBHOI KaMepbl, MoJBeca M MPOrpaMMHOro obecnedeHus. Paspaborana meroamnka
10 MOHMTOPMHTY THOKa3aTeJled A yHNpaBleHMs CENEKIMOHHBIM IPOLECCOM IIOCEBOB COM C
ucnons3zoBanueM BIIJIA Ha OCHOBE JNaHHBIX, MOJMYYEHHBIX B IPOLECCE MOHUTOPUHTA B OCHOBHBIE
(a3pl Bereraluu IOCEBOB COM. Tako KOMIUIGKC MO3BOJNSAET IIOIy4aTh ONCPATHBHYI U
JIOCTOBEPHYIO HH(POPMAIHIO O COCTOSHHU CEICKIHOHHBIX KYIbTYP, (GOPMUPOBATH AHATUTUICCKUE
OTYETHl U PEKOMEHIALIUM JJIS IPHHATHS YIIPABICHUYECKUX PELICHHH CENeKIMOHEPaMU.

B cenexiuu He0OX0MMO NPOBOAUTH U3MEPEHHs ILIOIIAIH JIUCTHEB B TEUEHHE BETETAL[MOHHOIO
nepuona. s storo B llentpe BIIM 6buto pa3paboTaHo MOOHMIBHOE NMPUIIOKEHUE JUIS OLCHKH
COCTOSIHMS 370POBbS U PacueTa ILIOIAAU JIMCThEB CEIEKLIUOHHBIX KYJIbTYp Ha OCHOBE CBEPTOUHBIX
HEWPOHHBIX CeTeil IITyOOKOro 00yIeHHsI.

Paspabotano miaTdopMeHHOE pelIeHne Al BEICOKOTOYHOTO MOHUTOPHHTA TEKYIETO COCTOSHHS
[I0CEBOB, AMHAMUKH UX Pa3sBHTHA, OOHApYXKEHUS IPOOJICMHBIX 30H Ha CEIHCKOXO3SHCTBEHHBIX
TOJISIX C TUIAHOBOW M BBICOTHOW TOYHOCTBIO IMOJTyYaeMbIX MATEpHANIOB 70 3 cM 0e3 MpHMEHEeHHs
OIOPHBIX TOYEK.
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Ha ©0aze ®enepanbHoro nentpa BUM Takke paspaboTaHo miaTGOpPMEHHOE pELICHHE s
nuddepeHInPOBaHHOTO BHECEHUS paboueil )KUAKOCTH € MPOU3BOTUTEILHOCTRIO 2 ["a/4ac.

Pa3paborano miatopMeHHOE pelieHne A MOHHTOpHHra GopiieBrka COCHOBCKOro Ha Oase
BIUIA u MynbTHCHEKTPaJIbHOH KaMepbl, CIIOCOOCTBYyrollee HICHTHU(UKAaUMu OOpLIeBHKa Ha
paHHEl CTaJuK CO3PEBAHHN.

Application of UAVs for monitoring agricultural land
Kurbanov R.K.
FGBSU FSAC VIM, Moscow, Russia

The global market for agricultural UAVs is growing. The main share in the supply of UAVs on
the world market in 2019 is occupied by the multirotor type — 56%, and the fixed-wing type — 39%.
Experts believe that in the future, agriculture will become one of the largest segments of the market
for drones.

As part of its scientific and technical activities, VIM has many years of experience in solving
problems of monitoring and spraying agricultural land using UAVs.

Fixed-wing UAVs are used to assess the state of crops and predict yields in production fields. In
the breeding fields, it is advisable to use light UAVs of the multicopter type. VIM has developed a
platform for monitoring breeding fields, consisting of a multicopter-type UAV, a multispectral
camera, a suspension and software. A method for monitoring indicators for managing the selection
process of soybean crops using UAVs was developed based on data obtained through the
monitoring during the main phases of soybean crop vegetation. This complex allows to get timely
and reliable information about the state of breeding crops, generate analytical reports and
recommendations for making management decisions by breeders.

In breeding, it is necessary to measure the area of leaves during the growing season. To do this,
the Center VIM has developed a mobile application for assessing the health status and calculating
the leaf area of breeding crops based on deep convolutional neural networks.

A platform solution has been developed for high-accurate monitoring of the current state of
crops, their development dynamics, and detection of problem areas in agricultural fields with
planned and high-altitude accuracy of the obtained materials up to 3 cm without using ground
control points.

The Federal center VIM has also developed a platform solution for differential spraying of
working fluid with a capacity of 2 Ha / hour.

A platform solution for monitoring Sosnovsky Hogweed based on a UAV and a multispectral
camera has been developed, which helps identify Hogweed at an early stage of maturation.

JlMarHocTHYecKuil KOMILIEKC HA 0CHOBe (PH3MYeCKH CBS3aHHBIX 6eCITNIOTHOTO
JIETATeILHOTO ANNAapaTa H HA3eMHOT0 KOJIECHOT0 podoTa 17151 MOHUTOPHHTA JeeKTOB
HAPY:KHOIi IOBEPXHOCTH BO3IYIIHOTO CyJHA
Anémun b.C., Yepnomopckuit A.1., Cypkos [I.A., Kypuc 2./1., Jlenskos K.C.

MAMU, r. Mocksa, Poccust

B mocnennume Tombl psA KOMIIAHUH Hadall NPUMEHATH AT OCMOTpAa HAPYKHOH ITOBEPXHOCTH
BO3IyHIHOTO cynHa Ha ero crosuke (BC) OecrmorHele nerarensHble ammapatel (BJIA), B
JaCTHOCTH, MyJbTHpoTOpHOro tuma. Tak, koHiepH Airbus paspaboran BJIA, KOTOpBI MOXKHO
HCIIONB30BaTh UL OCMOTpPa BEpXHEH JacTH HapyXHOH moBepxHocTH BC, HO TOIBKO B YCIOBHSX
aHrapa, IIOCKOJNBKY IO pEriIaMeHTy He JOITyCKaloTcsi cBoOomHble mMoi€Tel BJIA B BO3mymrHOM
npoctpaHcTBe aspoapoma [1]. TIpu 3ToM aBTOMAaTUYECKHH OCMOTP BCeil HapyKHOW MOBEPXHOCTH
BC me peammsyercs. B gnoxiage paccMOTpeH BapHaHT HCHONB30BAHHS AT OJTUX Ieed
JIMaTHOCTHYECKOTO KOMIUIEKCA, COCTOSAIIero H3 (u3ndeckd cBs3aHHBIX BJIA u HasemHOro
konécuoro podora (HKP), kaapliii U3 KOTOPHIX OCHAIIeH (HOTOKaMEpOi BBICOKOTO pa3peLIeHUs,
YCTaHOBJICHHOW B yNpaBIsIeMOM IIOJBECE, a TakKe CUCTEMOH oOHapyxkeHus u obnéra (00be3na)
npensTcTBUi. Ipeuioxkena MeToI0I0THs IPOBEICHISI MOHUTOPUHTA HapyXXHOH noBepxuoctu BC,
KOTOpasi 3aKJIF0YACTCs B PEaIM3allii PAlMOHAIBHBIX MapIIPYTOB CKOOPANHUPOBAHHOTO JABHIKEHHS
BJIA u HKP, n ontumanbsHoi opuenTanuu dotokamep B npouecce GoTorpadupoBaHus HAPYKHON
nosepxuoctu BC. ITocne nepememenus HKP ¢ HocumeiM BJIA B HaganeHyIo TOuKy crossHKH BC
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OCYILIECTBIIAETCS] U3MEPEHHUE € TIOMOIIBIO JazepHoro aansHoMepa HKP paccrosinuii ot aToit Toukn
1o croex maccu BC, onpenenenune B 6oproBoM Borauciutene HKP koopauHat croek maccu, THIIA
BC u ero kypcoBoro yria, 3aJjlaHue ¢ HCIOJIb30BaHUEM 3TO MH(OPMALK KOOPJUHAT HAavalbHbIX
TOYEK, a TAKXKe NapaMeTPOB PACHOJIOKEHHs IPOCTPAHCTBEHHO-BPEMEHHBIX TpaekTopuil BJIA mms
ocMoTpa BepxHel wactu HapyxkHoi moBepxHocTu BC m HKP it ocMoTpa HIDKHEH 9acTH DTOH
noBepxHocTH. s npenorBpatuenus croikHoBeHus BJIA ¢ BC npeioxeno cesazate BJIA u HKP
YIpPaBISIEMBIM TPOCOBBIM MEXaHU3MOM. IIpu BO3HMKHOBEHMH HELITATHOW CUTyallUM, HAaIpHMEp,
IIPU CHJIBHBIX IOPHIBAaX BETpPa, OCYIIECTBILIETCS yHpaBIeHHE JUIMHOU Tpoca, Ipu kotopoMm BJIA
OCYIIECTBIIIET SKCTPEHHYIO MOCAJKy Ha IUIOMmAjKy, pacrnonoxeHHyro Ha HKP. PaspabGorans
MaTeMaTHYEeCKNEe MOJIENN CHUCTEM OPUCHTAIWH, HABHTAI[MM W YNpaBlicHUs IBukeHneM BJIA n
HKP. TIpomonenupoBaHbl HPOLECCH, PEANU3YIOMINE MPEATaraeMblii MOAX0J K MOHUTOPUHTY
HapyxHoli moBepxHocTH BC.

1.Airbus mpuBnek JpoHa K OCMOTpYy camoieroB [Onektponssiii  pecypc]. URL:
https://nplus1.ru/news/2016/07/18/airbus (nara odpamenus 01.05.2020).

A diagnostic complex based on a physically connected unmanned aerial vehicle and a ground
wheeled robot for monitoring defects of the outer surface of an aircraft
Aleshin B.S., Chernomorsky A.I., Surkov D.A., Kuris E.D., Lelkov K.S.
MALI, Moscow, Russia

In recent years, a number of companies have begun to use unmanned aerial vehicles (UAVs), in
particular, of a multi-rotor type, to inspect the outer surface of an aircraft in its parking lot (AC).
Thus, the Airbus concern has developed a UAV that can be used to inspect the upper part of the
outer surface of an aircraft, but only in a hangar, since according to the regulations, free UAV
flights in the airspace of an airfield are not allowed [1]. In this case, automatic inspection of the
entire outer surface of the aircraft is not implemented. The report considers the use of a diagnostic
complex for these purposes, consisting of physically connected UAVs and a ground wheeled robot
(NKR), each of which is equipped with a high-resolution camera installed in a controlled
suspension, as well as a system for detecting and flying around (bypassing) obstacles. A
methodology for monitoring the outer surface of the aircraft is proposed, which consists in the
implementation of rational routes for the coordinated movement of UAV and NKR, and the optimal
orientation of cameras in the process of photographing the outer surface of the aircraft. After
moving the NKR with the portable UAV to the starting point of the aircraft parking, the distance
from this point to the aircraft landing gear is measured using the NKR laser rangefinder, the
coordinates of the landing gear, aircraft type and its heading angle are determined in the NKR on-
board computer, and the coordinates of the initial points, as well as the parameters of the location of
the space-time trajectories of the UAV to inspect the upper part of the outer surface of the aircraft
and NKR to inspect the lower part of this surface. To prevent a collision of the UAV with the
aircraft, it was proposed to connect the UAV and the NKR with a controlled cable mechanism. In
the event of an abnormal situation, for example, with strong gusts of wind, the cable length is
controlled in which the UAV makes an emergency landing on the site located on the NKR.
Mathematical models of orientation, navigation and motion control systems for UAVs and NKR
have been developed. The processes that implement the proposed approach to monitoring the
aircraft outer surface are modeled.

1. Airbus attracted a drone to inspect aircraft [Electronic resource]. URL:
https://nplusl.ru/news/2016/07/18/airbus (date of treatment 05/01/2020).

Perucrpanust BAC FIXAR B Kanane (Transport Canada)
Jlyxamos B.A.
FIXAR, r. Caukr-IlerepOypr, Poccus

Transport Canada ogo0puina peBOMIONUOHHBIH Au3aiiH OecrmoTHHKOB FIXAR ms monero B
Kanane, uto o3mauaer, uro FIXAR MokeT 3amyckaTb IOIETHI B KOHTPOIHPYEMOM BO3IYIIHOM
HPOCTPAHCTBE U PSJIOM C JIFOJbMH, OTKPbIBas HEOO KOMMEPYECKUM U MPOMBIIUICHHBIM KITHECHTAM.
DTOT HPOPHIB NPOUCXOANUT, KOTa KOMIAHMS O(QHIMAIBHO 3aIyCKaeT CBOH NPOIYKT Ha PBIHOK
CeBepHOH AMEPUKH.
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OnoOpenne o3Hawaer, 4yro Transport Canada ymoBierBopeHa TeMm, uTo 1apoH FIXAR
COOTBETCTBYeT (efepalbHEIM TpeOOBaHMAM B COOTBETCTBHM ¢ 4acThio IX Kamamckux
aBuaoHHbIX npaBui (CARS) M YTO 3Ta JMCTaHIMOHHO MHJIOTHpPYEMas aBUALMOHHAS CHCTEMa
(RPAS) mnoxxomur Juis pacIIMpEHHBIX ONEpaluid Kak B KOHTPOJNMPYEMOM, TaKk M B
HEKOHTPOJIIPYEMOM BO3IyIITHOM IIpocTpaHcTBe Kanagsl.

«MBI O4YEHb pajbl 3TOMY OZOOPEHHIO — M BO3MOXKHOCTH IPEACTaBHTh YHHUKAIBHOE pPELICHHE
FIXAR VTOL B CeepHoii Amepuke», — roBoput Bacuiuii JIykamos, reHepaibHblid JUPEKTOP U
nzobperatens FIXAR. «3Ta KOHCTpYKIMS 001a1aeT BCEMH MPEUMYLIECTBAMH KBaJAPOKONTEPOB U
OECIMIIOTHUKOB C HEMOABIKHBIM KPBUIOM, 0€3 KaKUX-TH00 MX HEJOCTaTKOBY.

FIXAR B3meraeT Kak BepTOJET, a JIeTaeT KakK caMoneT. TeXHHUYECKH 3TO Ha3bIBAaeTCs
YCTPOMCTBOM BEPTUKAIBHOTO B3J€Ta M IMOCAAKH C HEMOABIXHBIM Kpbuiom win VTOL. 3Oto
JIM3aiH, KOTOPBI MpemnaraeT yaoOCTBO KBaJApOKONTEpa, HO HMMEET NaIbHOCTh JCHCTBUA H
3((EeKTUBHOCTD, CBA3aHHBIC C TPaJMIHOHHON KpbUIaTON KOHCTpyKimeil. OH MOXeT B3IeTaTh n
MPU3EMILITECA T[ie YTOJHO, U He TPeOyIOTCA IPOMO3JKHE IIyCKOBBIC YCTAHOBKH MM YCTPOHCTBA
3axBaTa.

BonbIIMHCTBO IPOHOB BEPTUKAIBHOTO B3JI€Ta M TTOCAAKH C KPBUIbSIMU TPEOYIOT U3MEHEHHUS yIia
HaKJIOHA JBUTATENEH NpH IMepexoJe OT BEPTUKAJIBHOIO MOJeTa K ropu3oHTaimbHOMY. FIXAR
UCTIOJIB3YET 3allaTeHTOBAHHYIO CHCTEMY pOTOpa ¢ (PMKCHPOBAHHBIM YTJIOM, YTO O3HAYaeT MEHbIIIEE
KOJIMYECTBO ABIKYIIMXCSA YaCTeH WM MOTEHIHAIBHBIX TO4YEK OTKa3a. [lepexossl IIIaBHEIE, U BCE
MOTOPBI UCTIONB3YIOTCS BO BpeMsl MUCCHH. B oTan4ue oT KOHCTPYKIHH, OTKIIIOYAIOIIUX JBUTATEIH
B0 BpeMs nosera Buepen, FIXAR He MMeeT «MepTBOro Becay.

Takast KOH(Urypamyss B COUYETAaHUH C TPy30NOABEMHOCTBIO B JBa Kuiorpamma jgenaer FIXAR
ueanbHBIM PEIICHHEM I MHOXKECTBAa 3aJad. OTH 3aJadd BKIIOYAIOT: a’pO(OTOCHEMKY HU
kaptorpaduposanue/goTorpammerpuro, naseproe ckanumpoBanme (LiDAR), mocraBky Ha
TIOCIIEJTHIOI0 MHITIO, TOYHOE 3eMJIC/IENINEe, MOHUTOPHHT KPHUTHYECKH BaKHOH MH(PACTpyKTypel n
MHOTO€ JIpyroe.

Transport Canada has approved FIXAR’s drone design for flights in Canada
Lukashov V.A.
FIXAR, Saint-Petersburg, Russia

Transport Canada has approved FIXAR’s revolutionary drone design for flights in Canada,
meaning the FIXAR can start flying missions in controlled airspace and near people — opening the
skies to commercial and industrial clients. This breakthrough occurs as the company officially
launches its product in the North American market.

The approval means that Transport Canada is satisfied the FIXAR drone meets federal
requirements in accordance with Part IX of the Canadian Aviation Regulations (CARs) and that
this Remotely Piloted Aircraft System (RPAS) is suitable for Advanced Operations in both
controlled and uncontrolled airspace in Canada.

“We are thrilled with this approval — and to bring the unique FIXAR VTOL solution to North
America,” says Vasily Lukashov, FIXAR CEO and inventor. “This design has all of the benefits of
both quadcopter and fixed-wing drones, with none of their downsides.”

The FIXAR takes off like a helicopter and flies like an airplane. Technically, this is referred to as
a Fixed-Wing Vertical Take-off and Landing device, or VTOL. It’s a design that offers the
convenience of a quadcopter but has the range and efficiency associated with a traditional winged
design. It can take off and land anywhere, and no cumbersome launchers or capture devices are
required.

Most VTOL drones with wings require that the angle of the motors change when transitioning
from vertical to horizontal flight. FIXAR uses a patented Fixed Angle Rotor system, meaning fewer
moving parts or potential points of failure. Transitions are seamless, and all motors are in use
throughout missions. Unlike designs that shut down motors during forward flight, the FIXAR has
no “dead weight.”

This configuration, in conjunction with its two-kilogram payload capacity, makes the FIXAR
ideal for a multitude of tasks. These tasks include: Aerial photography and

75



mapping/photogrammetry, laser scanning (LiDAR), last-mile delivery, precision agriculture,
critical infrastructure monitoring and more.

“These drones have a simple but superb design, something I appreciate as a professional
commercial pilot,” says Philippe Saint-Martin, who is the FIXAR distributor for Canada. “The
moment I saw one of these flies, I knew they would fill an obvious void in the RPAS world.”

HccienoBanne aIropuTMa ynpapjieHHsl TpaeKTopHeil 6eCTHI0THOIO J1eTATeJbHOI0
annapara NpH BbINOJHEHHH MaHeBPa YKJIOHEHHUs OT ATAKH BO3/YLIHOr0 NPOTUBHHKA
JIsnun H.A.

MAMW, r. MockBa, Poccust

Cospemennble Tumsl BJIA 1o ypoBHIO CBOMX (YHKIMOHAIBHBIX BO3MOXHOCTEH MOTYT
BBICTYIIaTh B KAYECTBE aHATIOTOB IMMIOTHPYeMBIX JIA, 4TO JeaeT BO3MOXKHBIM UX UCIIONB30BAHHE
JULSL pelIeHUs pa3HOOOPa3HbIX IENEBBIX 33714 [1], B TOM umcIe, 1 3a1ad IepexBara BO3IYIIHBIX
uesie M B 4YacTHOCTH, /IS 3a/aud YKJIOHEHHs OT aTaku BO3JYLIHOIO IMPOTHBHMKA. 3ajada
YKIIOHEHHUS] BO3HHKAET TOrza, Korga cooctBeHHbI BJIA sBisercs, HanpuMep, pa3BeabIBaTEIbHBIM
u nozBepraercs arake. Llenbro ynpasienus BJIA Ha 3ToM 3Tane sBIseTCS Takoe, IPU KOTOPOM B
KOHEYHBIi MOMEHT BPEMCHH IPUMCHCHHE aBHALMOHHBIX CPEICTB ITOPAXKEHUS! INPOTHBHUKOM
Hea(pdhexTUBHO.

B pabote npezcTaBieH aaropuT™ rapaHTHPYIOIIETO yIpaBlieHns [2] TpaekTopueil 6ecIIOTHOTO
JIeTaTeNBFHOro amnmapara, 0OSCHEeUNBAIOIMI ero YKJIOHEHHE OT aTaKH BO3XYIIHOIO NPOTHBHHKA,
OCHOBAHHBIH Ha NPEACTaBICHUU IPOTHBOOOPCTBYIONINX JIETATEIbHBIX AIIIAPATOB B IIECTUMEPHOM
MIPOCTPAHCTBE OTHOCUTENBHBIX HOPMHUPOBAHHBIX KoopiuHaT. [IpoBeleHa oOlleHKa BIWSIHHS Ha
3¢ (GEeKTUBHOCTH MOITYIEHHOTO aJrOPUTMA CIEAYIOIUX TAKTHIECKU 3HAYMMBIX [IOKa3aTeNeH:

* [IpueMucToCTb.

* CKOpONObEMHOCTb.

* [1oBOPOTIIMBOCTB.

D¢ HeKTHBHOCTh MPEJCTABICHHOTO AIrOPUTMAa OLICHUBAIACH MEPOH TOro IMO3HI[MOHHOTO
NpeUMyIIecTBa, IpHoOperaeMoro ykioHsromuMmcss BJIA B MOMEHT 3aBeplueHHs 00eBOro
MaHEBPHPOBAHUS, IIPH KOTOPOM  HCIIONB30BaHHE AaBHALMOHHBIX  CPEICTB  ITOPAKEHUS
MPECICAYIOMNM €ro HPOTUBHUKOM siBisiercss HedddexTuHbIM. IIpescTaBieHbl pe3ysbTaThl
MMHTAIIHOHHOTO MOJENMPOBAHMS, KOTOpble OTPaXKAIOT BIMSHHE MaHEBPEHHBIX BO3MOXHOCTEH
BJIA Ha nocturaemoe UM MO3ULIMOHHOE TIPEHUMYILECTBO.

IMpoBeneHa cepHs BBIYUCIUTENBHBIX OKCIIEPUMEHTOB, PpE3yIbTaThl KOTOPBIX IO3BOJLIIOT
YTIBEpXKIaTh, YTO MCIIOJIb30BAaHUE AITOPUTMA TapaHTHPYIOILETrO YHPABIEHUS, HE3aBUCHMO OT
OTHOCHUTEIBHOTO HAa4YaJbHOTO COCTOSHHS arakyemoro bBJIA u camonera-nmpoTHBHHKa IIpH
COMOCTABUMOCTH MX MAaHEBPEHHBIX BO3MOXHOCTEH, B 73% ciy4aeB oOecrednBaeT MO3UIMOHHOE
MIPeUMyIIecTBO HepBoro. [Ipy 3ToM B HamOonbHIEH CTENMEeHH Ha IO3MIIMOHHOE IPEUMYIIECTBO,
npuodperaemMoe  atakyeMblM bBJIA, okasplBaeT Takoil TaKTHUECKHH IIOKa3aTenb, Kak
MIOBOPOTIIHBOCTb, T.€. CHOCOOHOCTH aTakyeMoro bJIA BBIMOIHSATH TOPU30OHTAIbHBIC MAHEBPBL.

1. EBmokumenkoB B. H., Kpacunpmmkos M. H., Opkun C. JI. YnpapieHHe CMEIIaHHBIMU
TpyNIIaMH MHIOTHPYEMBIX U OCCIMJIOTHBIX JICTATENbHBIX AaMNIlapaTOB B YCIOBHSX EIUHOTO
nHpopManroHHo-ypasstoniero noist. M.: U3a-so MAU, 2015. 272 c.

2. ByxaneB B. A. OCHOBBI aBTOMAaTHKM H TEOPHH YIpaBICHHS: ydeO. A CIymIaTened u
KkypcanToB By30B BBC. M.: 13n-8o BBUA um. npo¢. H. E. XKykosckoro, 2006. 406 c.

Research of the algorithm for controlling the trajectory of an unmanned aerial vehicle when
performing a maneuver to evade an enemy air attack
Lyapin N.A.
MAI, Moscow, Russia
Modern types of UAVS in terms of their functional capabilities can act as analogues of manned
AIRCRAFT, which makes it possible to use them to solve a variety of target tasks [1], including for
the tasks of intercepting air targets and, in particular, for the task of evading an enemy air attack.
The problem of evasion occurs when your own UAV is, for example, intelligence AND is under
attack. The purpose of UAV control at this stage is such that at the final moment of time the use of
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aircraft means of destruction by the enemy is ineffective. The paper presents an algorithm for
guaranteeing control [2] of an unmanned aerial vehicle trajectory, which ensures its evasion from
an enemy air attack, based on the representation of opposing aircraft in the six-dimensional space
of relative normalized coordinates. The influence of the following tactically significant indicators
on the effectiveness of the obtained algorithm was evaluated:

* Pick-up speed.

* Rate of climb.

* Turning ability.

The effectiveness of the presented algorithm was evaluated by the measure of the positional
advantage acquired by the evading UAV at the time of completion of combat maneuvering, in
which the use of aircraft weapons by the pursuing enemy is ineffective. The results of simulation
modeling are presented, which reflect the influence of the UAV maneuverability capabilities on the
positional advantage achieved by it.

We performed a series of computational experiments, whose results allow to assert that the use of
the algorithm guaranteeing the control, regardless of the relative initial state target UAV and
aircraft of the enemy at the comparability of their maneuvering capabilities in 73% of cases
provides a positional advantage first. At the same time, the greatest influence on the positional
advantage acquired by the attacked UAV is exerted by such a tactical indicator as agility, i.e. the
ability of the attacked UAV to perform horizontal maneuvers.

1. Evdokimenkov V.N., Krasilshchikov M. N., Orkin S.D. Management of mixed groups of
manned and unmanned aerial vehicles in the conditions of a single information and control field.
Moscow: MAI publishing house, 2015, 272 p.

2. Bukhalev V.A. fundamentals of automation and control theory: textbook. for students and
cadets of air force universities, Moscow: vvia publishing house named after prof. N.E. Zhukovsky,
2006. 406 p.

BunToBO# NpHOOP 1/ MCCIEA0BAHNS XaPAKTEPHUCTHK 3JIeKTPHYECKUX IBUTaTEIbHBIX
yeranosok JAIIJIA
Macinos C.A., Cocnos O.P., ITasnos O.B., Kynpusnos C.A., TaBuukuii B.A.
MAMU, r. MockBsa, Poccust

B nocnenHee BpeMsi MpOBOASATCS pabOThI 10 YBEIHUCHHUIO MPONOIDKUTENbHOCTH Toni€Ta JITTJTA.
Jlnst mpoBeneHMs HCCIENOBaHWN B JTOH cdepe HEoOXOAUMEI NMPUOOPEI, KOTOPHIE MO3BOJLIOT
OCYILECTBIATh 3aMEpbl TATOBBIX M JHEPIETHYECKHX XapPAKTEPUCTHK CHIIOBBIX YCTAHOBOK
Mmainopa3mepHbeix JIA. OpgHO M3 Takux YCTpolcTB — BHHTOBOM mpmbop. B CKb 602 MAU
pa3pabotaH BUHTOBOM MPUOOP, MO3BOJSIFOLIMN H3MEPSTh:

* Nsiry BUHTOMOTOPHOM rpymibl B Auanasone ot 0,1 1o 25 kr.

* I[Torpebmsiemslii Tok B ruamasone ot 200 A.

» Hanpspxenne akkyMynsaTopHoi 6atapen 1o 100 B.

* Yuciio 060poTOB BO3AYLIHOTO BUHTA.

VYerpoiicTBO TpeAcTaBiIseT co0OH HEMOABIDKHYIO paMy, C HAIPaBISIOMMMH Ha KOTOPBIX
yCTaHOBJICHa BHHTOMOTOpHas rpymma (BMI') um cucrema narumkoB. V3MepeHHe CHIBI TATH,
pa3BuBaemMoii BMI', ocyuiecTBisieTcs HpH IOMOIIM TEH30AATYMKAa U aHAJIOro-Lu(ppoBOro
npeoOpazoBarenss HX-711. [lng wu3MepeHuid Takke WCHONB3YIOTCS JATYMKH CHIIBI  TOKa,
HAINpSDKEHHS. X 000pOTOB DIEKTPOMOTOpa. DIEKTPHYECKas MOIIHOCTh, IOTpediisieMast CHIOBOH
YCTaHOBKOM, BBIYMCIISIETCS 110 MOJNYYEHHBIM CHIHAJaM O TOKE M HAlpsUKEHHH, HOCTYNAIOUUM OT
natunkoB. OOpabGoTka M rpadudeckoe HpeCcTaBICHHE Pe3ylbTaTOB oOcymiecTBiaseTcss B Web-
unTepdeiice. CymecTByeT BO3MOXHOCTh IPOM3BOAUTH UCIBITAHUS YOAJIEHHO U3 JIIOOOH TOUKH
mupa. IIporpamma oroOpaxaer rpaduyeckHe 3aBUCUMOCTH: CHJA  TSATH-NOTpeOiseMast
JJIEKTpUYECKasi MOIIHOCTD; CHJIA TATH-IOTpeOisieMas CHIa TOKA; CHJIA TSATH-BPEMs; CHIIA TSATH-
MIOJIOXKEHHUE J[POCCEIIsl; CHIIA TATH-000pPOTHI dIEeKTpoMoTopa. IIpemioxkeHHOe YCTpOHCTBO TaK Ke
MOXKET OBITh MOJIE3HO Ha 3Tarle MPeABAPUTEILHOrO MPOSKTHPOBaHK Manopa3meproro JAITJIA s
BBIOOpa MOIIHOCTH /1Y U THIA BO3LYIIHOTO BUHTA.
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A propeller-driven instrument for research characteristics of UAV electric propulsion
systems
Maslov S.A., Sosnov O.R., Pavlov O.V., Kupriyanov S.A., Tavitskiy V.A.
MAI, Moscow, Russia

Recently, work has been carried out to increase the duration of the UAV flight. To conduct
research in this area, devices are needed that make it possible to measure the traction and energy
characteristics of the power plants of small aircraft. One such device is a screw device. In SDB 602
MAL, a screw device has been developed that allows you to measure:

* The thrust of the propeller group in the range from 0.1 to 25 kg.

» Consumption current in the range of 200 A.

* Battery voltage up to 100 V.

* Number of turns of the propeller.

The device is a fixed frame with guides on which a propeller-driven group (PDG) and a sensor
system are installed. The measurement of the thrust force developed by the PDG is carried out
using a strain gauge and an HX-711 analog-to-digital converter. For measurements, sensors of
consumption current, voltage and speed of the electric motor are also used. The electrical power
consumed by the power plant is calculated from the received current and voltage signals from the
sensors. Processing and graphical presentation of results is carried out in the Web interface. It is
possible to carry out tests remotely from anywhere in the world. The program displays graphical
dependencies: thrust — consumed electric power; thrust — current consumption; thrust — time; thrust
— throttle position; thrust — speed of the electric motor. The proposed device can also be useful at
the stage of preliminary design of a small-sized UAV for choosing the power of the propulsion
system and the type of propeller.

IIpoexTHpoBaHue GeCNUIOTHON ABUALIMOHHON CHCTEMBI ¢ 0€CIUIOTHBIM BO3IYIIHBIM
cyaHom BeptoJiéTHoro Tuna (BBC BT)
Maxniok K.b.
00O «KBb Pyce», 1. Boponex, Poccus

1. Meronuky nmoxxona K NPOSKTHPOBAHUIO OCCIMIIOTHBIX BEPTOJIETOB M X CHCTEM: HECYILEro
BUHTA, CHJIOBOH YCTaHOBKH, PEIyKTOPa, CHCTEMbl aBTOMAaTUUECKOTO YIPABICHUS U CBSI3U.

2. Pa3paboTka TEXHHYECKUX PEIICHHH, 00eCIeYNBAIOIIIX JOCTIKIMOCTD JKCILTyaTallHOHHBIX 1
PECYPCHBIX XapaKTEpPUCTHK OSCIHIIOTHOIO BO3AYIIHOTO CY/IHA.

3. Metozp! BIMAHUS HA JKU3HEHHBIN LUK U3[EUsl Ha dTale IPOeKTUPOBAHUs allapara.

4. OmpeneneHne KOMIIOHOBOYHOI CXEMBI, B3aHMHOE DAaCIIONOXKEHUE CHCTEM, OOecIedeHue
JOCTya K y3JaM U arperaraM, TpeOyIOIIMM IPEANONIETHOM AWArHOCTUKH U TEXHUYECKOTO
00CITy)KHBaHUS.

5. IlpoBemeHne MepONpHATHII, HANpaBIeHHHIX Ha momydenne Ceprudukata Tumma Ha JTare
MIPOEKTUPOBAHUIS

6. BbIOOp TeXHONOTUH, MPUMEHAEMBIX U1l M3TOTOBJIEHUSI 0CO00-OTBETCTBEHHBIX JETaleH, y3II0B
U arperaTos.

7. OcHOBHBIE CIIOCOOBI IPOBEIEHHUS IIPOrPaMMBbI Ha3eMHBIX H JIETHBIX HCIIBITAHHH.

Design of an unmanned aircraft system with an unmanned helicopter type aircraft (UAV)
Makhniuk K.B.
“DB Rus” LLC, Voronezh, Russia

1. Approaches to the design of the unmanned helicopters and their systems: main rotor, power
plant, gearbox, automatic control and communication systems.

2. Technical solutions development ensuring the achievement of operational and resource
characteristics of an unmanned helicopter.

3. Product life cycle control methods at the unit design stage.

4. Determination of the layout scheme, mutual arrangement of the systems; providing access to
the node aggregates, which require pre-flight diagnostics and maintenance.

5. Mandatory activities carried out in order to obtain a type Certificate at the design stage.

6. Selection of the technologies used for the crucial parts, node aggregates manufacturing.
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7. The main methods of conducting a ground and flight-test program.

Pe3ybTaThl pa3spa0oTKy eHHOI KOHIENUUH ONTHMA/ILHOIO IJIAHMPOBAHUS MAapUIPYTOB
10JIeTa JIETKHX 0eCHUI0THBIX JIeTaTeJIbHBIX allllapaToB
Moucees /I.B.
MAM, r. Mocksa, Poccust

B noknane cdopmynupoBaHbl OCHOBHBIE PE3yNIbTAaThl Pa3pabOTKHM KOHIENIMH ONTHMAIbHOTO
IUITAaHUPOBAHHSI MapLIpyTa IOJeTa OJWHOYHBIX WIIM TPYHIBI JITKHX OCCHMIOTHBIX JIeTaTeIbHBIX
anmapatoB (BJIA). Ilox JerkMMH MOHMMAIOTCS ammapaTbl, BO3AYIIHAas CKOPOCTh KOTOPBIX
CpaBHHMMa C BO3MOXKHBIMU B 30HE T10JIETa CKOPOCTSMH BETpa.

KoHnenuus mo3BoiseT Ha OCHOBE EIMHOIO METONMYECKOro Ioaxona (OpMyIHpOBaTh H
BBIIOJIHATh MAaTEMaTHIECKYIO (hOpMaN3aIHIO MIUPOKOTO CHEKTPa 3a[a4 MapIIpyTU3alUH HOJIeTa,
a Taroke (OPMHUPOBATH MATEMATHYESCKHUE MOJICIIH, @ TAKOKE MPOLIEAYPHI M allTOPUTMBI PEIICHHS dTHX
3a/1a4, pean3ys UX ¢ IOMOIIBIO CIIEHAIBLHOIO POrPaMMHOT0 00ECTICUeHHS.

B pamxax mnpenno)keHHONH KOHLEHIMH ObLIM peLIeHbl 3aJadd MOCTPOCHHUS PAa3OMKHYTHIX U
3aMKHYTBIX ONTHMAJbHBIX MapIIPYTOB OOJieTa JIOKaJbHBIX M IHPOTSKEHHBIX, PABHOLCHHBIX H
HEPaBHOLICHHBIX OOBEKTOB B TOM YHCIIE C YYETOM OIpaHMYEHHI, 00YCIIOBICHHBIX TEXHHIECKHMH
xapakrepuctukamu bJIA u ycnoBusAMu HX IPUMEHEHUSL.

OCHOBHBIE N0JIOKEHUS KOHLIETILIUH OIPEIEIISIOT:

*O0macth €e INPUMEHEHWs, WCIOJIb3yeMyI0 TEPMHHOJIOIHIO, TPaKTOBKY  OCHOBHBIX
UCTIONB3YeMBIX IOHATUH U KIIOYEBblE MAOMYIICHHSA, B PaMKaX KOTOPBIX (OPMYyIHPYIOTCS H
pelaroTcs 3aa4u MapIIpyTU3alyy.

* PazinyHble MOJENM BETPOBOrO MOJS B 30HE MOJIETA, OTIMYAIOLIMECS ONMMCAHUEM 3HaueHUit
IapaMeTpoB BeTpa Kak JeTePMUHUPOBAHHBIX, CIIyJalHBIX WIH HEOIPEIeIeHHBIX.

« [Iporienypsl  MaTematmyeckoil QopManmsannu 3amad  MapIIpyTH3alWH, B YacTHOCTH
(opMHpOBaHHS MHOXKECTBA HEU3BECTHBIX, HAXOXKIEGHHE KOTOPBHIX OJHO3HAYHO OIpeeiseT
HCKOMBIE MapHIPYyTHI OJIETA, 3aIIHCH KPUTEPHs U OTPAaHUYECHHH, KOTOpble HEOOXOIUMO yIUTHIBATh;

« [Iporexypbl ¥ aNrOpUTMBI PEIICHHS OCHOBHBIX M BCIIOMOTATENBHBIX 3a4ad MapIIpyTH3alUH,
MIPENICTaBIIONINX co00if 3aaun OyieBa IMHEHHOTO IPOrpaMMHIPOBAHHSL.

* [lopsimox  opMupoBaHHMsS M peELICHUs] ONTUMU3ALMOHHBIX 3aJad IOANOTOBKM HCXOIHBIX
JTAHHBIX U 33724 MapIIpyTH3aIUH.

* [TpyHIMIEI TOCTPOEHHS IPOTPAMMHOTO KOMIUIEKCA PelIeHHs 3a/ad MapIIpyTH3aliH IoJeTa
nerkux BJIA, uMeroLero OTKpbITyI0 apXUTEKTypy.

Regarding development of unified concept of light UAVs optimal flight routes planning
Moiseev D.V.
MAI, Moscow, Russia

The report formulates the main provisions of the concept of optimal flight planning for single or
group of light UAVs. Airspeed of light UAV is comparable to the possible wind speeds in the flight
zone.

The concept allows us to formalize mathematically various routing tasks and formulate
procedures for solving such problems.

In accordance with the proposed concept, the tasks of constructing flat and spatial, closed and
open routes were solved. Local and extended, equivalent and unequal objects were considered. The
limitations due to the technical characteristics of the UAV and the conditions for their application
have been taken into account.

The basic provisions of concept define:

* Application area, terminology used, interpretation of the main notions and basic assumptions;

* Various models of the wind field in the flight area. Wind parameters can be either deterministic
or indeterminate.

* Procedures of mathematical formalization of the routing tasks, order of criteria and constraints
recording.

* Procedures and algorithms for solving basic and auxiliary routing tasks, which are written as
Boolean linear programming problems.
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* The order of formation and solution of optimization problems of preparation of initial data for
routing tasks.

* Principles of building a software complex for solving the problems of routing the flight of light
UAVs with an open architecture.

AJTOpUTM BHIOOPA ONITUMAJIBbHOM BbICOTHI 1018Ta BJIA npu MOHMTOPHHTE NMOKAPHOI
00CTAHOBKH
Moxposa M.1.
MAMW, r. Mocksa, Poccust

B npencraBnenHol paboTe pacCMOTPEH alroOpHTM pacdyeTa ONTHMAIBHOH BBICOTHI roneta BJIA B
mpolecce BBINONHEHWs 3aJadd MOHHMTOPHHIA IOXKapHOW 0OCTaHOBKW. [l TOBBIICHUS
3G (GEKTUBHOCTH MOHUTOPHHIA 30HBI HHTEpeca IeJeco00pa3HO  HCHOJB30BaTh TPYIIIOBOE
npumenenne BJIA. Opnako, miomanp, OXBaueHHAs II0XKApPOM, MOXKET OBITH HEOJHOPOAHA
OTHOCHTEIIBHO MOYKapPHOH OOCTAHOBKH: XapaKTEPUCTHK MECTHOCTH, IUITAMEHH M JIBIMA, YTO BJICYET
3a co0OIl pasHBI YpOBEHb HaOIIOIAEMOCTH OOBEKTOB MHTepeca u OeszomacHocTH BJIA. Takum
obpa3oM, Ui yBennueHUs! d(PPEKTHBHOCTH NpHMeHeHus rpymmsl BJIA B memsx MOHHTOpHHTA
NMOXKapHOH  OOCTAHOBKM  HEOOXOAWMO  YYUTBIBATH  BCE  BBIMICOIMCAHHBIE  YCIIOBHS
(YHKIMOHUPOBAHHS U X H3MEHEHHS OTHOCUTEIILHO BBICOTHI IOJIETA.

Llenbro maHHOM paboOTHI sBIIsiETCS NOBBINIEHHE d(D(PEKTHBHOCTH MOHHUTOPUHIA 3a CYET BBIOOpa
ONTUMaJIbHOM BbICOThl mosiera BJIA Haj KakAblM OYaroM I0Xapa, C YYeTOM KOHKPETHOM
mokapHoit oOctaHoBKH. [Ipeiaraemblii aBTOpOM KpHTepuil 3(h(PEKTHBHOCTH MOHHUTOPHHTA
YUYHUTHIBACT 3aBHCHMOCTh HaOIIOJaeMOCTH 00beKToB W OezomacHoctd BJIA npu w3MeHeHWH
BBICOTHI TI0JIETa HAJ KAXKIBIM 04aroM I1oxapa.

Jlnst pemieHusi MOCTaBICHHOM 3aaul yKa3aHHBIE 3aBUCHMOCTH YUHTBIBAIOTCS 4epe3 YPOBHH
NOTepPb, CBSI3aHHBIE:

1. ¢ NpOIyCKOM IeNH WM HENpaBIIGHBIM OOHapy)XCHHEM (JOKHOWH TpeBOroi) OOBEKTOB
HHTepeca;

2. ¢ moBpexaeHneM mwin norepeit BJIA npu Bo3aelicTBUM Ha HETO ONACHEIX (haKTOPOB MOXKapa.

ITpu pacuere kpurepus 3G(HEeKTHBHOCTH HCIIOIb30BANNCH IMIHPUUECKH BBHIBEIECHHBIE MOJEIN
HaOmogaeMocTu 1 6e3onacHoctu BJIA.

ITpou3BeneHO KOMIIBIOTEPHOE MOJEIMPOBAaHHWE, HAa OCHOBAaHHHM KOTOPOTO MOATBEPIKIEHA
PabOTOCIIOCOOHOCTh  ONUCAHHOTO ayropuTMa. IlomydeHHBIE pe3yNIbTAaThl IOKa3bIBAIOT, YTO
BbIOpaHHAs IO IPEJIOKEHHOMY KPHTEPUIO BBICOTA MOJIeTa 0OecliedyrBaeT MUHUMYM IOTEPb.

IlpencraBieHHBIE QJTOPUTMBI MOTYT HCIHOJB30BAThCS IIPU  OPTaHM3ALMM MOHHUTOPHHTA
MOXKapHOH OOCTaHOBKM C MOMOIIpI0 Ipymmbl BJIA ¢ yderoM pemraeMbIX LeNeBBIX 3a4ad H
TpeGyeMOoro ypoBHst O€3011aCHOCTH.

Algorithm for calculating the optimal flight altitude of a UAV when monitoring a fire
situation
Mokrova M.L
MAI, Moscow, Russia

In the presented work, an algorithm for calculating the optimal flight altitude of a UAV is
considered in the process of performing the task of monitoring a fire situation. To increase the
efficiency of monitoring the zone of interest, it is advisable to use the group use of UAVs.
However, the area covered by a fire may be heterogeneous with respect to the fire situation:
characteristics of the terrain, flame and smoke, which entails a different level of observability of
objects of interest and the safety of the UAV. Thus, in order to increase the efficiency of using a
group of UAVs in order to monitor the fire situation, it is necessary to take into account all the
above-described operating conditions and their changes relative to the flight altitude.

The purpose of this work is to increase the monitoring efficiency by choosing the optimal UAV
flight height over each fire center, taking into account the specific fire situation. The criterion of
monitoring efficiency proposed by the author takes into account the dependence of the
observability of objects and the safety of UAVs when the flight altitude above each fire source
changes.
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To solve the problem, these dependencies are taken into account through the levels of losses
associated with:

1. with target skipping or incorrect detection (false alarm) of objects of interest;

2. with damage or loss of the UAV when exposed to hazardous fire factors.

When calculating the efficiency criterion, empirically derived models of UAV observability and
safety were used.

Computer simulation has been carried out, on the basis of which the efficiency of the described
algorithm has been confirmed. The results obtained show that the flight altitude selected according
to the proposed criterion provides a minimum of losses.

The presented algorithms can be used to organize monitoring of the fire situation using a group
of UAVs, taking into account the target tasks to be solved and the required level of safety.

KoMOuHUpOBaHHDIIH M01X0/ K GOPMHPOBAHHIO CHCTEMbI CHTYaLlHOHHOTO YIIPABJIEHHUS
110J1eTOM 0eCIHHJIOTHOIO J1eTaTeILHOI0 ANNapaTa
Mopo3zos I1L.A., dpsrun .M.
AO «KT-becrmnorasie Cuctemsl», r. Cankr-IlerepOypr, Poccust

Co3naHue  BBICOKOHAIEKHOW CHCTEMBI aBTOMATHYECKOTO YIpPABICHHS C  (QYHKIHAMA
aBTOHOMHOH KOPPEKI[HY MapuIpyTa MoJieTa IPU U3MEHEHUH 0OCTaHOBKH €r0 BBIIOIHEHUS UIIH IPU
HEOOXOMMMOCTH H3MEHEHHs] CaMoro IOJISTHOTO 3aJaHus TpeOyeT NpHMEHEHHs KOHICHIUH
CUTYalMOHHOTO ympasieHus. OcoOeHHOCThIO (OPMHPOBAHHS HHTEIUICKTYyIBHOW —CHCTEMBI
ynpaBieHUsT OeCHHJIOTHBIM JieTaTenbHbIM anmnaparoM (BJIA), AOMOJHUTENbHO BBINOJNHSIOLICH
(YHKIUM TPUHSTHS PEMIeHUH MO CHUTYalluyl II0JIeTa, SIBISETCS] HEOOXOAMMOCTH (hopMaM3anuy
CUTYallMOHHOM OCBEIOMJIEHHOCTH O BHENIHEH cpele M BHYTPEHHEM COCTOSHHMH OOPTOBOTO
obopynoBaHus. OTu fABa (akTopa SIBIAIOTCS ONpPENeAIONMMH 7 OMHCAHUA MHOXKECTBA
COCTOSIHHIT 00BEeKTa yIpaBieHHs ¥ BHEIIHEH cpe/ibl, YTO MO3BOJISIET IOCTPOUTE CHCTEMY IIPHHSTHS
pelIeHni Kak KOHCYHBIH aBTOMAT, MNEPEBOMSIIMH OOBEKT W3 COCTOSIHHS Yrpo3bl HOTEPH
yIpaBjeHHs B HOBOE COCTOSHUE, OOCCIIEUMBAIOLIECE PELICHHE LIENICBOM 3a/1auM MPU W3MEHEHHOMN
CHUTYallUH.

K BHEImHUM CHUTyallMOHHBIM (PaKTOpaM OTHOCSTCS: BETPOBbIE BO3MYIIEHNUS, METEOPOJIOTHYECKast
U DJIEKTPOMAarHuTHas OOCTAHOBKA, €CTECTBEHHbIE M HCKYCCTBEHHBIC HPEISTCTBHSA, OIEpaTHBHAs
CMeHa II0JIETHOTO 3a1aHus.

BuyTtpeHHue (axkTopbl: HCIpaBHOCTE 000pYHOBaHWS, KOHOHUIYpalHsi HABUTAIOHHOTO
oOecreueHys, OTKa3bl OTIENbHBIX CHCTEM U JaTUYUKOB, OTPaHUYEHHs Ha yIpaBIeHUue apaMeTpaMu
JIBIDKEHHMS U TATOH, OCTATOK TOILIHBA.

Bo3MOXXHOCTh HAapHUpPOBAHUS BHENIHMX BO3MYMIAIOMHUX (HaKTOPOB IOJDKHA COOTBETCTBOBATH
00JacTH CyIIECTBOBaHHS PEILICHHH TEPMHUHANBHOI 3a/a4d YNpPaBICHUS U BHIOOPY TPACKTOPHU
ToJIeTa U3 Kilacca JOIyCTUMBIX.

Bo3MOXXHOCTh  NApHpOBaHUS BHYTPEHHHX OTKa30B JOJDKHA OOECHEUMBATHCS  YPOBHEM
pe3epBUpOBaHUS M (DYHKIMOHAIBHBIM 3aMCLICHUEM PEKHMMOB YIPABICHUS I YBEIHYCHUS
YCTOHYMBOCTH K JIeTPajallii CHCTEMBL.

OOBbeUHAIOMUM MOIYJIeM KOMOHMHHPOBAHHON B yKa3aHHOM CMBICIIE CHCTEMBI CHTYAI[HOHHOIO
YHPABIICHUS SBJIACTCS MATPHI@A COCTOSHMIA, KOTOpas MOKET ObITh IpEJCTaBlICHA KaK OMHapHAasL.
OneMeHTHl MaTpuibl — (pediMbl YaCTHBIX COCTOSIHHH (BHEIIHHX M BHYTPEHHHX), KaXJa0e U3
KOTOPBIX PacCMaTpUBACTCS 110 TIPUHIMITY «IIPUTOJHO-HEIPHIOJHOY» IS PEIICHUS 3aJa4d MOJIeTa.
3ano/HeHUe MaTPHUIIBl COCTOSHMS OCYLIECTBIIIETCA CUCTEMO pacrio3HaBaHMs BHEIIHUX CHTyallHi
U cucTeMOH (PyHKIMOHAIBLHOrO KOHTpOIs OopToBOro obopynosaHus. IlosnemeHTHast 0OpaboTKa
MaTpUIBl HPOBOAUTCS IO HPOAYKIMOHHBIM IIPaBHIaM C IOMOIIBIO aBTOMAaTa MEPeKIIOUCHIS
3a/laHHBIX [TAPAMETPOB JIBUKEHHUS H TPAEKTOPHBIX PEXKUMOB YIIPaBJICHHS.

OObenuHEeHNE BHENIHUX U BHYTPEHHHX COCTOSHHI € MOCIEYIOIIeH JIOTHYecKoil 00paboTKOM
ompenenser CyTh KOMOMHHPOBAHHOTO MOAXOAAa K CO3JAHHIO BBICOKOHAJEKHOU CHCTEMBI
CUTYallMOHHOTO yripasieHus bJIA.
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Combined approach to the formation of a situational control system for the flight of an
unmanned aerial vehicle
Morozov P.A., Dryagin D.M.
KT-Robotic Systems JSC, Saint-Petersburg, Russia

The creation of a highly reliable automatic control system with the functions of autonomous
correction of the flight route when the environment for its implementation changes or when it is
necessary to change the flight task itself requires the application of the concept of situational
control. A feature of the formation of an intelligent control system for an unmanned aerial vehicle
(UAV), which additionally performs the function of making decisions on the flight situation, is the
need to formalize situational awareness of the external environment and the internal state of
onboard equipment. These two factors are decisive for describing the set of states of the control
object and the external environment, which makes it possible to build a decision-making system as
a finite automaton that transfers the object from a state of threat of loss of control to a new state,
which ensures the solution of the target problem in a changed situation.

External situational factors include: wind disturbances, meteorological and electromagnetic
conditions, natural and artificial obstacles, operational change of the flight mission.

Internal factors: serviceability of equipment, configuration of navigation support, failures of
individual systems and sensors, restrictions on control of movement parameters and traction, fuel
remaining.

The possibility of parrying external disturbing factors must correspond to the region of existence
of solutions to the terminal control problem and the choice of a flight trajectory from the class of
admissible ones.

The ability to counter internal failures should be provided by the level of redundancy and
functional replacement of control modes to increase the resistance to degradation of the system.

The unifying module of the combined situational control system in the indicated sense is the
matrix of states, which can be represented as a binary one. The state matrix is filled in by the
external situations recognition system and the onboard equipment functional control system. The
element-by-element processing of the matrix is carried out according to the production rules using
the automatic machine for switching the set motion parameters and trajectory control modes.

Combining external and internal states with subsequent logical processing determines the essence
of the combined approach to creating a highly reliable system of UAV situational control.

HccienoBanne myma 6ecluJI0THOTO JIETATEIHLHOTO ANNAPATA € ABYXTAKTHBIM MOPLIHEBBIM
JABHraTej1eM H BHHTOKOJIbIEBbIM ABHKHTE1eM
"Momikos IT.A., 3Camoxun B.®., 2dxoBnes A.A.
'®umman «PerronanbHbIe caMoeTsl», "MAM, T. Mocksa, Poccus
SLATH, . XKykosckwuii, Poccus

IpencrapieHsl pe3yabTaThl HCCIENOBAHUSA a3POJMHAMMYECKUX U AKYCTHYECKHUX XapaKTEPHCTHK
6ecrimoTHOTO NetarenbHoro ammapara (BIIJIA), B cocTaB CHIOBOH yCTaHOBKH KOTOPOTO BXOJST
JIBYXTaKTHBIH HOPIITHEBOH JABUraTeNb U 4-X JONACTHOW BUHTOKOJBIEBOH JIBUKHTEND B TOJNKAIOLIEH
KOMIIOHOBKE. McIbITaHHs BBINOJHEHBI B a3pOJMHAMHYECKOM TpyOe HpH pasIMyYHBIX CKOPOCTAX
Ha0eraiomero MOTOKa U PA3IMYHBIX PEKUMaxX pabOTHl CHIIOBOM YCTaHOBKH. IIpencraBieHbI
3aBHCHUMOCTH TSTH U YaCTOTHI BPAIEHUs] BUHTA OT CKOPOCTH IIOTOKA, a TAK)Ke 3aBUCHMOCTH TATH U
ko3 pUIMEHTa TATH OT OTHOCHTENbHOW mocTymu. CriekTp akyctuueckoro wuamydeHust BITJIA
BKJIIOYAeT B ce0s MUPOKOMOIOCHYIO M TOHAIBHYIO cocTaBiitomue. [lockonbky Ha ABHTaTene He
YCTaHOBJIEH PEIYKTOp M 4-X JIOMACTHOW BO3AYLIHBI BUHT SIBJISIETCS COCTaBHBIM M3 JIBYX 2-X
JIONIACTHBIX, NM0ITOMY HEYETHbIE TAPMOHUKH B CIIEKTPE OTHOCATCS K aKyCTHYECKOMY H3ITyYCHUIO
MIOPIIHEBOTO IBUTATENS, YCTHBIE OTHOCATCS K IIyMY M ABUTaTess U BO3AyLIHOro BUHTA. [Toka3aHo,
YTO YpOBHM IIyMa O YacTOTHI HMEPBOH T'apMOHMKH IIyMa CHJIOBOH YCTaHOBKH OOYCIIOBIICHBI
LOIyMOM TYpOYJIEHTHOIO IOTOKAa B a’pOJMHAMHYECKOH TpyOe. PaccMOTpeHO BIHMSHHE YacTOTHI
BpAIlCHUsT M CKOPOCTH HAOETaloIlero MOTOKa HA YPOBHH TOHAIBHBIX COCTABILIIOIIUX IIyMa
0ECHMIIOTHOTO JIeTaTeNbHOro ammnapara. JJomMuHupyromum uctouHukoMm Inyma BITJIA sBisercs
JBYXTaKTHBIH MOPIIHEBOH nBUratenb. Bkiajy BHHTa HAOIIODaeTcss BO BTOPOH M YeTBEPTOH
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rapMOHMKax B cHekTpe usinydeHus. CyMmMMmapHas 3BYKOBash MOIIHOCTb CHJIOBOH YCTaHOBKH
[IPOMOPLMOHAIBHA YaCTOTE BPAIICHUS KOJICHBaIA JBUTaTens B creneHu 5,3. Axycruaeckuit KITJ]
CHJIOBOI YCTAHOBKH B 3aBHCHMOCTH OT pexuMa padotsl coctasisier ot 0,21 1o 0,91 %.

Study of the noise sources of an unmanned aerial vehicle with a two-stroke piston engine and
shrouded propeller
"Moshkov P.A., *Samokhin V.F., ?Yakovlev A.A.
'TRKUT Corporation Regional Aircraft, "MAI, Moscow, Russia
3TsAGI, Zhukovsky, Russia
Moscow, Russia

The results of a study of the aerodynamic and acoustic characteristics of an unmanned aerial
vehicle (UAV) are presented. Its power plant includes a two-stroke piston engine and 4-bladed
shrouded pusher propeller. The tests were performed in a wind tunnel at different speeds of the
incoming flow and different power conditions of the power plant. The dependence of the thrust and
rotation speed of the propeller on the flow velocity, as well as the dependence of the thrust and the
thrust coefficient on advance ratio is presented. The acoustic radiation spectrum of the UAV
includes broadband and tonal components. Since the engine does not have a gearbox and the 4-
blade propeller is a composite of two 2-blade ones, so the odd tones in the spectrum refer to the
acoustic radiation of the piston engine, the even ones refer to the noise of both the engine and the
propeller. It is shown that the noise levels up to the frequency of the first tone of the power plant
noise are caused by the turbulent flow noise in wind tunnel. The influence of the rotation speed and
the incoming flow velocity on the noise levels of tonal components of UAV is considered. The
dominant source of drone noise is a two-stroke piston engine. The propeller contribution is
observed in the second and fourth tones in the radiation spectrum. The overall sound power of the
power plant is proportional to the engine speed to the degree of 5.3. The acoustic efficiency of the
power plant is from 0.21 to 0.91 % depending on the power conditions.

Bb100p oNnTHMANBHBIX YIVIOB OTKJIOHEHHS! BEKTOPA CYMMAPHO#H TATH BHHTOMOTOPHOii
rpynnsl 6eCUJI0THOIO YIeKTPOKOHBEPTOIIAHA B YCTAHOBUBILIEMCS CAMOJIETHOM pexKuMe
noJiéra
MynuH I1.B., Bepeszyes A.B., Bycypun B.1.

MAMU, r. Mocksa, Poccust

B pabote paccMaTpuBaeTcsl 2IEKTPOKOHBEPTOILIAH C BEHTIIATOPHOH BUHTOMOTOPHOM IPYIIION,
PACIIOJIOKEHHOM 10 CXeME TaHAEM. TpaJulMOHHO Ha KOHBEPTOIUIAHAX MpU MEpexoie OT
BEPTOJIETHOIO K CaMOJIETHOMY PEKHMY IOJETAa BEKTOP CyMMapHOW TATM MoBopaduBaercs Ha 90
rpaj ¥ OCTaeTCs TAKMM Ha BCEX CAMOJICTHBIX peXuMax mojéra. biaromaps OONbLIIMM 3HAYCHHUSIM
a’pOJMHAMUYECKOT0 KayecTBa M CKOPOCTH IIOJIETa CAaMOJICTHBIH PEXHM SBIseTCs Haubosee
quaTenbHeIM. OH UCIIOJIB3YyeTCsl Ha peXHMMax Habopa BBICOTHI, KPEHCEpPCKOro MojieTa M IpH
cHibKeHuH. OJTHAKO, COBPEMEHHBIC MCTOYHMKHU 3JICKTPUYECKOM SHEpruH, npuMeHsembie Ha BJIA,
HMEIOT HU3KYIO Y/CJIBHYIO SHEPrHi0 II0 CPAaBHEHUIO C TPAAMIMOHHBIM TOILUIMBOM. [loaTomy
0COOCHHO Ba)KHO COKPATHTBH PACXOJl SHEPTHH M TEM CaMbIM YBEIHMYHMTH JaJbHOCTh, BPEMsl IOJIeTa
3JIEKTPOKOHBEPTOIIAHA B CAMOJICTHOM PEXKHME. ITOT0 MOXKHO JOCTUTHYTD IIYTEM YBEIIMUYCHUS €r0
a3pOJIMHAMUYECKOT0 KauyecTBa, BMECTE C TEM a3POAMHAMHMYECKOE KAayeCTBO KOHBEPTOILIAHOB
CYIIECTBEHHO YCTyHaeT TpaAuLuoHHbIM BJIA caMoeTHOH a’poIMHAMUYECKOM CXEMBI.

B pabore uccnenoBaiack BO3MOKHOCTh YIYYIICHHS HEPrOIKOHOMHUYECKHX XapaKTEPUCTHK
OECIUIIOTHOTO JNIEKTPOKOHBEPTOIIAHA B YCTAHOBHBILHMXCS CAMOJIETHBIX PEXHMax IMOJETa MyTeM
YMCHBILICHUS TOTPEOHON CyMMapHOW TSATM BHHTOMOTOPHOW TpPYIIBL, €€ MOIIHOCTH. JTO
JIOCTHTAaeTCs 3a CYeT BhIOOpa ONTHMAJIBHBIX YITIOB OTKJIOHEHHS BEKTOpa CYMMAapHOH TATH
3JIEKTPOKOHBEPTOIUIaHA. B mpenaraeMoM nojaxojie yroja OTKIOHEHHS BEKTOpPAa CyMMAapHOW TATU
SBJISETCS  TEpeMEHHBIM B 3aBUCHMOCTH ~ OT  adpPOAMHAMMYECKHX  XapaKTePHUCTHK
JJIEKTPOKOHBepTOIUIaHa. [loCKoIbKYy BHHTOMOTOpHAs TpyNIa OCHAIIEHa MNPUBOJAMH IS HX
[IOBOPOTA, TO TaKOM IMOJXOJ| JIETKO peaju3yercs LITaTHbIMM cpeincTBamMu. OTKIOHEHHWE BEKTOpa
CYMMapHOW TSITH, C OXHOIH CTOPOHBI, NPHBOAUT K YBEIUYCHHIO J()PEKTHBHOTO 3HAYCHHS
a9POJIMHAMUYECKOTO0 KO (HUIMEHTa MOJbEMHON CHIIONH, a C JAPYrod CTOPOHBI, COMPOBOXKIACTCS
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YMEHBIICHUEM TIPOEKIMU BEKTOpa CyMMapHON TATH Ha BEKTOP CKOPOCTHU IOJIETa U M3MEHEHHEM
7000BOTO COMPOTHBIIEHHA. JTO OOCTOSTENBCTBO M OOYCIABIMBAECT HEOOXOAMMOCTH PEIICHHUS
33/a4d  ONTUMHM3ALUKM €  LENbI0  YIOydHICHHs  JHEPrOKOHOMHYECKHX  XapaKTEPHCTHK
3JIEKTPOKOHBEPTOILIAH.

B pabote npuBOANTCS METOAMKA pacdeTa ONTUMAJIBHBIX YITIOB OTKJIOHEHHS BEKTOPA CyMMapHOH
TATM HAa OCHOBAHMHU YPaBHEHMH yCTAHOBMBIIETOCs JIBHIKEHHS 2JIEKTPOKOHBEPTOIIAHA HA PEXMMAaX
Habopa BBICOTHI, KpeHCepckoro Imnojiera W IpPH CHIDKEHMH C HCIIOJIb30BAaHHEM AalpHOPHOM
nHMOPMAIIHH O €r0 a3POMHAMHIECKIX XapPaKTEPUCTHKAX.

JIurepatypa:

1. Ocrocnabckuit MW.B., Crpaxesa W.B. Jlunamuka mnonéra. TpaekTopuum JeTaTelbHBIX
anmapatoB. — M.: MammHocTpoenue, 1969.— 500 c.

Selection of optimal angles of the total thrust vectoring of the propeller group of an
unmanned electric tiltrotor in a steady-state airplane flight
Mulin P.V., Berezuyev A.V., Busurin V.I.
MALI, Moscow, Russia

In the work, we consider an electric tiltrotor with a fan propeller group located in tandem. A
special feature of the electric tiltrotor is the ability to combine helicopter and airplane flight modes.
Traditionally, on convertiplanes, when switching from helicopter to airplane flight mode, the total
thrust vector turns by 90 degrees and remains this way on all airplane flight modes [1]. Due to the
high values of aerodynamic quality and flight speed, the airplane mode is the longest. It is used in
climb, cruise, and descent modes. However, modern sources of electric energy used on UAVS have
a low specific energy compared to traditional fuel. Therefore, it is especially important to reduce
energy consumption and thereby increase the range and flight time of an electric tiltrotor in airplane
mode. This can be achieved by increasing its aerodynamic quality, however, the aerodynamic
quality of convertiplanes is significantly inferior to traditional UAV aircraft aerodynamic scheme.

In the work investigated the possibility of improving the energy efficient performance of an
unmanned electric tiltrotor in steady-state aircraft flight modes by reducing the required total thrust
of the propeller group and its power. This is achieved by selecting the optimal angles of deviation
of the total thrust vector of the electric tiltrotor. In the proposed approach, the angle of deviation of
the total thrust vector is variable, depending on the aerodynamic characteristics of the electric
tiltrotor. Since the propeller group is equipped with drives for turning them, this approach is easily
implemented by standard means. The total thrust vectoring, on the one hand, leads to an increase in
the effective value of the aerodynamic coefficient of lift, and on the other hand, is accompanied by
a decrease in the projection of the total thrust vector by the flight speed vector and a change in drag.
This circumstance makes it necessary to solve the optimization problem in order to improve the
energy efficient performance of electric tiltrotor.

In the work presents a method for calculating the optimal angles of deviation of the total thrust
vector based on the equations of steady-state motion of an electric tiltrotor in the climb, cruise
flight and descent modes using a priori information about its aecrodynamic characteristics.

References:

1. Ostoslavsky 1. V., strazheva L. V. Flight dynamics. Trajectories of aerial vehicle. — Moscow:
Mashinostroenie, 1969. — 500 p.

Cucrema nocajgiku posi MAJIbIX 0eCIIMJIOTHBIX BO3IYLIHBIX CY/10B
'Hasapos A.C., 'Bocrmraniok A.B., “Ilacearnkos P.U., 'Tlaceunukos U.1.
'TT'Y umenn I'.P. Jlepxasuna, . Tam60B, Poccus
2AO «Anbda-6anK», r. Mocksa, Poccus
IMpumenenue post MalbIX OCCHMIOTHBIX JieTaTelbHBIX ammapatoB (MBJIA) compoBoxxmaercs
3amaueil mocagku MBJIA Ha poGoTusupoBaHHylo miIaTGopMy. OCOOCHHOCTBIO €€ pEIICHUs
ABIISIETCST ClIOco0 oxkupanus Gonbioro konuyectsa MBJIA B mpomnecce mocajgky OJHOTO U3 HUX.
Tax xak MBJIA MoxeT ObITh CaMOJIETHOIO THIIA, TO NPOLIECC HAXOXICHUS B 30HE OXKUAAHHS
MpeCTaBIsieT COOOW ompeneneHHble KpyroBble aBmkeHHs MBJIA Bokpyr poOOTH3MpOBaHHOU
nocagoynoi miarpopmel (YPID). [lns nocamku poss MBJIA mnpennaraercs HCIOJIb30BaTh
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MHOIOMEpHYIO HPOCTPAaHCTBEHHO YIOPSJOYEHHYIO CTpYKTypy. Ee BapuanT — TopoupaibHas
caMOnof00Has CTPYKTypa, HpeAcTaBisieMas IBYMEPHOW KOIBLEBOH C TOYKAMH, KOOPAHHATHI
KOTOPBIX (JOPMHUPYIOT B TOPH30HTAIBHOH INIOCKOCTH KOJIBLIO M3 MHOXECTBA CETMEHTOB KOJIBLIEBOH
CTPYKTYphl TOH € pa3sMEPHOCTH B BEPTHKAJIbHOH IUIOCKOCTH. YIOPSIOYEHHOCTb CTPYKTYpBI
03HaUaeT HAJIMYHME B KOJNBIEBBIX CTPYKTypaX TOYEK, COOTBETCTBYIOIIMX BepXHell M HIDKHEH
rpansM. HampaBnenus BXoja B 30HY IOCAIKM OIpPENENSAETCS CErMEHTAlMed TOpOHMIanbHOM
CTPYKTYpbl B TOPH30HTAIBHOM IIJIOCKOCTH. YHOPSIOYEHHOCTh KOJNBLEBBIX CTPYKTYp B
BEPTUKANbHOI IIIOCKOCTH IO3BOJSIET BBECTH (ha30BbIE CABHTM B KOJBIEBBIX MapIIpyTax
TPEXMEPHOI'0 IPOCTPAHCTBA. 3a CUYET PA3JIMYHOTO BPEMEHHOIO IIOCTYIUICHHUS B CEKTOp 3OHBI
oxunanus MBJIA 3a KaXapIM M3 HUX 3aKpEIUISeTCsl MapIIpyT IBMXXEHHS B 30HE OXHAAHUA C
COOTBETCTBYIOIIUM ()a30BBIM CIBHIOM B BEpPTHUKAIBHOH ILUIOCKOCTH. B pe3ymbraTe KOIHYeCTBO
oxuaronmx nocaaku MBJIA Moxer pocTHraTth KOJIMYECTBY TOYEK B TOPOMAAIBHON CTPYKTYype.
JInist opraHu3ayy OJJHOBPEMEHHOIO IIpoliecca Mocanku U B3nera MHoxkecTB MbBJIA HeoOxomanmo
IIPOCTPAaHCTBEHHO-BPEMEHHOH pecypc 30HBI OXKHIAHHSA Pa3[JelUuTh HAa COOTBETICTBYIOIIHE [Ba
MTOJJMHOXECTBA. JIBikeHne B IPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTYpe  sBIseTCS
OJIHOHAIIpaBJIeHHbIM. B 3aBucumMocTtu ot anropurma noctyna MBJIA u3 30HbI 0XKHIAaHUS B TOUKY
Hayaja JIMHUM IIOCAJKH, MOTYT MHCIIOJIb30BaThCS TOUKH OIPEEICHHOTO YPOBHS, HAIpHMED,
COOTBETCTBYIOLME BEPXHEH I'PaHy, Nepe]] JOCTHKEHUEM KOTOPBIX ocyliecTsisiercs 3anpoc MBJIA
Ha nocaaky. Ilocajgka MOXET OCYIIECTBIATbCS OJHOBPEMEHHO Heckoiabkumu MBJIA B
3aBHCUMOCTH OT Bo3MokHocTH YPII. [lng pemeHust 3agauM aBapuiHOM MOcaikd B CHCTEME
MIPEAyCMAaTPUBAOTC MapKEepHblE TOYKM Ha 3€MHOM IOBEPXHOCTH, HANpHUMEp, IOJ Kax1oi
BepTUKANBLHOH cTpykTypoi. Ilpm mpoxoxnenun MBJIA onpeneneHHOl TOYKM B CEIMEHTE
paspelaercs 10cajKa B aBapHIHOM PEeXKUME.

Pabora BemonHeHa mnpu (uHAHCOBOH moxnepxkke MunncrepctBa OOpa3oBaHHS M HayKH
Poccniickoit ®eneparmu B pamxax CormameHust or «26» HosOps 2018 1. Ne 14.577.21.0284
(Homep CornameHus B cucteme «NeKTpOHHbIH Otopker 075-02-2018-157).

Landing system for a swarm of small unmanned aerial vehicles
"Nazarov A.S., 'Vospitanyuk A.V., *Pasechnikov R.1., 'Pasechnikov LL
'Derzhavin Tambov State University, Tambov, Russia
2Alfa-Bank JSC, Moscow, Russia

The use of a swarm of small unmanned aerial vehicles (SUAV) is accompanied by the task of
landing SUAV on a robotic platform. Solution of the task is associated with the way of queuing for
a large number of SUAV during landing of one of them. For the aircraft type SUAV aerial waiting
area could be represented by certain circular motion around robotic landing platform (RLP). To
land a swarm of SUAYV, it is proposed to use a multidimensional spatially distributed structure. For
example - toroidal self-similar structure represented as two dimensional ring of points, coordinates
of which forms the horizontal plane ring of same dimensional vertical circular segments. Orderly
structure in that case means the presence of points in the ring structures corresponding to the upper
and lower faces. Entry point into the landing zone is determined by the toroidal structure
segmentation in the horizontal plane. The ring structures ordering in the vertical plane makes it
possible to introduce phase shifts in the circular paths of three-dimensional space. Each SUAV is
assigned with a route in the waiting area with a corresponding phase shift in the vertical plane. As a
result, the number of SUAV waiting to land can reach the number of points in the toroidal structure.
To organize the simultaneous process of landing and takeoff of SUAV swarms, it is necessary to
divide the space-time resource of the waiting area into two subsets correspondingly. Movement
within the space-time structure is unidirectional. Different points on structure could be used as
gateways for SUAV to move from waiting area to landing line depending on the selected algorithm.
For example, it could be the points corresponding to the upper edge, before reaching which the
SUAV requests for landing permission. Landing can be performed simultaneously by multiple
SUAV, depending on the RLP capabilities. Emergency landing task can be solved using marker
points on the earth's surface, for example, under each vertical structure. When the SUAV passes
specific point within the segment, an emergency landing is allowed.
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MeTtoauyeckuii annapaT aHATHTHYECKOH OLIeHKH XapAKTePHCTHK 00pa310B 0eCnUI0THBIX
ABHALHOHHBIX CHCTEM
Haywmos P.C., Ipo3n A.C., biaronapsiues 1.B.
OI'BY «HUL] «MucTutyT umenn H.E.XKykoBckoro», r. Mocksa

B nocnenHue ToABI MEPOBOH PHIHOK KOMMEPYECKHX OeCIHIOTHBIX aBHaIMoHHbIX cucteM (BAC)
yCTOIYMBO pa3BuBacTcs. Bee Oolble KOMIAHUN M3 PA3IMYHBIX OTPACIEil SKOHOMUKHU TPOSBIAIOT
uHTepec Kk BAC Kak MHCTPYMEHTY BBIIOJHEHHS aBHALMOHHBIX pabor. DopmupyroTcs
MIPEe/ICTaBICHHS [0 LEIEeBOMY HMpPEJHA3HAYEHUIO M OCHOBHBIM TPeOOBAHUAM K XapaKTEpPUCTHKAM
BAC. B Hacrosiiee Bpemsi Ha pbIHKEe LIMPOKO mpenctaBieHbl BAC, 0coGeHHO ¢ OecHIOTHBIMU
BO3MYIIHBIMM CyaaMu Maccoil 1o 30 xr. Jlnsd ckopeiiniero OcHalleHHMs 3aMHTEPECOBAHHBIX
OpraHm3aluil COBPEMEHHBIMU HauOonee MOAXOMSIIIMMU [JIsI BBIIONHEHHS aBHAILIMOHHBIX PaboT
BAC, mpoBomutcss 0oTOOp TOTOBBIX 00pa3lOB Ha TNpPEIMET YCTAHOBJIEHHS WX COOTBETCTBHS
TpeOOBaHUAM IOTEHIMATIBHBIX OTpEOHTENCH.

B memsix cokpamieHHss MaTepHAIBHBIX U BPEMEHHBIX 3aTpaT BUAUTCA L€IeCO0Opa3HbIM
TIPOBEACHHE TIPEBAPUTEIBHOTO 00CIE0BaHNUS U OOOCHOBaHMS COOTBETCTBHS (DAKTHYECKOTO
TexHnueckoro ypoBHs BAC 3anmanHHbIM TpeOoBanmam. Jlins 3Toro HeobXomumo paspaborath
METOANYECKUH ammapar, IO3BOSIOIMNA MPOBOAUTH KOIMYECTBEHHYIO OLICHKY XapaKTePUCTHK
BAC.

IpencraBiueHHBIl B CTaThe METOAMYECKHH ammapaT aHAJMTUYECKOW oueHkH o0pasuoB BAC,
COCTOHUT B TOM, YTOOBI IO OIMCAHHIO HMMEIOIIETOCS OOBEKTa ONPENENHTh CTENCHb COOTBETCTBHS
npejIaraeMoro oopasua TpeboBaHmsM mortpedutens. To ecTh co3maercs peluaromiee MpaBuHilo,
MO3BOJISAIONIEE (POPMHUPOBATH 3AKITIOUCHUS-OLEHKH COOTBETCTBHS MEXJIY IPEIbSIBIAEMBIMA 1
(haKkTHYECKH peaqM30BaHHBIMU B THpelyiaraeMoM M moTrpebHoM obOpasnax BAC cBoiictBamu ¢
y4eTOM JIONyCTHMOH Mephl (ITOpora) COOTBETCTBHS JKENaeMbIX M (DaKTHYECKHX CBOWCTB B
obceryemoM obpasne BAC.

ITomyyeHHass oOLleHKa, OCHOBaHHAs HAa IIONE3HOCTH M COCTOSTENbHOCTH IpeaaaraeMbIX
TEXHWYECKHX PEIICHNH, MOKET OKa3aTh CYIIECTBEHHYIO ITOMOIIb IPH BHIOOPE paIOHAIBHOTO
BapHaHTa MPH KCIIEPTH3E HECKOIBKHIX OJHOTUITHEIX 06pa3o BAC.

Methodological apparatus for analytical evaluation of the characteristics of samples of
unmanned aircraft systems
Naumov R.S., Drozd A.S., Blagodaryashchev L.V.
National Research Center «Zhukovsky Instituty, Moscow

In recent years, the global market for commercial unmanned aircraft systems (UAS) has been
steadily developing. More and more companies from various sectors of the economy are showing
interest in UAS as a tool for performing aviation work. Views are formed on the intended purpose
and the main requirements for the characteristics of the BASS. Currently, UAS are widely available
on the market, especially with unmanned aircraft weighing up to 30 kg. In order to quickly equip
interested organizations with modern UAS that are most suitable for performing aviation work,
ready-made samples are selected to determine their compliance with the requirements of potential
consumers.

In order to reduce material and time costs, it seems appropriate to conduct a preliminary survey
and justify the compliance of the actual technical level of the UAS with the specified requirements.
To do this, it is necessary to develop a methodological apparatus that allows quantitative
assessment of the characteristics of UAS.

The methodological apparatus for analytical evaluation of UAS samples, presented in the article,
consists in determining the degree of compliance of the proposed sample with the requirements of
the consumer based on the existing object description. In other words, created decisive rule that is
allows forming compliance conclusions-assessments between presented and actually properties
implemented in the proposed and required UAS samples, taking into account the permissible
measure (threshold) of compliance of the desired and actual properties in the UAS sample under
examination.
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The resulting assessment, based on the usefulness and consistency of the proposed technical
solutions, can provide significant assistance in choosing a rational option for the examination of
several samples of the same type of UAS.

CoBepILeHCTBOBAHME APXHTEKTYPhI YHHBEPCAILHOI POOOTH3HPOBAHHOH IIATOPMBI,
NpeJHA3HAYEHHOI /151 0a3MPOBAHMSI POEBBIX CTPYKTYP MaJIbIX 0eCIIMIIOTHBIX JIeTATeJbHBIX
annapaTos
IMaceunuxos N.U., Bocriurantok A.B., Hazapos A.C., Peibakos /I.B.

TIr'Y umenu I'.P. lepxaBuna, r. Tam6oB, Poccust

Henpro pabGoThl SIBISCTCS MOBBIMICHHE YCTONYMBOCTH M 3()(PEKTHBHOCTH (DYHKIMOHUPOBAHUS
yHHUBEpcanbHOI poOoTu3upoBanHOil miatdopmsl (YPII) npu mpueme Ha oOCiy)KMBaHHE MalbIX
OecnuIOTHBIX JieTaTenbHbIX annapatoB (MBJIA) ¢ BBICOKOW IUIOTHOCTBIO IMOTOKA B PEKHME
MOCAJIKH.

VPII obecnieunBaeT 6a3MpoBaHie, TEXHUIECKOE 00CITY)KHBAaHHE, B3IIET U TIOCAAKy PAa3HOTUITHBIX
MBJIA. Opranmzanus YPII B cerhb mo3BONSiET peayM30BaTh 33/1a4d YIPABICHUS BO3IYILIHBIM
nemwkeHneM MBJIA B cereBoM mpocTpaHcTBe, MH()OPMAIOHHOE B3aMMOJCHCTBHE OOBEKTOB
CHCTEMBI M IIONb30BaTENeH, MPUMEHEHHEe pecypca o0navHOro mpoctpaHcTBa, MHTepHer m mp.
BaxHoe 3HaueHHE MNpPU STOM HMMEIOT TOKa3atenu HWHGOPMAMOHHON 3ddexTuBHOCTH ceTH,
HaJEKHOCTH M CTPYKTYPHOH YCTOHYHBOCTH.

B ycnoBusix Beicokoit naTeHcHBHOCTH MBJIA, korna Bpems obcmyxusanus YPIT onroro MBJIA
(ero mocajxa) CyLIECTBEHHO NpPEBBIIIAET MHTEpBal UX IocTymieHus Ha YPII, mubo B ycmoBmsax
npuema poss MBJIA, mosBisiercs HeoOXOAMMOCTh co3jaHus odepenn MHoxecTBa MBJIA B
BO3/JyLIHOM IPOCTPAHCTBE. B CBA3M ¢ 3TUM Npesiaraercs:

» PaccmatpuBath YPII kak o0ciyKuBaroliee YCTPOMCTBO CHCTEMbI MAacCOBOTO OOCITY)KHBaHHS,
rae B KadecTBe Oy(epHOro ycrpoiicTBa (HaKONMHUTENs) INPUMEHSETCS CIElHnaIn3upOBaHHAs
CTPYKTYypUpOBaHHas TIPOCTPAHCTBEHHO-BpeMeHHas 30Ha oxupanus (IIB30) ¢ coorsercTByromeit
nosacucremont ynpasienus B YPIT;

*Ha ocHOBe mcnonmb30BaHMS aHAIOIHI (PYyHKIMOHAIBHBIX 3amad cereBoi cucreMsl YPII u
MBJIA ¥ OSTaloOHHOM MOJENM B3aMMOJEHCTBHMS OTKDBITEIX CHCTEM, NPHMEHSIEMOH B
TEJICKOMMYHUKAIIMOHHBIX CETSAX, CO3JaBaTh MNPOTOKONbl B3aumojnercteus IIB30 u VYPII ¢
IPUMEHEHHEM TEeXHOJIOTHH JIOKAJIbHBIX BBIYHCIUTENIBHBIX CETEH, B YaCTHOCTH KaHAJIBHOTO YPOBHS,
peann3yrolie MHOXKECTBEHHBIH JOCTYNT K oOmemy pecypcy cucremel. IIpumeHeHune Takoro
MOAXO0/a MO3BOJIMT HCIOIB30BaTh dG(EKTHBHBIE CIOCOOBI B3aumoaeiicTBusi MHOkecTBa MBJIA ¢
VPII npu ee 06CITyKHBaHHH.

B pesynbrare, mns pemenus 3anaun nocaiaku pos MBJIA, YPII nomkHa JONOJHUTENBHO
BKJIIOYaTh B ce0s cClelMaTM3UpOBaHHYIO mozacuctemy ympasieHus MBJIA B 30He mocaaku,
xoropast ¢dopmupyer IIB30, wn3meHser ee mapamerpbl U IHoAnepXkuBaeT 3(QeKkTHBHOE
(hyHKIMOHHpOBaHNUE ¢ MHOXKeCTBOM B Heit MBJIA.

Improving the architecture of the universal robotic platform for a small unmanned aerial
vehicle swarms service
Pasechnikov LI, Vospitanyuk A.V., Nazarov A.S., Rybakov D.V.
Derzhavin Tambov State University, Tambov, Russia

The objective of the work described is the universal robotics platform (URP) stability and
efficiency improvement for small unmanned aerial vehicles (SUAV) during high traffic density
landing.

URP provides storage, maintenance, takeoff and landing services for SUAV of different types.
Integration of the URPs into wide area network allows to solve the air traffic control tasks for
SUAV within network space, information interaction of system objects and users, internet access,
cloud services usage, etc. At the same time, Information efficiency of the network, reliability and
structural stability are important.

In conditions of high SUAV traffic density, when the service (landing) time of one SUAV
significantly exceeds interval of their arrival at the URP or when SUAV works with the swarm,
necessity of a queue creation in airspace appears. To achieve this it is proposed:
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Consider URP as a service node of the queuing system, where queue buffer is represented as a
specialized structured space-time waiting area (STWA) with the corresponding control subsystem
in the URP.

Using the analogies of functional tasks of URP and SUAV network system and The Open
Systems Interconnection (OSI) model of a telecommunication systems, create interaction protocols
for STWA and URP. Based on local area network technologies, in particular — data link layer
implementing multiple access to the common system resources. This approach provides effective
methods for interaction between multiple SUAV and URP.

As a result, URP must additionally include a specialized control subsystem for SUAV in a
landing zone. For the proper landing task solution, the subsystem forms a STWA, changes its
parameters and maintains effective platform functioning with a plurality of UAVs.

CpaBHHUTeJIbHBI aHAJIN3 PA3IHYHBIX 29POAHHAMUYECKHX CXeM NepCcHeKTHBHBIX
0ecIUJIOTHBIX KOHBEPTOILIAHOB
Tlerpyxun B.A., Komenes b.B.
MAMW, r. MockBa, Poccust

B HacTosimiee BpeMs OIHMM M3 HEPCHEKTHBHBIX HAlPaBIECHHIl [0 YIIyYNIEHHIO JIETHO-
TEXHUYECKUX XapaKTePUCTHK OeCHMIOTHBIX JerarespHbIX ammaparoB (BJIA) mnpexacrasisercs
co3manne ruOpuaHblx BJIA THma «xoHBepToluiaH». KOHBepTOIUIAHAMH SIBILIFOTCS BO3JLYIIHEIC
Cyza, CIIOCOOHBIE OCYIIECTBILSITh BEPTHKAIBHBIH B3JIET M IIOCAAKY KaK BEPTOJET U JUIHTEIbHBIA
BBICOKOCKOPOCTHOM IOJIET KaK caMoJIeT, Oiaroaaps npeodpa3oBaHuio (pEeKOHGUrypaun) Hecyle-
nBkuTeNbHON cucteMbl [1]. BJIA Tuma KoHBepTolulaH codeTraroT B ce0e JJOCTOMHCTBA
BEPTOJETHBIX M CAMOJIETHBIX KOHCTPYKTHUBHBIX CXEM, HO IPH 3TOM PE3KO YCIOXHSETCs 3ajada
Pa3pabOTKH CHUCTEMBI aBTOMATHYECKOTO YIPABICHHUsS YIVIOBBIM IOIOXKEHHEM H TPaeKTOPHBIM
mBmwkeHneM bBJIA  Takoro THMma, TpH 3TOM YpOBEHb CIIOXHOCTH 3aJauydl  YIIPABICHUS
TIpeIoNpeeNnsieTcs adpOANHAMUIECKOI CXeMOH KOMIIOHOBKH KOHBEPTOILIAHA.

B nanHoii paboTe npoaHanU3HPOBaHbl BO3ZMOXKHBIC BAPHAHTHI a3POJHHAMHYIECCKOH KOMIIOHOBKU
OCCIIIOTHBIX KOHBEPTOIUIAHOB, IPOBEJCHA KIACCH(UKALM a’pOJHHAMHYECKHX CXeM UX
TIOCTPOEHHSI C TIO3MIMHM JEMOHCTPAIIMM BO3MOXKHBIX IPUHIMIOB M TEXHOJOTHIl YIpaBICHUS.
BeisBrens! crenyromnye NPHHINNUATIBHBIE CXeMbI IIOCTPOCHHS KOHBEPTOILIAHOB!

» Cxema ¢ MOBOPOTOM BCETO KOPITyca almapara.

» CxeMa ¢ TOBOPOTHBIMH BHHTaMH U HETIOJ(BIKHBIM KPBUIOM.

» CxeMa ¢ IOBOPOTHBIMH BUHTAMU U KPbUIbSIMU.

* CxeMa ¢ OTKJIOHEHHEM BO3/IYyIIHOTO II0TOKAa OT BUHTOB.

» CxeMa ¢ OCTaHaBINBAEMBIMH B II0JIETe HECYIIMMH BUHTaMH, IIPEBPAIaeMbIMHU B KPBLIO.

» CxeMma ¢ IOBOPOTHBIMHU M TATOBBIM(M) BUHTOM(aMH).

ITpoBeneHHBI HA OCHOBE MHOTOUYHCICHHBIX ITyOIMKAINi CPaBHHUTENBHBI aHAIN3 Pa3IIHIHBIX
a3pPOMHAMHYECKHX CXeM IT0Ka3all, YTO Ppa3pabOTKH OSCHHIOTHBEIX KOHBEPTOIUIAHOB IIPOBOJSTCS
LIMPOKUM (PPOHTOM MO BCEM HAMPABICHUSIM, Y4TO OOBSICHSIETCS pa3HOOOpasueM periaeMbix BJIA
3a1a4 U YCJIOBHH OKCIUIyaTalud. BmecTe ¢ TeM, clemyer OTMETUTh, YTO OIpPEIENICHHOEe
MIPEIIOYTEHNE OTAACTCS TAaHAEMHOH a’poJMHAMHYECKOH cXeMe KOHBepToIulaHa [2] u cxeMe ¢
TpeMsi BUHTOBBIMH JIBHKUTENSIMU [3].

Comparative analysis of various aerodynamic schemes of promising unmanned
convertiplanes
Petrukhin V.A., Koshelev B.V
MALI Moscow, Russia
Currently, one of the promising areas for improving the flight performance of unmanned aerial
vehicles (UAVs) is the creation of hybrid UAVs of the "tiltrotor" type. Tiltrotor aircraft are aircraft
capable of vertical take-off and landing as a helicopter and long-term high-speed flight as an
aircraft, due to the transformation (reconfiguration) of the non-essential propulsion system [1].
UAVs of the tiltrotor type combine the advantages of helicopter and aircraft design schemes, but at
the same time, the task of developing an automatic control system for the angular position and
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trajectory motion of a UAV of this type is sharply complicated, while the level of complexity of the
control task is predetermined by the aecrodynamic configuration of the tiltrotor.

In this paper, the possible options for the aerodynamic layout of unmanned converters are
analyzed, the classification of aerodynamic schemes for their construction is carried out from the
standpoint of demonstrating possible principles and control technologies. The following schematic
diagrams of tiltrotor construction are revealed:

 Scheme with the rotation of the entire UAV body.

» Scheme with rotary propellers and a fixed wing.

 Scheme with rotary propellers and wings.

* Scheme with the deflection of the air flow from the propellers.

A scheme with rotary propellers that can be stopped in flight and converted into a wing.

* Scheme with rotary and traction propellers.

A comparative analysis of various aerodynamic schemes, carried out on the basis of numerous
publications, showed that the development of unmanned converters is carried out on a wide front in
all directions, which is explained by the variety of tasks and operating conditions being solved by
UAVs. At the same time, it should be noted that a certain preference is given to the tandem
aerodynamic configuration of the tiltrotor [2] and the scheme with three propellers [3].

KoHuennus nocTpoenusi aBUALHOHHOI 6eCIIHIOTHOI TPAHCIOPTHOM ceTH
Tlonomapes I1.A., 2Kansrun M.IO., 2Cocuos O.P., 'Boponos B.B.
'AO «KponmTaar», “MAU, T. Mocksa, Poccust

CerMeHT pa3pabOTKM M NPHMEHEHHs OCCIMIOTHBIX JICTAaTENbHBIX allapaToB CTal Hambonee
JIMHAMUYHO Pa3BUBAIOLIMMCS B MHPOBOW aBHALlMOHHOH OTpaciH. AKTyaJbHOH CTaHOBHTCA 3ajaya
MOCTPOCHUSI ABHAIMOHHOH OecmmiotHOH TpancmopTtHoil cetn (ABTC). DOxonommdeckas
sdppextuBHOocTE ABTC MOXET OBITH TOCTHUIHYTA 33 CYET CHIDKEHHS CTOMMOCTH aBHALMOHHBIX
Ipy30IE€PEBO30K IyTEM POOOTHU3ALUM BCEX IIPOLECCOB BO3AYIIHON OCTABKU IPY30B, BKIIOUAs
YIpaBICHUE MOJETOM, IPUMEHEHUS OeCHMIOTHBIX BO3AymHbIX cynoB (BBC) pasauynoro tuma u
BHEJPEHHsI LU(POBBIX CETEBBIX TEXHOIOTUIT TSI CO3aHMsI CEPBHCOB I10 JOCTaBKE IPY30B.

OCHOBHBIE MOJIOYKEHUSI KOHIICTILIHH:

1. ABTC crtpouTcs Ha OCHOBE CAMOCTOSTENBHBIX W HHTEIPUPYEMBIX TPAHCIIOPTHO-
JIOTUCTHYECKHX Y3lIax-Xa0ax.

2. BBC pemator iBe pa3nuyHble, HO B3aUMOCBS3aHHBIC 33Jaui: 1) TPaHCIIOPTHPOBKA IPY30B
MeXAy Xabamu; 2) TpaHCTIOPTUPOBKA Ha HEOOOPYJOBAaHHBIE ILIOLIAJKH.

3. ABTC ciyxut Juis ornepaTUBHOM JIOCTaBKU Pa3pelIEHHbIX K MEPEBO3KE aBUALIMOHHBIM BUIOM
TpaHCIIOpTa IPy30B IJIsi OW3HECa, HPOM3BOJICTBA, HACEICHNS U MEIHIIMHEL.

4. ABTC nomxHa MOBBIIATH TPAHCTIIOPTHYIO CBA3aHHOCTH TeppuTopuu Poccum u odecrneunBarsh
3aBO3 IPY30B B TPYIHOJOCTYITHBIC PAHOHBI.

ABTC cocTtout M3 CleAylOlMX COCTaBHbIX YacTeil: BBC a’spoipoMHOro m BHEa3pOAPOMHOIO
6a3upoBaHys, Xa00B, HA3eMHBIX KOMIUIEKCOB yIPABICHHUS.

dopmupoBanne obmukoB n paspadorka BBC mms ABTC ocymecTBisieTcst ucxons u3 3amad
obecrieueHys: 1) MUHHMAQJIBHBIX OKCIUTyaTallMOHHBIX PAacXOIOB 2) PEIHOYHOHW ITOTPEOHOCTH B
OIepaTHBHOM TPaHCIOPTUPOBKE rpy30B. OCHOBHON Heil siBisieTcs: GpopmupoBanue obmika BBC,
Kak W Jpyrux coctaBHbIXx uactei ABTC, wucxons w©3 ONTUMAIbHOIO — pa3MEILEHUS
CTaHIApPTH3UPOBAHHOM IPy30BOil €IMHUIEI (ITAJUIETHI, KOHTEHepa U T.IL.).

BBC aspoapomuoro 6a3upoBaHusi, py MPaBUIIBHON MOCTAaHOBKE TPEOOBAHUIT U pea3aluy UX
Ha [PAaKTHKE, MOTYT OBITh 3(Q(PeKTHBHEH Ha3eMHOTO TPAHCIIOPTA 10 KPUTEPHIO CKOPOCTH JOCTABKH
1 JICIIeBIE IO CPaBHEHUIO C CYLIECTBYIOIIMMH CpPEACTBAMH aBHALIOHHBIX IIepeBo30ok. OHH
obecrieyar BIIOJIHEHUE TPAHCIIOPTHOTO COOOLIEH s Mex Ty Xabamu. CaMoIeT HOPMAJIbHOM CXEMbI
IIPEeICTaBIACTCST HanboJlee MePCIeKTHBHBIM THIIOM JICTaTeNBHOIO alapara IpH IPOeKTHPOBAHUH
BBC aspoxpomuoro 6aszuposanus st ABTC.

BBC BHeaspoapoMHOro 0azupoBaHusi oOecrieyaT BBINOJIHEHUS TPAHCHOPTHOIO COOOIIECHHS 10
HanpaBJeHHAM «xa0 — HeoOopyaoBaHHas IUIOLaaKa». I[IpW BBINOJIHEHWH TPeOOBAHMI IO
HaJIe)KHOCTH, ONIEPATUBHOCTU M SKOHOMUYECKUM 3aTpaTaM, JAHHBIH THI COOOIIEHUS JOJDKEH OBITH
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KOHKypeHTOCHOCO6CH C OKCIUTYaTUPYEMBIMU B HACTOALILCC BPEMS BUHTOKPBUIBIMH JICTATCIIBHBIMU
amnmapaTtamMu.

Construction concept of an aviation unmanned transport network
"Ponomarev P.A., *Kalyagin M.Yu., *Sosnov O.R., 'Voronov V.V.
1JSC “Kronstadt”, M AI, Moscow, Russia

The segment of development and application of unmanned aerial vehicles has become the most
dynamically developing in the global aviation industry. The task of building an unmanned aviation
transport network (UATN) is becoming topical. The economic efficiency of UATN can be
achieved by reducing the cost of air cargo transportation by robotizing all air cargo delivery
processes, including flight control, using unmanned aerial vehicles (UAVs) of various types, and
introducing digital network technologies to create cargo delivery services.

The main provisions of the concept:

1. UATN is built on the basis of independent and integrable transport and logistics hubs. The hub
is a robotic complex for receiving, sorting and extradition cargo to the end user or UAV for further
transportation.

2. UAV solve two different, but interrelated tasks: 1) cargo transportation between hubs; 2)
transportation to unprepared areas

3. UATN serves for the prompt delivery of cargo permitted for transportation by air transport for
business, industry, medicine and local customers.

4. UATN should increase the transport connectivity of the territory of Russia and ensure the
delivery of cargo to hard-to-reach areas.

UATN consists of the following components: aerodrome and off-aerodrome UAVs, hubs, ground
control complexes.

The formation of the appearance and the development of UAVs for UATN is carried out from the
tasks of providing: 1) minimum operating expenditure 2) market demand for cargo transportation.
The main idea is the formation of the appearance of the UAV, like other components of the UATN,
based on the optimal placement of a standardized cargo unit (pallet, container, etc.).

Airfield-based UAVs, with the correct formulation of requirements and their implementation in
practice, can be more efficient than ground transport in terms of delivery speed and cheaper in
comparison with existing means of air transportation. They will ensure the implementation of
transport communications between hubs. An airplane of a normal scheme seems to be the most
promising type of aerodrome-based UAV for UATN.

The off-acrodrome UAVs will ensure the execution of transport communications in the «hub -
unprepared area». If the requirements for reliability, efficiency and economic costs are met, this
type of transport communication should be competitive with the currently operated rotary-wing
aircraft.

Mosbimenne 3Hepro3ppeKTHBHOCTH U JIHTEIbHOCTH 110J1€Ta IOMCKOBBIX THOPHIHBIX
JnexkTpuyeckux Auck-BILJIA ¢ aspocTaTuyeckoii pa3srpy3Koii U COTHEUHBIMH CHCTEMAMM
Tonses JLIL., 'Kynpuxos M.IO., 'Kynpukos H.M., 2Domjan R.

'MAM, r. Mocksa, Poccus
2Solar Xplores S.A., . Usepnon-ne-Bewn, llIeiinapus

IIpoBeneH KOMIUIGKCHBIH LU(POBONH MPOCKTHBIA aHaIM3 IMPH IOUCKE HOBOH ONTHMAaJIbHOU
CTPYKTYpBl THOPHIHOTO 3JIEKTPUYECKOTO IIOMCKOBOTO OECHMIIOTHOIO JIETAaTeIbHOTO armapaTa
(BILJTIA) ¢ aspocTaTu4ecKoil pa3rpy3Koii 3a cueT KOMIUICKCUPOBAHUSI C AUCK-IUPUIKAOIIEM I10 THITY
KoHLenTyanbHoro Manoro npoekra AJIA Tepmorutan MAW. Coueranue BbICOKOH MaHEBPEHHOCTH
U HE3aBHCHMOCTH OT IOPHU30HTaJbHO HAINPaBJIEHHBIX BETPOBBIX HArpy30K NpPH CHMMETPUYHON
nmuck-¢popme BITJIA mo3Bosiser BbIOMpATh ONTHMAlbHBIE TPACKTOPUHU IIOJIETA NPH BBINOJHEHUU
MOMCKOBBIX OIlEpaLfii M TEIEMOHUTOPHHTA C BO34yXa. IIpH 9TOM HCIIOJIb30BaHUE TOIOITHUTEIHHON
«BCIUTBIBHOM» a3POCTATHYECKOW IOJBEMHOH CHJIBI OT BHYTPEHHEro HAIlONHEHMS TelIHMeM JIHCK-
Iprokabiist obecrieyrBaeT BHICOKYI0 sHeprodddextuBHocTh AJIA-BITJIA 1 moBbIIIaeT AanbHOCTh
¥ TIOJIETHOE BpeMsi Ha onxHO# 3apsnake oT 20-30 muHyT g0 1,5-2 4acoB ¢ HCHOJIB30BaHUEM
HaIpaBJICHHBIX IIOMYTHBIX BETPOB HA Pa3iIMYHBIX BBICOTAX.

90



IIpoBenen ananm3 paszauunblX KoHuenuuid AJIA-BIIVIA ¢ npuMeHeHHeM TpaJuLMOHHbBIX
CUrapooOpa3HbIX IUPIKAOEIBHBIX KOMIIOHEHTOB U BBIABIICHBI UX OCHOBHBIC HEOCTATKHU C yIETOM
TpeGOBaHMH KOMITAKTHOCTH M MOOMJIBHOCTHU JIOCTABKM K MECTY MOUCKOBBIX IOJICTOB HaJ| JICCHBIMH
MaccHBaMH M B TOPHOH MECTHOCTH, YTO OBLIO OCHOBHBIM TpeOOBaHMEM B KOHKYpCE JIYUIIHX
KOHLIENT-NIPOEKTOB ITOUCKOBO-CNACATEIbHBIX IPOHOB B (opMmare «Onucces-2019» mon srumoi u
¢dunancupoBanust AOK «Cucremay» 1 MOOHIBHOM BEpPTOIETHOM citykObI criaceHus B [loqMocKoBbe
U B IPyT'UX PETHOHAX.

Hcnons30BaHbl TPeHIBI U PE3YIHTATEl COBMECTHOTO HAyYHO-TEXHHYECKOTO COTPYAHHYECTBA CO
mBeHIapckol  KOMNaHWeH IO MPOEKTY JBYX MECTHOTO BBICOTHOIO  3JI€KTpocamosieTa
SOLARSTRATOS ¢ comHeuHbIMH OaTapesiMi IO BCeil MOBEPXHOCTH KpbLIa ¥ FOPH30HTAIBLHOTO
OIlepeHHs], IIPUOPUTET KOTOPOH CBA3aH € Pa3pabOTKaMU COMHEYHBIX BHICOKOA((MEKTHBHBIX CHCTEM
JUIsL BOJHOTO, HA36MHOTO M BO3JYIIHOTO 3KOJOTMYECKOr0 MOOMIIBHOTO 3JIEKTPOTPAHCIIOPTA.
IlpuBenena oneHka peHTabenbHOCTH —auckooOpasHbIx  AJIA-BITJIA  nns  ontumanbsHOrO
a3pOJMHAMUYECKOTO M BECOBOTO KAadyeCTBA KOHCTPYKIMM U M3TOTOBICHHS IO CPABHEHHIO C
IpyruMu (opMaMH DIUTHIITHYECKON HIM CHrapooOpa3HOil reomerpuu. HoBble MHHOBalMOHHBIE
TEXHOJIOTHU BKIIIOYAIOT B ce0sl HOBBIE KOMITO3UIIMOHHBIE MaTepHaIIbl, 0€30TXOHbBIEC aJTUTHBHBIC
TEXHOJOTHU IHU(POBOTO MPOM3BOACTBA M aJaNTHBHBIE TPAHCHOPM-KOHCTPYKLIUH C HAIOTHEHHEM
reJeM WIM BOJOPOAOM Julsl Hcroib3oBanus BIIJIA B TpyAHOMOCTYHHBIX PEerMoHaX M HOJSIPHBIX
TPaHCIOPTHBIX ONEpalHusX, YTO YIPOLaeT oOCIyKUBAHUE U yACIIEBISET 3aTPaThl HAa KM3HEHHBIN
LUK

Improving the energy efficiency and flight duration of search hybrid electric disk UAVs with
aerostatic unloading and solar systems
"Ponyaev L.P., 'Kuprikov M.Yu., 'Kuprikov N.M., Domjan R.
'MAI Moscow, Russia
2Solar Xplores S.A., Yverdon-les-Bains, Switzerland

A complex digital design analysis was performed for new optimal structure of a hybrid electric
search unmanned aerial vehicle (UAV) with energy efficiency via aerostatic unloading due to
integration with a disk-airship of the type of the conceptual small project ALA Thermoplane MAL
The combination of high maneuverability and independence from horizontally directed wind loads
with a symmetrical UAV disk shape allows to choose the optimal flight paths when performing
search operations and aerial telemonitoring. At the same time, the use of additional aerostatic lift
from the internal helium filling of the disk-airship ensures high energy efficiency of the ALA-UAV
and increases the range and flight time on a single charge from 20-30 minutes to 1.5-2 hours using
directed winds at various altitudes.

The analysis of various ALA-UAV concepts using traditional cigar-shaped airship components
was carried out and their main drawbacks were identified, taking into account the requirements of
compactness and mobility of delivery to the place of search flights over forests and in mountainous
areas, which was the main requirement in the competition for the best UAV concept projects of
search and rescue drones in the Odyssey-2019 format under the funding of AFK Sistema and the
mobile Helicopter rescue service in the Moscow region and other regions.

We used trends and results of joint scientific and technical cooperation with a Swiss company on
the project of two-seat high-altitude electric aircraft SOLARSTRATOS with solar panels on the
entire surface of the wing and horizontal tail, the priority of which is related to the development of
high-performance solar systems for water, land and air ecological mobile electric transport. The
estimation of profitability of disk-shaped ALA-UAVs for optimal aerodynamic and weight quality
of design and manufacture in comparison with other forms of elliptical or cigar-shaped geometry is
given. New innovative technologies include new composite materials, waste-free additive
technologies for digital production and adaptive transform structures with helium or hydrogen
filling for ALA-UAV use in remote regions and polar transport operations, which simplifies
maintenance and reduces life cycle costs.
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HanpasieHue pa3BUTHA YJIeKTPHYECKHX OeCIHIOTHBIX JIeTaTeIbHbIX aNIaPATOB
Casenses C.A., ApOy3os I1.B.
MAMU, r. Mocksa, Poccust

CBOeBpEMEHHOE M IIPaBMIBHOE IIPOTHO3UMPOBAHHE HANpPABIEHHs PAa3BUTUS ABUALMOHHON
TeXHUKM B  OyaymieM  mo3BoiisieT  paspabareiBaTh M co3daBaTh  ((EKTUBHBIC
KOHKYPEHTOCIIOCOOHBIE JieTaTeNbHble annaparhl. CerofHs oHO U3 NEePCIEKTUBHBIX HalpaBJICHUMH
Pa3BHUTUS — 3JIEKTpHYECKHe OecIHIoTHBIC JieTaTenbHble anmapatsl (BI1JIA), koTopblie mo3BoisioT
rHOKO pa3pabaThIBaTh Pa3IMYHbIE CIIOCOOB! UX MPUMEHEHUs! JUIs PEIICHHUs MIMPOKOTo Kpyra 3aj1ad,
B OTJINYHE OT IMWIOTHPYEMON aBHAILIMOHHOM TEXHHUKH.

IIpoBeneHHbIi aHanmu3 Mokasan, 4yTo Okoyo 26% Bcex cymectByromux BIIJIA ocHarieHs!
2JIEKTPUYECKON CHIIOBOM yCTaHOBKOIA.

Banernas Macca cymecTBylomux siekTpudecknx bBIIJIA cocraBiser He Oosiee IeCSITKOB
KHJIOTPaMM, a MX IPOJOJDKUTENBHOCTh IOJIeTa Ha aKKyMYJBITOPHBIX OaTapesx — OKOJO OJHOTO
gaca. [Ipu 9ToM ¢ KaxIbIM roJoM HaOII0JAaeTCs YCTOHUMBAs TSHACHIHS POCTA TUX IIOKa3aTemneil.
B Hacrosmee BpeMsi MHOTHE CTPaHbI BEyT aKTUBHBIC HCCIIEIOBAHNS IO CO3IAHUIO MJICKTPHUYCCKHX
JIeTaTeNbHbBIX aNlapaToB B JBYX IPOOJIEMHBIX HAIPABICHUSX: CO3IaHHEC MCTOYHUKOB IUTAHUS C
BBICOKOH INIOTHOCTBIO PHEPTHU U BEICOKOD(H(EKTUBHBIX dIEKTPOIABUTATEICH.

B Hacrosiiee Bpems akTHUBHO Mcclieqyercss kKoHuenuus npumeHeHus «Pos BITJIA», xortopas
NpefycMaTpuBaeT B  OJHOBPEMEHHOM IPHUMEHEHHH OOJIBIIOTO KOJWYECTBA  HEOONBINHX
OCCIIUIOTHBIX AaNNapaToB, OCHAIICHHBIX HCKYCCTBEHHBIM HHTEIUIGKTOM H IeHCTBYIOIINX Kak
€IIHOE 1110, HAallPaBJIEHHBIX Ha PEIIeHHEe OJHONH KOHKPETHOH 3ajaqH.

Ortcrozia BO3HUKAET ITOTPEOHOCTH B co3iaHiu Hebonbmmx U Hetoporux BITJIA, uro cBoiicTBeHHO
amnmapaTaM C JIeKTPUYECKOH CUIIOBON YCTAaHOBKOM.

Konuenuust «Pos BITJIA» mpeanonaraeT Jerkyro afanTalMio IMOJ Pa3IMYHbIE CLEHapHU HX
NIPUMEHEHNs], THOKYI0 KOH(HIYpaILHIO COCTaBa, a BBEICOKOOPTaHW30BAHHEINA CTPOH (HOPSIOK) HX
npuMeHeHus OyaeT obecrneunBaTh rPynoBy0 3hPEKTUBHOCTD TOCTHKECHHS TOCTABICHHOMN IENH.
B wurore, muoxectBo (poii) manenskux BITJIA MoryT a¢dexTnBHEE BHITIOIHUTE 331ady, YeM OAUH
Goree KPYIHBIN JIeTaTeNbHbIN anmapar.

Direction of electric unmanned aerial vehicles development
Savelyev S.A., Arbuzov LV.
MAI, Moscow, Russia

Timely and correct forecasting of the development direction of aviation technology in the future
allows us to design and create effective competitive aircraft. Today, one of the promising areas of
development is electric unmanned aerial vehicles (UAVs), which allow flexible development of
various ways to use them to solve a wide range of problems, unlike manned aircraft.

The analysis showed that about 26% of all existing UAVs are equipped with an electric
propulsion system.

The take-off mass of existing electric UAVs is not more than tens of kilograms, and their flight
duration on batteries is about one hour. Moreover, every year there is a steady growth trend of these
indicators. Currently, many countries are conducting active research on the creation of electric
aircraft in two problem areas: the creation of power sources with a high energy density and highly
efficient electric motors.

Currently, the concept of using the “UAV Swarm” is being actively studied, which provides for
the simultaneous use of a large number of small unmanned vehicles equipped with artificial
intelligence and acting as a whole aimed at solving one specific problem.

Hence, the need arises for the creation of small and inexpensive UAVs, which is characteristic of
devices with an electric propulsion system.

The concept of “UAV Swarm” implies easy adaptation to various scenarios of their application, a
flexible configuration of the composition, and a highly organized system (order) of their application
will ensure group efficiency in achieving the goal. As a result, many (swarm) of small UAVs can
perform the task more efficiently than one larger aircraft.
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OnbIT NpuMeHeHusl 6ecnMJIOTHBIX KoMILiekcoB Luftera B 100b1BalOIMX oTpacisax
NIPOMBILICHHOCTH
CawmoiinoBckuii A.A., Conomenko B.H., ITeuentok B.C., Mutun J1.E., AknmoB A.A.
000 «JIrodrapar, r. Mocksa, Poccust

IIpumenenne OecnuaoTHBIX BO3MYIHEIX cynoB (BBC) B mpoObIBaiomiell NpOMBIILICHHOCTH
MO3BOJISIET CYIIECTBEHHO YCKOPUTh M YHPOCTUTH IPOLECC MHOJIYYEHHUs I€ONpPOCTPAHCTBEHHBIX
JTAHHBIX, YTO B CBOIO OYEPE/lb, HANPSMYIO BIMAET HA IPOU3BOJUTENBLHOCTD TPYIA.

KpatHoe yBenndyeHHe CKOPOCTH JOCTUTAETCs 3a cueT OecrnpensTcTBeHHOro nepemenienus bBC
HaJ{ CIIOXKHBIM pelibe()OM MOJICTHIAIONMIEH MOoBEepXHOCTH. Hapsiay ¢ yMEHbIICHHEM TPYAOEMKOCTH
MIPOLIECCOB, BBINONHIEMBIX TPaJHIIMOHHBIM criocoboM, BBC cosmaer Gonee Ge3omacHble yCIOBHS
Tpyna. B To xe Bpems BHenpenne BBC B mpoM3BOICTBEHHBIE NPOLECCHI HE MPHBOIUT K
HCKIIOYCHHIO W3 HUX JIOAEH, a CYIIECTBEHHO IOBBINIACT MX KBATM(UKAIMIO U CIIOCOOCTBYET
¢dhyHIaMeHTaNbHON TpaHc(hOpMaMi NPOGECCUH: eCi paHblIe padoThl IPHXOINIOCH BBIIOIHAT
MOCPEICTBOM PYYHBIX HHCTPYMEHTANBHBIX 3aMepoB, To ¢ BBC uenoBek cran crocoOeH BHIIOIHATD
3a/1a4¥ B JECSTKH pa3 ObICTpee He HaXOAsCh HEIIOCPEACTBEHHO Ha 00BEKTe.

Buenpennrie BBC Luftera LQ-4 st co3nanns nudpoBoii KOMUU KapbepoB ITOKa3bIBAIOT, YTO HX
IIPUMEHEHHE MO3BOJIET MOIy4yaTh HU(POBBIE MOJENIU IOBEPXHOCTH B 6 pa3 ObIcTpee, PU ITOM
JleTaly3anys  IOMydaeMBbIX JaHHBIX OTIMYaercs Ooubmieil jmocToBepHOCThIO. IIprMeHeHne
BO3IYLIHOTO JIA3epPHOTO CKAaHUPOBAHHS II03BOJIET MOJIyYaTh IaHHBIE O penbede OCOOEHHO
3¢ }eKTUBHO Ha 3aJIECeHHBIX Y4YaCTKaX, a Takoke paboTaTh B yCIOBHAX OTCYTCTBHS OCBEILICHUS B
HOYHOE BpPeMs CYyTOK HJIM B PErMOHAX C MaJIOH IPOJOJDKUTENBHOCTBIO CBETOBOTO JHS. BHenpenune
B NPOMBIIUICHHYIO SKCIUTyaTallHI0 aj3pOMarHUTHOH cheMku ¢ BBC mo3BoiseT yCKOPHTH 3Tarl
cOopa JaHHBIX B HECKOJIBKO Pa3 B 3aBUCHMOCTH OT CJIOKHOCTH HCCIIEAyeMON TepPHUTOPUH.

Baxno nonumars, uto BBC sBisieTcs 01HOH M3 COCTaBIISIOIMX KOMIUIEKCHOIO PEUIEHHs Ui
JTOOBIBAIOIINX TIPEANPHATHI, KOTOpOe BKIIOYaeT B cedsi oOydeHHe IepcoHaa, ITOJTOTOBKY
HOPMATHBHOHM JOKyMEHTalUH, JICTUTUMU3ALMIO MCIOIb30BAaHUS NAHHBIX B KOHTPOIUPYIOLIMX
OpraHax, a TaKkXKe aHalli3, XPaHEHHUE U JOCTYII K MOJYyICHHBIM JAHHBIM 110 NPUHINITY YIIPaBJICHUS
JKM3HEHHBIM LUKIIOM CTpOHTENbHOro oobekra (BLM). IlepcriekTHBHEIM HalpaBIICHHEM SIBIISETCS
pa3paboTka yHUBEpCAlIbHBIX HOCHTEIEH M KOMOMHUPOBAHHBIX CEHCOPOB, IPENOCTABIIIOIINX
HCUEPIIBIBAIONIYIO CKOMIUIEKCHPOBAHHYIO HH(OPMAITHIO O EIIeBOM 00BEKTe.

Luftera unmanned systems using experience in the mining industries
Samoylovskiy A.A., Soloshenko V.N., Pechenyuk V.S., Mitin D.E., Akimov A.A.
Luftera LLC, Moscow, Russia

Unmanned aircraft (UAVs) using in the mining industry can significantly speed up and simplify
the process of obtaining geospatial data, which in turn directly affects labor productivity.

Multiple increases in speed are achieved due to the smooth movement of the UAV over the
complex terrain of the underlying surface. Along with reducing the complexity of processes
performed traditionally, UAV creates safer working conditions. At the same time, the introduction
of UAVs in production processes does not lead to the exclusion of people from them, but
significantly improves their skills and contributes to the fundamental transformation of the
profession: if earlier work had to be performed using manual instrumental measurements, then with
UAVs a person became able to perform tasks ten times faster without being directly on the object.

The implemented Luftera LQ-4 UAVs for creating a digital copy of quarries show that their use
makes it possible to obtain digital surface models 6 times faster, while the detailed data obtained is
more reliable. The use of aerial laser scanning makes it possible to obtain terrain data especially
effectively in forested areas, as well as to work in conditions of lack of lighting at night or in
regions with short daylight hours. The introduction of the aecromagnetic survey with UAVs into
commercial operation allows speeding up the data collection stage several times, depending on the
complexity of the territory under study.

It is important to understand that the UAV is one of the components of a comprehensive solution
for mining companies, which includes training of personnel, preparation of regulatory
documentation, the legitimization of data in regulatory authorities, as well as analysis, storage and
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access to the obtained data based on the principle of building object lifecycle management (BLM).
A promising direction is the development of universal carriers and combined sensors that provide
comprehensive complex information about the target object.

JloOpoBosibHasi cepTUdUKALUS 0eCNUTOTHBIX ABUALMOHHBIX CHCTEM M (MJIM) UX 3JIEMEHTOB,
BKJIIOYAIOIMX OeCIMJIOTHBIC IPAXKAAHCKHE BO3IYIIHbIE CYAa ¢ MAKCHMAJILHOMN B3JIeTHOM
Maccoii 30 KHI0rpaMMOB H MeHee
Cauxos JI.C.

AO «ABuanpom», . Mocksa, Poccus

ITocTanoBKa MpOGIEMBI:

B coorBerctBuu ¢ ®3-60 «Bo3mymHbli KOAEKC», o0O0s3arenbHas cepTH(UKALMA He
pacmpocTpaHseTcss Ha OSCIMIOTHBIC ABUAITHOHHBIE CHCTEMBI U (HJIM) UX JJIEMEHTHI, BKIIOUAIOIINE
OeCUIOTHBIE TIpaXKIaHCKUE BO3IYLIHBIC CyJa ¢ MaKCHMAaJbHOH B3JeTHOH Maccoil menee 30
KHJIOTPaMMOB.

Ilo oueHKe aHANMTHKOB MOTEHLHUATIbHBIH 00BeM poccuiickoro peinka BBC k 2025 r. moxer
COCTaBUTH OKOJIO 2,5 MIIH. yCTPOKCTB.

bonee 90% BBC nmeroT MakcMabHyIO B3JIETHYIO Maccy 10 30 Kr.

®daxtuueckn oueHka coorBercTBUs BAC 3asBICHHBIM KpPUTEpUSIM B JaHHOH KaTeropuu
TIPOBOJUTCS HAa yCMOTpeHue paspaborunkos bBC.

bompmmacTBO  paszpaborunkoB BAC (BBC) we wumetor Jlunensuit Ha mnpaBo pa3pabGoTKH,
MIPOU3BOACTBA, HCIBITAHHSA M peMoHTa aBHanuoHHON TexHHKU ([ToctanoBnenue IIpaBuTenscrBa
P® 0128.03.2012 N 240), He HMEIOT JIETHO-HCIBITATENbHOW 0a3bl, CPEICTB H3MEpPEHHIA,
MOJITOTOBJICHHOTO M aTTECTOBAHHOTO NEPCOHAIA.

CyImecTByIOT PHCKH 0€30IIaCHOCTH IOJIETOB B CETPETMPOBAHHOM BO3YLIHOM IIPOCTPAHCTBE H,
TeM Ooree, B HECErPernPOBAHHOM BO3TYIITHOM HPOCTPAHCTBE.

Iyt pemenus:

C 1enpio CHIKEHHS SKCIUIyaTAal[MOHHBIX M CTPAXOBBIX PHCKOB 3aKa34MKOB, IPU3HAHMS JICTHOU
TOJHOCTH ¥ JIONyCKa Ha PHIHOK KOHKypeHTocrocoOHsx BAC, AO «ABmanpom» cosmaHa u 26
asrycra 2020 r. 3apeructpupoBana denepanbHbIM areHTCTBOM I10 TEXHUYECKOMY PETyIMPOBAHUIO
u wmerponorun (Poccranmapt) cuctema m00poBoibHO#  ceprudukaunn  «ABUAIIPOM»,
(peructparmonnsiii Ne POCC RU.32294.04AITPO).

Oomnactb gestensHOCTH CHCTEMEI - J0OPOBOJIbHAS CePTHGHUKAIS:

OCCIUIOTHBIX ABHALMOHHBIX CHUCTEM M (WJIHM) UX DJIEMEHTOB, BKJIIOYAIOIIMX OECIHIOTHbIC
rpaXkJIaHCKUE BO3JyNIHBIE Cyla C MaKCHMAaJbHOH B3JIETHOH Maccoi 30 KHMIorpaMMoB M MeHee
(manee no texcty — BAC (BBC).

Cucrema yCTaHaBIIMBACT:

* OpraHu3anuoHHY0 CTPYKTYpy CHUCTEMBI M (DYHKIMH Y4aCTHUKOB CHCTEMBI.

* O0BexTH cepTudukanuy B Cucreme.

* [punimne GyHKIMOHUPOBaHUST CHCTEMBL.

« [IpaBuiia npoBeneHus paboT MO JOOPOBOIEHOH CEPTH(HHUKALIIH.

* ITopsi ok ormIaTh! paboT IO JOOPOBOIILHOM CePTHU(UKAIHIN.

* [IpaBuia paccMOTpeHHs arneuIsui.

Takxke ycTaHAaBINBACT:

* tpeboBanms k BAC (BBC);

* OPSI0K IPUMEHEHUs] 3HaKa coOTBETCTBUA CUCTEMBI;

* IOpSZIOK  IPEJOCTABICHUS] IIONHOMOYMII B KAadecTBE OPraHOB II0 CepTU(UKANNU U
HCTIBITATENBHEIX JJabopaTopuil (IEHTPOB), IPOBOIAMIMUX paboTkl B CHCTEMe.

CocTaB y4aCTHHKOB CHCTEMBI JOOPOBOIBHOW CePTU(UKALIIH.

OpraHu3aioHHy0 cTpyKTypy CHCTeMBI, 00ECICUHBAIONIYIO0 €€ JIeTeNbHOCTh, 00pa3yloT ee
YYaCTHUKH:

* PykoBoasmuii opran — opranu3zauus, cosznasuiee Cucremy (AO «ABuanpomy»).

* Coser CucteMsl.

* Oprassl 110 cepTHHHUKAIUH.
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* cnbITaTenbHble 1a00paTOpUH.
* AnemsnuoHHast KOMHCCHSL.
* 3asBUTENN.

Voluntary certification of unmanned aircraft systems and (or) their elements, including
unmanned civil aircraft with a maximum take-off weight of 30 kilograms or less
Sachkov L.S.

JSC “AVIATION INDUSTRY”, Moscow, Russia

Problem statement:

1. In accordance with Federal law No. 60 "Air code", mandatory certification does not apply to
unmanned aircraft systems and (or) their elements, including unmanned civil aircraft with a
maximum take-off weight of less than 30 kilograms.

2. According to analysts, the potential volume of the Russian UAV market by 2025 may be about
2.5 million devices.

3. More than 90% of UAVs have a maximum take-off weight of up to 30 kg.

4. In Fact, the assessment of the UAS compliance with the declared criteria in this category is at
the discretion of the UAS developers.

5. Most developers of UAS (UAS) do not have Licenses for the right to develop, manufacture,
test and repair aircraft (Decree of the Government of the Russian Federation of 28.03.2012 N 240),
do not have a flight test base, measuring instruments, trained and certified personnel.

6. There Are safety risks in segregated airspace, and especially in non-segregated airspace.

Way of solution:

1. To reduce operational and insurance risks, customers, recognition of airworthiness and access
to the market of competitive BASS, JSC "Aviaprom" created and 26 August 2020 registered with
the Federal Agency for technical regulation and Metrology (Rosstandart), the system of voluntary
certification "aviation industry", (registration number ROSS RU.32294.04AIIPO).

2. The area of activity of System of voluntary certification:

unmanned aircraft systems and (or) their elements, including unmanned civil aircraft with a
maximum take-off weight of 30 kilograms or less (hereinafter referred to as UAS).

The system sets:

« The organizational structure of the System and the functions of the System participants.

« Certification objects in the System.

* Operating principles of the System.

* Rules for conducting work on voluntary certification.

» Payment procedure for voluntary certification works.

* Rules for consideration of appeals.

Also establishes:

* Requirements for UAS (UAS).

* Procedure for applying the system's compliance mark.

« The procedure for granting authority as certification bodies and testing laboratories (centers)
that conduct work in the System.

3. Membership of the voluntary certification system

The Organizational structure of the System that ensures its operation is formed by its
participants:

* The governing body — the organization that created the System (JSC " Aviapromy).

« System Advice.

« Certification body.

« Testing laboratory.

» Appeal commission.

* Applicants.
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I'ubpuanbiii BJIA ¢ aspocraTuyeckoii pa3rpy3Koii
Caunnn C.B.
MAMU, r. Mocksa, Poccus

T'ubpunnbiii JIA ¢ a’pocTaTHMYECKOM pPasrpy3Kod 3aHHUMAeT MECTO MEXAY JIeTaTeIbHbIMU
anmapaTaMH ¢ adpOCTaTHYECKOM (adpocTaThl) U TUHAMHYECKON (CaMOJIEThI) MOIBEMHOM CHiIoi. B
OTJIMYHE OT KJIACCHYECKOTo AUPHIKAOIS OHU UMEIOT nepeTshkenenue ue 5..10%, a 25..40% macchl.

Hcnonp3yst ONBIT NPOSKTUPOBAHUS, W3TOTOBJICHUS M OKCIUTyaTallud T'MOPHIHBIX a’pOCTAaTOB
Komubpu, yuacTHs B NPOEKTHPOBAHMS, W3TOTOBICHHHU, WCIBITAHUSIX H COHNPOBOXKACHHE B
9KCIUTyaTallin JUpIKabIiel, HaydHbIH 3az1el o npoekty CamosneTa ¢ a3pojMHaMUYECKH HECYIIIUM
KOpIycoM  OBUI ~ CO3[aH  JIEMOHCTPAaTOp  OECIMJIOTHOrO  IMEPCIeKTHBHOTO — TMOPHJHOTO
a’pPOCTaTHIECKOTO JIeTaTelIbHOIO anmapaTa. B Xome mpoBefeHus UcCieoBaTeIbCKUX HUCIIBITAHUH
OBLIM TONTBEP)KACHBI PACYCTHBIC XAPAKTEPUCTHKH: MHHHMAaJbHas CKOPOCTh TOPHU30HTAILHOTO
noera 18 kxm/4, MakcumanbHasi CKOponoabeMHOCTh 8.7...9 M/c mpu ckopoct Habopa 30 km/4,
Yroj HaKJIOHA TPAEKTOpUH Npu Habope BbICOTHI 28...31rp., MakcHMaibHas CKOPOCTh IOTEPU
BBICOTHI IPH TIaHMpoBaHuK 3...3.2 M/c mpu ckopoctr 20...25 KM/4, yroid HaKJIOHA TPAcKTOPUM
npu miannpoanuk 23...25 rp. Ilpu rasoBom oObeme 15M° MakcuManbHas B3IETHas Macca
cocTaBmiia 22 KT IIpU MOJIE3HOU HArpy3Ke 5 KT.

OcHoBHbIe npenMyniecTBa TrubpumHoro BJIA mo cpaBHEHHIO C CaMOJETHOH, BEPTOJNCTHON
TEXHHKOH — 3TO BO3MOXKHOCTb BBINOJHSATH JUTUTEIBHBIC, B TOM 4YHCIIe Oappa)kKUPYIOIIHE TIOJIETHl B
JMaTa3oHe MajbIX CKOpOCTell, MeHee 3aTpaTHas YHEePTeTHUeCKH (DYHKIUS BBIBEICHHS Ha PabodyIo
BBICOTY IIOJIE3HOH HArpys3KkH, YTO MO3BOJIIET BBHINOJIHATH C TOMOLIBIO DTHX AalIapaToB TaKHe
crienupuUecKue 3a1a4yu, Kak OOPTOBbIC I'PaBUMETPHYECKHE M3MEPEHHMS, IOABEM O0OPYHOBAHMS
UL TEIIEKOMMYHUKAIHOHHBIX HYKI, TOUHYIO a9PO(OTOCHEMKY.

ITo cpaBHEHHIO C KIACCHYECKHMH JUPYOKaOISIMH MMOPHAHBIA ammapaTel He TpeOyeT 3arpar Ha
CTPOWTENBCTBO U COAEPIKaHNE Ha3eMHOH MH(MpacTpykTypsl (Knaccnueckne NCHONB3YIOT CIOXKHbBIE
CHUCTeMBbl B31€Ta M NpUYATHBaHMsA, TPEOYIOT 3arpy3ku OallaCTOM Ha CTOSHKE), HMEIOT
CYIIECTBEHHO OOJBIIYIO TOJE3HYI0 Harpy3ka IpH OJMHAKOBOM 00BEME IIOABEMHOTO Tas3a,
MIUPOKMH JMana3oH 3arpy3KH, IO3BOJAET BBINOJNHATH IOJNET O€3 MOJIG3HOH HAarpy3ku W
3aMeIIaoIero ee 6amiacra, a Takke BBICOKYIO MAaHEBPEHHOCTb H MEHBIITYI0 METE03aBHCUMOCTb.

Hybrid UAYV with aerostatic unloading
Svinin S.V.
MALI Moscow, Russia

Hybrid AIRCRAFT with aerostatic unloading occupies a place between aircraft with aerostatic
(balloons) and dynamic (planes) lift. In contrast to the classic airship, they have a superheaviness of
not 5..10%, but 25..40% of the mass.

Using the experience of designing, manufacturing and operating hybrid balloons and airships, a
demonstrator of an unmanned promising hybrid aerostatic aircraft was created. During the research
trials were confirmed by the estimated characteristics: the minimum speed of horizontal flight at 18
km/h Maximum rate of climb 8.7...9 m/s with the speed set at 30 km/h, the flight-path angle during
climb 28...31rp., the maximum rate of height loss when planning 3...3.2 m/s at a speed of 20...25
km/h, the inclination angle of the trajectory when planning 23...and 25 grams. With a gas volume of
15m3, the maximum take-off weight was 22kg with a payload of 5 kg.

The main advantages of hybrid BLAH compared with airplane, helicopter equipment is the
ability to perform long, including patrolling flights in the range of low speeds, less expensive
energy function of removal on the working height of the payload that allows you to perform using
these devices such specific tasks as airborne gravimetric measurement, lifting equipment for
telecommunications needs, accurate aerial photography.

Compared with classic airships, hybrid vehicles do not require the cost of building and
maintaining ground infrastructure (Classic ones use complex take-off and mooring systems, require
loading with ballast in the Parking lot), have a significantly larger payload with the same amount of
lifting gas, a wide loading range, allows you to fly without a payload and replacing it with ballast,
as well as high maneuverability and less weather dependence.
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HexoTopble npoueaypHbie BONPOCHI NPOBeIeHUs JeTHBIX ucnbiTannii BAC
Cepebpsikos A.C.
MAM, r. Mocksa, Poccust

B nensx nposenenus cepTHOHUKAIMOHHBIX JICTHBIX UCIBITAHUH OCCITHIIOTHBIC BO3IYIIHBIE CyIa
(BBC) MoxHO KIaccu(uIMpoBaTh B 3aBUCHMOCTH MAaKCHMAJILHOTO B3JIETHOro Beca: 10 30 Kr, oT
30 o 495 xr, cBbIie 495 Kr.

HopmaruBHbIe TOKyMeHTBI He TpeOyroT obs3arenbHoi ceprudukauun BBC maccoit no 30 kr.
Takue ammapatsl cocTaBisIoT 85-90% 0T Bcex MPOU3BOAUMBIX. [lodb30BaTeny XOTAT UMETh
He3aBHCHMOE TOATBepik/ieHHe cooTBeTcTBUsI BBC TexHMueckuM ycnoBusM. Ero MoXHO mony4uTs
opraHax JoOpoBONBHOW cepThu(ukanyu. Hanpumep, B cucTeMe TOOPOBONBHOH CepTH(HKALIH
(CAC) «ABuanpom».

B cootBerctBum co crateeli 36 Bosmymsoro komekca PO BBC maccoit 6Gomee 30 xr
JIOIYCKAIOTCS K 9KCIUTyaTaluy npu Haananu CepTruKaTa JETHOH TOJHOCTH.

Bosgymmsie cyna mo 495 kr sBmsiorcs cBepxyerkumu. DezepaibHble aBHALMOHHBIC IPABHIA
(DAII) 4855 ompenensioT, 4TO MOJETHl CBEPXJIETKUX JieTaTenbHBIX ammaparoB (CJIA) B memsix
UCTIBITAaHUIl NPOBOASATCS B COOTBETCTBHH C PYKOBOACTBAMH IO IPOBEACHHIO JICTHO-TEXHHYECKOH
9KCIEePTU3bl eJUHHYHBIX JK3eMIUIIPOB BO3AYIIHBIX CyZoB. Takum o0pa3oM, MOXKHO ObLIO OBI
nmpoBoAuTh HcnbITaHusd B coorBercTBMM ¢ DAIT 118 IlonoxeHune o mopsjake JOMycka K
9KCIUTyaTalliM EIWHMAYHBIX OK3EMIULIPOB BO3IYLIHBIX CYyHOB AaBHAllMU OOLIEro Ha3HAYEHUS.
Opnako, PAIT 118 oTHOCHTCS K HHIOTHPYEMBIM BO3IYLIHBIM CylIaM, B HEM OTCYTCTBYIOT
TpeOOoBaHMUs K HA3eMHBIM CTaHLUAM ynpasiieHus u kaHanaMm cBssu BAC. Ceprudukamus BBC kak
EDBC npoBoauTcs B HacTos1ee BpeMs 110 OTJEIbHBIM peleHusM PocaBuanuu.

B Hacrosiee BpeMsi OTCYTCTBYIOT HOpMBI JieTHOHM rofHocti BBC. AIIl-21 roBopsT, 4To B ciiydae
OTCYTCTBUSI HOPM JICTHOH TOJHOCTH Ha pa3pabOTaHHEIN amapar, 3asBUTENb 00s3aH pa3paboTaTh
KPUTEPUH HOPMBI JICTHOW TOJHOCTH ammaparta. CrenuanbHble TEXHHYECKHEe YCIOBHS IS
HPOBE/ICHHS CePTU(HKAMOHHBIX PabOT PEKOMEHIOBAHO pa3pabaThiBaTh HA OCHOBE HOPMAaTHBHBIX
nokymeHtos JARUS.

W3 npuBeseHHOTO BHINIE CIIEAYeT, YTO HeOOXOIUMMO CpOoYHO BHecTH nomoiHeHus B OAII 118 B
yactu TpeboBaHusM K BAC u yTBepAUTh HOPMBI JICTHOM FOAHOCTH.

Ckopeiiliee ycTpaHeHHE 3aKOHOJATENILHBIX MPOOETOB B yacTu perynmupoBanus BAC okaxer
MOJJIEP>KKY PA3BUTHIO JaHHOU OTpaciu 3KOHOMUKH B Poccuiickoii denepaunu.

SOME PROCEDURAL ISSUES IN PERFORMING UAV FLIGHT TESTS
Serebryakov A.S.
MALI, Moscow, Russia

For the purposes of certification flight tests, unmanned aerial vehicles (UAVs) can be classified
according to their maximum take-off weight: up to 30 kg, from 30 to 495 kg, over 495 kg.

Regulatory documents do not require mandatory certification of UAV weighing up to 30 kg.
Such devices make up 85-90% of all manufactured devices. Users want to have independent
confirmation that the UAV meets the specifications. It can be obtained from voluntary certification
bodies. For example, in the Aviaprom voluntary certification system.

In accordance with article 36 of the Air Code of the Russian Federation, UAVs weighing more
than 30 kg are allowed for operation with a Certificate of Airworthiness.

Aircraft up to 495 kg are ultralight. Federal Aviation Regulations (FAR) 4855 determine that
flights of ultralight aircraft (ULA) for testing purposes are conducted in accordance with the
guidelines for conducting flight technical examination of single aircraft. Thus, it would be possible
to carry out tests in accordance with FAP 118 Regulations on the procedure for admitting single
copies of general aviation aircraft to operation. However, FAR 118 refers to manned aircraft, there
are no requirements for ground control stations and UAS communication channels. UAVs
certification assingle copies of general aviation aircraft is currently being carried out under separate
decisions of the Federal Air Transport Agency.

Currently, there are no airworthiness standards for UAVs. AP-21 say that in the absence of
airworthiness standards for the developed device, the applicant must develop criteria for the

97



airworthiness standards of the device. It is recommended to develop special technical conditions for
carrying out certification works based on JARUS normative documents.

From the above it follows that it is urgent to make additions to FAP 118 in terms of the
requirements for UAS and to approve airworthiness standards.

The speedy elimination of legislative gaps in terms of UAS regulation will support the
development of this sector of the economy in the Russian Federation.

DyHKIUOHAJIBHOE MOJIeJHPOBAHNE 0TKA30B
CumauxoB A.1O.
T'K «Poctex», . MockBa, Poccus

B 1947 r. BO3HMKJIA JMCLMIUIMHA, KOTOpas OblIa Npu3BaHa oOecnedyuTh Oe3011acHOCTb,
KnaccuumpoBate W yHuUIUpoBaTh OTKa3bl. Tak poamnack ABITKO (Anamu3 BHIOB U
nocieactsue  kpurhmyHoctw  OtkazoB) MIL-STD-1629A FMEA. AwmOapHble  KHHTH
Pa3IMHOBBHIBAIICH U 3AIIOJHSUINCH JTyYIIMMH KCIIepTaMu. B TO BpeMs KOIMYECTBO KOMIIOHEHTOB
HE TpeBbImaio Teicsun. Uto nenath tenepb, korna 350 u 450 ThICSY KOMIOHEHTOB 3TO PEANIUH,
CIIO)KHOCTh CHCTEM M IIOJCHCTEM BO3pOCJIa MHOTOKpaTHO. IIOSBMIHMCH HOBBIC OTPACIH, HOBBIC
TIOHSTHS, HOBBIE TpeOoBaHus. CKOPOCTH CTaJIX BBIIIE KaK CAMOJICTOB, TAK M BPEMEHH.

3aBTpa OyAeT TOJBKO CIOXHEW, CIIPAaBUMCS JM Mbl, 3an0yHss "amOapHbie" KHUTU? pa3bepemcs
JH B OTPOMHBEIX 4YepTexax JlepeBbeB OTKa30B? He MOIMYCTHM JIM OMIMOKM B CIOXXHEHIIEM
CIUIETEHUH CHCTEM, KOorjia y Hac 6oyut 3y0 mim ronosa? Bompocos 6onbie, yem otBetoB. Ho ecin
UX He 331aBaTh, TO HUYETO He OymeT.

A 4TO ecii cO31aTh MOJENIb CaMOoJIETa, KOMIIOHEHTHI KOTOPOTo 3HAIH ObI KTO OHU? UTOObI 3HAIN
KakuMH "00JIe3HIMH" OHH MOTYT OOJIETh M KaKhe MOCIEICTBUS dTHX OOJie3Hel NOBIHSIOT Ha BeCh
CaMoJIeT MM €r0 KPUTUYHBIE Y37Ibl, OT KOTOPBIX 3aBHCHUT XKHU3Hb JIIOIEH?

C OecnmtotHHKaMu eno obcrout emé kpyde. Heooxomumo 3ameHuTs Becero Xomo CarmeHc B
POJIH TIMJIOTA, CO BCEMH €r0 YyBCTBAMH M NPUHSATHEM pEIIeHUH. 3HaYHUT, He0OXOAUMO HaliTH Bce
BO3MOXKHBIE OTKa3bl M CO3JaTh TAKOH aIrOPUTM, KOTOPBIH ObI MO3BOIMI OBl MTHOBEHHO, Kak
cucteMa ABS B aBTOMOOWMIIE, pearnpoBaity ObI OBICTpee YeloBeKa.

B cBoeM nokinaje, s IocTaparoch paccka3aTb BaMm HEYTO HOBOE, 9TO MOXKET BaM NPUTOIUTECS B
npoecCHOHATBEHOR JKU3HH, O0JErYuT e€, COXPaHUT BaM HEPBBI, 30POBbE, OTIYCK H 3I0POBBIi
COH.

Benp He Tak BakKHO CKOJBKO y TeOs mperpaj Bhepend. Eciu TeI 3Haemlb UX, THI CMOXKEIIb
pa3paboTaTh IUIaH 10 UX MnpeojoieHuto. HeuspectHocTh — camoe crpamnoe (MMXO)

besomacocts BAC. Copemennsie TexHonorud 110 MADe m03BOISIOT aBTOMaTH3HPOBATh
pacuers! KIT BHKT BAC B coorBerctBuu ¢ I'OCT P 56079/80/81-2014 n ¢ MexmyHapOIHBIMH
cranmapramu ARP 4761A u ARP4754B B pamkax meromonornu MBSA, Model Based Safety
Assessment. Ha ennnoii ¢pyrkimonansHoi Moxenu n3nenust KIT BHKT peanusyroT HH>KeHEpHL: 1O
pa3paboTKe, 110 HaISKHOCTH, 10 KOHTPOJIEIIPUTOJHOCTH, 10 TEXHHIECKOMY 0OCITY’)KHBaHHUIO.

Modeling functional failures
Simdikov A.Y.
Rostec, Moscow, Russia

In 1947, a discipline arose that was designed to ensure safety, classify and unify failures. So
MIL-STD- 1629A FMEA was born. Barn books were distinguished and filled by the best experts.
At that time, the number of components did not exceed a thousand. What to do now when 350 and
450 thousand components are realities, the complexity of systems and subsystems has increased
many folds. There are new industries, new concepts, new requirements. Time has become faster as
well as aircraft speed and our lives.

Tomorrow will be lot harder, are we gonna cope with filling out "barn" books? will we
comprehend the huge Fault Trees drawings? Can we not make mistakes in the most complex plexus
of systems incase of tooth ache or head ache? questions more than answers. But if they are not
raised, then nothing will happen.
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What if we created a model of an airplane whose components would know who they are? So that
they will know what "diseases" they can poses and what consequences of these diseases may affect
the entire plane or its critical components on which people's lives depend?

Drones are even cooler. It is necessary to replace entire Homo Sapiens as a pilot, with all his
feelings and decision-making abiity. So, it is necessary to find all possible failures and create an
algorithm that would allow instantly, like the ABS system in a car, to react faster than a human.

In my report, I will try to demo to you something new that can be useful to you in your
professional life, make it easier, save your nerves, health, vacation and healthy sleep.

It doesn't matter how many obstacles ahead of you. If you know them, you can come up with a
plan to overcome them. Unknown is the worst (IMHO)

UAV safety. Modern technologies such as MADe allow us calculate automatically FMECA as
well as well as FTA (Fault Tree Analysis) according to Standards 56079/80/81-2014 together with
international ARP 4761A and ARP4754B within MBSA methodology (Model Based Safety
Assessment). Based on common functional model of a product engineers do require: development,
reliability, controllability and maintenance.

BecnuioTHble cpelcTBa THAPOMETEOPOJIOrHYecKHX HA0II0AeHHiT
!Curankos H.M., *Huxonaes A.B., 'Topemuk A.T., *Uekynaes 1.1.
'OI'BY «1AO», 2000 «AT-JIUPT», r. Joaronpyauslii, Poccus
SMTYCH, r. Mockaa, Poccust

IIpencraBneHs! pe3ynbTaTsl paboOT MO Pa3pabOTKEe METOJOB U CPEACTB THAPOMETEOPOIOTHIECKUX
HabroneHui Ha 6a3e GECIMIIOTHBIX JleTaTeNbHbIX anmnapatoB (BI1JIA), BHIMOTHEHHBIX aBTOPaMH B
paMKax pa3IM4HbIX MpoeKkToB. OOCYkKITaeTcss BOIPOCH HCIIOIb30BaHNs OSCIMIOTHBIX JIETATEIbHbIX
anmapatoB (BIIJIA) nns mpoBemeHHs THAPOMETEOPOIOTHYECKUX HaOmoaeHuid. PaccMoTpeHs
NEpPCHEKTHBBI H NPEeUMyIllecTBa Hcnonb3oBanus BITJIA ms pemenns pa3nuuHbIX 3a/1a4, TAKUX Kak
METEOPOJIOTHYECKOe 00EeCIeueHHE MOJIETOB aBHALIMOHHOW M KOCMHYECKOH TEXHUKH, U3MEpeHHe
MIPOCTPAaHCTBEHHBIX DACIpeeNe il mapaMeTpoB aTMocepsl M ee Ta3oBOro U a’dpo30I5HOTO
COCTaBa, MOHHUTOPHMHI OKpYKaiolied cpexsl M Japyrux. IlpencrtaBieHs! o0pasubl OOpTOBOM
anmapatypsl Ul HM3MEPEHHs] METEOPOJIOTHYECKHX IapaMeTpoB aTrMoc(epbl M HEKOTOPBIX
COCTaBILIIOIINX Ta30BOTO H a’pPO30JILHOTO COCTaBa, PE3yNbTAaThl Ta0OPATOPHBIX M MONEBBIX
UCTIBITAHUI, a TAaKXKe Pe3yNbTaThl M3MEPEHWH MPOCTPAHCTBEHHBIX PACIPEICICHUH MapaMeTpoB
aTMocdepsl ¥ KOHIICHTPAIMK Ta30BbIX npumMeceii ¢ 6opra BIIJIA. Ormedeno, uto Ha 6aze BITJIA
Pa3IMYHBIX TUIIOB MOTYT OBITh CO3JAaHBI KaK CICIHMATM3UPOBAHHBIC CPEACTBA, HANPABICHHBIC HA
pelieHne OIHOM 3alauy, TaK W MHOTOLENCBHIC, HMEIONIME CMEHHBIE OOPTOBBIC AaIIapaTHO-
IporpaMMHbIe KOMIUICKCHI, KOTOpble ycraHaBimBaioTcsi Ha Oopt BITJIA B 3aBucHMMOCTH OT
pemraeMoil 3amaun. OmpeneneH Kpyr 3afad, KOTOPbIE MOTYT OBITh PEIMICHBI C HCIIONb30BaHHEM
BIUUIA. K TakuM 3ajadaM OTHOCSTCS OINpEAEIEHHE TEPMOJMHAMHUYECKOTO COCTOSHUS
TIOrPaHUYHOTO CJIOSI aTMOC(EepBl, MOHUTOPHHT 3arps3HEHHH B pailoHaX 4pe3BBIYAWHBIX CHTYyaIHi,
0oOHapy’KEHHE ONACHBIX IIOTOAHBIX SBICHUI U MHOrHe Apyrue. OTME4eHO, YTO ¢ UCHONIb30BaHHEM
BITJIA MOXHO 3HAYMTENBHO PACIIMPUTH KPyr atMoc(epHbIX uccienoBannid. Cpencrsa Ha Oase
BITJIA criocoGHBI TPOU3BOIMTE U3MEPEHHs, PaHEe JIOCTYITHBIE TOJIBKO CaMoJIeTaM-1ab0paTopHsM,
Torga kak croumocts BITJIA, Takoke, Kak M CTOMMOCTb HX JKCILTyaTallMd HA HECKOJIBKO IIOPSIKOB
HIKE CTOMMOCTH CaMOJIETOB-1a00paTOPH.

UAY based facilities of hidrometeorological observations
ISitnikov N.M., *Nikolaev A.V., 'Gorelik A.G., >’Chekulaev LI.
'FSBI “CAO”, AT-LIRT Ltd., Dolgoprudny, Russia
SMTUCI, Moscow, Russia
The results of the work on the development of methods and tools for hydrometeorological
observations based on unmanned aerial vehicles (UAVs), performed by the authors in various
projects, are presented. The use of unmanned aerial vehicles (UAVs) for hydrometeorological
observations is discussed. The prospects and advantages of using UAVs for solving various tasks,
such as meteorological support for flights of aviation and space technology, measurement of spatial
distributions of atmospheric parameters and its gas and aerosol composition, environmental

99



monitoring, and others are considered. Samples of onboard equipment for measuring
meteorological parameters of the atmosphere and some components of the gas and aerosol
composition, results of laboratory and field tests, as well as results of measurements of spatial
distributions of atmospheric parameters and concentrations of gas impurities from the UAV are
presented. It is noted that on the basis of various types of UAVs, both specialized tools aimed at
solving a single task can be created, and multi-purpose ones with replaceable on-Board hardware
and software complexes that are installed on Board the UAV depending on the task being solved.
The range of tasks that can be solved using UAVs is defined. These tasks include determining the
thermodynamic state of the atmospheric boundary layer, monitoring pollution in emergency areas,
detecting dangerous weather events, and many others. It is noted that using UAVs can significantly
expand the range of atmospheric research. UAV-based facilities are capable of making
measurements previously available only to laboratory aircraft, while the cost of UAVs, as well as
the cost of their operation, is several orders of magnitude lower than the cost of laboratory aircraft.

K Bompocy 0 noBeIIIeHNH YCTOWYHBOCTH M YNPABJISEMOCTH CAMOJICTOB HETPAANIIMOHHBIX
cXeM IpH JBUKEHHH 10 3eMJIe
Cwmarun A.A., oaros O.C.
MAMU, r. Mocksa, Poccust

Crnennduka COBPEMEHHOTO HCIIOIB30BAHMS OOEBOH aBMAIMM JMKTYeT HEOOXOIMMOCTh
ynosierBopeHnst JIA cremuduueckiM W TIPOTHBOPEYMBEIM TpeOOBAaHUSM, B YAaCTHOCTH,
KaCaOIIMXCsl Maloil 3aMETHOCTH M BBICOKHX a’POAMHAMHYECKHX XapaKTEPHCTHK. DTOT (hakT
obycnaBiBaeT nosBieHne JIA HeCTaHIAPTHBIX CXeM, TAaKMX Kak JIeTarollee Kpbuio. BHemmwmit
OONMMK M KOMIIOHOBKA 3THX CaMOJETOB HAIlENEHBI, B TEPBYIO OdYepelb, Ha MAaKCHMAJlbHO
a¢dexTuBHOE pemeHne 0OeBBIX 3a7ad, MOOOYHBIM (P(PEKTOM HUero SBISETCS OTCTYIUICHHE OT
KJTACCHYECKHX OOIIENPHHATEIX TEOMETPUYECKHMX I1apaMeTpOB B3JIETHO-TIOCA/I0YHBIX YCTPOHCTB.
OJIHO# M3 KITIOYEBBIX OCOOCHHOCTEH TEOMETPUH IIIACCH JICTAOIIEr0 KPblIa C yMEPEHHBIMH yIITaMU
CTPETIOBUIHOCTH SBJISCTCS HECTAHAAPTHOE COOTHOLICHHE 0a3bl U KOJICH, YTO BKYIIE C HEKOTOPBIMU
KOMITOHOBOYHBIMH OCOOEHHOCTSIMH CYIIECTBEHHO YXY/MIAeT XapaKTEPUCTHKH YCTOWYHBOCTH H
YIPaBISAEMOCTH IIPH JIBWKEHUH TI0 3eMIIE.

B pabote npeuiokeH noaxo/l K peleHuto npodieM yCTOHUYMBOCTH U YIIPABIIEMOCTH CaMOJIETOB
adPOAMHAMMYECKOH CXEMBI (JIETAloIee KpPbUIO» C TOYKH 3PEHHs [BWKEHUS 110 3eMile,
3aKITIOYAOIIMIICS B 0OBEANHEHUHI CHCTEM IAcCH B aBTOMATH3MPOBAHHBIN MHTETPabHEIN KOHTYP
ynpaBnenusi. [IpoBesieH aHaiu3 OCOOCHHOCTEH IBIDKEHHsS IO 3€MIC, YKa3aHbl HEJOCTATKU U
TPaHMIBI IPHMEHEHHs] NMEIONIUXCS CIIoco60B yrpapiaeHns. ONucaHo NMOCTPOSHNE JTMHAMUYECKON
MOJIEITH CaMoJIeTa ISl IIPOBEACHNUS BUPTYaIbHBIX HCIIBITAHUI allTOPUTMOB YIIPABIICHUSL.

CrenaH BbIBOJ O NPAKTUYECKUX MPEHMYIIECTBAX, KOTOPbIC OKMIACTCS MOIY4UTh B PE3yNbTaTe
BHEJIPEHNs HHTETPAJbHOr0 KOHTYPa yIPABJICHHS CHCTEMAaMH IIACCH.

Kirouesble croBa: accy, yCTOHIMBOCT M YIIPABIAEMOCTD, JIETAIONIEE KPhIIO, aBTOMATH3AIN,
HHTErpabHbII KOHTYp YIpaBICHUS

On the issue of increasing the stability and controllability of aircraft of non-traditional
schemes when moving on the ground
Smagin A.A., Dolgov O.S.
MALI Moscow, Russia

The specifics of the modern use of combat aviation dictate the need to meet aircraft specific and
contradictory requirements, in particular, concerning low visibility and high aerodynamic
characteristics. This fact leads to the emergence of aircrafts of non-standard aerodynamic circuits,
such as the flying wing.The appearance and layout of these aircraft are aimed, first, at the most
effective solution of combat tasks, a side effect of which is a deviation from the classic
conventional geometric parameters of the landing gear.

The research proposes an approach to solving the problems of stability and controllability of
aircraft of the aerodynamic scheme "flying wing" in terms of movement on the ground, which
consists in combining landing gear systems into an automatic integrated control contour. The
analysis of peculiarities of movement on the ground is carried out, disadvantages and limits of
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application of available control methods are specified. Development of a dynamic aircraft model
for virtual testing of control algorithms is described.

The conclusion is made about practical advantages that are expected to be obtained as a result of
the introduction of the integrated control contour of landing gear systems.One of the key features of
the chassis geometry of a flying wing with moderate angles of sweep is the non-standard base ratio
b and ruts B: in this case, the base exceeds the track or is almost equal to it. The lack of a long
fuselage and, even more significantly, the small shoulder of the controls on the pitch, which can
lead to a lack of their control moment to create a runway attack angle, eliminates the possibility of
layout of the main landing gear at a great distance from the center of the masses of such CG.

CucTeMa aBTOMATH3HPOBAHHOIO IPOEKTHPOBAHMUSA MY/ILTHPOTOPHBIX JIeTATeIbHBIX
annaparoB ¢ 3J1eKTPHYecKoii cninoBoii ycranoBkoii UAV Cale
CochoB O.P., Macnos C.A., KynpusinoB C.A., I'maaxux A.O., TaBuukuii B.A.
MAMU, r. Mocksa, Poccust

BecniunoTHble  neTaTenbHBIC  ammapaTtsl  THOA  MyAbTHKONTED — OJHA M3 CaMBIX
pacnpocTpaHEHHbBIX €INHHUI BO3TYITHOH OECIIMIOTHOH TEXHUKU B Majol aBuaruu. LlIupokuii kpyr
BBITIONHAEMBIX MMM 3aJad W OTHOCHTEIbHAs MPOCTOTA IIPOIEcca IOCTPOMKM 3THX ammapaToB
HAJI©XKHO 3apPEKOMEHIOBAIH ce0s Cpefy HHKCHEpOB. B CBsI3U ¢ 0TCYTCTBUE B CBOOOIHOM JOCTYIIE
CHCTEM aBTOMATH3alMH IIporecca INpoeKTHpoBaHus MynbTHpoTopHbIX JIA B CKB 602 O6blia
cosnana CAIIP, mo3Bosistomas:

 C BBICOKO#T TOYHOCTBIO ITpoekTHpoBaTh BITJIA nox 3agaHHyO MOJE3HYI0 Harpy3Ky, CTApTOBYIO
Maccy, BpeMs U JalbHOCTb 110JI€Ta, CTOUMOCTh KOMILIEKTYIOLIHX.

* AHanM3MpOBaTh PAllMOHATBEHOCTh KOHHTypaLiH.

* PaccunThIBaTh JICTHO-TEXHHYECKUE XapakTeprucTHKU BITJIA 1o 3a1aHHBIM XapaKTePUCTUKAM.

Cucrema aBTOMaTH3MPOBAHHOTO IIPOEKTHPOBAHHUS COCTOUT H3:

« ba3 nanHHBIX XapakTepucTUK Takux arperatoB BITJIA, xak Bo3aymIHbIil BUHT, O€CKOJUIEKTOPHBIH
JIBHTaTeNb, PETyIATOPHl XOAa, AKKyMyJSITOpHas OaTapes, BJIE€MEHTHI CHJIOBOH KOHCTPYKLHH,
LeseBas Harpys3ka u T.1.

* BBICOKOTOYHBIX YHUKAJIBHBIX aJITOPUTMOB TIPOEKTHPOBAHHSI.

* Nntepdeiica monp3oBarens.

Jns  cObopa MeXaHMYeCKHX  XapaKTEPUCTHK — arperaToB  HCIIONB3YeTCs  CHEIMAbHBIH
MCTIBITATENBHBIA BUHTOBOH IPHOOD, MO3BOJIAIOMMNN H3MEPATh:

» Tsary BUAHTOMOTOPHO# rpynmnsl B Anana3oHe ot 10 rpamm 10 25 kuiaorpamm.

» Hampspxenne akkyMysiTopHo# 6atapen 10 100 BoJbT.

» Cuuty Toka B eru o 200 amriep.

* Yucio 060poTOB BO3AYIIHOTO BUHTA.

» Temnepatypy arperatoB BITJIA Ha Bcex aTanax UCIBITaHUSL.

B nanHBIE MOMEHT BefyTcs pabOTEI 1Mo co3aHuio Web — BepcHu NPUIIOKEHHUS, MOJEPHU3AINH
aJITOPUTMOB, PACHIUPEHHIO 0a3 TaHHBIX.

CAD system for multicopters with an electric propulsion system UAV Calc
Sosnov O.R., Maslov S.A., Kupriyanov S.A., Gladkikh A.O., Tavitskiy V.A.
MAI, Moscow, Russia

Unmanned aerial vehicles of the multicopter type are one of the most common units of aerial
unmanned vehicles in small aircraft. The wide range of tasks they perform and the relative
simplicity of the process of building these devices have reliably established themselves among
engineers. Due to the lack of free access to automation systems for the design of multi-rotor aircraft
in SDD 602, the CAD system was created that allows:

* To design UAVs with high precision for a given payload, launch weight, flight time and range,
cost of components.

* Analyze the rationality of the configuration.

« Calculate the flight performance of the UAV according to the specified characteristics.

The computer-aided design system consists of:
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« Database of characteristics of such UAV units as propeller, brushless motor, speed controllers,
battery, power structure elements, target load, etc.

* High-precision unique design algorithms.

» User interface.

To collect the mechanical characteristics of the units, a special test screw device is used to
measure:

* The thrust of the propeller group in the range from 10 grams to 25 kilograms

* Voltage of the storage battery up to 100 volts.

« Circuit current up to 200 amperes.

* The number of turns of the propeller.

* The temperature of the UAV units at all stages of the test.

At the moment, work is underway to create a web-version of the application, modernize
algorithms, expand databases.

IosxapoTymenue BLICOTHBIX 31aHHIi ¢ HCII0JIb30BAHHEM TMCTAHIHOHHO YIPABJISEMOro
reKcakonrTepa
Crouxwuii E.A.
AO «HIIB Munb u Kamosy, . Tomununo, Poccust

B Hacrosimee Bpemst Bce OOJIBIIE CTPOUTCS BBICOTHBIX 3/IaHH M BO3HUKAET BOIPOC MOXKAPHON
6e3omacHocTi. COBpeMEHHBIE CPEJICTBA CIIEI. CITy)XO He MOTYT 00€CIeuHTh TyHICHHE Ha BBICOTE
Boime 90 M. /[lng pemeHuss 5Toil mpoOiembl IMpeAiaraeTcs HCHOJNIb30BaTh TI'eKCAKONTEp C
YCTaHOBJICHHOH T'PAaHATOMETHOH YCTAHOBKOW KOTOPBIH OyJIeT MOJHMUMAThCS HAa HEOOXOIUMYIO
BBICOTY OTCTPEIIMBATh MOIH(MHUIIMPOBAHHON IPAHATOM, IIPOOMBAs OTBEPCTHE B CTEKIIE TPOU3BOAUT
TyILIEHHE M0XKapa.

Jlns oneHKH TMpOOUTHS TPHUILIEKCHOTO CTEKJIa TpaHaToH, BeImymieHHoH u3 PIII, 6b11 mpoBenén
Pacu€T BBICOKOCKOPOCTHOTO B3aUMOJEHCTBHS TBEPABIX TeNl. M3 KOTOPOro MoaydeHsl 3aBUCHMOCTH
TONIIUHBl CKBO3HOTO IMPOOMUTHS OT CKOPOCTH B3aMMOJCHUCTBHSA [UIsI Pa3IHYHBIX MaTEpHAIIOB,
3aBUCHUMOCTh JMAaMETpa OTBEPCTHs OT TOJNIIMHEI NAKeTa TPHIUIEKCHOIO CTEKJa, 3aBUCHMOCTB
3anperpajHoil  CKOPOCTH yJapHUMKAa OT TONIIMHBI CTEKJIa TIIPH Pa3IMYHBIX CKOPOCTAX
B3aUMOJICHCTBHS.

Jlns BeI6Opa cxeMbl ucmonb3yercs popmyna BenbHepa r1e, H3MeHAsS IUaMeTp ¥ MEXaHHYECKYFO
MOILHOCTh MOKHO TIOJY4YHTh IOJAHMMaeMmyio maccy. Ilpu oumenodHoii macce ammaparta 140 kr
BBIYMCIIEHA ONTHMAJbHAs CXeMa ¢ 6 BAHTOMOTOPHBIMH TPYIIIaMU.

Ipon3ssenén moxbop BIUHTA FEKCOKONTEPA C 3a[JaHHBIX XapaKTepHCTHKaxX Jpurarens. Tsara paBHa
Becy ammapara, KodGQuuueHT moaMeHoi cwmisl npuHAT paBHEIM 0,85 ot Cy mMakcumyM. Bribop
BUHTa MPOU3BOJMJICS M3 YCIOBHS HAHMEHBIIEIO HCIONb30BAHHMSA CHJIBI TOKA YTO IIO3BOJIUT
MIPOBECTH B BO3yXe HanOOINbIIee BPeMsI IIPH OJMHAKOBOM aKKyMYJIATOPE.

beum 3ammcaHbl ypaBHeHHsI X cHiI=0 OTHOCHTENBHO OCH X H Yy, a Takke X MoMeHToB=(0. B
pe3yabTaTe Mbl NMOTYYUIH IOTPeOHbIE TATH Ha MEpEeHUX 3aJHUX U CPEIHHUX ABHIaTeNX, a TakxKe
NOTPEOHBIC YTIIBI aTaKH TEKCAKONTPea ISl OCYIIECTBICHUS er0 OaTaHCHPOBKH.

IMomydena moTpeOHast TAra II0 FOPH3OHTAIBHOH CKOPOCTU IIOJNETa, 3aBHCHMOCTH I0JIaBAaCMBIX
HANpPSDKEHUH 10 CKOPOCTH T10JIeTa, U MOTPEOHBIX MOIIHOCTEH, 1 cuibl Toka. [lo morpebHoi cuie
TOKa MBI MOXEM DPAacCUMTATh BpEMsi, KOTOPOE CMOXEM MpPOBECTH B BO3AyXe. MakcHMasbHas
CKOPOCTS II0JIETa OrpaHIYeHa HANPsHKCHHEM, KOTOPOe MOXKHO IT0IaBaTh Ha dIIEKTPOIBUIATENb

IMoctpoena yka3aTelIbHULIA CKOPOCTEll OKa3bIBaIoIas 3aBHCHMOCTh BEPTUKAIBLHOH CKOPOCTH OT
TOPH30HTATGHOM CKOPOCTH IIOJeTa Ha pas3HBIX BbIcOTaX. [lomydeHa  MaxcHMalbHas
TOPHU30HTANBHAS CKOPOCTh I 3arPy’KEHHOTO TeKCaKONTepa OKOJIO 156 KM/4 M MaKcHMallbHas
BEpPTHKaJIbHBIE CKOPOCTh 17 M/c.

ITocTpoeHa 3aBHCHMOCTh TaHTa)ka II0 TOPHU3OHTAIBHOH CKOPOCTH, OIpEAeNeH HpeaenbHBIH
JMAIa30H LEHTPOBOK, IpadHK CKOPOMOABEMHOCTH ammapaTa Ha pa3iHYHbIX BhICOTaXx. OT Kynaa
6bl1a mocTpoeHa OaporpamMma B3j€Ta, U3 KOTOPOH MOXKHO OIpPEJeNTh Ha KaKylo BBICOTY 3a KaKoe
BpeMsi IOJIHUMATBCS TEKCAKOITED.
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Firefighting of high-rise buildings using a remote-controlled hexacopter
Stotsky E.A.
National Helicopter Center Mil&Kamov, Tomilino, Russia

To extinguish high-rise buildings, it is proposed to use a hexacopter with an installed grenade
launcher, which will rise to the required height and shoot with a modified grenade, punching a hole
in the glass, extinguishing the fire.

To assess the penetration of triplex glass by a grenade fired from an RPG, a high-speed
interaction of solids was calculated. From which the dependences of the through-penetration
thickness on the interaction rate for various materials, the dependence of the hole diameter on the
thickness of the laminated glass stack, and the dependence of the striker's behind-the-bar velocity
on the glass thickness at different interaction speeds were obtained

To select the scheme, the Welner formula is used where, by changing the diameter and
mechanical power, the lifted mass can be obtained. With an estimated mass of the apparatus of
140kg, the optimal scheme with 6 propeller groups was calculated

The selection of the propeller of the hexocopter with the given engine characteristics has been
made. The thrust is equal to the weight of the apparatus, the coefficient of force change is taken
equal to 0.85 of the maximum of Cy. The choice of the propeller was made from the condition of
the least use of the current strength, which will allow you to spend the longest time in the air with
the same battery

The equations X forces=0 relative to the x and y axes, as well as £ moments=0 were written. As a
result, we got the required thrust on the front rear and middle engines, as well as the required angles
of attack for the hexacoptrea to balance it

The required thrust for the horizontal flight speed, the dependence of the supplied voltages on the
flight speed, and the required powers and current strength were obtained. Based on the required
current strength, we can calculate the time that we can spend in the air. Maximum flight speed is
limited by the voltage that can be applied to the electric motor

A speed indicator was built showing the dependence of the vertical speed on the horizontal flight
speed at different heights. The maximum horizontal speed for the loaded hexacopter is about
156km/h and the maximum vertical speed is 17m/s

The dependence of the pitch on the horizontal speed is built, the limiting range of alignments, the
graph of the rate of climb of the vehicle at different heights are determined. From where the take-
off barogram was built, from which it is possible to determine to what height for what time the
hexacopter should rise

Kommueke “/Iluarnoct-M” Ha 6a3e BIIJIA MyJIbTUPOTOPHOTrO THIA
Cypxkos [I.A., Eropos A.A., Kypuc 2./1.
MAMN, r. Mocksa, Poccust

IIpuBeneHbl OCHOBHBIC IIOJOXKEHHSI IO KOMIUIEKCY «/lmarHocT-M», IpenaHa3HadyeHHOro Ul
KOHTPOJISL yPOBHS U3Iy4eHHUs: 000PYI0BAHUS COTOBON CBS3H.

KimoueBble cioBa: OECHIIIOTHBIM JIeTaTeNbHBIH ammapar, IUIOTHOCTh IIOTOKA OSHEPTHH
JJIEKTPOMArHUTHOTO II0JIS, aHTEHHO-MAUTOBOE COOPYKEHHE.

Kommieke «/{uarnoct-M» mpeacTaBisieT coboit GecnuinoTHbIil neratenpHbiid anmapat (BILJIA)
MYJIBTHPOTOPHOTO THIA C IIECTHI0O MOTOpPaMH (TeKCaKONTEp), OCHAIICHHBIH: CHCTEMOH
CBEPXTOYHOIl OpPUEHTAIUH JUIS ONPEJEICHUs] MECTONOJIIOKEHUSI BO BpeMs IIOJIeTa; M3MEpUTeNieM
IVIOTHOCTH ~ TOTOKA  SHEPTHM  SNEKTPOMarHUTHOro  moiai W (QoTokamepoid  Ha
THPOCTAOMIN3HPOBAHHOM IIOABECE C BO3MOXHOCTBIO 30 KpaTHOTO ONTHYECKOTO YBEIMYCHUS.
Kommiekc mpenHasHaueH s oOCIEHOBaHMS AHTEHHO-MAdTOBBIX coopyxkeHuid (AMC) c
U3IIy4aonM 000pYI0BaHUEM COTOBOH CBSI3M, a TAKXKE Il M3MEPEHUS yPOBHS IUIOTHOCTH IIOTOKA
sHepruu dMekrpomarautHoro nods (II1D DIT) B 30He AeicTBHS COOTBETCTBYIOINX aHTeHH AMC.

OTIMYUTENBHOI OCOOGHHOCTHIO KOMIUIEKCA SBIISIETCS BO3MOXHOCTH m3MepsATh IIIID OII nHa
BBICOTE YCTAHOBKH aHTEHHBI, a TAKXKe 00CJIEI0BATh COCTOSHUE 000PYIOBAHNUS, YCTAHOBJICHHOTO Ha
AMC oGnarozmapst 30-KpaTHOMY ONTHYECKOMY YBEIHYEHHIO (oTOKamepbl. Takke OCOOEHHOCTBHIO
KOMIIIEKCA SIBJISIETCS HaJW4die CIIEeNUaIM3HMpPOBAHHOIO MHKpomponeccopa Ha Oopty BILIA, ¢
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MOMOILBI0  KOTOPOrO BO3MOXKHA ~peajM3alisi pa3iM4HbIX aJrOPUTMOB aBTOMATHYECKOTO
ynpasienust BITIJIA u KoHTpos COOTBETCTBYIOIIMX MTApaMETPOB.

PaGoTtocnocobHOCTE KOMIUTeKca «J/lnarHocT-M» OblIla TOATBEpXKACHA B XOJAE JICTHBIX
HCIBITAHUH.

Complex "Diagnost-M" based on a multi-rotor UAV
Surkov D.A., Egorov A.A., Kuris E.D.
MALI, Moscow, Russia

The main provisions on the "Diagnost-M" complex intended for monitoring the radiation level of
cellular communication equipment are given.

Key words: unmanned aerial vehicle, electromagnetic field energy flux density, antenna-mast
structure.

Complex "Diagnost-M" is a multi-rotor unmanned aerial vehicle (UAV) with six motors
(hexacopter), equipped with: an ultra-precise orientation system for determining the location during
the flight; a meter of the energy flux density of the electromagnetic field and a camera on a gyro-
stabilized suspension with the possibility of 30 times optical magnification. The complex is
intended for inspection of antenna-mast structures (AMS) with radiating equipment of cellular
communication, as well as for measuring the level of the energy flux density of the electromagnetic
field (EFD of the EMF) in the coverage area of the corresponding AMS antennas.

A distinctive feature of the complex is the ability to measure the EFD of the EMF at the height of
the antenna installation, as well as to inspect the condition of the equipment installed on the AMS
due to the 30x optical zoom of the camera. Also, a feature of the complex is the specialized
microprocessor on board the UAV, with the help of which it is possible to implement various
algorithms for automatic control of the UAV and control of the corresponding parameters.

The performance of the "Diagnost-M" complex was confirmed during flight tests.

BecnuioTHble aBHALMOHHBIE cHCTeMbl M osumnuaga HTHU
Cypxos JI.A., Yiako A.H.
MAMW, r. MockBa, Poccust

IlpuBesieHBl OCHOBHBIE MOJIOKEHUSI 10 TpPeKy «becnmioTHBIE aBHAIIMOHHBIC CHCTEMBDY
onmumnuaasl HTU, oprannzaTtopoM KOTOPOH YK€ HECKOJIBKO JIET oA sBiseTcs MAU.

KiroueBble ci10Ba: OECIMIOTHBIH JieTaTeNbHbIN anmapar, omuMnuaza HTU, cumynstop nonera

MOCKOBCKHII aBHAIIMOHHBI HHCTHTYT (HALMOHAJBHBIA HCCIIEOBATENBCKUIl YHHBEPCHTET) yKe
HECKOJIBKO JIeT HOAPSAA SBIISIETCS OpraHU3aTOpoM Tpeka «becluIoTHbIe aBHALIMOHHBIE CHCTEMBD)
BCEPOCCHHCKON OJIMMIUAbI IIKOIEHUKOB — Ommummnuansl KpyskkoBoro nsikenns HarpoHanbsHOMH
TexHonorndeckoi nHuuatussl (HTU).

Omumnuana HTU Britouaer B ce0st 6onee 30 HampaBieHUH (TPEKOB) U MPOXOIUT B HECKOJIBKO
9TanoB. IlepBrle 1Ba Tama IPOBOAITCS B yIaJeHHOM (opMmaTe, CHadayla PEIIaloTcs MpeMEeTHbIe
3a/1a4y 110 BEIOPaHHOMY HaIPaBICHHUIO, a 3aTEeM YJaCTHUKH ITEPEXO/T K PEIICHHIO 3a1ad 110 POJISIM
1 K KOMaH/HbIM 3aa4aM. DUHaI MPOXOAUT B OUHOM (hopMaTe Ha IUIOIIAKE OPTraHU3aTOPa, B XO/IE
KOTOpOro pe0siTa HECKONbKO JHEH pemraloT OCHOBHYIO 3aJady, HaleleHHYI0 Ha MPAaKTHKY
Oynymero. B xome ¢unana pebsita paboTaroT ¢ ManorabapUTHBIM OCCHHMIOTHBIM JICTATEIbHBIM
anmapatoM (BIIJIA) camoseTHoro Tuma, pa3pabaThIBalOT CUCTEMY aBTOMAaTHYECKOTO YIPABICHUS,
MIPOBOJAT MOJENUPOBAHUE MOJIeTa M OTPabOTKYy COOCTBEHHBIX alTOPUTMOB YIIPaBICHUS Ha
CHEIUAIN3UPOBAaHHOM cuMysiTope monera BITJIA camonernoro tumna. Taxxke ydacTHHKH (uHaIA
paboTaroT ¢ pa3IMYHBIMH JaTiukaMu M opraHamu ynpasienust BITJIA camonerHoro tuma. Jlns
MIPOBEPKH COOCTBEHHBIX PEIICHUH U CO3JAHHBIX alTOPUTMOB YIIPABJICHUS, a TAKXKE AT IPOBEPKH
MIPaBUILHOCTH PELICHUS] OCHOBHOI 3a/1autl, ydacTHUKH onumnuagsl HTU Bble3karoT Ha HECKOIBKO
nHei Ha ydeOHO-aBHAUMOHHYIO 06asy MAW, rme mpoBomsarcst nerHsle ucmbiTanus BIIJIA
CaMOJIETHOTO THUIIA U TIPOBEPSIETCs PEIICHUe KaX/0H 13 yIaCTBYIOIINX KOMaH].

Omumnuaga HTU nomoraer BBIABUTH TalaHTIUBEIX PeOSAT, a TakKe IOMOraeT MM HabpaTh
JomnosHUTeNbHbIe 6amisl K EI'D 1 JaeT BO3MOXKHOCTB MOOEAUTENIAM U NpPH3EpaM MOCTynath Oe3
BCTYIMTEJIbHBIX UCIIBITAHUH B JI000M BY3 CTpaHBbI.
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Unmanned aircraft systems and the NTI Contest
Surkov D.A., Ushakov A.N.
MAI Moscow, Russia

The main provisions on the discipline "Unmanned aircraft systems" of the NTI Contest, which
has been organized by MALI for several years in a row, are given.

Keywords: unmanned aerial vehicle, NTI Contest, flight simulator

For several years in a row, the Moscow Aviation Institute (National Research University) has
been the organizer of the discipline "Unmanned Aviation Systems" of the All-Russian Olympiad
for schoolchildren - the Olympiad of the Kruzhok Association of the National Technological
Initiative (NTI Contest).

The NTI Contest includes more than 30 disciplines and takes place in several stages. The first
two stages are carried out in a remote format, first, subject tasks are solved in the chosen discipline,
and then the schoolchildren move on to solving tasks by role and to team tasks. The final is held in
full-time format at the organizer's site, during which the schoolchildren solve the main problem for
several days, aimed at the practice of the future. During the finals, the participants work with a
small-sized unmanned aerial vehicle (UAV) of an aircraft type, develop an automatic control
system, conduct flight simulation and test their own control algorithms on a specialized aircraft-
type UAV flight simulator. Also, in the finals the participants work with various sensors and
controls for an aircraft-type UAV. To check their own solutions and created control algorithms, as
well as to check the correctness of the solution to the main problem, the participants of the NTI
Contest go for several days to the MAI training and aviation base, where flight tests of an aircraft-
type UAV are carried out and the solution of each of the participating teams is checked.

The NTI Contest helps to identify talented children, as well as helps them to gain additional
points for the Unified State Exam and gives the winners and prize-winners the opportunity to enter
any university in the country without entrance tests.

IpnmeHenne 6eCNMIOTHBIX BO3AYIIHBIX CYA0B /sl IPOBEACHUS JIa3ePHOT0 CKAHNPOBAHUS H
nudposoii a3podorocsemku cucremoii AI'M-MC3 111 Hesieid BbINOJIHEHHS HHKEHEPHO-
reoJe3M4ecKuX H3bICKAHHH H KOMILIEKCHBIX KaJaCTPOBBIX padoT
Tapapun A.M., *Bpycuno B.A., *Xuspues X.T.

'MUUT AuK, r. Mockaa, Poccus
2000 «AT'M Cuctemsi», . Kpacnonap, Poccus
3000 «JlarectanKanactpChemkay, r. [Jarectan, Poccus

TexXHONOrMM BO3IYIIHOTO JIA3EPHOTO CKAaHMUPOBAHHS 3apEKOMEH0BaA ceOs Kak 3(P(HEeKTUBHBINA
HHCTPYMEHT JUIsl IPOU3BOJICTBA HH)KEHEPHO-TE0IE3UUECKUX U3BICKAHUH MPOTSKEHHBIX JIMHEHHBIX
00BEKTOB H TPYJHOIOCTYIHBIX TEPPUTOPHIA.

PasBuTHE cHCTeM BO3YIIHOIO JIA3€PHOrO CKAaHMPOBAHUs H B IIEPBYIO OYEpPEIb YMEHBIIEHHE HX
pPa3sMeEpOB U Beca JaJio BO3MOKHOCTb MX HCIIONB30BAHMsS C OECHMJIOTHBIX BO3YIIHBIX CY/OB, YTO
3HAYUTENBHO pacmupsieT chepy HX NMPUMEHEHHUs, B TOM YHCIIC JUIS BBINONHEHHS UHXEHEPHO-
Te0JIe3NUECKUX N3BICKAHNH Ha IUTOMAJHBIX 00BEKTaX M KOMIUIEKCHBIX KaJaCTPOBBIX PadoT.

B nanHoO# paboTe paccMaTpMBaeTCs OINBIT NPUMEHEHUS OECIMIIOTHBIX BO3MYIIHBIX CYIOB
T'eockan 401, DJI Matrix 600 Pro, Luftera LQS5, Supercam S350, Ilrepo, UJACS mns uneneit
TIPOBE/ICHHs JTa3€PHOTO CKaHMpPOBaHWS M 1UQpoBOi aspodoTockemkn cucremoir AI'M-MC3
npoussozctBa OO0 «AI'M Cucremsl». Bec nazepHoro ckanepa AI'M-MC3 cocrasnser ot 1,25 kr
(B 3aBHCHUMOCTH OT MOJEJHM HCHOJNB3yEMOro Ja3epa), NMpU 3TOM OH OOECICYMBAET YaCTOTY
ckaHupoBanus 10 600 kI'11 1 TOUHOCTH ONpeaeneHnss KOOpAUHAT 3-5 CM.

1 centa6ps 2020 roxa Texuonornn AI'M ObUH TIPOAEMOHCTPHPOBAHBI PEMbEP-MUHUCTPY PD
M.B. MuuryctuHy, KOTOpbId nanm mnopydeHue PocpeecTpy mnpopaboTaTe BONPOCH BHEAPEHHUS
TEXHOJIOTHI JIa3epHOr0 CKaHMpOBaHHWA Ul Lened kagactpa. B mHacrosmee Bpems OOO
«JlarecranKamactpCbeMKka»  IPOBOJAMTCS  SKCHEPHMEHT MO INPUMEHEHHIO  OECITHIOTHBIX
BO3IYLIHBIX CyJOB UL IPOBEJCHHS JIA3epPHOTO CKAHMPOBaHUA M IHU(POBOI a’podoToChEMKH
cucremoir ATM-MC3 st neneil BBINOJHEHHS] KOMIUIEKCHBIX KaJIaCTPOBBIX PaboT B peciyOIMKu
Jarectan. OQQPeKTUBHOCTh TPUMEHEHUs (POTOTPAMMETPHYECKOTO METOJa JUISl BBINOIHEHHUS
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KOMIUIEKCHBIX KaJacTPOBBIX pabOT yxke Hauula cBoe noarsepxxaeHue [1, 2]. B xoxe nposeneHus
9KCHEPHMEHTa ISl ONpPEICICHHUS KOOPAMHAT OOBEKTOB HEIBIKMMOCTH HCIIOJNB3YeTcsi 00IaKo
TOYEK, YTO YBEIMYMBACT CKOPOCTh KaMEpallbHBIX paboT M obecrednBacT TPeOyeMyl0 TOYHOCTh
pon3BoJICTBA PaboT — 10 CM C CYIIECTBEHHBIM 3aI1aCOM.

JIuteparypa:

1. AmbseB A.A., 3yeB H.A., Ko63esa E.A. TexHomoruueckue 0OCOOEHHOCTH
(oTOrpaMMEeTpHYECKOro METOoJa B KOMILUIGKCHBIX KaJacTpoBbIx paborax // Ilpunoxenume k
KypHany M3Bectust By30B. ['eonesus u aspodorocbemka. COOPHUK CTaTei MO MTOraM Hay4HO-
TexHu4ecKoi koHpepenuun. 2018. Ne 9. C. 181-183.

2. Tapapun A.M. AKTyaJIbHBIC BOIIPOCHI ONpEIeeHNs] KOOPANHAT XapaKTePHBIX TOYEK TPaHMIl
3eMENbHBIX YUYaCTKOB (pOTOrpaMMETPUYECKUM MeTOI0M // I3BeCTHs BRICHIMX Y4EOHBIX 3aBEICHHM.
T'eonmesus u aspodorochemka. 2019. Ne 2. C. 217-225.

Application of unmanned aircraft for laser scanning and digital aerial photography by the
AGM-MS3 system for the purpose of performing engineering and geodetic surveys and
complex cadastral works
'Tararin A.M., *Brusilo V.A., *Hizriev K.G.

'MIIGAiK, Moscow, Russia
2AGM Systems, Krasnodar, Russia
’DagestanCadastralSurvey, Dagestan, Russia

Air laser scanning technologies have proven to be an effective tool for engineering and geodetic
surveys of long linear objects and hard-to-reach territories.

The development of air laser scanning systems and, first of all, the reduction of their size and
weight made it possible to use them from unmanned aircraft, which significantly expands the scope
of their application, including for performing engineering and geodetic surveys on area objects and
complex cadastral works.

This paper discusses the experience of using unmanned aircraft GEOSCAN 401, DJI Matrix 600
Pro, Luftera LQS5, Supercam S350, Ptero, IDSS5 for laser scanning and digital aerial photography by
the AGM-MS3 system produced by AGM Systems LLC. The weight of the AGM-MS3 laser
scanner is from 1.25 kg (depending on the model of the laser used), while it provides a scanning
frequency of up to 600 kHz and an accuracy of determining coordinates of 3-5 cm.

On September 1, 2020, AGM technologies were demonstrated to the Prime Minister of the
Russian Federation Mikhail Mishustin, who instructed Rosreestr to work out the implementation of
laser scanning technologies for cadastre purposes. Currently, Dagestankadastrsemka LLC is
conducting an experiment on the use of unmanned aircraft for laser scanning and digital aerial
photography by the AGM-MS3 system for the purpose of performing complex cadastral works in
the Republic of Dagestan. The effectiveness of using the photogrammetric method for performing
complex cadastral works has already been confirmed [1, 2]. during the experiment, a point cloud is
used to determine the coordinates of real estate objects, which increases the speed of Desk work
and provides the required accuracy of work - 10 cm with a significant margin.

References:

1. Alyabyev A. A., Zuev N. A., Kobzeva E. A. technological features of the photogrammetric
method in complex cadastral works // Appendix to the journal Izvestiya vuzov. Geodesy and aerial
photography. Collection of articles on the results of the scientific and technical conference. 2018.
no. 9. P. 181-183.

2. Tararin A.M. topical issues of determining the coordinates of characteristic points of land
boundaries by photogrammetric method // News of higher educational institutions. Geodesy and
aerial photography. 2019. No. 2. P. 217-225.
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MartemaTH4ecKoe MO/Ie THPOBaHHe 0eCHI0THOIO JeTATeJbHOI0 ANNapaTa ¢ MaJIopa3MepHoii
THOPHIHON CHIIOBOIi YCTAHOBKOM
Tesukos C.E., BopoBukos JI.A.
MAM, r. Mocksa, Poccust

ABHANMOHHBIE Ta30TypOMHHbBIE IBHIATEIH C KaXIbIM TOAOM BCe OMIDKe MOAXOIAT K CBOEMY
KOHCTPYKIIMOHHOMY M Te€XHOJIOrn4deckomy npeneiny. Janpneiimee passurue I'T/I Oyaer crpoutsbes
Ha MOJICPHHM3ALlMM U CO3JaHUM KOMOMHMPOBAHHBIX cxeM jpurareneid. OmHOW M3 TaKHX CXeM
SIBIACTCST THUOpHIHAS CHJIOBAas YCTAaHOBKA, IZ€ B KadecTBe BTOPOrO HCTOYHHMKA OJHEPTHU
UCHOJB3yeTCsl EKTPoMOTOp. B jaHHON paboTe OIEHMBAIOTCA TNPEUMYIIECTBA U yjAElbHbIE
TIapaMeTphbl MaJIopa3MEPHBIX THOPH/IHBIX CHIIOBBIX YCTaHOBOK B cucTeme BITTA.

B Simcenter Amesim Obula OArOTOBIICHHAs MOJETb TMOPUIHOIM CHIIOBOH YCTAaHOBKH Ha 0Oaze
manopasmepHoro I'T/ Pegasus xommanumn AMT Netherlands. s GecrmioTHOro jeTaTelbHOTO
anmapara 3ajJaBajuck KO3(QQHUIMEHT a3pOANHAMHYECKOTO CONPOTUBICHHA U KO3((HUIMEHT
nogbeMHON cuiabl Cx m Cy or umcna Maxa momera M yrila aTakd, a TaKkKe €ro MacCOBBIC
XapaKTEePUCTHKH.

HccnenoBanock BIMSHUE MOAKPYTKH POTOpA 3IEKTPOABHTaTeIeM Ha MapaMeTphl JBUTATENs Ha
KpeficepcKOM ydacTKe TIIoJleTa, IpU OTOM Ul COXpaHeHHs OalaHca MOIIHOCTeH 0e3
HEOOXOAMMOCTH ~ CHIDKEHHs TEMIepaTypbl Ta3a PpErylupoBalloch KPHTHYECKOE CEUeHHe
PEaKTHBHOTO COILIA.

B pesympTaTe pacdyeToB MONyYalOTCsl MHTETpajbHbICe M YyIAElbHbIC IapaMeTpbl ABHUTATeNs H
neratenbHoro anmapata. [IpoBoanTCs cpaBHEHHME pacxoja TOIUIMBA, NAJIBHOCTH II0JIETa, BBICOTHI
ToJIeTa U TATH OeCHIIIOTHOrO JieTaTenbHoro anmnapata ¢ I'T/ u ¢ TuOpyuIHOI CHIIOBOI yCTaHOBKOM
P Pa3IHYHBIX MOIIHOCTSX 3JIEKTPOMOTOPA.

Mathematical modeling of an unmanned aerial vehicle with a small-sized hybrid propulsion
Tezikov S.E., Borovikov D.A.
MALI, Moscow, Russia

Aircraft gas turbine engines are approaching their design and technological limits every year.
Further development of the GTE should be based on the modernization and creation of a new
engine types. One such scheme is a hybrid power plant, where an electric motor is used as a second
source of energy. This paper evaluates the advantages and specific parameters of small hybrid
power plants in the UAV system.

The mathematical model based on the Pegasus gas turbine engine made by AMT Netherlands is
prepared with a Simcenter Amesim software. For an unmanned aerial vehicle, the coefficient of
aerodynamic drag and the coefficient of lift Cx and Cy as a functions of flight Mach number and
angle of attack and aircraft weight parameters are used.

The influence of the electric motor additional power supply on the engine shaft during cruise
flight is investigated. During the additional power supply the jet nozzle critical area is regulated to
maintain the balance of power without reduction of the gas temperature.

As a result of calculations, integral and specific parameters of the engine and aircraft are
obtained. A fuel consumption, flight range, flight altitude and thrust of an unmanned aerial vehicle
with a gas turbine engine and with a hybrid power plant at various electric motor powers
comparison is made.

IIpumeHenue pa3BeabiBaTeILHO-yAapHBIX rpynn (poes) BIIJIA B ycioBusx
PaAM031eKTPOHHOIO NOAABJICHHS
Tpedunos I1.M., Mamuenko M.B.
UITY PAH, r. Mocksa, Poccust
OpHO# U3 MepCHEeKTHBHBIX KOHLEMIMI BeAeHUs OOEBBIX NEHCTBUIl CUMTACTCS HCIOIb30BAHUE
TeTePOreHHBIX IPYIITHPOBOK POOOTOB Ha Ioje 00sl, MPEeIIoIaralonyuX NpUMEHeHHe TPyl (PoeB)
OeCUIOTHBIX JeTaTeNbHEIX ammnapartoB (BIIJIA) s pemreHust 3azad MIMPOKOTO CHEKTpa 3ajad.
IlepcniexkTuBHas pa3BesbiBaTeNbHO-y1apHas rpymnmna BITJIA Gyzxer umers cienyomuil cocras:
* Y iapHsle anmnapaThl ¢ Pa3IMIHBIMA BUAAMHU 00€BOiT HArpy3KkH (aBHALMOHHbBIE OOMOBI, paKeTHOE
U CTPEJIKOBOE BOOPYXKEHHE U Ip.).
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* BIUIA pa3Benku (mpeAHa3Ha4YeHbI s PELICHHS 3a7ad 110 OOHAPYKEHHIO, HACHTH(OHKALUN U
HaBEJCHUS CPEICTB OTHEBOro IopaxxeHHs (B ToM umcne ymapHbix BIIJIA) Ha nenb, BeneHUS
BO3JLYIITHOM pa3Be/KN, a TaKxKe cOOpa CBEACHHUS O COCTOSHUH aTMOC(HEPBI U IIOTOJHBIX YCIOBHIA).

» Jleraromue Gappaxupyromye 6oenpunacs! (IpeAHa3HAYEHb! 111 YHUUTOXXCHHS TOYCUHBIX HIIN
TUTOIIATHBIX LIENIeH).

* BIUJIA cBs3u.

KoHCTpyKIMsT JIPOHOB JOJDKHA OBITh YHHBEPCAIbHOH M MOJYIBHOH, C BO3MOMKHOCTBIO
ONepaTHBHO M3MEHUTh BUJ 00OEBOW HArpy3KH CHIlaMu pacyera u3 1-2 BoeHHocHmyxamux. Kopmyc
BIUTA nomxeH NPOM3BOAMTECS 0€3 HCIOIB30BAHMS CIOXKHBIX TEXHOJIOTHYECKHX IIPOIECCOB,
CTOMMOCTB MOJOOHOTO JAPOHA JIOJKHA OBITh MHHUMAJIEHON M3-3a OOJBIIOI BEPOATHOCTH OTHEBOTO
nopakeHus Ha nozne 0os1. OnepaTuBHOE H3MeHeHUE (HYHKIHOHAIBLHOIO HA3HAYCHHS APOHA JOIDKHO
obecreunBaThes 3a CYET MOJYJIBHOW apXUTEKTYpBl OOPTOBOIT aBHOHNKH M CTaHAAPTH3UPOBAHHBIX,
OBICTPO MOHTHPYEMBIX/JIEMOHTUPYEMBIX OJIOKOB TIONE3HOW Harpy3ku. BeImonHeHne TaHHBIX
YCJIOBUI TO3BOJMUT OCYLIECTBIATH onepatuBHbli peMoHT BIIJIA u BocmomHeHue mnoTeps
TPYIIIUPOBKY B MOJIEBBIX YCIOBUAX B KpaTyailne CPOKH.

Kpome Toro, B cocTaBe Ipymmbl LeIecoo0pa3HoO HCmoib3oBaTth oxuH BIUIA 1t BIABICHMS
¢dynkronupyomux cpeacts POB/POII npoTuBHYUKa M Tepefadn JaHHBIX Juaepy (rpymnme) ajs
MIPUHSTHS PELICHNs 110 N3MEHEHNH TIOJIETHOTO 3a1aHUs.

Takum o6pa3om, ynapHo-pasBenpiBatenbHble Tpymmsl (pon) BIUJIA sBusiorcs omHMM W3
KIIIOYEBBIX DJIEMEHTOB IPYNIHPOBOK BOHCK (CHJI) B YCIOBHAX COBPEMEHHBIX M HEPCIEKTUBHBIX
CrocobOB M METOZIOB BeeHHs OOEBBIX JelcTBHHA. B mepcrekthBe cMelIaHHBIE yIapHO-
pa3BenbiBatenbHble Tpynmbsl (pon) BITJIA Oynyr crmocoOHBI BHIIONHATH (B TOM YHCIE B
aBTOHOMHOM pEXHME) IIHPOKHN CIeKTp OO0eBBIX H pa3BeAbIBaTeNbHBIX 3adad. Kpome Toro,
rpymmsl (poif) OyzmeT crnocoOHa OTCNEeXHBaTh (DAKT NMPUMEHEHMS] NPOTHBHUKOM CBOWX CPEICTB
POB/POII n onepaTHBHO pearnpoBaTh s 00eCTiedeH s BEITIOTHEHNS ITOCTABICHHON 3a/[a4u.

The use of the strike and reconnaissance groups (swarms) of the UAVS in the conditions of
electronic warfare/jamming
Trefilov P.M., Mamchenko V.A.
ICS RAS, Moscow, Russia

The use of heterogeneous robotic groups on the battlefield is a promising concept of warfare, and
it implies the use of the groups (swarms) of the UAVs for a wide range of tasks. An advance
reconnaissance and strike group (swarm) of the UAVs will be as follows:

* Attack vehicles with different types of combat loads (aerial bombs, missiles, small arms
weapon systems, etc.)

* Reconnaissance and aerial survey drones (designed to detect, identify, and acquire the targets,
conduct aerial reconnaissance, and collect information on the atmosphere and the weather
conditions);

» UAV-based loitering air munition (designed to destroy point or area targets).

» Communication UAVs.

The drones’ design should be universal and modular, with the possibility of rapidly changing the
type of combat load (payload) by a crew of 1-2 persons. UAV’s hull should be produced using a
simple technological process; the cost of such a drone should be minimal due to the probability of
its destruction on the battlefield. The rapid change in the functionality of the drone should be
achieved through use of the modular avionics architecture, and standardized, rapidly
installed/dismantled payload units. This will allow for the rapid repair of drones and the recover
losses within a group (swarm) in the field as soon as possible.

In addition, it is advisable to use one drone in the group (swarm) to identify the use of the
enemy’s electronic warfare/jamming assets and transmit data to the leader UAV (or the whole
group/swarm) to rapidly change the flight mission and avoid the jamming areas.

Thus, the use of attack and reconnaissance groups (swarms) of the UAVs is one of the key
elements in modern and promising warfare. In the future, mixed strike and reconnaissance teams
(swarms) of drones will be capable of performing a wide range of combat and reconnaissance tasks
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(including in the autonomous mode). In addition, groups (swarms) of the UAVs will be able to
detect the use of the adversary’s electronic warfare/jamming assets, and respond quickly to
accomplish the mission.

Hcnoabs3oanne cumystopa nojiera BIIJIA B kayecTBe TpeHaskepa oneparopa BIIJIA
VYnesuoB JI.B., Eropo A.A., Bacunses [1.C.
MAM, r. Mocksa, Poccust

Cdepa npumeHeHHs: GeCIMIOTHBIX JeratenbHbX anmapatoB (BITJIA) mmpoko pasBuBaercst B
HAcTOsIIIIee BPeMs, B CBSI3U C UeM Ha PBIHKE TPy/a BO3HHKAeT HOBasl BOCTpeOoBaHHas Ipodeccus —
oneparop BIUIA. ns kBamudukamuu oneparopoB BIUVIA HeoOxoauma mporpamma oOydeHUs,
BKJIFOYaoIas B ce0s TEOPETHYECKYI0 M INPAKTHYECKylo 4dacTb. [IpakThyeckas 4acTb 0OydeHHs
IpexycMaTpUBaeT pealbHble Yachl moieTa. J{ins MHHUMHU3AIMU PUCKOB aBapHUHBIX CUTYyalHil,
KOTOpbIe MOTYT BO3HHKHYTh IIPH pEalbHOM Ionere, Tpebyercss pa3paboTaTh CIEIHalbHOE
nmporpaMMHoe obecriedeHne — cuMmyisitop nonera BIIIA. CumynsaTop MHO3BOJMT MPOBOAUTH
Ha3eMHYIO OTpa0OTKY MPOrpaMMbl O0YUEHHUS ¢ KBATU(GHUIIUPOBAHHBIM HHCTPYKTOPOM.

B Ortpmene apromaTH3amuu dKcriepuMeHTOB HHCTHTYTa Ne3 (MAW) mpoBomsiTest pa3paboTku
MPOrpaMMHOr0 00ecTieYeHH s1, a TaKXKe HCCICIOBaHNs BO3BMOXKHOCTH 00y4eHus oneparopos BITJIA
IIPU HOMOIIY CHMYILITOpPA MOJIeTa.

Pa3paborannsiii Ha 6aze 3D mmatdopmsr Unreal Engine 4 cuMynstop monera IO3BONSET B
peabHOM BPEMEHH BH3YaIU3MPOBATh PE3yJIbTaThl MOJEINPOBAHNUS TIPU NCIIOIb30BAHUH BHELTHETO
OoproBoro o6opynoBaHus. CHUMyISATOp TNONAEPKHMBAET OOMEH HH(OPMALUMK MO HPOTOKOIY
MAVLink n TectupoBajics ¢ TaKMMHU IOJETHBIMH KOHTpoiuiepamu kak Motek F765-Wing,
ArduPilot uepe3 untepdeiic UART. B ¢dynkunonan cumynsropa Bxoaut cucrema UDP Server-
Client, uepe3 KOTOPYIO MOXKHO BH3YaJIU3HPOBATh PE3yIbTaThl MATEMAaTHUECKOIO MOJCIMPOBAHNU,
UCHIOJIB3Ysl CTOPOHHEE TIPUIIOKEHHE, HalpHMep, cpely nporpammuposanus — Matlab. Cumyinstop
MOXXHO HCIIOJNB30BaTh B KadecTBe IIaropMmbl i oOydenust omepartopos BIIIA. OGyuenue
MPOXOAUT IO THIY: YYEHHK — HHCTPYKTOp, HPH 5TOM HHCTPYKTOp MOXET HaOIoJaTh 3a
JIeHCTBUSMHA yUeHHKa, a TAKXKe KOPPEKTHPOBATh TTOJIETHOE 3aJ1aHNE B PEaTbHOM BPEMEHH.

The use of UAV flight simulator as a UAV operator training
Ulyanov D.V., Egorov A.A., Vasiliev D.S.
MALI, Moscow, Russia

The sphere of application of unmanned aerial vehicles (UAVs) is widely developing at the
present time, in connection with which a new demanded profession appears on the labor market -
the UAV operator. To qualify UAV operators, a training program is required, including theoretical
and practical parts. The practical part of the training includes real flight hours. To minimize the
risks of emergency situations that may arise during a real flight, it is required to develop special
software — a UAV flight simulator. The simulator will allow you to conduct training on the ground
with a qualified instructor.

In the Department of Automation of Experiments of Institute No. 3 (MAI), software is being
developed, as well as studies of the possibility of training UAV operators using a flight simulator.

The flight simulator developed on the basis of the 3D platform Unreal Engine 4 allows real-time
visualization of simulation results using external on-board equipment. The simulator supports the
exchange of information via the MAVLink protocol and has been tested with such flight controllers
as Motek F765-Wing, ArduPilot via the UART interface. The functionality of the simulator
includes the UDP Server-Client system, through which the results of mathematical modeling can be
visualized using a third-party application, for example, the Matlab programming environment. The
simulator can be used as a platform for training UAV operators. Training is carried out according to
the type: student-instructor, while the instructor can observe the actions of the student, as well as
correct the flight task in real time.
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KoHuenT 6ecnuI0THOrO J1€TATEJbHOI0 ANNAPATA BEPTUKAJIBLHOIO B3JIeTa U HOCATKH €
HCI0/Ib30BaHHEM 23POAMHAMHYECKOI CXeMbl «yTKa»
®etucos U.B., Exos A.Jl., Bonkosoit A.B., Tpudonos 11.B.
MAMU, r. Mocksa, Poccust

Iupokoe pazHoOOpa3ue cxeM OECHMIOTHBIX JieTaTeabHbIX amnmaparoB (BIIJIA) B coBpeMeHHOM
MHUpE NPOAUKTOBAHO, MPEXJIE BCErO, UX IIEJIEBBIM Ha3HaueHHeM. Pa3spaboraHHas aBTopamu cxema
BIITA 1o3BosisieT COpMEHTHPOBATh JIETATEIbHbIN annapaT Ha B3JETe M MOCaJKe B BEPTHUKAILHOM
TIOJIOXKEHNH.

OcHOBHasi WJesl 3aKJIIOYaeTCss B HCIONB30BAHUM AdPOJMHAMHYECKOH CXEMBI «yTKay, IIpH
KOTOpPOH y JIETaTeNbHOr0 alapara TOPU30HTAIBHOE ONEPEHNE PACIOIOKEHO BIIEPEAN OCHOBHOTO
kpbuta. BITJIA  Takoif a’poaMHaMHUYECKOH CXeMbl codeTaeT B cebe psAa  NperMYIIEecTB
MYJIBTHKONTEpa M KIACCHYECKOH CaMOJETHOH CXeMbl, HalpHMep, I[O3BOJSIET OCYIIECTBIATH
BO3MOXKHOCTb BEPTHKAJIBHOTO B3JIETA M MOCAJKU C HEMOArOTOBJICHHON IUIONIAIKHA MaJIoro pa3Mepa
U 00mazaer GonblIed MPOSODKUTENFHOCTBIO HMOIETa IO CPABHEHHUIO C MYJIBTUKONTEPOM HPH TEX
JKe JHeprosarparax.

BITUTA BepTHKAIFHOrO B3JIETa M MOCAIKH C UCHOJIB30BAHHEM adPOJHHAMHICCKON CXEMBI «YTKa»
OCHAIIIEH JIBYMs CHJIOBBIMHM YCTAaHOBKAMHM Ha JJIEKTPUYECKOH TAre, CyMMapHOW TAroi nopsaka 35
KI. YIpaBieHHE IUIAaHEPOM IIPOM3BOAUTCS 32 CUET 3JIEPOHOB, pyJed BBICOTHI W HallpaBIICHHS,
PAcCIIOJIOKEHHBIX Ha OCHOBHOM KpBUIE, a TaKXkKe IepefHero ropuszoHtanbHoro onepenus (I1I0).
CunoBast 4acTb pyJell HampaBleHUS CIPOCKTHPOBAaHA TaKHM o00pa3oM, YTOOBI BBIIOIHATH
JIOTIOJIHUTENBHYIO (DYHKIUIO, B BHE ONOPEI IIPH [IOCAJIKE alapara.

Uro kacaercs HEIOCTATKOB JAHHOHW a’pOJMHAMHYECKOH CXEMBI, TO 3TO TO, YTO NpPU OOJIBIIOM
yIJle aTaKH anmnapara, O1U3KoMy K KpHTHIECKOMY, CpBIB oToka Ha [1I'O mpoucXoauT paHblile, 4eM
Ha Kpeule. JlaHHOe sBIEHHE pe3Ko yMeHbIIaeT noabéMHyio cumiy III'O, 3To compoBoXaaeTcs
CaMOIPOM3BOJIBHBIM OIYCKaHHEM HOCA CaAMOJIETa — «KJIEBKOM», UTO TpeOyeT 0coO0ro BHHMAaHWUS
NMpH HOCaJKe M HHU3KUX CKopocTsax monera. Jias 3¢GQekTHBHOro ympaBieHUs JETaTCIbHBIM
anmapaToM IpH T0CaJKe, JOMOJIHUTEIBHO, B HOCOBOM uacTH IuiaHepa, B obmactu III'O Obu1o
BHEJ]PEHO YCTPOWCTBO «(EHECTPOH», MO3BOJLIOIIEE CO3AaBaTh PAa3HOHAINPABICHHYIO TATY B
MOIepevHOM HampapieHuH. Pa3paboTanHas cxeMa aBTOMATUYECKOTO YIIPaBICHHS H CTaOUIH3aIUI
TI03BOJIMJIA KOMIIGHCHPOBATh JaHHOE SBJICHUE U YBEIMUHUTH ycToHunBocTh BITJIA, Takum oOpasom,
qro Bee nonoxeHust [II'O Ha pasHBIX pekUMax II0JETa, NPUBOMLINE K «KIIEBKY», YIIPABIIOTCS
KOMIIBIOTEPOM, BHE 3aBUCHMOCTH OT YIPaBJIIOIIUX BO3AEHCTBUIl MUIIOTAa HA OpraHbl YIPABICHUs
BILIA.

Paspa6otannslii konnent BIIJIA mo3Bossier B KpaTdaifliine CPOKH C JII000I HEMOATrOTOBICHHON
HOBEPXHOCTH NIPOU3BECTHU 3aITyCK alIapaTa Ajisl IPOU3BOACTBA MOHUTOPHHIA MECTHOCTH, I€0JI0Or0-
Ppa3Be/bIBATENBHBIX PA0OT U y4acTBOBATh B IIONCKOBO-CIIACATENBHBIX OIIEPALIHSIX.

The concept of an unmanned aerial vehicle with vertical take-off and landing using a canard
aerodynamic scheme
Fetisov L.V., Ezhov A.D., Volkovoy A.V., Trifonov I.V.
MALI Moscow, Russia

The variety of unmanned aerial vehicle (UAV) schemes in the modern world is dictated, first of
all, by their intended purpose. The UAV scheme developed by the authors allows to orient the
aircraft in a vertical position during takeoff and landing.

The main idea is to use an canard wing configuration, in which the horizontal tail of the aircraft is
located in front of the main wing. A UAV of such an aerodynamic design combines a number of
advantages of a multicopter and a classic airplane design, for example, it allows vertical take-off
and landing from an unprepared small-size platform and has a longer flight duration compared to a
multicopter at the same power consumption.

A vertical take-off and landing UAV using a canard scheme is equipped with two electric
propulsion systems with a total thrust of about 35 kg. The glider is controlled by ailerons, elevators
and rudders located on the main wing, as well as the front horizontal tail (FHT). The power section
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of the rudders is designed in such a way as to perform an additional function, in the form of a
support when landing the vehicle.

As for the disadvantages of this acrodynamic scheme, it is that at a large angle of attack of the
vehicle, close to the critical one, the flow stall on the FHT occurs earlier than on the wing. This
phenomenon sharply reduces the lifting force of the FHT, this is accompanied by a spontaneous
lowering of the aircraft nose - "peck", which requires special attention during landing and low flight
speeds. For effective control of the aircraft during landing, in addition, in the nose of the glider, in
the FHT area, a fenestron was introduced, which allows creating multidirectional thrust in the
transverse direction. The developed scheme of automatic control and stabilization made it possible
to compensate for this phenomenon and increase the stability of the UAV, in such a way that all
positions of the FHT in different flight modes, leading to "pecking", are controlled by a computer,
regardless of the pilot's control actions on the UAV controls.

The developed concept of the UAV allows, in the shortest possible time, from any unprepared
surface to launch an apparatus for terrain monitoring, geological exploration and participate in
search and rescue operations.

MartemaTH4ecKHe MO/eJIH H3MePUTeIbHBIX CHCTeM 0eCIIHIIOTHOT0 KOHBEPTOIIAHA
Xopes T.C.
MAMU, r. Mocksa, Poccust

B Hacrosimiee BpeMms LIMPOKOE pacHpOCTPAaHEHHE IONYYWIIH OCCIMIOTHBIE JIeTaTelbHbIe
anmapatbl (BIIJIA) camonérHoro Tuma W MyJbTUPOTOpHBIE JieTaTenbHble anmapatel (MJIA).
OnHako OHM HMMEIOT OlpeneieHHble HenoctaTkd. MJIA CHIBHO OrpaHHYeHBl B CKOPOCTH H
JUIMTeNbHOCTH — moieta, a bBIIJIA  camomerHoro Tmma 4Yacto TpeOyIOT —CIELHaIbHOM
uHGpacTpyKTYpel u 0Ooiee OrpaHWYeHBl B CBOeil MaHeBpeHHOCTH. IlepcmextuBHBIM BIUIA,
JIMIICHHBIM 3TUX HENOCTATKOB, SBIISETCS KOHBEPTOIUIAH, CIOCOOHBI MEHSTh DPEXHM IIOJIeTa,
MEX]Y CaMOJICTHBIM MYJIETHPOTOPHBIM.

Jlns mpHMeHeHHs KOHBEPTOIUIaHA B pPealbHBIX YCIOBUSIX eMy TpeOyeTcs H3MepHTeIbHBIE
CHCTEMBI OIPEJIEIIIONIHE €ro YITIOBYIO OPUEHTAINIO, MECTOIIOJIOKEHHE H ITapaMeTphl yIIpaBIeHNs,
HEOOXOMMMBIC Ul PEIICHUs 3ajad yIpaBICHHS €ro IBIKCHHEM M HaBHTalMH. B cocraBe
OopToBOoro o0ecreyeHusi MNpeIaraeTcsi HUCIONb30BaTh OecraTGOpMEHHYI0 HHEPLHATIBHYIO
HapuranuonHyio cucremy (BMHC) ¢ xoppeknueil oT robanbHON HaBHIAIIMOHHON CITyTHHKOBOH
cucteMbl B pexume real time kinematic. [Ins JOMOIHUTENBHOH KOPPEKIMH KYpCOBOTO YA
1[e7Ieco00pa3sHO TAaKXKe MCIOIb30BaTh MArHUTOMETP, a [/ KOPPEKIMH BBICOTHl IIOJETa —
BEICOTOMED.

TenecoodpasHo BUHC KOHBEpPTOIUIaHA  CTPOHTH Ha OCHOBE  HCIIOJIb30BaHMS
MHKPOMEXaHHYECKHX MHEpIMaIbHBIX MOXyJNeH B cOCTaBe TpeX TIHUPOCKOIIOB U  Tpex
aKcenepoMeTpoB. MHKpOMEXaHHYECKHE [aT4MKH O0JaJaloT HAaWMIyYIINMH MaccorabapHTHBIMH
XapaKTepUCTHKaMH W HH3KH dJIeKTpororpedieHneM. B paboTe paccMOTpeHBI MaTeMaTHYecKue
MOJIENIH IIYMOBBIX IOIPEHIHOCTEH MUKPOMEXaHUUECKUX aKCEeJIEPOMETPOB M I'MPOCKOIIOB, MOJENb
n3MepeHui Tpuaxsl MarHuToMeTpoB UM GPS mnpmemumka. Tak ke B paboTe IpenCTaBICHBI
Matemarmdeckne Mogpenn ommbok BMHC wu mpennokeHa cxemMa — KOMIDIEKCHPOBAHUS
MPeIOKEHHOT0 GOPTOBOrO 0beceueHns] KOHBEPTOILIaHa.

Mathematical models of autonomous tiltrotor measurement systems
Khorev T.S.
MAI Moscow, Russia

Currently, unmanned aerial vehicles (UAVs) of aircraft type and multi-rotor aircraft (MLA) are
widely used. However, they have certain disadvantages. MLA are severely limited in flight speed
and duration, and aircraft-type UAVs often require special infrastructure during takeoff and are
more limited in their maneuverability. A promising UAV, devoid of these shortcomings, is a
tiltrotor capable of changing the flight mode between aircraft and multi-rotor.

To use a tiltrotor in real conditions, it needs measuring systems that determine its angular
orientation, location and control parameters necessary to solve the problems of controlling its
movement and navigation. As part of the onboard support, it is proposed to use a strapdown inertial
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navigation system (SINS) with correction from the global navigation satellite system in real time
kinematic mode. It is also proposed to use a magnetometer for additional heading angle correction,
and an altimeter to correct the flight altitude.

It is advisable to build the SINS of the tiltrotor based on the use of micromechanical inertial
modules consisting of three gyroscopes and three accelerometers. Micromechanical sensors have
the best weight and size characteristics and low power consumption. The paper considers
mathematical models of noise errors of micromechanical accelerometers and gyroscopes, a model
of measurements of a triad of magnetometers and a GPS receiver. Also, in the work, mathematical
models of SINS errors are presented and a scheme for integrating the proposed onboard support of
the tiltrotor is proposed.

KoHuenuus nocTpoeHusi THOPHIHBIX JETAIOIUX MYJIbTHPOTOPHBIX IJIaT(hopM ¢
pa3je1eHHOi HATPY3KO# U e€ IKCIepHMeHTAIbHOEe 000CHOBaHHE
Yemonanos B.b., Knumos 1.C., I'apunun K.b.

MAMW, r. Mocksa, Poccust

Ilenpro naHHOW pabOTHI SIBISETCS PAacCMOTPEHHE OCHOBHBIX IOAXONOB K paspaboTke H
MIOCTPOCHHIO THOPHIHBIX JICTAIOIIMX MYJIBTHPOTOPHBIX IUIaTGOPM C  HENOCPENCTBEHHBIM
pasneneHueM (GYHKIMH YIpaBICHUs MMOJbEMHOW CHJION M YITIOBOH craOuiam3anueil (pasieieHHas
Harpyska). B xone BbinonHeHHs: paboThl OblIa CO3/1aHa OIBITHAS MOAEIb annapaTa sl IIPOBEPKH
THIIOTE3 U IIPOBEJICHHS SKCIIEPHMEHTOB.

OcHOBHOI TPoOIEMOH KIaCCHYECKHX MYJIBTHPOTOPHBIX CHCTEM SBIIIETCS IOJETHOE BpeMs —
OHO OrPaHWYCHO THUIIOM JHEPrOHOCUTEIS, HAIPHUMEp, JIHTHH-IOIMMEPHBIM aKKyMYJSITOPOM.
TIIOTHOCTE DHEPrHM B TaKMX AaKKyMyJSITOpax M IIPH CYLIECTBYIOIMX TEXHOJOTHSX HX
MIPOU3BOACTBA MOYTH IOCTHUITIA CBOETO MAaKCHMyMa. B CBs3M ¢ 9TUM HaMH ObLIO IpPEUIOKEHO
paccMOTpeTh Pa3IMYHbIe THIBI YHEPrOHOCUTENEH W KOMIIOHOBOK MYJBTHPOTOPHBIX CHCTEM IS
olbecrieueHnsT MaKCHMaJIbHON 9HeprodheKTHBHOCTH anmnapara.

ITo pesynbraTaM aHaiau3a CYIIECTBYIOIIMX BapHAaHTOB CXeM MyJIbTHPOTOPHBIX allapaToB U
HCIIONB3yeMBIX B HHX DHEPrOHOCHTENSIX HaMM ObUIa NpemoiKeHa cxeMa THOpPHAHOH JeTarorel
MYJIBTHPOTOPHOH IIAaT(OPMBI ¢ THOPUIHON CHIIOBOH ycTaHOBKOI [1,2]. I'maBHOH 0coOEHHOCTEIO,
NPe[VIOKEHHOH  HAaMH  CXEMbl, SBISITCS — pa3lelbHOE  HCIOJIb30BaHUE  YHPABIAIOMIHX
MaJIOMHEPIUOHHBIX ABUTaTeNeil 111 oOecredeHus yIiIoBoi CTaOMIN3AMU U CHIIOBOTO JIBUTATENIs
BHYTPEHHETO CTOpPaHMs CO CNCNUATPHOW TPAaHCMUCCHEH MI Iepefadn KPYTSAIero MOMEHTa Ha
CHJIOBbIE BHHTBI, 00ECIIEUHBAIONINX OCHOBHYIO 4acTh MOABEMHON CHIBI, YTO H IO3BOJISIET HaM
TOBOPUTh O MpPHUHIMIIE pa3JeleHus Harpy3ku. Takas cxemMa IIO3BOISIET CO3HAaTh armapar c
0OJBIINM TTOJIETHBIM BPEMEHEM, YeM y aHAJIOTOB.

B xome pabotel, Obuta pa3paboTaHa ONBITHAS MOJAETb AammapaTta Uil MPOBEPKH THIIOTE3,
pa3paboTKH W HACTPOHKH CHCTEM YIpaBICHHS almapara, OCYIICCTBICHHS IOMOIHHUTENBHBIX
HCCIIEIOBAaHUH U NIPOBEJICHHS Pa3IMIHBIX KCIIEPUMEHTOB, KOTOPBIE HEBO3MOJKHO OCYIIECTBHTH Ha
KOMIIBIOTEPHBIX ~MOJCNSX M3-32 CBOCH CIIOKHOCTH M TOBBIIICHHBIMH  TPEOOBaHHSAMH,
TIPEIBSBIISIEMBIMI K HCIIBITAHHSIM.

1. ITarent P® Ne2019106412, 14.01.2020. 'mOpugHas MyIbTHPOTOpHAS JeTalomas miathopma
// Tlatent Poccun Ne 2710968. 2019. Bron. Ne 2. /Enucees B.J1., Kiumos U.C., KorenbHukoBa
A.B., MsicuaukoB A.A., ITappenos H.M., Yemonanos B.b., IlItpakun B.B.

2. 3aBonsckuit M.H., Kitumos N.C., Korensuukoa A.B., Peionukos C.U., Yemonanos B.b. O
HEKOTOPBIX MOJXOJaX K IOCTPOCHHIO THOPHUAHBIX MYJIBTHPOTOPHBIX JICTAIOLIMX IUIATHOPM H
ympasneHnto umyu/ Marepuansinepoir O6mepoccuiickolf HaydHO-IPaKTHYECKOH KOH(epeHIHN.
Mocksa: Uza-Bo «J{obpoe cioBoy, 2018. — C. 93-98. ISBN 978-5-89796-640-0.

The concept of building hybrid flying multi-rotor platforms with a divided load and its
experimental justification
Chemodanov V.B., Klimov L.S., Gavrilin K.B.
MAI, Moscow, Russia
The purpose of this work is to consider the main approaches to the development and construction
of hybrid flying multi-rotor platforms with direct separation of the functions of lift control and
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angular stabilization (split load). In the course of the work, an experimental model of the apparatus
was created to test hypotheses and conduct experiments.

The main problem of classical multi-rotor systems is flight time — it is limited by the type of
energy carrier, for example, a lithium-polymer battery. The energy density in such batteries and
with existing technologies for their production has almost reached its maximum. In this regard, we
were invited to consider different types of energy carriers and layouts of multi-rotor systems to
ensure maximum energy efficiency of the apparatus.

Based on the results of the analysis of the existing versions of the schemes of multi-rotor devices
and the energy carriers used in them, we proposed a scheme of a flying multi-rotor platform with a
hybrid power plant [1,2]. The main feature of our scheme is the separate use of control low-inertia
engines to ensure angular stabilization and a power internal combustion engine with a special
transmission for transmitting torque to power screws that provide the bulk of the lift — which allows
us to talk about the principle of load sharing. This scheme allows you to create an apparatus with a
longer flight time than analogues.

In the course of work, an experimental model of the apparatus was developed to test hypotheses,
develop and configure control systems of the apparatus, carry out additional research and conduct
various experiments that cannot be carried out on computer models due to their complexity and
increased test requirements.

CTpyKTYpa U 3aKOHBI YNIPABJICHHUS TATOH B PA3IHYHBIX Pe;KHMAX M0JETa KOHBEPTONJIaHA
THIIA «TAHJEM
"Yepnomopckuit A.W., 'Kypuc 3.]1., Jlenskos K.C., >Kpyros A.A., 'Huxurenko A.W.
'MAM, r. Mocksa, Poccust
2[IATH, r. XKykoBckwuii, Poccus

BecnunotHsle nerarensusle anmnapatsl (BJIA), BeINOITHEHHBIE IO CXeME KOHBEPTOIUIAH, KOTOphIE
MOTYT COBEpLIATh B3IET U MOCAAKY KaK BEpTONET, a MepeMeIeHHe 10 MapIIpyTy KaK caMoléT, B
HOC/IE/JHUE TO/BI ITIPUBIEKAIOT BCE Oolbllee BHUMaHHE paszpaborunkoB [1]. B mokmanme mis
KOHBEPTOIUIAHA THIIA «TaHAEM» W3JI0XKEHa pa3paboTaHHas CTpyKTypa ympapienus bJIA n
OCYIIECTBICH CHHTE3 3aKOHOB YIPABICHHS €r0 HCIOIHUTCNBHBIMH OPraHAMH B OCHOBHBIX
pexuMax MoynéTa KOHBEPTOIUIAaHA — BEPTOJETHOIO, CAMOJIETHOTO M IEPEXOIHOIO OT OJHOIO K
Apyromy.

VYupasnenue nmwkeHrueM BJIA B BepTONETHOM peXuUME OCYLIECTBISIETCS, TJIaBHBIM 00pazoM,
myTéM CHHXPOHHOTO W3MEHEHHs TATH JIBHUraTeneil BUHTOMOTOpHOW rpymmel (BMID), a B
CaMOJIETHOM peXHME el M a’dpPOANHAMUYECKHUM CHOCOOOM 3a CYET OTKIOHEHUs 3JIEPOHOB,
pacnionokeHHbIX Ha KpbulbAXx BJIA. Ilpemnoxkena ABYXKOHTypHasi cHCTEMa YIpaBICHUS
neikeHneM BJIA. Bo BHemHeM KOHType OCYIIECTBISIETCS PETYIHPOBAaHHE TPAEKTOPHBIM
JIBIDKEHHEM, a BO BHYTPEHHEM — YIpaBJICHHE W CTaOMIM3alys YIJIOB TaHraXxxa, Kypca M KpeHa, a
TAKOKe BBICOTHI IJI BEPTOJIETHOTO U CKOPOCTH IJISI CaMOIETHOro peskuMoB. [lpu peammsanuu
ynpasinenuii ucnosnssyrores [TU/I-perynstopst.

IIpuMeHUTENBHO K IEPeXOXHBIM PEeXHMaM pacCMOTpPEHBI IBa ciydas. Ilpu mepexonme oOT
BEPTOIETHOTO PEKHMa K CaMONETHOMY oOeclednBaeTcsl BhACP)KHBAHUE 3aJaHHOTO YIJIa TaHTaXKa
BJIA, ero crabuiam3anus 1o yriam Kypca M KpeHa. DTOT Iepexo]] pealu3yercs, B OCHOBHOM, 3a
c4éT 1noBOopoTa oced BpamieHuss asurateneii BMIT M3 BepTUKaNbHOIO IOJOXKEHHS B
ropu3oHTaNbHOE. [IpH 3TOM 3aKOH HM3MEHEHHs TATM JABHraTeneil (opmupyercs Tak, 4YTOOBI
obecrieunBacssi HAOOp BBICOTHI € 3aJJaHHOM [TOCTOSTHHOM BEPTUKAIBHON ckopocThio. Kak nokasao
MOJZICIIPOBaHKe, YIpaBJIeHHE YyIIaMH II0BOPOTa OCeil BpamleHHs ABUrarteneil menecooOpasHO
OCYILECTBIATh CUHXPOHHO IIO alepUOAUYECKOMY 3aKkoHy. IIpu ocymiecTBIeHHMH Iepexoia H3
CaMOJIETHOTO pPEXHMa B BEPTONETHBIM YYUTHIBANACh HEOOXOMMMOCTH IIPEIABAPHTEILHOTO
YMEHBIICHHS TOPU30HTAIBHON ckopocTH BJIA ¢ 1enbio yMeHbIIeHNs BIMSHUS a9pOHHAMIYECKIX
CHIL.

PesynbTaThl MOIENMPOBAHUS TNOATBEPIWIN 3(P(EKTHBHOCTh HPEUIOKEHHBIX CTPYKTYPHl H
3aKOHOB yIPaBJIEHHUS, KOHBEPTOIUIAHOM B Pa3iIMYHBIX PEXUMaX €ro Mojéra.
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1. Liu Zhong, He Yuqing Yang Liying, Han Jianda. Control techniques of tilt rotor unmanned
aerial vehicle systems: A review. Chinese Society of Aeronautics and Astronautics & Beihang
University Chinese Journal of Aeronautics 2016

The structure and laws of thrust control in various flight modes of a tandem tiltrotor
!Chernomorsky A.L, 'Kuris E.D., 'Lelkov K.S., >’Krugov A.A., 'Nikitenko A.I.
'MAI, Moscow, Russia
*TsAGI, Zukovsky, Russia

Unmanned aerial vehicles (UAVs), made according to the tiltrotor scheme, which can take off
and land like a helicopter, and move along a route like an airplane, have attracted more and more
attention of developers in recent years [1]. The report for the tandem tiltrotor describes the
developed control structure of the UAV and the synthesis of the laws of control of its executive
bodies in the main flight modes of the tiltrotor - helicopter, airplane and transition from one to
another.

Controlling the movement of a UAV in a helicopter mode is carried out mainly by means of a
synchronous change in the thrust of the engines of the propeller-driven group (PMG), and in an
airplane mode it is also aecrodynamically due to the deflection of the ailerons located on the wings
of the UAV. A two-circuit UAV motion control system is proposed. In the outer loop, the trajectory
motion is regulated, and in the inner loop, the control and stabilization of the pitch, heading and roll
angles, as well as the altitude for helicopter and speed for airplane modes, is carried out. When
implementing the controls, PID controllers are used.

Two cases are considered in relation to transient modes. When switching from a helicopter to an
airplane mode, the UAV maintains a given pitch angle and stabilizes it along the course and roll
angles. This transition is realized mainly due to the rotation of the axes of rotation of the VMG
engines from the vertical to the horizontal position. In this case, the law of change in the thrust of
the engines is formed in such a way as to ensure the climb with a given constant vertical speed.
Modeling has shown that it is advisable to control the angles of rotation of the rotation axes of the
motors synchronously according to the aperiodic law. When implementing the transition from the
airplane mode to the helicopter mode, the need to preliminary reduce the horizontal speed of the
UAYV was taken into account in order to reduce the influence of aerodynamic forces.

The simulation results confirmed the effectiveness of the proposed structure and control laws,
tiltrotor in various modes of its flight.

1. Liu Zhong, He Yuqing Yang Liying, Han Jianda. Control techniques of tilt rotor unmanned
aerial vehicle systems: A review. Chinese Society of Aeronautics and Astronautics & Beihang
University Chinese Journal of Aeronautics 2016

Koabuesbie aropuT™Mbl InQpoBanust AJ1s odecnedeHHs! 3aIHIIEHHOT0 KAaHAIA XPaHeHHsT 1
nepelauu HHPOPMANNH B rPyNnax MOGWILHBIX POOOTOB
[ITabanos B.b.
HUM MBC HO®YV, r. Taraupor, Poccus

Vcrnons3oBanue rpynn MoOWIbHBIX BJIA nmaBHO ChICKanM CBOHMX IOKJIOHHUKOB, HNPHMEHEHHE
TPYIIIOBOTO B3aMMOJCHCTBUE IO3BOJSIET DACHIUPUTh KPYT peIlaeMbIX 3ajad. YIpaBieHHE
KOJUICKTMBOM TpeOyeT CO3JaHMsl 3alIMIICHHOTO W3BHE KaHala XpaHeHus HH(OopMaiuu,
TI03BOJIIIONIETO TOCTHYb BEICOKOTO YPOBHS B3aHMOJCHUCTBUSI TPYIIIEI B YCJIOBHUSX MEHSIOICHCS
OKpyXarolei cpenpl. B uneane ecnu cucrema Oyer equHa ¢ 6a30it 3HaHUI U 3a1anuid, GopMHUPYs
3aIMIICHHYI0 O00OJMOYKY CHCTeMbl. Peamu3anusi Takoil CHCTEMBI BO3MOXKHA OGraromapst
HCIIOIB30BAHUIO ONOKYEHH TeXHOJIOTHH U alrOpuTMaM KPYTOBOTO IIH(POBaHUS, IIPUMEHHTEIHHO
K TpyHOIOBOMY  YIOpPAaBICHHIO, aITOPUTM  MO3BOJNHUT  CO3[aTh  JICHCHTPAIN30BAHHBII
KPHUINTO3AIMILCHHBIA XPAaHEHHS! TaHHBIX.

Iporecc momcka NPaBHIGHOTO XeIlla B aITOPHTME HE 3aBHCHT OT YacTOro OOpamieHHs K
MaiiHepy, KaK 3TO IPOHCXOIMT B anropurMax HoxoOHbIx SHA-256, oH XpaHHTCS B HaMSTH
YCTpOWCTBA. DTO MO3BOJISET HNOCTPOUTH CETh, 3AUMILEHHYIO OT TaK HasbiBaeMoil «artaku 51%»,
Kor/a GoJIbIIIE TOJIOBHHBI BHIYUCIUTENBHOI MOIIHOCTH CETH IPUHAJUICKUT OTHOMY YCTPOICTBY.
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IIpouenypa aHOHMMM3ALHUs I0b30BAaTENs NPOMCXOAUT IyTEM IE€HEPAlUM OTKPHITOrO KIIoYya
OTIPABUTENS M HECKONBKUX APYIUX KIIOYEH, Ienas HeBO3MOXHBIM MPOLEAYPY UICHTU(DHUKAIIH
ornpasutens. Ha cTopoHe nomyuaress reHepUpyeTcsl HOBBIM KIIIOY I KaKJI0ro MEpEeBoja, B TOM
YHCJIE ECIIU OTIIPABHUTEND OJHH U TOT JKE.

IIpuMeHUTENBHO K IPYNIIOBOH POOOTOTEXHUKE M ACIEHTPAIM30BAHHBIM CHCTEMAaM XPaHCHHS
JIAHHBIX, AJTOPUTM €llle HE MCIONb30Bajcsi. BecoMpIMM NMpeMMyIIECTBAMH €r0 MCIIOIb30BaHHUS
MOKHO CUHTATh:

* [TonHy10 aHOHIMHOCTb OTHPABUTEIS COOOImeHUs. B omiauu ot Gosee H3BECTHBIX OIOKYEITHOB
tumna Ethereum, Bitcoin, Litecoin, B KOTOPBIX M3y4HB LEMOUYKY OJIOKOB MOJKHO HAWTH OTIIPABUTENS,
CryptoNote Omaromapsi MeTOLY KpYrOBBIX IOJMMCEH IO3BOJISIET 3aLIMTHTH YCTPOHCTBO
nepearoniee JaHHbIE B IEMOYKY OJOKOB. DTO IPEUMYIIECTBO HE JaeT BO3MOXKHOCTH OTCICIUTDH
OTIpaBUTENs [Tl aHAM3a OTHPABIAEMBIX MM JaHHBIX U BO3MOXKHOMY OIIPEJICIICHHIO €ro
MECTOPACTIONOKEHHS.

» OTCyTCTBHE 3aKOAUPOBAHHBIX KOHCTaHT, CryptoNote I03BOISET KOPPEKTHPOBATH pa3Mep
0JI0Ka OCHOBBIBAsICh HA HCTOPUYECKUX NAHHBIX CETH.

« [Tepepacyer ci10)KHOCTH OJI0Ka TTOCIIE KaXI0T0 JOOBITOTO.

Hcnonp3oBanue mMGPOBAHHOIO PACIPENEICHHOrO peecTpa Ui ynpasiieHus rpynnamu BJIA
JIOBOJIGHO II€PCHEKTUBHOE HAIPABJICHHE, IO3BOJIAIONIEE IIONYYHTh BBICOKYIO KPHITOCTOHKOCTB
CHCTEMBI XPaHEHHs JAHHBIX M KOHEYHBIX ILeineil. Mcromp3ys ykasartend, MOXHO HPOCIEINTH
M3MEHEHUS! JaHHBIX, U1 JAIbHEHIIEero aHaIu3a.

Encryption ring algorithms to provide a secure channel for storing and transmitting
information within groups of mobile robots
Shabanov V.B.
NII MVS, Taganrog, Russia

The use of groups of mobile UAVs has found their fans for a long time, the use of group
interaction allows expanding the range of solved problems. Team management requires the creation
of an externally protected information storage channel that allows achieving a high level of group
interaction in a changing environment. Ideally, the system will be unified with the knowledge and
task database, forming a protected shell of the system. The implementation of such a system is
possible thanks to the use of block technology and algorithms of circular encryption, as applied to
group management, the algorithm will create a decentralized cryptographic data storage.

The process of finding the right hash in the algorithm does not depend on the frequency of access
to the miner, as it happens in algorithms such as SHA-256, it is stored in the memory of the device.
This allows to build a network protected from the so-called "51% attack", when more than half of
the computing power of the network belongs to one device.

The procedure of user anonymization is performed by generating a public key of the sender and
several other keys, making it impossible to identify the sender. A new key for each transfer is
generated on the recipient's side, including if the sender is the same.

In the case of group robotics and decentralized storage systems, the algorithm has not yet been
used. We can consider its use as a significant advantage:

» Complete anonymity of the message sender. Unlike the more famous Ethereum, Bitcoin,
Litecoin blocks, where you can find the sender by studying a chain of blocks, CryptoNote, thanks
to the method of circular signatures, allows you to protect the device transmitting data to the chain
of blocks. This advantage makes it impossible to trace the sender to analyze the data it sends and
possibly locate the sender.

* No encoded constants, CryptoNote allows you to adjust the block size based on historical
network data.

* Recalculation of block complexity after each extraction.

The use of an encrypted distributed registry for managing UAV groups is quite a promising
trend, allowing to obtain high cryptographic stability of the data storage system and its end goals.
Using pointers, you can track changes in the data for further analysis.
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Pa3pa6oTka MeT010B yIpaB/JeHHs H MO/Ie THPOBAHHE IUHAMUKH KBa/IpOKONTePa ¢
TIOBOPOTHBIMH POTOPAMHU
[HaBun M.IO.
Cxkonrex, . Mocksa, Poccust

[MpuHIMO ABIDKEHHS CTAaHJAPTHOIO KBAJPOKONTEpPa, KOTOPHIM HMMEET YeThIPE YIPABIIAIOMINX
CHI'HaJla IIPOTHB IIECTH CTeleHel CBOOOIbI, HE IO3BOJIIET €My HE3aBUCUMO YNPaBIATh
HOJIO)KEHHEM M OpMEHTAllMeH, YTO 3aTpyAHseT pellaTh €My HEKOTOpble 3aJayd, HalpuMmep,
(HUKCHPOBaTH KaMepy Ha NPOU3BOJIBHO ABIIKYIIEMCS O0BEKTE, HE M3MEHSS CBOETO IOJIOXKCHHS B
npocTpaHcTBe. B paboTe paccmaTpHBaeTcsi yCOBEpIICHCTBOBaHHAS KOHCTPYKIHS KBAIPOKOITEpa ¢
JIOTIOJIHUTENIbHBIMU aKTyaTOpaMM — CEPBOIPHUBOJIaMH, NTPEHA3HAYEHHBIMU JUIS TIOBOPOTa POTOPOB,
MIPUMEHEHUE KOTOPHIX II03BOJISET YBEIUIUTH PA3MEPHOCTh BEKTOPA YIIPABILIOIETrO BO3ACHCTBHS U
HE3aBHCUMO YIIPABIIATH MOJIOKEHUEM LIEHTPA Macc annapaTa 1 OpueHTaluel ero kopryca.

KoHcTpykuust anmapara COAEPKHUT KOPIYC, C BBIXOJALIMMHU U3 HEro YEThIPbMS JIydaMHM, Ha
KOHIIAX KOTOPBIX HAaXOIATCSA POTOPHI ¢ mpomeiepaMu. Kaxmblid Tyd MoXKeT BpamiaTbCsi BOKPYT
MpOo0bHON ocH. LIeHTphl Macc BCex Tel JIEkKAT B OJIHOM MIIOCKOCTH.

JIBrykeHHne IIEHTpa MacC CUCTEMBI 00YCIIOBICHO CHIIAMH I'PaBUTALlMH, COPOTUBIICHHS BO3LyXa H
TAroW JjBurateneil. Bpamenue kopmyca anmapata OOYyCJIOBJIEHO MOMEHTaMH CO CTOPOHBI
[IOBOPOTHBIX POTOPOB M THPOCKOIIMYECKAM MOMEHTOM CaMOro Kopryca OecIHIOTHOrO
JIETaTEeJIbHOIO armnapara.

Llensio ynpapieHus sBISETCS oOecleueHue MON0XKEHUS IIEHTpa Macce alapaTra B IPOCTPAHCTBE
M OpHEHTAallMd ero Kopiyca B JO00H MOMEHT BpeMeHH. B cBsi3m ¢ TeMm, 4TO cHcTeMa
JIIMHAMMYECKUX YPaBHEHUI, ONpENENSIONMX JBW)KEHUE allapaTta, HEJOONpeNeNieHa, TaK Kak
Pa3MEpHOCTh BEKTOpa YHPABIAIOIIETO BO3ACHCTBHSA — 8, IMpeBbINIaeT KOIHYECTBO CTEMeHeH
cBOOOXBI ammaparta — 6, MOSBISIETCS BO3MOXKHOCTH BBECTH JIONOJIHUTENBHBIC YPaBHEHUS,
OTBEYAIONIMX 32 OAIAHCHPOBKY TATH MEXTY JBHTATEIISIMH H INONYYUTh aHAIUTHIECKOE PEIICHHe
CHCTEMBI, TEM CaMbIM 00PAaTUTh AHHAMHUKY.

Development of control methods and simulation of the quadrocopter dynamics with rotary
rotors
Shavin M.Y.
Skoltech, Moscow, Russia

The principle of motion of a standard quadrocopter, which has four control signals against six
degrees of freedom, does not allow it to independently control position and attitude, which makes it
difficult to solve some problems, for example, to fix a camera on an arbitrarily moving object
without changing its position in space. The paper considers an improved design of a quadrocopter
with additional actuators — servos designed to rotate the rotors, the use of which makes it possible
to increase the dimension of the control vector and independently control the position of the
vehicle's center of mass and its attitude.

The construction of the aerial vehicle includes a body with four beams, at the ends of which
rotors with propellers attached. Each beam can rotate around the longitudinal axis. The centers of
mass of all bodies lie in the same plane.

The movement of the center of mass of the system is due to the forces of gravity, air drag and
thrust of rotors. The rotation of the body of the vehicle is due to the torques acting from the rotors
and the gyroscopic torque of the body.

The control target is to track the target position of the vehicle's center of mass in space and the
target attitude of its body frame. Due to the fact that the system of dynamic equations that describe
the motion of the vehicle is underdetermined, since the dimension of the control vector — 8, exceeds
the number of degrees of freedom of the vehicle — 6, it becomes possible to introduce additional
equations responsible for balancing the thrust between the rotors and obtain an analytical solution
to the system, thereby inverse its dynamics.
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AKTyaJIbHbIe BOIIPOCHI HHTErPalui OeCIMIOTHBIX JIeTATeIbHbIX ANNAPATOB B BO3AyIIHOE
JABHIKEHHE
TIsenosa C.B., *I1Izenos A.B.
'IBI'YTIC, r. Xabaposck, Poccust
’BI'YDC, r. BmagusocTok, Poccust

IIpoGrema 0e€30mMacHOCTH  [BIKEHUS OCCHMIOTHBIX JieTaTenbHbIX —ammapatoB  (BILIA)
HENOCPEJICTBEHHO CBs3aHA C YCTOHYMBOCTBIO TIpaHHMIl BblIedeHHoro s mnoneroB BITJIA
Bo3aymHoro kopunopa (BBK), nmpu Beixone u3 kotopbix BITJIA MOXET CTOJNKHYTBCS C APYTHMH
Ha3eMHBIMI/BO3yIIHbIMU TC, 31aHUAMY MM JTIOJ(bMH.

YCToiUMBOCTL IPaHHUIL BBIJEIEHHOIO BO3AYLIHOIO KOPHJI0PA, — COCTOSHME, TP KOTOPOM IOJIET
BITIA (0T TOYKH B3J€Ta A0 TOUKH IT0CAJKH) BO3MOXKEH TOJBKO B rpanuiiax BBK.

ObecrieueHre Takol YCTOWYMBOCTH BO3MOXKHO Ha OCHOBE CO3IaHUs YCIIOBUH OJIOKMPOBaHHS
paccMaTpUBaeMOro oOBEKTa B BBIIEICHHOM JUIS €r0 MEPEeIBHKEHHS BO3JIYLIHOM KOPHIOPE, YTO
MO3BOJIUT TPENOTBPATHTb, ABAPHHHBIE CUTyallUH, CBSA3AHHBIE C BBIXOAOM OOBEKTa M3 TPaHUI]
BBIJICJIEHHOTO BO3JYIIHOTO KOpHJ0opa. TeXHHMYeCKH JaHHas 3a]ada CBOAUTCS K IPElOTBPAIIEHHUIO
BO3MOKHOCTH nepeceuenus BIIJIA rpannn BBK.

IIpu Taxolf mOCTaHOBKE 3aJadyd IIPEICTAaBIACTCS IEIECOOOPA3HBIM OOECICUUTH MOCTOSHHYIO
ces3p BIIJIA ¢ HecBoGomuolt MarepuanbHOM Toukoii (HMT) pacmonoxkeHHONH B LEHTpe
okpyxxHocTH BBK 1 orpannuenHoii B nepezsikennu ocsio BBK.

IIpu oTOM mOmydeHHas IOCTOSHHAs CBS3b JOJDKHA  OrPAHMYMBATH  PACXOXKICHHE
paccMaTpuBaeMBIX OOBEKTOB, Ha paccTosiHUE, NMpH KoTopoM BILIA (6o ero 4acTb) BEIAAET U3
rpanu BBK.

Tax, npu HMT u BIUIA B dopme chepsr 1 BBK B dopme mmimsapa, NoCTOsIHHAs CBsA3b OyAeT
obecrnieunBaTh TpeOyeMoe OrpaHHYEHHE, IIPY YCIOBHH, YTO OHA HE IPEBHIIIAET PACCTOSHUE PABHOE
qunHe paauyca BBK 3a Beruerom juinnst BITJIA u %2 naunast HMT.

Topical issues of the integration of unmanned aerial vehicles into air traffic
'Shvetsova S.V., 2Shvetsov A.V.
'FESTU, Khabarovsk, Russia
2VSUES, Vladivostok, Russia

The problem of the safety of the movement of unmanned aerial vehicles (UAVs) is directly
related to the stability of the boundaries of the air corridor (IAC) allocated for UAV flights, upon
exiting which the UAV may collide with other ground/air vehicles, buildings or people.

The stability of the boundaries of the designated air corridor is a state in which the UAV flight
(from the take-off point to the landing point) is possible only within the IAC.

Ensuring such stability is possible on the basis of creating conditions for blocking the object in
question in the air corridor allocated for its movement, which will prevent emergencies associated
with the exit of the object from the boundaries of the allocated air corridor. Technically, this task is
reduced to preventing the possibility of UAVs crossing the IAC.

With this formulation of the problem, it seems expedient to ensure constant communication of
the UAV with a non-free material point (LMP) located in the center of the IAC circle and limited in
movement by the IAC axis.

In this case, the obtained constant connection should limit the divergence of the objects under
consideration, at the distance at which the UAV (or part of it) will leave the IAC boundaries.

So, with LMP and UAV in the form of a sphere and IAC in the form of a cylinder, the constant
connection will provide the required limitation, provided that it does not exceed a distance equal to
the length of the IAC radius minus the UAV length and '% the length of the LMP.
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Hndopmanuonnoe odecneveHne mojieTa rpynnbl pa3sHOPOAHBIX 0eCIMIOTHBIX JIeTATeIbHbIX
aNnapaToB HA 0CHOBE TEXHOJIOTHH 00JIA4YHBIX BLIYHCICHHI
'TlIn6aes B.M., *Cazonosa T.B., 'Tlaxynos A.C., 'Edpumosa W.E., 'Epmmos B.C.
'TIAT'Y, r. XKykoBckuii, Poccus
PIIKB, T. Pamenckoe, Poccus

OcHoBHbIE TPOOJIEMBI BBIOOpA XapaKTEPUCTHK OOPTOBOH LM(POBOI BBIYUCIUTEIBHON MaIINHBI
6ecniunotHoro JieratenbHoro anmnapara (BIIBM BJIA) onpenenstorcs Bo3jnoxeHHbIMH Ha BJIA
3a7a4aMi U OCOOCHHOCTSIMHU UCIIOJIHSIEMOTO IPOrPaMMHOTO aJITOPUTMA.

st kommiexca GoproBoro obopynoBanusi (KBO) BJIA momMuMmo BBICOKMX TpeGOBaHHH K
BBIYMCIUTENIBHBIM MOLIHOCTAM Ipoueccopa BIIBM, k mnpumepy, @IOpu pelIeHMH 3aJadyu
obecnieyeHust KOHTPOJISL OE30IaCHOCTH MOJIETOB MJIM 33/1a4M PAcliO3HABaHUsI OOBEKTOB, OTPOMHOE
3HAYCHHE HMEET ero mMacca.

Cospemennble BIIBM, npuMeHsieMble B IMMIOTUPYEMBbIX JIETATENbHBIX anmaparax, He B HOJIHOM
Mepe COOTBETCTBYIOT BBIABHUTaeMbIM KPUTEPHUAM IPUMEHUMOCTH Ha BJIA.

OmHMM W3 COBPEMEHHBIX HAmpaBleHHWH MOBBILEHUS J()(PEKTHBHOCTH OECIUIOTHBIX
ABHAIMOHHBIX CHCTEM SBIISIETCS Iepexo] K 00mauHbM BerauciaeHnsM (Cloud computing).

Jlnst pemeHus 3a7ad MOHUTOPHHIA M KOHTPOJS OOECIeUeHHs 0e30MacHOCTH IOJETOB TPYIIIBI
BJIA, cocrosieii 3 anmapaToB pa3HOro THUIIA, IPEUIAraeTcsi pACCMOTPETh NPHMEHEHIE 00IaqHOM
texHonorun (Cloud UAV API — Cloud Unmanned Aerial Vehicle Application Programming
Interface).

OcHOBHBIMM  XapakTepucTHkamMu n ¢yHknusavu Texaonorun Cloud UAV APl spusrorcs
MacIITabUpyeMOCTh M JJIACTHYHOCTH C BO3MOXKHOCTBIO KOHTPOJIMPOBATH OE30IIaCHOCTH ITOJETOB
rpynnbl  BJIA  myrem BHEApEHHs IONb30BATEILCKUX IPUIOKEHUIT 0€3 OrpaHuMueHuil K
OIIePaLIOHHOM Cpefe M anmapaTHOH 4acTH, M3 JI000ro MecTa C peajlu3alueld OOJNBIIMHCTBA
BEIYMCIICHHH B OOJIaKe, NMEIOLIEM OrPOMHYIO BBIYHMCIMTEIBHYIO MOLIHOCTh, @ HE Ha OOPTOBBIX
BbrurcauTenssx bJIA, 4To cymecTBeHHO CHMXKAET MoTpediieHue pecypca sHepronocureneid BJIA u
MOBBIIIAET IO BO3MOXKHOCTH.

HUndopmaunonnoe odecneuenue nosera heterogeneous UAV group based on cloud
computing technology
'Shibaev V.M., 2Sazonova T.V., 'Pahunov A.S., 'Efimova LE., 'Ershov V.S.
'TsAGI, Zhukovsky, Russia
“Ramenskoe Desigh Company, Ramenskoe, Russia

The main problems of choosing the characteristics of an onboard computer unmanned aerial
vehicle (OBC UAV) are determined by the tasks assigned to the UAV and the features of the
software algorithm being executed.

The complex of onboard equipment of the UAV at the decision of a problem of safety of
management of flights or a problem of recognition of objects should correspond to high
requirements to computing capacities and weight OBC UAV.

Modern OBC UAV used in manned aircraft do not fully meet the criteria for applicability on
UAVs.

One of the modern directions of increase of efficiency of information systems of unmanned aerial
systems is transition to cloud computing.

To solve the tasks of monitoring and control of flight safety of UAV group consisting of devices
of different types it is proposed to consider the application of cloud technology (Cloud UAV API —
Cloud Unmanned Aerial Vehicle Application Programming Interface).

The main features and functions of Cloud UAV API technology are: scalability and elasticity
with the ability to control the security of UAV group flights using user applications without
restrictions to the operating environment and hardware, from any place and at any time, with the
ability to perform most calculations in the cloud, which has huge computing power, rather than on
OBC UAYV, which significantly reduces the resource consumption of UAV energy and increases its
capabilities.
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KoMniekcHbIH cTeH I CTATHYECKHX HCNBITAHHI §eCIUIOTHOTO JIETATeJIbHOT0 aNNnapaTa
Ipamko K.K., ©unun A.A.
MAM, r. Mocksa, Poccust

BecrnmioTHele JeTaTebHbIE aNaparhl MOMYy4aroT Bce Ooee MUPOKOe IPUMEHEHUE B HACTOSIIEE
BpeMsi. bonbmioit npoGyieMol SIBIISIETCSI UX Maasi HaIe)KHOCTh B MPOLIECCe IKCILTyaTauu. YToOb
HOBBICHTH TOYHOCTh UX IPOEKTHPOBAHUS HEOOXOANMO MPABHIIBHO BOCIPONU3BOJUTE HATPY3KH IPH
UCHBITAHUSX, @ TAKXKE IPaBUIIBHO CHUMATh M 00padaThIBaTh MOTy4EHHbIC JaHHbIE.

Lensio wuccneqoBaHus SBISIETCS INPOEKTHPOBAHHME KOMIUIEKCHOTO CTEHIA CTaTHYECKHX
HCTIBITAaHUI OECHHMJIOTHOrO JIETATEIbHOIO aIilapara C YYeTOM CIEKEHHS HAarpy30K U CHATHEM
Pe3yJIbTaTOB € arperaToB H3rOTOBJICHHBIX W3 KOMIIO3HIMOHHBIX MaTePHAaJIOB.

KoMmnekcHbIil cTeHJ MNPOEKTHUPYeTCS OIS BCEX CIyd4aeB HArpyKeHHsS BOCIIPOU3BOMISIINX
MOBEJICHHE ammapara B IpOIecce JKCIUTyaTaluu. J[aHHBIH CTEHI JOJDKEH MPEACTaBISTH COOOM
JKECTKYI0 KOHCTPYKLHMIO I WCKITIOUCHHsS BO3HMKHOBEHMS Iapa3sUTHBIX MOMEHTOB M HMETb
MOATOTOBJICHHbIE MECTa KpPeIUIeHUS U CUCTeMbl HarpyxeHus. CucreMa HArpyKCHHUs JOJDKHA
OBITH 00OPYOBaHA CAaMOYCTAHABIMBAIOIMMHUCS Y3JIaMH JUIS CO3aHUsI TOYHOTO BOCIPOHM3BEICHUS
Harpy)XeHus B Ipouecce nepopMaluy KOHCTPYKIMH anmnapaTa. JIOKeMEeHTBl HeloCpeCTBEHHO
nepefaronue yCHIus Ha KOHCTPYKIUIO AODKHBI OBITh OJHOBPEMEHHO M (DPHKCHPYIOIIUMUCSA B
OIIPENIETICHHBIX CEYCHUSX W CaMOYCTaHABIMBAIOLIMMHCS IS IIOJHOW Iepefadyd pacuyeTHOU
Harpy3sKH.

CucreMy HarpyeHusl NpEIBApUTENLHO HE00X0auMo o0e3BelMBaTh, YTOOBI HE BO3HHMKAIO
IIPeHATPY)KEHHOTO COCTOSIHUSI arPeraToB M3rOTOBJICHHBIX C IPHMEHEHHEM KOMIIO3HTOB, T.K. JJaXe
Ha 10% OT 9KCIUTyaTallMOHHOI HArpy3KH IPOHUCXOIHUT OOXKaTHe MaTepHaia. YUeT 9TOro 00XKaTHs
HEO0OXOAUMO YUUTHIBATH IPH IPOBEACHUH HCIBITAHHA.

B npomecce mpoeKTHPOBaHUS JaHHBIN CTEH]I MOACIUPYETCS METOJJOM KOHEUHBIX 2JIEMEHTOB, T1Ie
MIPOBEPSIIOTCSL BCE YCHIIMS, NMPUXOAIINE Ha ammapaT W aeopMalyy, BOSHHUKAIONINE B IIpolecce
€ro HarpykeHus. lTepallMOHHBIM METOZOM IIPOBEPSAETCS BO3MOXKHOE H3MEHEHUE Harpys3KH,
nepesiaBaeMoil  CHJIOBO3OYIMTENIEM B TMPOILECCE IIEPEMENICHHMH  3JIEMEHTOB  KOHCTPYKIIUM
JIETAaTENBHOTO ariapara.

CTeHJ TMOMHMO CHCTEMbl HArpyKeHUs JODKEH ObITh 00OpYIOBaH CHUCTEMOH CHSATHUS
nedopManyii ¥ HaNpsHKEHUH B Ipoliecce MCIBITaHUH JUTs KaXKIOTO pacueTHOro ciydas. B manHoMm
CTEHJe MpeIaraeTcsi HCIONB30BaTh TEH30METPHUYECKYIO CHCTEMY C OOE€3BEIIMBAHHEM CHCTEM
KOMMYHHKAIIMH M CO3JAaHHEM COEJHHHUTENIbHOH IUIOMAAKHU A BO3MOXHOCTU IEPEKIIOYEHHUS C
TIOMOIIBIO PabOYEro KIyTa CUCTEMBI CHATHS TIOKa3aHMUH.

Takum 00pa3oM, NPEACTABICHHBIH KOMIUIGKCHBIM CTEHI JUII CTaTHYECKHX HCIIBITAaHUH
MO3BOJISICT MONy4aTh OOJIEE TOYHBIC XapAKTEPUCTHKH KOHCTPYKIMH OECIMIIOTHOTO JIETATEIbHOTO
anmapara, a TakKe CHHU3UTh CTOMMOCTb U CPOKH IIPOBEICHNUSI UCIIBITAHUH.

Complex test stand for unmaned aerical vehical static tests
Shramko K.K., Filin A.A.
MALI, Moscow, Russia

Unmanned aerial vehicles are becoming more and more widely used today. A big problem is
their low reliability during operation. To improve the accuracy of their design, it is necessary to
correctly reproduce the loads during testing, as well as to correctly remove and process the obtained
data.

The aim of the study is to design an integrated test bench for static tests of an unmanned aerial
vehicle, taking into account the tracking of loads and taking the results from units made of
composite materials.

The complex stand is designed for all loading cases that reproduce the behavior of the apparatus
during operation. This stand must be a rigid structure to exclude the occurrence of parasitic
moments and have prepared attachment points for the loading system. The loading system should
be equipped with self-aligning units to create an accurate reproduction of loading during
deformation of the apparatus structure. Lodges directly transferring forces to the structure must be
simultaneously fixed in certain sections and self-aligning for full transfer of the design load.
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The loading system must first be outweighed so that there is no pre-loaded state of aggregates
made with the use of composites, because even 10% of the operating load is compressed.
Consideration of this reduction must be taken into account when conducting tests.

During the design process, this stand is modeled by the finite element method, where all the
forces arriving at the apparatus and the deformations that occur during its loading are checked. The
iterative method is used to check the possible change in the load transmitted by the power exciter
during the movement of the aircraft structural elements.

In addition to the loading system, the stand must be equipped with a system for relieving
deformations and stresses during testing for each design case. In this stand, it is proposed to use a
strain gauge system with weighing of communication systems and creating a connecting platform
for switching using a working harness of the reading system.

Thus, the presented complex stand for static tests allows obtaining more accurate characteristics
of the design of an unmanned aerial vehicle, as well as reducing the cost and timing of tests.

KomnuiekcHble 9KkciepuMeHTATbHbIE HCCJeJ0BAHMS Pa3padoTAHHBIX GeCIUIOTHBIX
JIeTaTeJIbHBIX ANNAPATOB BePTOJIETHOIO THIIA C COOCHOIi CXeMOM pPaco/I0:KeHUsl HeCy X
BHHTOB C HCII0/Ib30BAHMEM MHJIOTAKHBIX CTEHI0B
S AT
AO «Asuaastomatrka» uM. B.B. Tapacosa», r. Kypck, Poccus

B Hacrosimee BpeMst B MHpE IIHPOKO MPUMEHSIOTCS OECIMIOTHBIE JieTaTelbHbIC aIapaThl
(BJIA) camorneTHOro M BEPTONICTHOTO THIA IS BBIIOMHEHUS IPaKAAHCKHX M BOGHHBIX 3a1ad
pa3iIuyHOro HasHavyeHus. OIHAKO JO CHX IIOp OCTAeTcs He3aJeHCTBOBAHHBIM IIPOMEXKYTOUHBIH
knacc BJIA BepronerHoro Tuna ¢ maccoit ot 200 g0 1500 kr.

B cBa3u ¢ atum, npennpuatiaeM AO «ABuaaBTomatrka» uM. B.B. TapacoBa» Obl1 mpousBeneH
psin paboT IO CO3MAHWIO M HCCIENOBAHUIO NMONYyYeHHBIX 00pasnoB BJIA maccoit mo 350 kxr u
Maccoii 1o 800 kr.

Pazpaborka BJIA maccoit mo 350 Kr ocymiecTBisslach IyTEeM HMHTErpAllUM  CHCTEM
ABTOMAaTHYECKOTO YIPaBICHHS B CYIIECTBYIOIINH JIeTaTeIbHBIH ammapar, IIOCTPOCHHBI Ha Oase
OEH3MHOBOTO JBYXTAKTHOTO aBHAI[IOHHOTO BUTATEIIsI BHYTPEHHETO CTOPAHUSL.

Pazpaborka BJIA maccoit 1o 800 kr Benach Ha OCHOBE HECYIIEH CHCTEMBbl CYILECTBYIOIIETO
JIeTaTeNbHOTO allapara, CHIOBas YCTAaHOBKA BBHINONHEHa Ha 0a3e DJIEKTPUYECKOro IPUBOJA
Hecymux BUHTOB (OITHB) ¢ HOCTOSHHBIMI MarHUTaMH.

OITHB KOHCTPYKTHBHO COCTOMT W3 JIByX CEKLHMH, KaXIas U3 KOTOPHIX OTBEYAET 3a BPAILEHUE
OJIHOTO W3 BHHTOB COOCHOH HecCymieH chcTeMbl. MexaHHdecKas B3aHMOCBSI3b MEXIY CEKIHIMHU
OTCYTCTBYET.

BJIA nomo6HOro TUIa, B HACTOSILIEE BPEMs, HE IMEET aHAJIOTOB B MUpE.

Jlnst  obecriedeHnst  0€30IIaCHOCTH TIPH  IPOBEJCHHH HA3eMHBIX  OKCIIEPHMEHTAIBHBIX
HCCIeNOBaHUH OB pa3pa0oTaHbBl NIJIOTAXKHBIE TPEHAXKEPHI, HCKIIOYAIOUEe BO3MOXKHOCTD
OIPOKU/IBIBAHMSA JIETAaTENbHBIX AaNNapaToB IpH I0Jadye HEKOPPEKTHBIX KOMaHJ YIpaBJIEHUs,
MIPUBOJAIINX K OTKJIIOHEHHIO BEPTUKATBEHOMH OCH BEPTOJIeTa Ha KDUTHICCKUH YTOI.

Pe3ynbTaThl SKCIEPUMEHTANBHBIX HccnenoBanuii BJIA maccoit 1o 800 kr. HccnemoBanus
MIPOBEICHBI YCIEIIHO: PACKPYTKa BaJIOB HECYIIEH CHCTEeMBI OCYLIECTBIISIIACH O3TAMTHO 10 YACTOThI
Bpamenus 115 06/MuH ¢ ¢ukcanueil NOIyISHHBIX XapaKTePHCTHK paboTsl. OTMeUaeTcs BBICOKAst
CTaOWIBHOCTS PaOOTHI U HU3KUH YPOBEHb BUOpAIi KOHCTPYKIHN.

Pe3ysbrarhl sKCIEpUMEHTaNbHBIX HccienoBanuil BJIA maccoit 1o 350 xr. B nporecce HazeMHoi
0TpabOTKH B MIJIOTKHOM TpeHaXkepe ObLIM OCYIIECTBIICHBI B aBTOMaTHYECKOM PEKHME: 3aIlyCK
nsuratenst BJIA, mporpes, BBIXOA Ha PEKHM XOJIOCTOTO XOJa, PACKPYTKa JONAcTel; IPH ITOMOIIH
JIMCTAHLOHHOTO YIIPAaBJIEHUS: B3JIET, BHCCHME B PEXMME AaBTOMATUYECKOH CTAOMIM3ALUM 110
yIJIaM TaHraXxa ¥ KpeHa ¢ py9IHOH KOPPEKTHPOBKOU yIna IO Kypcy, II0CaKa U OCTaHOB JABUTaTeNs
10 KOMaH/Ie C AUCTAHIHOHHOTO ITy/IbTa YIIPABICHUS.

ITo pe3ynbTaTaM HcCeIOBaHUN CAENaH BBIBOJ O TOM, YTO allapar MPHUIOJeH JUls MPOBEJCHHs
JIETHO-KOHCTPYKTOPCKHX MCCIIE/IOBAHHUM, IOCIIE MOMYYCHHS! HEOOXOMMOTrO [T 3TOTO Pa3pelIeHus
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Ha NPOBEACHUE IIEPBOro MoJIETa, KOTOPOE BBIAACTCA METOANYECKUM COBETOM 3KCHepI/IMeHTaJ'IBHOﬁ
aBHalUH.

Comprehensive experimental studies of the developed unmanned aerial vehicles with a
coaxial scheme of the locating propellers with the use of laying stands
Yashin A.G.
“Aviaavtomatika” n.a. V. Tarasov” JSC, Kursk, Russia

Currently, unmanned aerial vehicles (UAVs) aircraft and helicopter types are widely used in the
world to perform civil and military tasks for various purposes. However, the intermediate class of
helicopter-type UAVs with a mass of 200 to 1500 kg still remains unused.

The enterprise JSC "Aviaavtomatika" named after V.V. Tarasov”, a number of works were
carried out to create and study UAV samples weighing up to 350 kg and weighing up to 800 kg.

Development of UAVs weighing up to 350 by integrating automatic control systems into the
existing aircraft, built on the basis of a gasoline two-stroke aircraft internal combustion engine.

The development of UAVs weighing up to 800 kg was carried out on the basis of the carrier
system of the helicopter, the power plant is made on the basis of an electric rotor drive (ERD) with
permanent magnets.

The ERD structurally consists of two sections, each of which is responsible for the rotation of
one of the screws of the coaxial bearing system. There is no mechanical relationship between the
sections.

UAVs of this type, at present, have no analogues in the world.

To ensure safety when using ground-based experimental studies, flight simulators have been
developed that exclude the possibility of overturning aircraft when incorrect control commands are
given, leading to a deviation of the vertical axis of the helicopter at a critical angle.

The results of experimental studies of UAVs weighing up to 800 kg is that the research was
carried out successfully: the spinning of the shafts of the bearing system is carried out in stages up
to a rotational speed of 115 rpm with the fixation of the performance characteristics. High stability
of operation and low level of vibration of the structure are noted.

The results of experimental studies of UAVs weighing up to 350 kg are the following: in the
process of ground training in the flight simulator, the following were implemented in automatic
mode: starting the UAV engine, warming up, entering the idle mode, spinning the blades; by
remote control: takeoff, automatic stabilization in pitch and roll angles with manual correction of
the angle along the course, landing and engine shutdown on command from the remote control.

Based on the results of the study, we can conclude that the device is suitable for flight design
research, after obtaining the necessary permission for this to conduct the first flight, which is issued
by the methodological council of experimental aviation.
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2. ABManjMoHHbIe, paKeTHbIEe ABUraTe/Iu
Y JHepreTHYecKue yCTAaHOBKHU

2. Aviation and Rocket Engines
and Power Installations

Crnioco0»b1 anNpOKCHMALMHU XaPAKTEPHCTHK KOMIIPECCOPOB
'Apzees C.B., ’Kypc K.E.
!Camapckuii ynusepceurer, 2ITAO «OJK-Kysuenos», r. Camapa, Poccus

W3BecTHO, 4YTO Ha U3MEHEHHE OonbmUHCTBA mapaMeTpoB ['TJ] cymiecTBeHHOE BIIUSHHE
OKa3bIBAIOT XapaKTEPHCTHKH KOMIIPECCOpPOB. B cB3uM ¢ 3TUM 0c000 BakKHBEIM B IIpoIEcce
MaTEMAaTHYECKOIO0 MOJEIUPOBAHUsA SBJISIETCSA OINpPEIENIEHHE XapaKTePUCTHK KOMIIPECCOPOB Ha
Pa3IMYHBIX DTalaxX >KU3HEHHOTO IMWKJIA JBHIATeNs, a TakXkKe CIOCOOBI HX aIllpOKCHMAIHN,
MIpe/ICTaBICHHI U HHTEPIIOJIANUH C YIETOM LEH UX JaIbHEHIIero MPUMCHeHNS.

Jlns ynoBieTBopeHUs TpeOOBAHHUAM, KOTOPBIC BOSHHMKAIOT PH PELICHUHN 3a1a4 UICHTH(UKALINH
mozenu I'TJ], 6bU10 IpemnoxkKeHo ABa crocoda anmpoKCUMANUH XapaKTepPHCTHK KoMIpeccopos. B
OyaymieM IUTaHUPYeTCs HX HHTErPalysi B METOAUKY MHOIOPEKUMHOI HICHTH(DHKAINH.

IlepBblit cioco® cOCTOUT B MocienoBaTeNbHON anmnpokcuManuu usonuauit KI1J1 kpuBbiMu 1o
YPaBHEHHIO, 3aJaHHOMY B IIOJSIPHOI cuCTeMe KOOpJAHWHAT. YpaBHEHHE alIPOKCHMAIUU IOIyYCHO
Ha OCHOBE YCOBEpIICHCTBOBAHHOTO YPaBHEHUS OJIUIMICA. AIMPOKCUMANUS MPOBOAUTCS IIyTEM
nonbopa 6-TM  CTAaTHCTHYECKHX KOI(p(dHIMEeHTOB. JIaHHBIH METOJ MMEET CyIIECTBEHHbIE
HEJOCTATKH: BO3MOXKHOCTb B3aHMHOTO IEpECEeUeHUs AaNNpOKCHMHPOBAaHHBIX m3omuHui KII/JI,
CIIO)KHOCTb B MHTEPIIOJIIIUY 3HAYCHUH.

Bo Bropom crmocobe mpemiaraercst ammpokcumuposath nsommuun  KITJ[  xapakTtepucTHk
KOMIIPECCOPOB DILIMIICAMU. AIMPOKCUMANUs IPH JTOM IPOBOAUTCS OIS ONHOH HCXOXHOH
wm3omuHun KIIJ[, a mocnexyromue OIpenensioTcs Ha e€ OCHOBE C IIOMOIIBIO KOPPEKTUPYIOUIUX
K03 (PUINEHTOB (PAaCIIMPEHHs M CMELIEHHs LEHTPa MCXOIHOro 3junca). JlaHHOe ypaBHeHHe
aNIpPOKCHMAIMHU BKIIIOYaeT 3aBHCHMOCTh 0T KIIJI, 4To mo3BoiseT NpOBOAUTH alMpOKCUMAIUIO He
IICKPETHO (KaKAOW OTJETIbHOW HM30JMHHUM), @ BCEH XapaKTEPUCTHKH B IEIOM. TakuM o0pazoM,
JIaHHBIA CII0cO0 1O3BOJNIAET M30€XKaTh BCE HEJOCTATKH HPEABLAYIIEr0 METOoja, HO, CIeAyeT
TIPU3HATS, 32 CUET CHIDKEHUSI KaueCTBa alPOKCHMAIIHH.

AnmpokcuManys HAIOPHBIX BETOK XapaKTEPHCTUK KOMIIPECCOPOB MPOBOAMIACH TAKXKE B
HOJIAPHON CHCTEME KOOPIHHAT. DTO TO3BOJIMIIO M30aBUThCSA OT HEOOXOAMMOCTH BHIOMPATh OYCHB
Mabli MIar OpH aNIpOKCHMAIMM IOJMHOMAaMH IO DPAacXogy BO3AyXa depe3 KOMIIpeccop Ha
pexuMax OJIH3KHX K 3alIUPAHHIO, 4 Ha BHICOKUX PEXKUMAX — BO BCEM JHAIla30He 3HAUCHUH.

CpenHeKkBaIpaTHYHOE OTKJIOHEHHE MOJYYCHHBIX ammpoxcumanuii nzomuauid KIIJ[ s oboux
METOOB cocTaBuiIo MeHee 10%, 4TO TOBOPHT O IpHEMIEMOM KadeCTBE ammpokcuManuid. JIms
HAIlOPHBIX BETOK CPEIHEKBAAPATHIHOE OTKIOHEHHE COCTAaBIIO MeHee 3%.

Methods for approximating compressor characteristics
'Avdeev S.V., 2Kurs K.E.
ISamara University, PJSC “UES-Kuznetsov”, Samara, Russia

The characteristics of compressors have a significant effect on the change in most GTE
parameters. In this regard, it is especially important to determine the characteristics of compressors
at various stages of the engine life cycle, as well as methods of their approximation and
interpolation.

To meet the requirements that arise when solving the problems of identification of the GTE
model, two methods were proposed for approximating the characteristics of the compressors. In the
future, it is planned to integrate them into the multi-mode identification methodology.

The first method consists in sequential approximation of the efficiency isolines by curves
according to the equation given in the polar coordinate system. The approximation equation is
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derived from the improved ellipse equation. The approximation is carried out by selecting 6
statistical coefficients. This method has significant drawbacks: the possibility of mutual intersection
of the approximated isolines of the efficiency, the complexity in the interpolation of values.

In the second method, it is proposed to approximate the efficiency isolines of the compressor
characteristics by ellipses. In this case, the approximation is carried out for one initial isoline of the
efficiency, and the subsequent ones are determined on its basis using the correction factors
(expansion and displacement of the center of the original ellipse). This approximation equation
includes a dependence on the efficiency, which makes it possible to carry out the approximation not
discretely (for each individual isoline), but for the entire characteristic. Thus, this method avoids all
the disadvantages of the previous method, but it should be recognized, at the expense of a decrease
in the quality of the approximation.

The approximation of the pressure branches of the compressor characteristics was also carried
out in a polar coordinate system. This made it possible to get rid of the need to choose a very small
step when approximating by polynomials in the air flow rate through the compressor at modes close
to locking, and at high modes - in the entire range of values.

The root-mean-square deviation of the obtained approximations of the efficiency isolines for both
methods was less than 10%, which indicates the acceptable quality of the approximations. For the
pressure lines, the standard deviation was less than 3%.

IIpoexkTHpOBaHKeE 0XJIAXKIAEMOI0 JUCKA TYPOUHBI /151 JBUIaTe/Is1 MAJ10ii MOLIHOCTH €
NpUMeHEeHNeM a/UINTHBHBIX TeXHOJIOTHIA
Aranos A.B., Monos A.B., Kamees 1.C.
MAMU, r. Mocksa, Poccust

B namnoit pabore paccMaTpHBaeTCs NMPOEKTHPOBAHUE OXJIAKAAEMOIO AUCKA TypOMHBI THIIA
Omuck s asurarens ¢ Tsroi 120H, paspabartsiBaeMoro B MOCKOBCKOM aBHALIMOHHOM MHCTHTYTE
Ha Kadenpe 205. Bpulo pelIeHO HM3rOTaBiIMBATH TYPOUHY C MOMOLIBIO aJUTUTHBHBIX METOJIOB
[IPOM3BOACTBA, YTO MO3BOJIWIO CHEIAaTh OOJIee CIOXHYH TEOMETPUIO, HEBO3MOXHYIO IS
IIPOM3BOJICTBA TPAAUIMOHHBIMU MeTofaMi. Ho 1p 3TOM aauTHBHbIC TEXHOJIOTHU HAKJIAABIBAIOT
JIOTIOJIHUTEIbHbIE TEXHOJIOTMYECKHE OrPaHMYeHHs, KOTOpble HEOOXOAMMO YUYHTHIBATh IPH
[IPOCKTUPOBAHUH.

C kaxkIbIM TOAOM JONS AJAUTHBHOIO IPOM3BOACTBA B ABHALMOHHOHW IPOMBIIUICHHOCTH
YBEIMYHMBACTCS, HO BCE PABHO OCTACTCS HE3HAUMTENIbHOM. B HacTosIee BpeMs eyaTh NCHOJB3YIOT
B OCHOBHOM B OIIBITHO-KOHCTPYKTOPCKUX paboTax Juis BRIPAIMBAHMS IIPOTOTHIIOB.

AJUTUTHBHBIE METOJbI MPOM3BOJCTBA OCTAlOTCS JOCTATOYHO JOPOTOCTOSIIMMH, II03TOMY
0TpabOTKy JaHHBIX METOJOB BBIFOJHEE MPOBOJNTH HA MPOCTHIX M JOCTATOYHO HETOPOrOCTOSIIMX
o0beKTax, HampuMep, Ha JBHraresisix Manod MmomHoctd (1o 600H). Drto Oymer oOXxomuthes
TOpasJo JeLIeBIIE, a TAKXKE MOXKHO PEalIM30BbIBATh CIIOXKHbBIC TEXHUYECKHE PEHICHHS C MEHBIIHNMU
HOTEPSMHU.

B Xozme BbImONHEHHWs IOCTaBIEGHHOH 3agaud ObUIM IPOBENEHBI CICAYIONINE PAaCUeTHI:
TEPMOra30ANHAMUYECKUI pacyeT ABUIaTels MPOTOTUIA M JBHUTATENs C y4eTOM OXJIaXKJICHUS B
IPOrpaMMHOM  KOMIUIEKCE Amesim; pacyeT CIPOEKTHPOBAHHON OXJakJIaeMoil TypOMHBI B
nporpaMmmHoM KoMmiutekce Ansys CFX, n3 KoToporo GbLIO MOIYYEHO paclpeieieHie TeMIIepaTyp
Ha JIMCKE U Tepe JIONaTKH HEe0OX0AMMOe JUlsl IIPOYHOCTHOTO pacyeTa B MPOrpaMMHOM KOMILIEKCE
Ansys Static Structure, a Taxoke OblIa IPOM3BEAEHA OLEHKA 3()(PEKTHBHOCTH CIPOCKTHPOBAHHOTO
OXJaKIeHNs. MOJEIMpOBaHHE OXJIAKJAEMOro JHUCKAa TYpOHHBI HPOBOAMIOCH B IIPOrPAMMHOM
komruiekce Siemens NX. TTomrimo 3toro, Obuta pa3paboTaHa KOHCTPYKIUs paboydeii 30HbI ITIeHaTy 1
MOATOTOBJICHA YIPABILSIIOLIAst IPOrpaMMa BBIPAIIMBAHUS B HECKOJIBKUX IIPOrPaMMHBIX KOMILIEKCAX
(Ansys SpaceClaim, Siemens NX, Magics). 3To ObII0 HEOOXOJUMO JUISl U3y4EHHSI BOZMOXKHOCTEH
JIAHHBIX TPOTPaMM, HX CPaBHEHMS 10 (YHKIHOHATY U IO HPEIIOKSHHOMY ONTHMAIFHOMY
PAacCIOJIOKEHHIO JIETATH B KaMepe IOCTPOCHHSI.

B Hacrosmiee BpeMsl IPOBOJHUTCS KOMIBIOTEPHOE MOJCIUPOBAHUE BBIPAIIUBAHUS 3aTOTOBKH
OXJTakaaeMoil TypOuHbl Ha 3D-npHHTEpE W HEMOCPEACTBEHHO €€ MedaTh. JTO HEOOXOAMMO s
CpaBHEHUs pPE3yJbTATOB II€YaTH C KOMIIBIOTEPHBIM MOJCIMPOBAHUEM JAHHOTO IIpoliecca.
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MojenupoBaHue Tpoliecca IeYaTH TaKkKe OyaeT HPOBOIAWUTBCS B HECKOJBKHMX IPOTrPaMMHBIX
xommiekcax (Ansys Additive u MSC Simufact) a1 cpaBHEHUS IOTy4YeHHBIX PE3yIbTaTOB MEKIY
co00ii ¥ JUIs M3y4eHHS BO3BMOXKHOCTEH JTAHHBIX POTPAMM.

Designing of a cooled turbine disk for a low-power engine using additive technologies
Agapov A.V., lonov A.V., Kashcheev LS.
MAI, Moscow, Russia

The design of a cooled turbine blisk for a 120N thrust engine being developed at the Moscow
Aviation Institute at Department 205 is discussed in this paper. It was decided to manufacture the
turbine using additive manufacturing methods, which made it possible to make a more complex
geometry that is impossible to produce using traditional methods. But at the same time, additive
technologies add some technological constraint that must be taken into account during designing.

The part of additive manufacturing in the aviation industry increases every year, but still remains
insignificant. Currently 3D printing is used mainly in the research and test works for the production
of prototypes.

Additive manufacturing methods remain quite expensive, so it is more profitable to adjust these
methods on simple and inexpensive objects, for example, on low-power engines (up to 600N). This
will be much cheaper, and you can also put into practice complex technical solutions at lower cost.

The following calculations was carried out during this work: thermodynamic calculation of the
prototype engine and engine with active cooling in the software package Amesim; the calculation
of the designed cooling turbine in Ansys CFX, where the temperature distribution on disk and blade
airfoil was obtained that required for strength calculation in Ansys Static Structure, also evaluated
the effectiveness of the cooling. 3D-modeling of the cooled turbine disk was performed in software
package Siemens NX. In addition, the design of the 3D-print working area was developed and the
control program for manufacturing process was prepared in several software complexes (Ansys
SpaceClaim, Siemens NX, Magics). This was necessary to find out the capabilities of these
software packages, compare them by functionality and by the optimal location of the part in the
construction-printing chamber.

Computer simulation of the manufacturing of turbine part and 3D printing of the part itself is
carried out at present. This is necessary to compare the 3D print results with computer simulations
of the process. Simulation of process is also carried out in two software packages (Ansys Additive
and MSC Simufact) to compare the obtained results to find out the capabilities of these programs.

Pa3pa0oTka MHHTErpHpPOBAHHOI 0a3b1 JAHHBIX KOMILIEKTYIOLIUX 3J1eMEHTOB
TOIUIMBOU3MEPHUTEIbHOI aBTOMAaTHKH aBHALMOHHBIX I'T/{
Annobaepa O.C.

MAMWU, r. Mocksa, Poccus

TormBoM3MepHTENIbHAS CHCTEMA CIIOXKHA 10 CBOEMY (YHKIHOHAly M KOH(pHIypaumuu, B e
COCTaB CXOAAT KaK CJIOXKHBIE JATYMKH, HACOCHI M arperaTel, TaK M THUIIOBBIE JJIEKTPUUECKHE
COCTaBIISIONIHE OTBEYAIONIHE 32 BBIIAaUy KOPPEKTHOH HMH(OPMAIUH II0 YPOBHIO TOIUIMBA B OaKax.
Tak kak cuctema oTBedaeT 3a pabOTOCIIOCOOHOCTH JBUTATENeH, T0Aauy TOILIMBA U NOAAEPIKAHUE
3a/JaHHOTO TEMIIa BBIPAOOTKH, TO HEOOXOIMMO, YTOOBI BCE 3JIEMEHTHI YETKO BBINOJIHSIN CBOM
(yHKIMH ¥ HE HapyIanu paboTOCIIOCOOHOCTh CHIIOBOM yCTaHOBKU. J1J1st 5TOr0 HEOOXOMMO 3HATH,
KaK Oyziet paboTaTh KaXk/blif KOMIOHEHT B KAKHX YCIOBHAX U COUCTAHUSX.

ba3a nannbeix (BJl) — cTpyKTypHas COBOKYINHOCTb JAaHHBIX, MOJUICPKUBAcMass B aKTyalbHOM
COCTOSTHUH JUTSl KOHKPETHOH IIpeAMETHON 00IacTH.

Jlns cosnaHust 6asbl JaHHBIX ITOTPEOOBAJIOCH MPOAHATU3UPOBATH JAHHBIC, M PEIINTh KakHe U3
HUX BOWAyT B Tabmmupl. C 9TOoW Lenbro ObUIM co3gaHbl Tabmuusl B cpene Excel. OcHOBHBIMU
mapaMeTpaMy AJIs IIOUCKA DJIEMEHTOB ObLIM BBIOpPAaHBI: HAHNMEHOBAHHE, OIHCAHHE, TEXHHYECKUE
yenoBust (TY). Cnemyrommid mmar — mnepeHoc Tabmuisl B mporpammy Microsoft Access —
PEISILIHOHHYIO CHCTEMY yNpaBiieHus 6azamu naHHbIX. Co3gaeTcss OCHOBHas TaOJHIA, I€ yKa3aHbl
mapaMerpsl, MO3BOJLIOIINE BBHIOpaTh TpeOyrommiics OJlEeMEHT WM TIPYNIy dJIEMEHTOB.
Tlonb3oBarens 3Tol 6a3bl CMOXKET OBICTPO HalTH HeoOxoaumoe TY Kk m0OOMY 3JIEMEHTY, BHECS B
CTPOKY NOMCKAa HAUMEHOBAHHUE HIIN OITHCAHHUE JIEMEHTA.
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Ora 6a3a onuceiBaeT Bee deMeHTsl TC u THIC, HO 3TH cUCTEMBI TaK)Xe 3aBsA3aHbl CO MHOTUMHM
JIPYTUMHU CHCTEMaMH caMojeTa. B 4acTHOCTH, ¢ CHCTEMOH, OTBEUAIOIIeH 3a JJIEKTPOCHAOKEHHE
caMoJIeTa, 32 KOTOPYIO OTBEYAET OTJIEN 3IEKTPOOOOPYI0BAHNUSL.

PaccMoTpuMm 1o6aBlIeHHE 37IEMEHTOB JIEKTPOCHAOKEHHUS caMoJIeTa, CBsi3aHHbIe ¢ cucteMamu TC
u THUC. HoBble faHHBIC MO3BOJIT IPOHU3BOAUTH CMEXHBIE PadOTHI OTAENA CHIOBHIX YCTAHOBOK
(CY) u ornena amekTpocHaOxeHus: B Oonee koporkue cpokd. Hammume B B/ nndopmanuu mo
3JIEKTPOCHAOKEHNIO TI03BOJIMT CHU3MTH TPYIOEMKOCTh pPabOTBl IIPH CBEPKE, HPOBEPKE M
YTBEPKACHHN HOBOW KOHCTPYKTOPCKOH JOKyMeHTanuu. Takxke 3TO JaeT BO3ZMOXHOCTh OBICTPOrO
aHa/lM3a JUIi TAKMX 3a7a4 Kak: BBIBOJ HOBBIX CHTHAJIOB, 3aMEHa COCAMHHTENCH, 3aMeHa
obopynoBanus. B3aumozeiictBre oTenoB ¢ noMolbio HoBoii b/I Ha mo3BouT:

1) mpuBecTH K yaoOHOMY ennHOOOpa3HOMY BUIy HH(OpManuio 1o sexrpoasTroMarnke TUC u
3IIEKTPOOOPYAOBAHHIO;

2) yCKOPUTb HOMCK HY)KHBIX JIEMEHTOB M X XapaKTEPUCTHK;

3) CpaBHUTH OJHOTHIIHBIC DIIEMEHTHI;

4) yCKOPHTB MPOLIECC CO3aHNs HOBBIX CXEM M BHECCHUSI M3MEHEHHIA B y)Ke CYIIECTBYIOLINE;

5) 00y4uTh CIELHANMCTOB CMEXHBIX NpoduiIei paboThl, ananTUPOBaTh HOBBIX COTPYIHHUKOB K
cneuuduke paboThI.

Development of an integrated database of components for fuel metering automation of
aircraft gas turbine engines
Aldobaeva O.S.
MAI, Moscow, Russia

The fuel measuring system is complex in its functionality and configuration; it includes both
complex sensors, pumps and aggregates, as well as typical electrical components responsible for
providing correct information on the fuel level in the tanks. Since the system is responsible for the
performance of engines, fuel supply and maintenance of the set rate of production, it is necessary
that all elements clearly perform their functions and do not interfere with the performance of the
power plant. To do this, you need to know how each component will work under what conditions
and combinations.

A database (DB) is a structured collection of data that is kept up — to-date for a specific subject
area.

To create a DB, it was necessary to analyze the data and decide which of them will be included in
the tables. For this purpose, tables were created in the Excel environment. The main parameters for
searching for elements were selected: name, description, technical specifications. The next step is
to transfer the table to Microsoft Access, a relational database management system. A main table is
created with parameters that allow you to select the required element or group of elements. The
user of this DB can quickly find the necessary ACCESS to any element by entering the name or
description of the element in the search bar.

This DB describes all the elements of the FS and FMS, but these systems are also tied to many
other aircraft systems. In particular, the system responsible for the power supply of the aircraft,
which is responsible for the electrical equipment Department.

Consider adding aircraft power supply elements related to the FS and FMS systems. The new
data will make it possible to perform related work of the power plant Department and the power
supply Department in a shorter time. The availability of information on power supply in the DB
will reduce the complexity of work during reconciliation, verification and approval of new design
documentation. It also allows for quick analysis for tasks such as: output of new signals,
replacement of connectors, replacement of equipment.Interaction of departments using the new DB
on the site will allow:

1) bring to a convenient uniform view information on electrical automation FMS;

2) speed up the search for the necessary elements and their characteristics;

3) to compare elements of the same type;

4) speed up the process of creating new schemes;

5) adapt new employees to the specifics of the work.
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CoBepieHCTBOBAHHE MATEMATHYECKHX Mo/IeJIeli CHI0BBIX YCTAHOBOK CBEPX3BYKOBBIX
IPa’kKAaHCKHX CAMOJIETOB C OLEHKOIi YPPeKTHBHBIX XapaKTePHCTHK
Anennaps AJL., I'pynun A .H., CunystnoBa M.B.

MAMU, r. Mocksa, Poccust

PaboTa HampaBleHa Ha PACIIMPEHHE BO3MOXKHOCTEH KOMILIEKCHOH MaTeMaTHYeCKOH MOoJenu
cuioBoil  yctanoBku (CVY) cBepx3BykoBoro rpaxnaanckoro camonera (CI'C), Bkmouaromeit
MaTeMaTH4yeckyto Mozeilb (MM) cBepX3BYKOBOTO IIJIOCKOIO PETyIMPYEMOro TPEXCTYNEHYaTOro
BXOJHOTO YCTpoiicTBa BHemHero cxatus (BxY), MM ra3oTypOMHHBIX IBHTraTeleldl pas3IUIHBIX
cxeM, MM perymupyembix comnen tuna JlaBais u MM KOpMOBOH 4acTH OCECUMMETPUYHOMN
MOTOrOHZI0JbI. B cocTaB komIuiekcHOi MM nononHuTeNnbHO BKII0YeHbl MM IBYXCTYNEHYATOro U
OJIHOCTYIEHYATOTO CBEpPX3BYKOBBIX IIIOCKMX BxVY BHemmHero cxatus, a Taoke MM BrixV c
LEHTPAIBHBIM TeJIOM. MaTeMaTH4eCKue MOJICIIH BXOJHBIX M BBIXOJHBIX YCTPOHCTB 00ECIICUHBAIOT
pacuer Kak BHYTPEHHHX, TaKk M 3((EKTHBHBIX (C Y4YETOM BHEIIHEr0 a’pOAMHAMUYECKOTrO
CONPOTHUBIICHHS) XapAKTEPUCTHK.

KoadduupeHt BoccTaHOBIEHHS MOJIHOTO AaBieHUs B BXY paccuMThIBaeTcs ¢ y4eToM HOTEph
TIOJIHOTO JIABJICHUS B CKAuKaX YIUIOTHEHUs! (KOCHIX M NMPSIMOM), a TaK)Ke IOTeph MOJTHOTO JaBJICHHs
B J03ByKOBOH wactu BxVY. Pacuer kod(dUIHEHTOB BOCCTAHOBICHHS IIOMHOIO [aBICHUS B
JI03BYKOBOM JH((y30pe U KaHaIIe MEX/Ly FOPJIOM H BXOIHBIM CEUEHHEM JIBUTaTesIs IIPOU3BOAUTCS
1O HOJNySMIHUPUYECKUM METOAUKAM, YYHTHIBAIOIIMM BIIMSHHE I€OMETPMYECKHMX XapaKTEePHUCTHK
KaHalla ¥ TPUBEICHHOW CKOpOCcTH ToKa. Ko3()(GHULIMEHT BHEIIHEro a’poANHAMHYECKOTO
comporuBieHns BxVY  ckmampiBaeTcst M3 KOI(@HIMEHTa CONPOTHBICHHMS OOeuailku U
K03 HUIHEeHTa CONPOTUBIICHHUS 10 JKUAKON JIMHUH TOKA.

Brmonuena paszpabotka MM comen ¢ EHTPaIbHEIM TEJIOM TPEX CXeM: BHEIIHETO PACIIMPEHUS,
YACTUYHO BHYTPEHHETO pACUIMPEHHs C cyxkKalollelica obedaiiko M YaCTUYHO BHYTPEHHETO
pacumpeHus ¢ paclmpsomerics obevaiikoil. KoHTyp comna paccuuThIBaeTcst U3 yCIOBHS, YTO B
€ro BBIXOJHOM CEUEHHH PEAaKTHBHAS CTPYS pPACHIMPUIACH 1O AaTMOC(EpHOro [IaBIeHHS H
HampaBleHa 10 ocu comia. OOpasyromias ILEHTPaJbHOro Tela IPEeJCTABIsIET CO00H KPUBYIO
BTOPOIro TOpsJKa. Y colel C YacTHYHO BHYTPEHHUM PACIIMPEHUEM IPEIBAPUTEIHLHOE
pacIIpeHne OCYLIECTBISICTCA B Mpefenax oOedailku B BOJNHE pa3pekeHHS C (OKycoM B
KPUTHYECKOM TOYKE LIEHTPAIBHOrO Teja. MaTeMaTH4ecKiue MOJIENH O3BOJISIIOT PACCUUTHIBATD TATY
COIeJ C YY4eTOoM HOTeph Ha TPEHHE, NOTeph Ha YKOPOYEHHE LEHTPAIBHOIO Tella OTHOCHTEIBHO
pacueTHOro KOHTypa, a TaKXkKe MOTeph Ha KOHYCHOCTb M HEPACUETHOCTb TeUeHUs. [l OLCHKH
BHEIIHEr0 a’pOIMHAMIYECKOTO CONPOTHBIICHHUS COMEI C LEHTPAIBHBIM TEIOM NpuMeHsercs MM
KOPMOBOWH 4YaCTH MOTOTOHJONBI, KOTOpas TPEACTaBIsieT Co0Oil HApyXHYIO ITOBEpXHOCTD
YCEUeHHOro KoHyca. MaTeMaTHdeckass MOJENb IIO3BOISIET y4eCTh BHEIIHEE aj3pOJHHAMHYECKOE
CONpPOTHUBIICHHE 00CYaiiku, IPH TOM JOHHOE CONPOTUBIICHHE LIEHTPAIBLHOTO TeNa Ha YYUTHIBACTCS.

Improvement of mathematical models of supersonic civil aircraft propulsion systems with
effective characteristics evaluation
Alendar A.D., Grunin A.N., Siluyanova M.V.
MAI, Moscow, Russia

The work is aimed at empowering complex mathematical model of propulsion system (PS) of a
supersonic civil aircraft (SCA), which includes mathematical model (MM) of supersonic flat
variable-geometry three-stage intake device of external compression (SID), MM of gas turbine
engines of different schemes, MM of variable-geometry nozzle and MM of axisymmetric nacelle
tail. The complex MM additionally includes MM of two-stage and single-stage supersonic flat
external compression SIDs, as well as MM of plug nozzles. Mathematical models of intake devices
and nozzles provide calculation of both internal and effective (taking into account external
aerodynamic drag) characteristics.

The coefficient of the total pressure recovery in the SID is calculated taking into account the total
pressure losses in the shocks (both diagonal and normal), as well as the total pressure losses in the
subsonic duct. The pressure recovery in the subsonic diffuser and in the throat-engine channel
section are calculated using semi-empirical methods that take into account the influence of the
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channel's geometric characteristics and the flow velocity. The coefficient of external aerodynamic
drag is made up of the shell drag coefficient and the liquid line drag coefficient.

The development of plug nozzles MM of three schemes was performed: external expansion,
partially internal expansion with a convergent shell, and partially internal expansion with an
divergent shell. The nozzle contour is calculated from the condition that the jet has expanded to
atmospheric pressure in its exit section and is directed along the nozzle axis. For nozzles with
partially internal expansion, pre-expansion is carried out within the shell in a rarefaction wave with
a focus at the critical point of the central body. Mathematical models allow us to calculate the
nozzle thrust taking into account friction losses, losses for shortening the central body, as well as
losses for taper and off-design flow regimes. To assess the external aerodynamic drag of the
nozzles with a central body, the MM of the tail part of the engine nacelle, which is the outer surface
of a truncated cone, is used. The mathematical model allows to take into account the external
aerodynamic drag of the shell, while the bottom drag of the central body is not taken into account.

Co3aaHue IMHAMHYecKo# Mozeu majaopa3mepHoro I'T/] co craprepom
Ammnaros U.B., boposuxkos [I.A., Tezukos C.E.
MAM, r. Mocksa, Poccust

VYpoBeHb pa3sBHTHSA aBHAIIMOHHO-KOCMHYECKOH TEXHHKH TpeOyeT Bce Oomee TIIyOoKoH
IPOPabOTKM MaTeMaTUYECKUX MOJICNCH, HCIONb3YIOIMXCA Ha dTane MpoeKTupoBaHus. IIpu sTom
YPOBEHb BBIUMCIUTENBHBIX MOIIHOCTEH BCe €llle He JOCTAaTOYEH I MOJEIUPOBAHUSA CIOMXKHBIX
cucteM B HOMHOM 3/ B OCOOCHHOCTH NpPH MOAEIHPOBAHWH HECTAIOHAPHBIX IIPOLIECCOB.
YacTUYHO pEIIUTh 3Ty 3a4adyy I103BOJAIOT COBPEMEHHbIE HHCTPYMEHTHl MaTeMaTHYECKOIrO
MojenupoBanus. C UX MOMOLIbI0 MOXHO KoMmOuHMpoBath 31, 2J1 u 1J1 pacuersl u co3jpaBaTh
MOJIEINH CIOXKHBIX MyIbTHINCIUIIINHAPHBIX TUHAMAYECKIX CHCTEM.

B kadecTBe npumMepa Takoil cUCTEMbl MOXET BbICTynaTh manopasmepHbiii ['T/I, a perraemoit
TaKol MOJIENbI0 3afaueil — obecreyeHne CTabHIbHOTO 3aMycKa B Pa3iIMYHBIX YCIOBHSAX. [IepBbIM
9TAIlOM IIOATOTOBKU MOJEIH SIBIISIETCS ONpe/ielicHHe ee IMapaMeTpoB. XapaKTePUCTUKH OCHOBHBIX
y3J0B MOTYT OBITH IOJNy4€Hbl KaK B PE3yJbTaTe HATYypHBIX, TaK U BUPTYyaJbHBIX HCIBITaHUI. B
nporpamMmmHoM komiuiekce ANSYS CFX Obuin npoBeaeHb! ra30AMHAMUYECKUE PACUEThl OCHOBHBIX
y310B Manopazmeproro I'Tl, HeoOXoauMble ISl MOCTPOSHUS TUHAMUYECKON MOJIeny 3amycka. B
XO0JIe PacyeToB ObLIM MOJyYEHbl XapaKTEPUCTHKH KOMIIPECCOpa, TypOMHBI M KaMephl CTOpaHus, a
TaKOKe BXOJAHOTO YCTPOIMCTBA M PEaKTHBHOTO COILIA.

Ha 6a3e nmomy4eHHBIX XapaKTepHCTHK ObLIa mocTpoeHa 1/ Mozmens ABUTraTens B IPOrPaMMHOM
komiuiekce Amesim. IlocTpoeHHass MoJenb y4UTBIBACT WHEPLHOHHOCTH POTOPOB, BIIMSHHUE
cTaprepa Ha JIMHAMHYECKME XapaKTEepHUCTHKH, a TakkKe JIOINyCKaeT BO3HUKHOBEHHE
HECTAI[MOHAPHBIX d(()EKTOB IO TPAKTy ABUrATEIS.

ANropuTM 3amycKa JBHUTraTess BKJIIOYal B ce0s pacKpyTKy JABHUTraTels JJIEKTPOMOTOPOM Oe3
10J[a41 TOILIMBA, MOJ[a4y TOIUIMBA B KaMepy CTOPaHMs, OTCOSAMHEHHE My(ThI 3JICKTPOIBUTATEIS
ot poropa I'T/l npu HOCTHXKEHUN ONpPEAENCHHBIX 000POTOB U MOCICAYIOUIYI0 PAaCKPyTKYy POTOpa
TypOUHOM.

Ilomo6Hass Mozenb MO3BOJSIET ONTHMH3UPOBATh KakK IapaMeTphl CaMOro JBMraTells, Tak H
AITOPUTMBI YIPABJIEHUS, B YAaCTHOCTU IOJadeil TOIUIMBA B KaMepy CrOpaHHsS M MOIIHOCTH Ha
3JIEKTPOMOTOp, B KayeCTBE KPUTEPHEB ONTUMAIBHOCTH IPH 3TOM MOTYT BBICTYNATh pa3iMYHbIC
HapaMeTphbl EPEXOAHBIX IPOLIECCOB, B TOM YHCIIE BPEMs 3aITycKa, CTaOMIIBHOCTD 3aITyCKa C YU4eTOM
BHEIIHHUX YCIOBHI UIIH OTCYTCTBHE 3a0pOCOB TEMIIEpaTyphl H 0OOPOTOB BEIIIIE OTPAHIICHHUSL.

Takolf MOAXOA K CO3JaHUIO MaTeMaTH4eCKOH MOJENU TIO3BOJAET C BHICOKOH TOYHOCTBIO
MOJZIEIMPOBaTh M ONTHUMHU3MPOBATh MEPEXOJHBIE MNPOIECCHl B CHIOBOH YCTAaHOBKE B IIHPOKOM
nuanazoHe. Bo3MOXKHOCTH MOJENH JEMOHCTPUPYIOTCS Ha IpUMepe Ipoliecca 3aIycka T.K. 3TOT
nporecc TpedyeT MyJbTHANUCIUINIMHAPHOTO MOAX0Aa U paboTOCIIOCOOHOCTH MOJENN B HanbOoee
LIMPOKOM JIMaNa3oHe PeXKUMOB pabOThI IBUIaTEs.
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Small-sized GTE with a start system dynamic model design
Alpatov 1.V., Borovikov D.A., Tezikov S.E.
MAI, Moscow, Russia

Current level of aerospace technology requires more and more complicated mathematical models
to be used during engine design. At the same time, available computing power is still not sufficient
for modeling complex systems in 3D and transient processes. This problem can be partially solved
by modern mathematical modeling tools. Such systems can combine 3D, 2D and 1D calculations
and simulate complex multidisciplinary dynamic systems behavior.

Small-sized gas turbine engine is an example of such a system, to ensure a stable engine start
during different flight phases and environment conditions is an example of problem that requires a
multidisciplinary dynamic mathematical model. The first step is to determine model parameters.
Main engine parts characteristics could be obtained as a result of the experiments or virtual
experiments.

By 3D calculations with ANSYS CFX, the compressor and turbine performance maps as well as
combustion chamber, inlet device and jet nozzle characteristics are obtained. The performance
maps and characteristics are used to design a 1D engine model in the Amesim software. The model
takes inertia of the rotors, influence of the starter and transient effects along the engine flow path
into account.

The engine starting algorithm included 4 stages. During first stage rotor RPM is increasing by an
electric motor without fuel supply. Second stage is a fuel supply to the combustion chamber. Third
stage is a disconnection of the electric motor clutch from the GTE rotor when a certain RPM is
achieved, and the last stage is a regular acceleration from “idle” to “full thrust”.

Such model makes it possible to optimize both the parameters of the engine itself and the control
system, in particular fuel and electrical power supply algorithms during engine start; in this case,
various parameters of transient processes can act as optimality criteria, including the engine start
time, start stability, or overshoot of temperature and RPM above the limit taking into account
various external conditions.

This approach to the mathematical model design allows high-precious modeling and optimization
of transient processes in gas turbine engines in a wide range. Engine start process is chosen for
demonstration of the model capabilities due to its requirements for a multidisciplinary approach and
the model stability in the wide range of internal and external conditions.

AHaJIu3 BIMSIHUS TeOMeTPHYECKHX ITapaMeTPOB Ha padoTy JaOMPUHTHBIX YIJIOTHEHHI
Annpocosuy U.B., Cuysnosa M.B.
MAMU, r. Mocksa, Poccus

OnHuM U3 croco0oB MOBBIIEHHS d(P(EKTHBHOCTH COBPEMEHHBIX Ta30TYypOMHHBIX ABUTaTeNeit
spisiercs nosbimienue KIIJ ero y3nos. Yeennuenue KITJ mHorux y3nos I'T/ MOXXHO AOCTHYB 32
CUET CHWKCHMS MapasuTHBIX yTEYeK BO3/AyXa Oiaromaps WCIIONb30BAHUIO YIUIOTHeHMH [1].
JloOUTBCSI CHIKEHHS PacXo/ia BO3AyXa 4epe3 YIUIOTHEHHE B TOM YHCIIC Ha HEPACUETHBIX PEKHMAaX
PadOThI MOXKHO 32 CHET UCIOJIb30BAHHS COBPEMEHHBIX METOJIOB YHCIICHHOTO MOJICITUPOBAHUSL.

Jlns onpezieneHUs T€OMETPHU JIAOMPHHTHOTO YIUIOTHEHHs ObLIO BBEACHO 6 HEMpPEpPBIBHBIX
mapaMeTpoB (omuchBaOmUX (GopMy IrpedHs) u 1 IUCKpeTHBIH mapameTp (KOIMYECTBO IpeOHEH).
AHaJu3 Ha CXOJMMOCTb 10 CETKE IOKa3aJl HEeOOXOAMMOCTb UCIIOIb30BAHUS PACUCTHOH CETKHU C He
MeHee 4eM § 3JIeMEeHTaMH B KaHaJle yIUIOTHEHHs, a TAKXKe OCTPOESHUE IIPU3MATHYECKOTO MOACIOs,
HE JIOITYCKAIOIIET0 UCIIOIb30BaHUs IPUCTEHOYHON (DYHKINH.

Jlns ycKopeHHs pacueTa pacCUMTHIBAICSH CEKTOP YIUIOTHEHHUs. B KauecTBe rpaHMYHBIX YCIIOBHIA
UCIIOJIB30BAIOCh YCIIOBUE OTKPBITOI IPaHHIBI C 3aJJaHHBIM JaBJIeHUEM. J[OMOTHUTENBHBIA aHaIN3
MOKa3aJl, YTO B CIy4ac pacdyera CEKTOpa YCIOBHE BPAIIAOLICHCsS MepHOauKy Goiiee TOYHOE, HO
MEHee yCTOIYHBOE IPH MHOTOKPATHOM HEPECTPOCHUH '€OMETPHU M PACYETHON CETKH B MIMPOKHX
Tnpezierax, 4YeM yCJIOBUE CTEHKH C POCKaIb3bIBAHHEM.

AHanu3 YyBCTBUTENBHOCTH IOKa3all, 4TO IPH HEM3MEHHOM paJHalbHOM 3a30pe Hambonee
2¢dexTuBHEI ocTphle TpeOHH. BiusiHue GopMbl BepIINH Ha pacxol cocTaBisieT 1o 2,5%. Pammyc
CKPYIJICHUSI Y OCHOBAaHMS TPEOHS HE BIIMACT Ha PacXoi M MOXKET BBIOMPATBCA MCXOAsA U3
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TEXHOJOTHYECKHX CcooOpakeHuil. BiumsiHue BblcoTh Ha pacxonx Gomee 6%. Ilomorme rpeGHU
s deKTHBHEE CHIDKAIOT pacxos depe3 ymioTHeHHe. CO CTOPOHBI BBICOKOTO JABJICHHUS ONTUMAIIBHO
BbIOMpath yron 110-120° 4ro MoxeT naBaTh CHHXeHHE pacxona 10 2%. Co CTOpOHBI HU3KOTrO
JIaBJICHHS ONTHMAJbHO 3HaueHue Oonee 120-130° 4TO MOXKET NPUBOAUTH K CHIDKEHHIO Pacxona
6onee 10%.

B pesynbrate ontumusanmu Oblia IoONydeHa KOHQHIypauus JTaOMPUHTHOTO YIUIOTHEHUS,
no3posstomast 100uThcs 20% CHIDKEHMsT pacxoja BoO3lyxa uepe3 ymioTHeHue. CpaBHeHHE
PAacXOQHBIX XapAaKTEPHCTHK MCXOJHOTO M ONTHMHM3HPOBAHHOTO YIUIOTHCHMII IIOKAa3aio, dTO
ONTHMH3HPOBAHHOE YINIOTHEHHE 00ECIICYNBACT MEHBIINH PacXoJl BO3yXa B IIHPOKOM JIMaIia30He
THIepenajioB JaBICHHUS.

Iomydennsle pe3ynbTaThl IMO3BOJSIOT CHENaTh BBHIBOA 00 3(P(EKTHBHOCTH ONTHMH3ALUH
JIAOUPUHTHBIX YIUIOTHEHHI 11 CHYXKEHHs YTe4eK BO3/yXa.

Jlureparypa:

1. ®ananees C.B. [IpoGiieMbl B NEPCIEKTUBHI HCTIONB30BAHMUS TOPIIOBBIX YILIOTHEHHH C Ta30BOM
cmazkoii B coBpemenHbix I'TJ[ //B cOopuuke: IlpoOmeMbl W MEpCEKTHBBI Pa3BHTHS
nurarenecrpoenus Cep. "Bectauk CITAY", Camapa, 2000. C. 91-98.

Analysis of the geometric parameters influence on the labyrinth seals performance
Androsovich LV., Siluyanova M.V.
MAI, Moscow, Russia

One of the ways to improve the efficiency of modern gas turbine engines is to increase the
efficiency of its units. An increase in the efficiency of many GTE units can be achieved by
reducing parasitic air leaks through the use of seals [1]. It is possible to achieve a reduction in air
consumption through the seal, including in off-design operating modes, by using modern methods
of numerical modeling.

To determine the geometry of the labyrinth seal, 6 continuous parameters and 1 discrete
parameter were introduced.The mesh convergence analysis showed the need to use a computational
mesh with at least 8 elements in the seal channel, as well as the construction of a prismatic sublayer
that does not allow the use of the wall function.

To speed up the calculation, the compaction sector was calculated. The condition of an open
boundary with a given pressure was used as the boundary conditions. Additional analysis showed
that in the case of calculating a sector, the condition of a rotating period is more accurate, but less
stable with multiple rebuilding of the geometry and the computational grid over a wide range than
the condition of the wall with slippage. In the case of little or no influence of the circumferential
velocity component, it is preferable to use the wall slip condition.

The influence of the shape of the tops on the flow rate is up to 2.5%. The rounding radius at the
base of the ridge does not affect the flow rate and can be selected based on technological
considerations. Influence of height on flow rate is more than 6%. Shallow ridges are more effective
in reducing seal flow. On the high-pressure side, it is optimal to choose an angle of 110-120°, which
can reduce the flow rate up to 2%. On the low-pressure side, the optimal value is more than 120-
130°, which can lead to a decrease in flow rate of more than 10%. The addition of a ridge has a
significant effect on compaction performance up to 10%.

Optimization resulted in a labyrinth seal configuration that achieves a 20% reduction in seal
airflow.

A comparison of the flow characteristics of the original and the optimized seal showed that the
optimized seal provides lower airflow over a wide range of pressure drops.

The results obtained lead to the conclusion about the effectiveness of optimizing labyrinth seals
to reduce air leaks.

References:
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HccienoBanne napaMeTpoB U KOHCTPYKTHBHBIX ocodenHocTeii pexyneparopos TB/ u TBa/l
CJI0’KHOTO IIMKJIA
ApnaroB K.B., Hecrepenko B.I'.
MAMU, r. Mocksa, Poccust

PaccmaTpuBaloTCsS UHCIEHHBIC BENUYHHBI CHIDKCHHS YIENBHOTO pacxoja TOIUIUBA U
KOHCTPYKTUBHBIC OCOOCHHOCTH KOMIIOHOBKH H ITapaMeTpoB aBHannoHHbIX I T/I, BeIOHpaeMbie pn
YCTAaHOBKE TpYOuaThIX pPEKyNepaTopoB B HMX BBIXJIONHYI cucteMy. IIpoBeneHHOe pacdyérHoe
HCCIENOBAaHUE II0KA3alo, 4YTO TpyOdaTble pEeKyIepaTopbl HMEIOT HEeOOXOJUMBIH ypOBEHb
HaJE&KHOCTH, NPUEMIIEMBIE MACCOBBIE XapaKTEPHCTUKH M TabapUThl, KOTOPBIE MO3BOJAIOT MM
3¢ EKTUBHO MOBHIIAT TOIUTMBHYO 3KOHOMHYHOCTD aBUAILIMOHHOM CHIIOBOH YCTAHOBKH CIIOXKHOTO
mukiaa. Ha mepBom dTame 5Toif  paGoTsl  OBUIO BBINONHEHO pPAacdéTHOE HCCIEAOBAHUE
sxoHomuuHOocTH I'T/l mpH M3MEHEeHMH HMX TepMOJMHAMMYECKHMX IapaMeTpPOB: CTEHEHH CHKaTUs
KOMIIpeccopa B JHama3oHe BEIWYMH 7K=0,6-16,0; cremenn pekynepaunn 6=0,4-0,67;
MaKCHMAaJIbHOH TeMIIepaTypsl rasa nepex Typounoii 1230-1500 K.

Hx MakcuMasibHas 3KOHOMMYHOCTh MMEET MECTO NpH Hauboljiee HU3KHMX BEJIMYMHAX CTENEHU
CXKaTHs B KOMIpeccope U Hamboliee BBICOKMX TEMIIEpaTypax rasa Iepei TypOUHOIl Juara3oHOB,
yKazaHHBIX BbIme. [IpumepoM BbIOOpa d(PGEKTHBHBIX TEPMOAMHAMUYECKUX IapaMeTpOB
pekynepartopa aBuanuonHoro I'TI seisercas TBJ] AJI-34 B sTom aBuratene CTeneHb CKaTUS
KomIpeccopa B ogHoctyrneHuatoM LIBK paBHa 4,0, a MakcumanbHas

TeMIepaTypa rasza Iepex TypOuHoii He Bbicoka u paBHa 1500 K. KommonoBka u cama
KOHCTPYKIMS pEKylepaTopa AeTalbHO mpopabaTeiBanack. Kak u3BecTHo, B pasimuusbix I'TJ]
BBIXJIOII Ta3a MOXET OBITh KONIBLEBOH, 4Yepe3 JIOKAIbHBIC WHAMBUIyalbHbIC MaTPYyOKH,
OPHEHTHPOBAHHBIC HAa OAHY WM pa3HbIC CTOPOHBI OT JBHTATelNs, a TalkkKe B €ro LEHTPAIbHOU
yactd, Kak 570 BbimoaHeHo B TBuJl I'T/l 350. Ilostomy raGapuTHble pa3Mepbl U camu
KOHCTPYKIMSL PEKYNepaTopoB MOTYT U JIOJDKHBI OTJIMYAThCA, MCXOAS U3 OCOOCHHOCTEH
xoHCTpyKIuu camoro ['T/I. B mporecce mpoBeIeHHBIX UCCIIEAOBAHUI ObUIH BBIIOIHCHBI PACUETEI
B cucteMe ANSYS: OIleHEHO KOJIMYECTBO TPYOOK B OJZHOM MOXyJNe, JUIMHA OXHOM TPYyOKH H
YPOBHU TIOBBIIIEHUs] TEMIIEPaTyphl 3aKOMIIPECCOPHOTO BO3[yXa B TIJaJKHX TpyOKax, HpH
M3MCHEHHMHU UX Juamerpa B mpeaenax 3,0 ... 6,0 mm u manoi tommumuesl 0,15 MM, a Takxke mpu
HAJIMYUH TypOYJIN3aTOPOB PA3IMYHON KOHMHIYpALU U BBICOTHI, PACTIONIOKECHHBIX BHYTPH TPYOOK
M Ha MX HapyXHOM J1uameTpe. Pa3pabGoTaHbl KOHCTPYKTHUBHBIE PEKOMEHAALMU IO
MIPOEKTUPOBAHUIO BO3IYLIHOH CHCTEMBI OTBOAA OT KOMIIpEccopa IIOJOTPEBAeMOro BO3IyXa,
HoJBOJAa €ro K TpyOkaM peKymepaTopa M OOpaTHO, M Ha BXOJ B KaMmepy CrOpaHHsL.
CdopMynupoBaHbl YHCICHHBIE OIPAaHUYCHUS MAacChl PEKyIepaTopa, B 3aBUCHMOCTH OT MAacChl
ucxomuoro ['T/I.

Research of parameters and design features of TVD and Tvld recuperators of a complex cycle
Ardatov K. V., Nesterenko V.G.
MAI, Moscow, Russia

Numerical values of reduction in specific fuel consumption and design features of the layout and
parameters of aircraft gas turbine engines selected when installing tubular heat exchangers in their
exhaust system are considered. The calculated study showed that tubular heat exchangers have the
necessary level of reliability, acceptable mass characteristics and dimensions, which allow them to
effectively increase the fuel efficiency of an aircraft power plant of a complex cycle. At the first
stage of this work, a calculated study of the efficiency of gas turbine engines with changes in their
thermodynamic parameters was performed: the compression ratio of the compressor in the range of
values 7k = 6.6-16.0; the degree of recovery 6 = 0.4-0.67; the maximum gas temperature in front of
the turbine is 1230-1500 K. Their maximum efficiency occurs at the lowest values of the
compression ratio in the compressor and the highest gas temperatures in front of the turbine in the
ranges indicated above. An example of choosing the effective thermodynamic parameters of an
aviation gas turbine recuperator is the AL-34 TPE. In this engine, the compression ratio of the
compressor in a single-stage centrifugal compressor wheel is 4.0, and the maximum gas
temperature in front of the turbine is not high and is equal to 1500 K. As is known, in various gas
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turbine engines, the gas exhaust can be annular, through local individual pipes oriented to one or
different sides of the engine, as well as in its central part, as is done in the TShE, GTE 350
Therefore, the overall dimensions and design of recuperators themselves can and should differ,
based on the design features of the gas turbine engine itself. In the course of the research,
calculations were performed in the ANSYS system: the number of tubes in one module, the length
of one tube, and the levels of temperature increase for compressor air in smooth tubes, with a
change in their diameter within 3 ... 6 mm and a small thickness of 0.15 mm, as well as in the
presence of turbulators of various configurations and heights located inside the tubes and on their
outer diameter. In conclusion, the study provides constructive recommendations for the design of
an air system for removing heated air from the compressor, supplying it to the recuperator tubes
and back, and entering the combustion chamber. Numerical restrictions on the mass of the
recuperator, depending on the mass of the initial gas turbine engine, are formulated.

Hecraunonapubie 3¢ QeKTbl NpH NPOCKTHPOBAHMH COBPEMEHHBIX ABMALMOHHBIX ABUIaTeIeH
Acnanos A.P., Kpaes B.M.
MALI, r. Mocksa, Poccus

KpurorenHoe TOmIMBO B aBHALMM MMEET PsiJi OCOOEHHOCTEH MO CPaBHEHMIO C aBHALMOHHBIM
kepocuHOM. Kpuorennoe TOIIMBO, MMeeT OONBIION XIagopecypc U pabOTOCIOCOOHOCTH O €ro
CKMTaHUs, a TakKe OONBIIYIO TEIUIOTY CropaHHus 4eM Yy KepocuHa. Hamboiee mepcrieKTMBHBIM
KPHOTEHHBIM TOIUIMBOM SIBJISIETCSl CXKWDKEHHH npupoxnsii ras (mamee — CIII), cocrosmmit B
OCHOBHOM U3 METaHa.

Kpuorennass TtormsHas cuctema (KTC) cocToMT W3 KpHOTEHHOTO TOIUIMBHOrO 0Oaka,
MOJIKA4YMBAOILET0 HAcoca, TYpOOHACOCHOTO arperata M TeroobMenHoro ammapara (TA)
ra3upuxaropa.

Jlns  TpoBeleHWs pacueTHO-TCOPETHYECKHX HCCIENOBaHMH pa3paboTaHa MaTeMaTH4ecKas
MoieNlb  KPUOTE€HHOH TOmIuMBHOW cucTeMbl. OCHOBHBIMU IapaMeTpaMH SIBISIOTCA: JaBJICHHE,
TeMIepaTypa, OOBEMHBIH Pacxol, THIPABIMYECKUE IIOTEPH, a TAKKe PACCUHTHIBACTCS Macca
Ka)K10T0 JJIEMEHTA.

IlepexonHble pexXUMBI OJIETA, HAIPUMED, PYJIEHUE-B3IET, JJIATCS OT HECKONBKUX J0JeH CeKyH I
JI0 HECKONBKHX CeKyHZ. Takue peXuMbl C TOUKH 3PCHHS TEIUIOBBIX M THAPOAUHAMUYECKUX
MPOLIECCOB SBJISIIOTCS CYIIECTBEHHO HECTalMOHApHBIMU. IIpHMMeHeHHe T.H. KBa3HCTallMOHAPHOIO
Hnojaxonaa, Korga KOI(OHUIMEHT TEeIUIOOTAaYM M THIAPOJMHAMHYECKOrO  CONPOTHBICHHS
PaCCUHTHIBAIOTCS 110 MTHOBEHHBIM IIapaMeTpaM, MOXKeT IIPHUBECTH K OMHMOKe B pacdueTax Ooiee
100%. DKcrieprMeHThI TOKA3bIBAIOT, YTO NPU CMEHE PeXUMa paboThl JBUraTels, T.e. MaCCOBOTO
pacxofa HMJKOrO TOIUIMBA, MOTYT BO3HHMKAaTh KPaTKOBPEMEHHbIE CKayKHM IO TEMIOOTAaue H
THAPABINYECKHM COINPOTUBICHISAM H3-3a H3MEHEHUS TypOYJICHTHOH CTPYKTYpPBI TCUCHHS.

B paGore mnomydeHbl pe3ynbTaThl, MOKA3bIBAIOIINE CYLIECTBEHHBIH pOCT KO3((PUIHEHTOB
TEMIOOTAaYH M THIPABIMYECKOrO COMPOTHBJIEHUS B MOMEHT BBIBOJA JIBHIaTeNsl Ha B3JIETHBIH
pexuM. [IpuauHOi TaKoro H3MEHEHHS ABILIETCS IIePECTPOHKA CTPYKTYPHI TypOyIEHTHOTO TeUCHUS.
B THAPOAMHAMHMYECKH HECTAUMOHAPHBIX ycioBHAX. KospduiueHT TteruooTnaun MoXer
IPEBBINIATh 3HAYEHUS, PACCUUTAHHBIC IO CTAIIMOHAPHBIM 3aBHCHMOCTSAM Oonee 2-X pas, a
K03()(HULKEHT rHIPABIMYECKOrO COMPOTUBIICHUS — Oonee 3-X pa3. YKa3aHHOE OTIMYHE ITPUBOIUT
K CYIIECTBEHHBIM HapyIICHHsAM pabOThl BCEH KPHUOTCHHOH TOIUIMBHOW CHUCTEMBI, M MOXET
HIPUBECTH K OTKa3aM B padoTe.

Pe3ymbTaThl pacueToB MOKA3bIBAIOT IPAHMIEI IPUMEHUMOCTH KBa3HCTAIMOHAPHOTO MOAXOAA B
3aBUCUMOCTH OT BPEMEHH Cpa0aThIBaHWs TOIUIMBHOW apMaTypbl M JMaMETpa TOILUIMBHBIX
MarucTpaieid. B KkadecTBe pelleHHs aBTOpHl NpEAIaraloT HpH HECTALMOHAPHBIX IIPOLECCaX
MPOJOIDKUTENFHOCTEIO MEHEe 5 CeK IPHMEHSTh TPYOOIpOBOABI HAUMEHBIIETO AHAMETpa H/HIH
YBEJIMYMBATh MOIHOCTD IOJJKaYMBAIOIIHX HACOCOB.
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Unsteady effects in modern aircraft engines
Aslanov A.R., Kraev V.M.
MAI, Moscow, Russia

Cryogenic fuel in aviation has a number of features in comparison with aviation kerosene.
Cryogenic fuel has a large engine life and performance before its combustion, as well as a greater
heat of combustion than kerosene. The most promising cryogenic fuel is liquefied natural gas
(hereinafter-LNG), consisting mainly of methane.

A cryogenic fuel system (CFS) consists of a cryogenic fuel tank, a booster pump, a turbopump
unit, and a gasifier heat exchanger (HE).

A mathematical model of a cryogenic fuel system has been developed for carrying out
computational and theoretical research. The main parameters are: pressure, temperature, volume
flow, hydraulic losses, and the mass of each element is calculated.

Transient flight modes, such as taxiing-takeoff, last from a few fractions of seconds to a few
seconds. Such regimes are essentially non-stationary from the point of view of thermal and
hydrodynamic processes. The use of the so-called quasi-stationary approach, when the heat transfer
coefficient and hydrodynamic resistance are calculated by instantaneous parameters, can lead to an
error in the calculations of more than 100%. Experiments show that when changing the mode of
operation of the engine, and so on the mass flow of liquid fuel, short-term jumps in heat transfer
and hydraulic resistances may occur due to changes in the turbulent flow structure.

The results obtained show a significant increase in the coefficients of heat transfer and hydraulic
resistance at the time of the engine output to take-off mode. The reason for this change is the
restructuring of the turbulent flow structure in hydrodynamically unsteady conditions. The heat
transfer coefficient may exceed the values calculated from the stationary dependencies more than 2
times, and the coefficient of hydraulic resistance-more than 3 times. This difference leads to
significant disruption of the entire cryogenic fuel system, and can lead to failures in operation.

The results of calculations show the limits of applicability of the quasi-stationary approach
depending on the response time of the fuel valves and the diameter of the fuel lines. As a solution,
the authors suggest that for non-stationary processes lasting less than 5 seconds, use pipelines of the
smallest diameter and / or increase the power of pumping pumps.

Biinsinue ¢gopMbl 30JI0THHKOBBIX OTBEPCTHIi Pery/iaTopa pacxoia Ha CTaTHYEeCKHEe H
JHHAMHYeCKHe XapaAKTePHCTHKHU
Aynr K.M., Konomenues A.U.
MAMU, r. Mocksa, Poccus

Perynstop pacxoa *KMIKOCTH — OIMH U3 OCHOBHBIX arperaTtoB Jiro0oi cxemsl JKP/I. Perynsropst
pacxoza IpeIHa3Ha4eHbl AV MOIepAKaHNs PAcX0ia KOMIIOHEHTA TOILUINBA C 3aJaHHONH TOYHOCTBIO
WIH M3MEHEHMs, 110 OIpeJeNeHHOH InporpaMme, OCHOBHBIX mapameTpoB JKPJI B ycioBmsx
M3MEHEHUs BHEIIHUX U (WIIH) BHYTPEHHHUX BO3MYIIAMOIIHX (AaKTOPOB.

Kak HCIIONHHUTENbHBI OpPraH CHUCTEMBI YNPAaBICHHS TATOM ABUrATENs OHU MHCIONB3YIOTCS B
COBPEMEHHBIX MHOT'OPEXXUMHBIX ABUTaTENsAX, Hanpumep, PA1253, P/1120, PZ1170, P/1180, P/1191.

Perynsatopsl pacxona, mpumensemsle B JKPJl, pasnensiorcs Ha JBe TIpPYIIBI: PEryJIsaTOpPBI
TIPSIMOTO M HEMPSIMOTO IeHCTBUHA.

Pa3pabGorana mMaTtemaTHyecKkas MOJENb YCOBEPIICHCTBOBAHHOH KOHCTPYKLHM PETyJATOpa TAIU
npsivoro aeiictus a1 XKPJI ¢ joskuraHneM OKMCIMTENBLHOTO rasa.

IMoka3zaHo BiusHHE (HOPMBI IPOXOJHOTO CEUCHHS 30JJOTHHKOBBIX OTBEPCTHH IIPU UX PA3IIHIHBIX
(dopMax (Kpyrioe OTBEpPCTHE, HPSIMOYTOJIbHOE, TPEYrolbHOE W Jp.) Ha CTaTH4eCKHe W
JIMHAMHYECKHE XapaKTEPHCTUKH PETYIIATOpA.

ITpuBeneHo WU3MEHEHHE NPOXONHOH IUIOMIANN 30JOTHHKOBBIX OTBEPCTHH OT II€peMEIICHHS
30JI0THHKA MPH PA3IHUYHON GopMe OTBEpPCTHIA.

BBIsIBICHO, YTO pEryiATOpbl C  30JIOTHUKOBBIMH ~ OTBEPCTHSAMH  TPEYTrONbHOH 1160
npoduIMpoBaHHOH (HampuMmep, Hapabomudueckoil) dopMaMu HUMEIOT Oonee MIMPOKUH JHUana3oH
TIOAJIePAKAHUS PACcCX0/ia KUIKOCTH C 33JaHHOH TOYHOCTBIO.
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Iloka3aHo, YTO TpH TpPEyrosbHOW (OpME 30J0THHKOBBIX OTBEPCTHH [MAma3oH Iepenaga
JaBJICHUS, B KOTOPOM pACXOAHAas W Harpy3ouHas XapaKTePHUCTUKU HMEIOT TOJIOKHUTEIbHBII
CTaTU3M, 3HAYUTEIIBHO IIUPE [0 CPABHEHUIO € KPYIJIBIMU M NPSMOYTOJIbHBIMU OTBEPCTUSIMU.

Ha ocHOBaHMM NOJTy4EHHBIX PE3yJIbTATOB JaHbl PEKOMEHIALMU 110 MOJAEPHU3ALUH PETYIATOPOB
pacxopa, Harpumep, AJs Apurateneit cemeiictea P/I-170.

Influence of the shape of the spool holes of the flow controller on static and dynamic
characteristics
Aung K.M., Kolomentsev A.IL
MAI, Moscow, Russia

The liquid flow regulator is one of the main units of any LRE scheme. Flow regulators are
designed to maintain the flow rate of a fuel component with a given accuracy or change, according
to a certain program, the main parameters of the LRE in conditions of changes in external and (or)
internal disturbing factors.

As the Executive body of the engine traction control system, they are used in modern multi-mode
engines, for example, RD253, RD120, RD170, RD180, RD191.

Flow regulators used in LRE are divided into two groups: direct and indirect action regulators.

A mathematical model of an improved design of a direct-acting thrust regulator for an
afterburning liquid-propellant rocket engine has been developed.

The influence of the shape of the through section of the spool holes with their various shapes
(round hole, rectangular, triangular, etc.) on the static and dynamic characteristics of the regulator
is shown.

The change in the passage area of the spool holes from the movement of the spool with different
hole shapes is given.

It is revealed that regulators with spool holes of triangular or profiled (for example, parabolic)
shapes have a wider range of maintaining the fluid flow with a given accuracy.

It is shown that when the spool holes are triangular in shape, the range of pressure drop in which
the flow and load characteristics have positive statics is much wider compared to round and
rectangular holes.

Based on the results obtained, recommendations are given for the modernization of flow
regulators, for example, for engines of the RD-170 family.

MopaeanpoBaHue NPOLECCOB cMece0dPa30BaHNUs HaPhI BOAOPOI-KHCIOPO] B CMeCHTEeIbHBIX
3JIeMEHTAX Pa3IMYHBIX KOHCTPYKIMi
Bamapuna T.A., 'onuapos M.I'., Ceupuznos 1.9., llImaros [I.I1., Pauyk B.C.
BI'TY, r. Boponex, Poccus

Pactymue sHepreTHyeckre MOTPEOHOCTH YETOBEUSCTBA O0YCIABIMBAIOT €XKETHEBHBIN TPy IO
COBEpILICHCTBOBAHMIO ~ JOOBIYM, TPAHCIOPTUPOBKM, XPAaHGHWS M PACIpPEICICHHS  €ro
SHEPreTUYEeCKUX pecypcoB. IIOMMMO OUYEBHIHBIX HETaTHUBHBIX OKOJOTMYECKUX ACICKTOB,
TPaJULHOHHBIC YIJICBOAOPOAHBIE HCTOYHHKH CBIPbS HMEIOT Tropas3fo 0ojee CyIIECTBEHHBIH
HEJOCTaTOK — OIPaHMYEHHOCTh 3amacoB. CyIIecTBYIONINE albTEPHATHBHBIE HCTOYHUKU SHEPIUN
HanpsMy0 3aBUCAT OT BHENIHEl cpe/bl, MOITOMY SHEProreHepanys B HHX alepuOANYHa U
HecTaOWiIbHA. V3MEHUTH CHTYalMIO CIIOCOOHO BHEAPEHHE BOAOPOAHOrO IMPeoOpa3oBaTEIbHOTO
LMKJIA, CIVIAKMBAOILETO MHUKH I'eHEepaluH M MoTpediieHus. BomopoaHoe TOMIMBO, CKMIaeMoe B
Pa3NMYHBIX OHEPronpeoOpasylolMX YCTpOHCTBaX, TpeOyeT oOecledeHHsi KauecTBEHHOTO
cMeceo0pa3oBaHMsl KOMIIOHEHTOB, KOTOPOE OCYIIECTBISIETCS B CIICHHAIBHBIX CMECHTEIBHBIX
anemenTax. OIHON M3 OCHOBHBIX 3a1ad IPH CO3JAHHH TAaKHX YCTPOICTB sBIsieTcs obecredeHue
BBICOKOI IOJIHOTBI CTOpaHHsS M MHUHHMAIBHOIO COACP)KAaHWS HEKOHICHCHPYIOIIMXCS Ta30B Ha
BBIXJIONC. VIMCHHO 3Ta 3a/1a4a U SBISCTCS MPEIMETOM U LE/IbI0 HACTOSIETO HCCIICTOBAHMS.

IlpoBenena paspaboTka MaTeMaTHYECKOH MOAENM  MPOLECCOB  CMECEOOPa3oBaHMS  C
HCIIONB30BAaHUEM PAaCUETHOTO KOMIUIEKCA BBIYHCIHTEIbHOH ruaporazoquHamMuku ANSYS Fluent.
JlaHHasT MOZENb BKIIOYAaCT B CEOs ypaBHEHHS MBIDKCHHS CIUIOLIHOM CpEIbl, YpaBHEHUS
TypOYJICHTHOCTH, ypaBHEHHE YHEPTHH U 3aMbIKAFOIINE COOTHOLICHHUS i MHOTOKOMIIOHEHTHOTO
TeyeHHs. KOHEUHO—3JIeMEHTHAsE MOJENb pacyeTHOW obsacT cocTouT u3 4368962 351eMEHTOB U
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8944754 y3nos. MonenupoBaHue MPOU3BOAMIOCE JUTS MATH PA3IUYHBIX 00Pa3LOB CMECHUTEIBHBIX
9JIEMEHTOB, KOHCTPYKTHBHO OTJIMYAIOMIUXCS OPYr OT Apyra. Pe3yabraThl NpeaBapHTEIbHOTO
MaTeMaTH4eCKOro MOACIMPOBAHMS MOKA3aliM, 4TO Haubojee IUIaBHOE HM3MEHEHHE MAacCCOBBIX
KOHIICHTPALMi OCYIIECTBIACTCSI B CTPYWHO-CTpYyHHOH (OPCYHKE C TaHTCHLMAIbHON KaMepou
nopkura. HapacTaHne KOHLEHTpALMH NPOMCXOAUT 0e3 CKAYKOB M C MalbIM T'DAJUCHTOM.
PacuerHoe crTaTMyeckoe JaBleHHE Ha BXoae cocTaBuio 26,7 arM. IlomydeHHble pe3yibTaThl
YKa3bIBalOT Ha KAYECTBEHHOE CMeceoOpa30BaHie BOAOPOAHO-KUCIOPOHOM Ta30BOi CMECH.

Pe3ymbpTaThl MaTeMaTHYECKOTO MOIENUPOBAHUSA OBUIM IIOAKPEILICHBI JKCIIEPHMEHTAIBHBIMU
JAHHBIMH, TOJNYYCHHBIMH B XOJE HCIBITAHMI OIBITHBIX OOPAa3LOB CMECHTEIBHBIX 3JIEMEHTOB.
HW3rotoBiieHHBIC I TAaKHX Ieneil 00pasibl NMPOIUTH LMKJI HMCIBITAHUI Ha ra30HHAMHYECKOM
creage BI'TY.®III1-001.000.00. [JanHble HArIsLIHO AEMOHCTPUPYIOT, YTO BBIOPAHHBIA HaMU
Cr1oco® MaTeMaTHYECKOr0 MOZICINPOBAHUS HarboJIee TOUHO OIMCHIBACT MPOLECCHI, IPOHCXOISIIIE
uMeHHo B o6pasie Nel mudp BI'TY.1.19-001.001.00.

Investigation of processes of mixture formation of a hydrogen-oxygen pair in mixing elements
of various designs
Basharina T.A., Goncharov M.G., Sviridov LE., Shmatov D.P., Rachuk V.S.
VSTU, Voronezh, Russia

The growing energy needs of mankind determine the daily work to improve the extraction,
transportation, storage and distribution of its energy resources. In addition to the obvious negative
environmental aspects, traditional hydrocarbon sources of raw materials have a much more
significant drawback — limited reserves. The existing alternative energy sources are directly
dependent on the external environment, therefore, energy generation in them is aperiodic and
unstable. The situation can be changed by the inculcation of a hydrogen conversion cycle, which
smooths out the peaks of generation and consumption. Hydrogen fuel combusted in various energy-
converting devices requires high-quality mixing of components, which is carried out in special
mixing elements. One of the main tasks in the development of such devices is to ensure high
combustion efficiency and a minimum content of non-condensable gases in the exhaust. It is this
task that is the subject and purpose of this study.

The development of a mathematical model of the processes of mixture formation using the
computational complex of computational fluid dynamics ANSYS Fluent. This model includes
equations of motion of a continuous medium, equations of turbulence, energy equation, and closing
relations for multicomponent flow. The finite element model of the computational domain consists
of 4368962 elements and 8944754 nodes. The simulation was carried out for five different samples
of mixing elements, structurally different from each other. The results of preliminary mathematical
modeling showed that the smoothest change in mass concentrations is carried out in a jet-jet nozzle
with a tangential ignition chamber. The increase in concentration occurs without jumps and with a
small gradient. The design static inlet pressure was 26.7 atm. The results obtained indicate a
qualitative mixture formation of a hydrogen-oxygen gas mixture.

The results of mathematical modeling were supported by experimental data obtained during
testing of prototypes of mixing elements. The samples made for such purposes have passed a cycle
of tests at the gas-dynamic stand of VSTU.FTP-001.000.00. The data clearly demonstrate that the
method of mathematical modeling we have chosen most accurately describes the processes
occurring precisely in sample No. 1 code VSTU.1.19-001.001.00.

KoHTpo/1b (yHKIIMOHHMPOBAHHUS KUIKOCTHOTO PAKETHOIO IBUIaTeJIsl, OCHOBAHHBIN Ha
MaTeMATH4YeCKOii Mo1e 1 paGoYHX NPOLECCOB
Bensesa H.B.
MAMWU, r. Mocksa, Poccus

OyHKIMOHATBHAS JHATHOCTUKA BKIIOYAaeT B ce0sl TEOPUIO M METOABI BBIIBICHHS MeECTa
(JoKaIM3annK) BOSHUKHOBEHUSI BO3MOXKHBIX HeHcnpaBHocTei. OOIiee MOHITHE «HEUCIIPABHOCTE
MOXeT OBIThb JCTaJM3UPOBAHO MYTEM YKa3aHUS KOHKPETHBIX Je(eKTOB, HapyLIAIOINX
HMCIPABHOCTh, PabOTOCIIOCOOHOCTh WIJIM NPABHJIBHOCTH (DYHKLHMOHHPOBAaHUS. [IpHHIMIHMAIBEHO
BaXHAsi OCOOCHHOCTb, TPHCYyHIas JIOOOH HEHCIPAaBHOCTH — OTO HapylIeHHEe 3apaHee
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YCTAHOBJICHHOH  B3aMMOCBS3M  MEXIy IapaMeTpaMH, COOTBETCTBYIOIIEH  HOpMallbHOMY
(YHKIMOHUPOBAHUIO.

OcHoBHast 1enb (YHKIMOHAIBHONW IMAarHOCTMKM — IIOBBIIICHHE HAASKHOCTH M pecypca
JBUTartens. JIpurarens pasjensercs Ha MHOXKECTBO OT/ENBHBIX 3JIEMEHTOB, KOTOPhIE OIHCHIBAIOTCS
YPAaBHEHUSMH, CBS3BIBAIOLIMME I1apaMeTpel pabodero mporecca. MHOXKECTBO —ypaBHEHHMI
COCTaBIISIET MaTeMaTHuecKyro Mozenb (MM) — cucteMy ypaBHEHHIA, ONUCHIBAIOINX (DH3HIECKUE
HPOLIECCHl B CTPYKTYPHBIX 3JIEMEHTAaX INPH HOPMAaIbHOM MX (YHKIMOHMPOBaHWHU. 3ajgayaMu
TEXHUYECKOTO AUArHOCTHPOBAHMUS SIBISIIOTCS: KOHTPOJIb TEXHHYECKOTO COCTOSHMS; TOMCK MECTa M
oIpeiesieHe IPUYHMH O0TKa3a (HEHCIPABHOCTH ); IPOrHO3UPOBAHNE TEXHUYECKOIO COCTOSHUSL.

ITopor HE4yBCTBHUTENBHOCTH 3aBUCHUT OT JABYX ()aKTOpPOB: TOTPELIHOCTH H3MEPEHUs
KOHTPOJIBHBIX [apaMETPOB M IOTPELIHOCTH pacdeToB 1m0 MM, 0O0yCIOBICHHON HPHHATHIMU
JONYLICHUSIMA, TPUBOSIIIMX K OMHKOKe [uarHo3a. OJTo sBisieTcss OOJBIIONH MpobiieMoit
3 HEeKTUBHOCTH (HYHKLIHOHAIBHOM IHATHOCTUKH.

CoBepieHcTBOBaHHE (TIOBBIICHHE Y(P(EKTHBHOCTH) CHUCTEMbI (YHKITHOHATLHOH JHAaTHOCTHKU
(CO) xuakoctHoro pakerHoro asuratens (JKPJZl), ocHOBaHHOW Ha KOHTpOJE OTKJIOHEHMI
U3MEPEHHBIX ~ MCIJICHHOMEHSIOIIMXCA  [apaMeTpoB  IPOLIECCOB  OT  PACCYUTAHHBIX IO
MaTEMaTH4YECKON MOJENH HCIPABHO (DYHKLHMOHMPYIOIIErO JBHUIATENs, HPOU3BOAUTCS C LENIBIO
ONpE/ICNICHNUs], B PEKHME PEaJbHOr0 BPEMEHH, BOSHMKHOBEHMS M JIOKAIM3ALUK Pa3BUBAIOIIEHCS
HeucnpaBHocTU. Peanmszamus C®PJ] Moker OBITH OCYIIECTBICHa Ha OCHOBE CYIIECTBYIOLIEH
9JIEMEHTHOH 6a3bl — anmnapaTHO-IPOrPAMMHOM KOMILIEKCE U KOMIIBIOTCPHON TEXHHKE.

Monitoring the functioning of a liquid propellant rocket engine based on a mathematical
model of work processes
Belyaeva N.V.
MAI, Moscow, Russia

Functional diagnostics includes the theory and methods of identifying the place (localization) of
possible malfunctions. The general concept of "malfunction” can be detailed by specifying specific
defects that impair serviceability, performance or correct functioning. A fundamentally important
feature inherent in any malfunction is a violation of a predetermined relationship between
parameters corresponding to normal operation.

The main goal of functional diagnostics is to increase the reliability and service life of the engine.
The engine is divided into many separate elements, which are described by equations that link the
parameters of the workflow. A set of equations constitutes a mathematical model (MM) — a system
of equations describing physical processes in structural elements during their normal functioning.
The tasks of technical diagnostics are: control of technical condition; search for a place and
determination of the reasons for failure (malfunction); forecasting the technical condition.

The threshold of insensitivity depends on two factors: the error in measuring the control
parameters and the error in calculating MM, due to the assumptions made in MM, leading to a
diagnosis error. This is a big problem in the effectiveness of functional diagnostics.

Improvement (increase in efficiency) of the functional diagnostics system (SFD) of a liquid-
propellant rocket engine (LRE), based on the control of the deviations of the measured slowly
varying process parameters from those calculated according to the mathematical model of a
properly functioning engine, is carried out in order to determine, in real time, the occurrence and
localization of a developing malfunction. The implementation of SFD can be carried out on the
basis of the existing element base — hardware and software complex and computer technology.

TenJioBoii pacyeT CTEHKH KaMepbl CTOPAHUS PAKETHOTO IBUTATEs
Benskos A.1O., ®enopos [1.1O., Copokun B.A.
MKB «Hckpa», r. Mocksa, Poccust
B nanHO#il craThe omucaHa OJHOMEpHas ~ MaTeMaTHyeckas MOJelIb  TeIulooOMeHa
LIJIMHIPHIECKOH CTEHKH, BXOJSIICH B KOHTAKT ¢ IIOTOKaMH rasa ¢ obenx cTopoH. B ee ocHoBe
HCTIONIL3YeTCS KOHEUHO-Pa3HOCTHbIA MeToJ. (OCHOBHBIMH BXOJHBIMH IapaMeTpaMH Ui
OpraHM3alMy pacyera SIBJIAIOTCS JAUAMETP CTEHKH, KOJMYECTBO CJIOECB CTEHKH, MX MaTepUalibl
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TOJIIIMHBI, PEXHM TEIUIOHArPY)KEHHs CTCHKM (JaBICHHE, TEMIepaTypa, CKOPOCTh Ta30BBIX
TIOTOKOB).

TemnnoBoii nporecc, NPOXOAAIIMIl B CTCHKE, Pa3/JeleH Ha TP YacTH:

1. mpomecc TEINIOOTAAYM MEXAY NPOJYKTAMH CTOPAaHMS B KaMepe CropaHHs W BHYTPEHHEH
TIOBEPXHOCTH CTCHKH KaMepbl CTOPaHHUS;

2. mporecc Nepeaayn Teria Yepe3 CTCHKY (TEIIONPOBOJHOCTb);

3. mpomecc TEIUIOOTAAYM MEXIy BHEIIHEH IOBEPXHOCTBIO CTEHKH KaMepbl CrOpaHUS MU
BO3IYIIHBIM IOTOKOM, 00/ JyBaIOII[IM BHEIIHIOIO IOBEPXHOCTH CTCHKH KaMEPhl CTOPAHHS.

Ha ocHoBe naHHOW MaTeMaTH4YeCKOI MOAeIM pa3paboTaH MPHUKIAJHOH IPOrpaMMHbIH KOMILIEKC,
NpeHAa3HAYCHHBINA IS PEIICHUS 3a1a4 TeII000MeHa CTEHKH C IPaHMYHBIMH YCIIOBUSIMH 3 poja B
HECTALMOHAPHOW JIMHEHHOH MOCTaHOBKE. MaremaThdecKas 4acTh MPOrpaMMbl PEalH30BaHa Ha
cepepHoM si3bike PHP (Hypertext Preprocessor), a mHTepdeiicHas moibp30BaTeNbCcKas 4acTb €
HIOMOIIBIO CTaHAaPTH3HPOBAHHOTO sI3bIKa pa3MeTkn nokymenToB HTML.

Beuto IpOU3BEAEHO CpaBHCHHE PE3yIbTaTOB pabOTHI AaHHOTO HPOrpaMMHOIO KOMILIEKCa C
pe3yNbTaTaMH HUCHBITAHMA MaplIieBOro peXHMa KOMOWHHPOBAaHHOTO PAaKETHOTO JBUTaTess
(cpaBHEHHE TeMIIEPaTypbl BHEIIHEH TOBEPXHOCTH CTCHKHU MOJYYEHHOM C MOMOIIIBIO IPOrPaMMHOTO
MOJYJIs C TEMIIEPATYPOil BHELIHE! MOBEPXHOCTH CTEHKH, [TOJIyYCHHOH B PE3yJIbTAaTe HCIBITAHMUI).
MakcuManbHOE pacXoXKIeHHEe pe3ysbTaToB cocTaBmiio 10,5%.

Thermal calculation of the wall of the combustion chamber of a rocket engine
Belyakov A.Yu., Fedorov D.Yu., Sorokin V.A.
MBDB “Iskra”, Moscow, Russia

This article describes a one-dimensional mathematical model of heat transfer of a cylindrical wall
in contact with gas flows from both sides. It is based on the finite-difference method. The main
input parameters for the organization of the calculation are the wall diameter, the number of wall
layers, their thickness materials, the wall heat loading mode (pressure, temperature, gas flow rate).

The thermal process in the wall is divided into three parts:

1. the process of heat transfer between the combustion products in the combustion chamber and
the inner surface of the combustion chamber wall,

2. the process of heat transfer through the wall (thermal conductivity);

3. the process of heat transfer between the outer surface of the combustion chamber wall and the
air flow blowing over the outer surface of the combustion chamber wall.

On the basis of this mathematical model, an applied software package was created, designed to
solve problems of heat transfer of a wall with boundary conditions of the third kind in a non-
stationary linear formulation. The mathematical part of the program is implemented in the server
language PHP (Hypertext Preprocessor), and the front-end user part is implemented using the
standardized HTML markup language.

The results of the operation of this software package were compared with the results of tests of
the cruise mode of the combined rocket engine (comparison of the temperature of the outer surface
of the wall obtained using the software module with the temperature of the outer surface of the wall
obtained as a result of tests). The maximum discrepancy in the results was 10.5%.

Ananms pesyabtatoB CFD-moaennpoBanns Gu3n4ecKUX NPOLECCOB B KAMepax CropaHust
PAKeTHBIX ABHIaTe eii MaIoi TATU
Bnsixapekuii C.C., boposuk M.H., Ctpokau E.A., TronbkoB K.B.
MAMWU, r. Mocksa, Poccus

UYucneHHOe MOJEIMPOBAHUE NPOLIECCOB B KAMEPAX CrOpPaHMs PAKETHBIX ABUIraTeNel Majoi TAru
SBJIAETCS CIIOKHOM TEXHMYECKOH 3ajaueil, Tak Kak MM CBOMCTBEHHBI BBICOKAs HEPABHOMEPHOCTb
TEUCHHsI, 3aKPyUCHHBIC IIOTOKH, BBICOKHME I'DAJHEHTHl BeMHUMH. [/ aHaNIM3a TaKUX IIPOLECCOB
ucnons3ytor uHcTpymenthl CFD-MonenupoBanus (nporpammusiii kommieke ANSYS CFX),
KOTOpbIE B OOIIEM Cllydae ITO3BOJIIFOT MOJEIMPOBATh IPOLECCH TOpeHus ¢ (hopMaibHO JIF0OOi
CTEIIEHBIO CIIOXKHOCTH 33 CUET IPHMEHEHHS JONOIHUTEIBHBIX MOJEIeH (pU3HIECKHX IIPOLECCOB.

B nmanHO# paboTe mpenCcTaBIeH aHANH3 PE3yIbTATOB YHCICHHOIO MOJCIHPOBAHUS IPOIECCOB
TOPEHHs B PAKETHBIX JBUIATENIAX Malod TATM Ha MPUMEPE TECTOBOIO TOPENOYHOI0 yCTPOMHCTBa,
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pa3paboTaHHOIO B TEXHHYECKOM yHUBepcuTeTe MrionxeHa. M3zenue BKiouaeT 7 KOAKCHAIbHBIX
(hopcyHOK, depe3 KOTOphIe IOJal0TCs ra3000pa3Hble KUCIOPO] U MeTaH. MojenupoBaics TOIbKO
CEKTOp KaMephbl CropaHMsi C IIENbI0 SKOHOMHH BBIYMCIHMTENBHBIX pecypcoB. Mcciemopaioch
BiIMsHUE TypOynaeHTHbIX umcen IllMmara Ha pacnpeselieHHe MacCOBBIX Joineld B oObeme
yCTpoiicTBa, a Takke Ha DPE3yIbTUDPYIOIIME MABICHHS M TEIUIOBOH IOTOK B CTEHKY. Jlmst
MOJICJIUPOBaHUS TypOYJIEHTHOCTH HCIIOIb30BaJach MOJIENIb PEHHONIBICOBBIX HanpspkeHuit BSL
RSM, mopenupoBanusi ropenus — mozens Flamelet, cBolicTBa cMecu paccuMThIBaIMCh Ha Oase
npuOmmKeHus: uAeanbHoro rasa. CraBumiach 3ajJada CpPaBHEHHS pacdeTHBIX 3HA4eHH ¢
9KCIIEPUMEHTAJIbHBIMU JTAHHBIMM, 4YTO IIOKAa3aJI0 MX Xopoulee coracoBanue. Kpome Toro,
TIOJTYEHO CYIIECTBEHHOE BIIMSHUE TypOYIeHTHOTO TEUEHUsI KaK Ha pacrpesieleHe JaBIeH i, Tak
U Ha TEMJIOBO MOTOK B paCCMOTPEHHON yCTPOHCTBE.

Analysis of the results of CFD-modeling of physical processes in the combustion chambers of
low-thrust rocket engines
Blyakharsky S.S., Borovik LN., Strokach E.A., Tyulkov K.V.
MAI, Moscow, Russia

Numerical modeling of the processes in the combustion chambers of low-thrust rocket engines is
a complex technical problem, since they are characterized by high flow irregularities, swirling
flows, and high value gradients. For the analysis of such processes, CFD modeling tools are used
(ANSYS CFX software package), which in the general case make it possible to simulate
combustion processes with formally any degree of complexity through the use of additional models
of physical processes.

This paper presents an analysis of the results of numerical modeling of combustion processes in
low-thrust rocket engines using the example of a test burner device developed at the Technical
University of Munich. The product includes 7 coaxial nozzles through which oxygen and methane
gases are supplied. Only the combustion chamber sector was modeled in order to save computing
resources. The effect of turbulent Schmidt numbers on the distribution of mass fractions in the
volume of the device, as well as on the resulting pressure and heat flux into the wall was
investigated. To simulate turbulence, the Reynolds stress model BSL RSM was used, combustion
was simulated using the Flamelet model, the properties of the mixture were calculated based on the
ideal gas approximation. The problem was set to compare the calculated values with experimental
data, which showed their good agreement. In addition, a significant effect of the turbulent flow on
both the pressure distribution and the heat flow in the considered device was obtained.

KoHncTpyknust Mojie/ 11 JHHEHHOr0 IBYX 1eJIeBOT0 COILIA ¢ BHYTPeHHHM J1e(IeKTOPOM 1151
HU3MepeHHUs TATH H BH3YaIH3ALHH TedeHus!
'Bornanos B.H., >Xmenesckuii A.H., 'Tpuropnes A.A.
'OJIK-YMIIO, 2HUU mexanuku MI'Y, r. Mocksa, Poccus

JIuHeliHble [BYX IIEJEBBIC COMIA C BHYTPEHHUM Je(IEKTOPOM, KaK M COOTBETCTBYIOLIUC
KOJIBIICBBIC COIUIA, B PSE PEKUMOB MOJETAa MOTYT PAacCMAaTPUBATHECS B KA4ECTBE AIBTCPHATHUBBI
TPaJUUMOHHBIM comaM JlaBans B BBIXOAHBIX YCTPOMCTBaX aBHAIIMOHHBIX JBHratencid. B
3asIBJICHHON MOJIENH coruioBoro ycrpoiictea (CVY) uepes iBe NpSAMOYTONbHBIC IIEIH — KPUTHYECKHE
CEYCHHS, PACIIONIOKEHHbIE IPYT IIPOTHB JPYra HEPICHANKYSIPHO K OCH, BO BHYTPEHHIOIO IIOJIOCTh
nedIeKkTopa MOJAITCA BBICOKOTEMIIEPATYPHBIE INPOAYKTHI CrOpaHHs WM SHEPrOHACHIIICHHAs
aKTUBUPOBAHHAs pabodasi CMeCh, KOTOpasi JOrOPAeT M UCTEKAeT B OKPYXKarollee IpocTpaHcTBo. B
pabore paccMoTpeHa KOHCTpPyKuMs Iuiockoi moaenn CY ¢ nediexkropom W omucaHbl €€
0CcOOEHHOCTH, CB3aHHbIe ¢ n3MepenueM Taru CY U 1aBlieHHs B IOTOKE, a TAKXKE ¢ BU3yaJIH3aLueH
KapTHHBI HCTCUCHUSL.

IpoBexeHNe HCCIIEIOBAHHHN 110 BU3yaIN3al[Mi TCYCHHUS U TATOBBIX XapaKTEPHCTHK B YKa3aHHBIX
COIIax MPEIOJIaraeTCs BHIIOIHATE B MMITYJIbCHOM a3pOAMHAMHYECKOM CTeH/e. Bpems mpoxyBku
3asBiIeHHON Mozenu CY B TpebyeMbIx pexumax cocrasisier 50 100 Mc, a TeMneparypa nNpoayKToB
cropanusi MoxkeT npeBbimath 3000 K. JIns KOppeKTHOW pErucTpalid M3MEHEHHs NaBICHUS B
[IOTOKE BBICOKOTEMIIEPATypHOro raza u cuibl Tsru CY KOHCTPYKIMS MOZEIH KOMIUIEKTOBAJIACh
COBPEMEHHBIMH BBICOKOYACTOTHBIMHM TE€H30METPHYECKUMH U I1bE303JIEKTPHYECKIMH JaTUHKAMH.
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Jlns MCKIIoYeHMsl BIMSAHMS IIpOrpeBa KOpIyca JaTYMKOB JaBJICHMA Ha HUX II0Ka3aHUs B
KOHCTPYKI[HH MOJEIIH HCIOJIB30BAJICS MOHTX AATIUKOB C 3arTyOICHHEM.

JIn1s1 BBINONHEHHSI TEHEBOM CHEMKH KapTHHBI TeueHus raza B CY, kak B CBEpX3BYKOBOM IIOTOKE,
TaK ¥ B 00JIACTH JO3BYKOBOTO TEUCHHs, HA TOpIAX Iuockoit Mojenu CY ycTaHOBIIGHBI OOKOBBIC
CMOTpOBBIC OKHA, COOCHBIE OKHAaM B IIPHEMHOM pecuBepe. Uepes yka3aHHbIC OKHA TaKiKe MOXKHO
OCYILIECTBJIATD JIy4€BYIO JIA3EPHYIO IUArHOCTUKY MOTOKA.

Ha ocHoBaHMM paHee BBINOJIHEHHBIX HCCIICAOBAHHUI pa3paboTaHa KOHCTPYKTOPCKas MOJETb
nuHeiHoro ABYX meneBoro CVY, obecrednBaomasi BOSMOXKHOCTb H3MEPEHHUS TSATH U JAaBICHUS Ta3a
B NPOTOYHBIX KaHalaX COIUIA, a TaKKe INPOBEICHUS BU3yalU3allMHM KApTHHBI TEYEHUS METOIOM
Temnunepa.

Pabota BBINONHEHA B COOTBETCTBHHU C IUTaHOM uccienoBanuit HUM mexannku MI'Y B pamkax
corpynunuectBa ¢ OKB um. A. Jlronbku Npu YacTHYHOH (DMHAHCOBOW MOAJEPIKKE TIpaHTa
MunoopHayku Poccuu (morosop Nel4.G39.31.0001 ot 13.02.2017 r.) u Poccuiickoro ¢ouma
(yHIaMEHTaIBHBIX HccaenoBaHuil (mpoekt Ne 18-01-00883).

Design of a model of a linear two-slot nozzle with an internal deflector for measuring thrust
and visualizing flow
'Bogdanov V.N., 2Khmelevsky A.N., !Grigoriev A.A.
IUEC-UMPO, 2MSU Institute of Mechanics, Moscow, Russia

Linear two-slot nozzles with an internal deflector, as well as the corresponding annular nozzles,
in a number of flight modes can be considered as an alternative to traditional Laval nozzles in the
output devices of aircraft engines. In the claimed model of the nozzle device (ND), through two
rectangular slits — critical sections located opposite each other perpendicular to the axis, high-
temperature combustion products or energy-saturated activated working mixture are fed into the
internal cavity of the deflector, which burns out and flows into the surrounding space. The paper
considers the design of a flat ND model with a deflector and describes its features related to the
measurement of ND thrust and pressure in the flow, as well as the visualization of the flow pattern.

Studies on visualization of the flow and traction characteristics in these nozzles are supposed to
be performed in a pulsed aerodynamic stand. The purge time of the claimed ND model in the
required modes is 50-100 ms, and the temperature of the combustion products can exceed 3000 K.
To correctly register changes in pressure in the high-temperature gas flow and the thrust force of
the ND, the model design was equipped with modern high-frequency strain gauges and
piezoelectric sensors. To exclude the influence of heating of the pressure sensor housing on their
readings, the model design used the installation of sensors with a depth.

To perform a shadow picture of the flow of gas in the ND as in the supersonic flow and subsonic
flow at the ends of the flat model ND installed side viewing windows, aligned windows in the
waiting receiver. Through these windows, you can also perform beam laser diagnostics of the flow.

Based on previously performed research, a design model of a linear two-slot ND was developed,
which provides the ability to measure the thrust and pressure of gas in the flow channels of the
nozzle, as well as to visualize the flow pattern using the Tepler method.

The work was carried out in accordance with the research plan of the MSU Mechanics Research
Institute in cooperation with the A. Lyulka Design Bureau with partial financial support from the
grant of the Ministry of Science and Higher Education of the Russian Federation (agreement No.
14. G39.31.0001 dated 13.02.2017) and the Russian Foundation for Basic Research (project No.
18-01-00883).

DuzHYecKHe MeXaHN3Mbl B3aUMO/EiiCTBHS Nepe3apsiIouHol IIa3Mbl ¢ paiHAIIHOHHO-
3apsi’KeHHOH MOBEPXHOCTHIO THIJIEKTPUKA
Bamnynnun B.B., Hanupanze A.b.
MAMWU, r. Mocksa, Poccus
Ha xocmmuecknii ammapar (KA) B KOCMHYECKOM HPOCTPAHCTBE BO3ICHCTBYIOT MHOXECTBO
anekTpoduznyecknx daxropos. Hanbonee omacHeiME (akTopamu i (yHKIMoHMpoBaHus KA
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SIBJIFOTCS. SJICKTPU3ALMS U JIEKTPOpA3psiiHas JACrpajalyisi, MOCICIHUI U3 KOTOPBIX OKa3bIBaeT
HanboJIee CyIMeCTBCHHOE BO3/ICHCTBIE Ha BHEITHHE HIICMEHTHI alapara.

Hdns KA ¢ onekrpopakerubiMu asurateiasmu  (OPJ]) otu  mpomeccsl  ycyryousoTes
Hepe3apsIouHoN  IUIa3Mol, TreHepupyemoi jsurareneM. Ilpy Hamuuuu TUiasMbl - BOIU3M
PaaMalMOHHO-3aPSDKCHHOM  AMAJIEKTPUYECKOW  MOBEPXHOCTH — amlmapara MOTYT — BO3HHKATh
HIOBEPXHOCTHBIE HIIEKTPOCTATHYECKHE PA3PsJIbl, KOTOPbIE M3MEHSIOT dIEKTPOPU3NIECKHIE CBONCTBA
HIOBEPXHOCTH.

CunTaercs, YTO MEXaHU3M dJIEKTPOPA3PSAHOI Aerpajalliiy BHENIHAX PaJHaIlliOHHO-3aPKEHHBIX
snemenToB KA ompenensercs O0OMOapAMPOBKOI IMONOKHUTEIBHBIMH HOHAMH MOBEPXHOCTHBIX
3JIEMEHTOB KOHCTPYKI[MH M TOCIICAYIONIEH pellakcalneil HaKOINIGHHOTO 3apsijia BTOPUYHON HOH-
9NEKTPOHHOI Smuccueil. [Ipy 3TOM HHTErpanbHbeNl KOI(GOHIMEHT penakcauny (OTHOILICHHEM
HOJIHOTO 3apsiia MOHOB, OOMOApIUpPYIOIINX ITOBEPXHOCTh, K BEINYMHE HAKOIUIEHHOTO 3apsna)
cunTaercs ONMM3KUM K enuHMIE. JlaHHbIe 3KCIEPUMEHTANIbHBIX HMCCIICOBAHU, POBEICHHBIE 10
TEMATHKE JICKTPOPA3PSAHON Aerpaialiy, KOCBCHHO MOATBEPIKAAIOT JaHHOE yTBepxaeHue. Ho B
HACTOSIIEE BpEMsl  JCTAIbHBIX  HCCICNOBAaHMH  JUHAMHKH IIPOLECCOB  B3aMMOJCHCTBHS
HHU3KOTEMIIEPATyPHOI II1a3MBbl C paHalliOHHO-3aPsDKEHHON TOBEPXHOCTHIO HE TIPOBO/HIINCE.

IIpoBeneHHbIE YKCIICPUMEHTHI ITOKA3alK HE MONHOTY THUIOTE3bl O PeIaKCallid BTOPUYHON HOH-
SJICKTPOHHOI 3MHCCHEH, M 4YTO KapTHHAa penaKkcallid HaMHOro clioxksee. Onpenennts
MHTETpajbHbll KO3(Q(GUIUMEHT penakcallid B 3TOM 3KCIICPUMEHTE OKa3aJloch IPAKTHYECKH
HEBBIMOJHUMOI! 3aJadeil, BCICACTBHE CIOXKHOCTH HU3MEPEHHUs MOTOKA HOHOB, BEITATMBACMBIX W3
IUIa3Mbl Ha 3apsDKCHHYIO TIOBEPXHOCTH JMAJIEKTpHKA. [losBHIach HEOOXOAMMOCTH ITOCTPOCHHS
MaTeMaTH4YeCKO MOJENH JUIi KOPPEKTHOH WHTEpHpETAalny MOMyYEHHBIX NAHHBIX M OLECHKH
BENINYMHBI KO3()(HULUECHTA PEIaKCALIUH.

B nanHoO# paboTe mpeanpuHsATa MOMBITKA Pa3pabOTKH YINPOIICHHOH MaTeMaTHYECKOH MOJIENH
penakcaly HakOIUIGHHOTO 3apsijia MO/ ACHCTBMEM HOHOB HH3KOTEMIIEPaTypHOIl mna3mbl. JaHHas
MOJENb MOCTPOCHA HAa OCHOBE MOJEIH, OMKCHIBAIOLIMII HAKOIUICHHE OTPHLATEIBHOIO 3apsijia B
JIUBIIEKTPUKE. PaccMOTpeHb! BO3MOXKHbBIE (DH3MUECKHE MEXaHU3MBI PEKOMOMHALMH HAKOIICHHOTO
3apsiga. OLeHEeHbl BEPOATHOCTH PEalM3allMi KaKI0ro MEXaHW3Ma PEKOMOMHALMU HAKOIUIEHHOTO
3apsiza.

Physical mechanisms of interaction of the recharge plasma with the radiation-charged
dielectric surface
Valiullin V.V., Nadiradze A.B.
MAI, Moscow, Russia

A spacecraft in outer space is affected by many electrophysical factors. The most dangerous
factors for the functioning of the spacecraft are electrification and electric-discharge degradation,
the latter of which has the most significant impact on the external elements of the device.

For spacecraft with electric rocket engines, these processes are compounded by the recharging
plasma generated by the engine. In the presence of plasma near the radiation-charged dielectric
surface of the device, surface electrostatic discharges may occur, which change the electrophysical
properties of the surface.

It is believed that the mechanism of electric discharge degradation of external radiation-charged
elements of a spacecraft is determined by bombardment of surface elements with positive ions and
subsequent relaxation of the accumulated charge by secondary ion-electron emission. In this case,
the integral relaxation coefficient (the ratio of the total charge of the ions bombarding the surface to
the value of the accumulated charge) is considered close to one. Data from experimental research
conducted on the subject of electric-discharge degradation indirectly confirm this statement. But at
present, detailed research of the dynamics of the interaction of low-temperature plasma with a
radiation-charged surface have not been carried out.

Experiments have shown that the hypothesis of relaxation by secondary ion-electron emission is
incomplete, and that the picture of relaxation is much more complex. Determining the integral
relaxation coefficient in this experiment turned out to be an almost impossible task, due to the
complexity of measuring the flow of ions extracted from the plasma to the charged surface of the

139



dielectric. There is a need to development a mathematical model for correct interpretation of the
obtained data and estimation of the value of the relaxation coefficient.

In this paper, an attempt is made to develop a simplified mathematical model of the accumulated
charge relaxation under the action of low-temperature plasma ions. This model is based on the
model, which describes the accumulation of negative charge in the dielectric. Possible physical
mechanisms of recombination of the accumulated charge are considered. The probabilities of
realization of each mechanism of recombination of the accumulated charge are estimated.

IlepcnieKTHMBHBIE CXeMHBIE PellieHHs] 0e3ra30reHepaToPHbIX KHCI0POIHO-BO0POIHbIX
JKH/IKOCTHBIX PAKeTHBIX ABUTaTe el
Bacunesckuii [1.0., bensiko B.A.
MAMWU, r. Mocksa, Poccus

Ha naHHBIII MOMEHT BechbMa IIEpPCIIEKTHBHOW 3ajaueii [uis Oe3reHepaTopHBIX JBHUraTeiei
SBIISIETCSl MCIIOJb30BAaHME JI@HHBIX JIBUTaTeledl B KAueCcTBE MEKOPOWTAlIbHBIX OyKCHPOB.
MexopOuTanbHbI Oykcup HpemHa3HAdeH AT JOCTaBKH IIOJIE3HOrO Ipy3a Ha TEOCHHXPOHHYIO
opOUTy C MOCNEIYIONIMM BO3BPAIEHAEM HAa HU3KYI0 OKOJIO3EMHYI0 OpOHTY, a TaKXKe i
BBIBE/ICHHS KOCMHYECKUX KopaOiei Ha MekXIUlaHeTHble opOuThl. HecMOTps Ha OTHOCHTENbHYFO
MPOCTOTY, HAJEKHOCTb, HHU3KYKHD CTOMMOCTb MexopOuTaneHbix OykcupoB ¢ PJTT, Oonee
HEpCNeKTUBHBIM ~ cunMTaercss kopabmb ¢ JKPJl  Gmaromapst BBICOKMM — 3HEPreTHYECKUM
XapaKkTepPUCTHKAM ¥ BO3MOXKHOCTH OCYIIECTBJICHHS MHOTOKPAaTHOTO 3alycKka, OCTaHOBAa H
PEryIupoBaHusl ypOBHS TATH B Iponecce pabOThI ABUTATENeH.

B pamkax wuccienoBaHMS 0e€3ra30oreHEpaTOPHBIX CXEM JBUTATels aBTOpaMM paspaboTaHa
nporpamMMa IO YBA3KE OJHEPreTHYECKuX mapamerpoB OesrazoreHeparopuoro JXPJ ¢ yderom
MOJOrpeBa OXJTAAUTENsI B pyOalIke KaMepbl CrOpaHHS M HUCIONB30BAHHEM 3aBHCHMOCTEH
U3MEHEHUs TeIIO()H3NYECKNX CBOIMCTB KOMIIOHEHTOB M MX HPOJYKTOB CTOPaHUs OT JaBICHUS U
TemIepaTypsl. JJaHHbIE MOYIIH HO3BOJISIOT OLEHUTH 3(P(HEKTUBHOCTD M ONPEIEIUTH ONTHMAIBHYIO
cxeMy 0e3ra3oreHepaTOpPHOTO ABUTATEN.

ITo pesympTaTamM pacueToB BBIABIEHO, 4TO Npu TiArax MeHee 60 kH xiaccuyeckas cxema c
OXJIaXK/JICHUEM TOJIbKO FOPIOYHM He MPHMEHNMA U3-33 YMEHBIICHHS KOJIMYECTBa padoyuero Tea Just
TypOuHbl. Tarke ObUIO ompeneneHo, yTo npu Tsarax 6osxee 130 xH, ¢ yderom nomydaemoit HOBoH
TEOMETPHH KaMepbl CropaHHs, YCIOBHE 110 OOECIIEYEHHIO HEOOXOAMMOM TeMIepaTyphl raza Ha
HPHBOJ TYpOHHBI HE BBINOIHACTCS M3-32 YBEIMYCHUS KOJIMYECTBA OXJIAJHUTENs, IOCTYNAOIIEro B
pybamky oxmaxaeHus pasuratemqss. OOecredeHne HEOOXOAUMOW TeMIIepaTypsl KOMIIOHEHTA,
HOCTYMAIOIIEr0 U3 TPaKTa OXJIAXKIEHHUs Ha NPUBOJ TYpOMHBI B 0€3ra30reHepaTOPHBIX JBUTATENSAX
BO3MOXKHO IYTEM IPHMEHEHHSI CXEM OXJIKACHUSI C MepenyckoM. J[aHHble CXeMbI 00eCIeYHBaIoT
3HAUUTETbHBIA TEIIOCHEM C ABUraTeNs B TEIUIOHAIPSKEHHBIX MECTAX.

Jlnst mocTukeHus dHepreTHdeckoro GanaHca aBurartens ¢ Taroid meHee 60 kH nenecoobpasno
IOPUMEHATh CXEMYy C JBYXKOHTYPHBIM KOMOHHHPOBAHHBIM OXJaXKAEGHHUEM JIBHIaTeNs B BUIY
JOCTIDKECHHSI KPUTUUECKUX TapaMeTPOB OXJIAIUTENeH Ha BHIXOJE M3 Ka)XAOro KOHTypa pyOaIek
oxJaxaeHus. PacdyeTsl MOKa3pIBalOT, YTO NMPUMEHEHHE KOMOWHHMPOBAHHOW CXEMBI OXJIAXICHUS
HO3BOJIIET C OJIHOM CTOPOHBI 00ECIIEUHTh HAJIGXKHOCTh OXJIaxaeHus cTeHok KC, ¢ 1pyroii cTopoHsI
obecnieunts MomHOCTHOM Oanmanc JKPJI ¢ BO3MOKHOCTBIO HEOOXOAMMOrO PpEryIMpOBaHUS
npurarens. Bo3MOXHOCTb HCIONB30BaHMS O€3ra30reHEpaTOpHON CXEMbl JUIs JBHraTeneil Tsr
MmeHee 35 kH ocyiiecTBHMa pU OXJIXKACHUH ABUraTeNsl OKHUCIUTENEM (KHCIOPOIOM).

Perspective circuit solutions of oxygen-hydrogen liquid rocket engine by expanded cycle
Vasilevskiy D.O., Belyakov V.A.
MAI, Moscow, Russia

At the moment, a very promising task for by expanded cycle engines is the use of these engines
as interorbital tugs. The interorbital tug is designed to deliver a payload into geosynchronous orbit
with subsequent return to low earth orbit, as well as to launch spacecraft into interplanetary orbits.
Despite the relative simplicity, reliability, low cost of interorbital tugs with SFRE, the ship with
LPRE is considered more promising due to the high energy characteristics and the possibility of
multiple start, stop and adjust the level of thrust in the process of engine operation.
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As part of the study of gas-free engine circuits, the authors developed a program to link the
energy parameters of a gas-free LPRE taking into account the heating of the cooler in the
combustion chamber jacket and using the dependences of changes in the thermophysical properties
of components and their combustion products on pressure and temperature. These modules allow to
evaluate the efficiency and determine the optimal scheme of a by expanded cycle engine.

According to the results of calculations, it was found that for thrusts less than 60 kN, the classical
scheme with only fuel cooling is not applicable due to a decrease in the amount of working fluid for
the turbine. It was also determined that for thrusts of more than 130 kN, taking into account the
new geometry of the combustion chamber, the condition for ensuring the necessary gas temperature
for the turbine drive is not met due to an increase in the amount of cooler entering the engine
cooling jacket. Ensuring the required temperature of the component coming from the cooling path
to the turbine drive in gas-free engines is possible by using bypass cooling schemes. These schemes
provide significant heat removal from the engine in heat-stressed areas.

To achieve the energy balance of the engine with a thrust of less than 60 kN, it is advisable to use
a scheme with a two-circuit combined cooling of the engine in view of achieving the critical
parameters of the coolers at the outlet of each circuit of the cooling jackets. Calculations show that
the use of combined circuit allows on the one hand to ensure the reliability of cooling the walls of
the COP, on the other hand to provide a rocket engine power balance with the possibility of
regulation of the engine. The possibility of using a gas-free scheme for thrust engines less than 35
kN is feasible when the engine is cooled with an oxidizer (oxygen).

HccienoBanne TepMo-aKyCTHYECKHX XapaKTePHCTHK BUXPeBOl TPYObl NPUMEHHUTEILHO K
c031aHUI0 Y (PEeKTUBHBIX NPOTHBOOOIe1eHNTeIbHBIX cuctem ['T/]
Beperennnkos C.B., Menbmakos U.A.

PI'ATY um. IT.A. ConoBbeBa, I. PeibuHcK, Poccust

B Hacrosimee Bpemst mpoOneMa OOJEACHEHHS 3JIEMEHTOB KOHCTPYKLIMH —aBHAIIMOHHBIX
JIBHTATeNeH U ra30TypOMHHBIX DHEPrOyCTAHOBOK BCE emé ocTaércs akTyanbHOU. IIpemmymiectsa
UCHOJIb30BaHUS BUXPEBOH TPyObl OOYCIIOBIEHBI BBICOKMM IIOKa3aTeNeM HHTCHCU(UKALUN
TEINIOOOMEHa, a TaKKe BO3MOXHOCTBIO 3HEPreTHYECKOro pasjielleHus padodero Telma Ha
TIOIOTPETHIN U OXJIaXI€HHBII TOTOKH.

OcHOBHasl Lie/b HMCCIEJOBAHUS — HAXOXJCHUE B3aMMOCBA3M Mexay 3(deKkToM mojorpesa u
3BYKOBBIMH KOJICOAHHSAMH B IIpoliecce paboThl BUXPEBOH TpyObl. [l ONBITOB MCIONB30Balach
BHUXpeBas TpyOa ¢ IUaMeTpoM Kamepbl sHepropasneiacHus 10 MM U OTHOCHUTEIBHOW AJIMHHOW 12
kamOpoB. Ha BbIXOZE MOXOrpeToro IIOTOKAa YCTaHOBJEHA KPECTOBMHA C TEPMONApOH It
U3MEpeHus ero Temmeparypbl. Takxke, XpoMelb-alfOMeNeBble TEPMOIAPhl OBUIN YCTAaHOBJICHBI Ha
BXOJEC B BHXPEBYI0O TpyOy M Ha BEIXOJC OXJIAXKICHHOTO IOTOKa. Jlusg momcka Haumbonee
3((heKTUBHOrO pexuMa paboThl BHXPEBO TPYyObl BapbHpOBANAch OTHOCUTEIBHAS OIS
OXJIAXKICHHOTO IOTOKAa |, IyTEM H3MEHEHHs pacxoja Ha BBIXOAE XOJOAHO moToka GX mpH
(uKCHpOBaHHOM pacxoie BO3AyXa Ha Bxoje. V3MepeHHe pacXogoB OCYMIECTBIILIOCH
pacxonomepamu MassView Bronkhorst MV-306.

B nporecce 3kcnepuMeHTa PH MOCTOSHHOM JaBJICHUH Ha BXoje (m=3,7), OTHOCHTENbHAS OIS
OXJIAXKIEHHOTO IIOTOKa M3MeHsach oT p=0 no p=1. OTMedeHo, YTO IpPH H3MCHEHHU IOIH
XOJIOZIHOTO ToToKa W 10 0,9 u3MeHeHue TeMneparypbl ogorperoro notroka cocrauiio ATr=28 K.
IIpu naaBHOM M3MEHEHMH JOJIM OXJIAXKIEHHOro noTtoka | B obnactu p=0,93...0,95 Habmonanocs
pe3Koe MOBBIIICHUE TeMIIePaTyphl IOJOTPETOro NoToka 1T, mpudeM HeOONIBIIOe H3MEHEHHE [JOIH
XOJIOJIHOTO TOTOKAa NPHUBOJMIO K HOBBILIEHHUIO Temrepatypsl Ha ATr=42 K. Ilpu nanbHeimem
YBEIMYECHUH JIOJIM XOJoAHOro mnoroka ¢ p=0,96 no p=1 HaOmogaercs pe3Koe CHIDKEHHE
Temrnepatypsl TT 10 M3HavanbHOW. B MoMeHT HaOmoneHus Haubonee 3(Pp(EeKTHBHOTO pexuma
paboThl C MOMOIIBIO YCTPOWCTBA MPEOOPA3yIOIIEro aKyCTHUECKHE KOJICOAHHS B AJIEKTPHYCCKHI
curHan (ZETLAB BC-501) Obu1 monmydeH IIMPOKHIl 3ByKOBOW criekTp. C HMOMOIIBIO OBICTPOTO
npeoOpa3oBanusi Dypbe ObUTM HaiiIeHbl MUKOBBIE YacTOTHl B Auamno3oHe 8-12 x['m. YuurtsiBas
ObICTpYI0O ~AMHAMUKY U3MEHEHUS TeMmIeparypsl 1T HYXHO paccMaTpHBaTh  BIUSHHUCE
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ra30[JMHAMHYECKHX BOJIHOBBIX U ITyJbCALMOHHBIX HPOIIECCOB, KOTOPHIE MOIYT BBI3bIBATh TaKOMH
noforpes, nonooHo adexry ["aprmana-llInpenrepa.

OG6HapyxeHHbII 3Q(PeKT pe3koro Bo3pacTaHUs TEMIEPaTyphl MOJOTPETOTO MOTOKA B BUXPEBOH
tpybe mpu p=0,93...0,95 mMoxkeT OBITH HCIOIB30BaH IS CO3AAHUS dPPEKTHBHBIX BO3IYIIHO-
TEIJIOBBIX IPOTHBOOOICACHUTENbHBIX cucTeM [ T/I.

Investigation of the thermo-acoustic characteristics of a vortex tube in relation to the creation
of effective anti-icing systems for gas turbine engines
Veretennikov S.V., Menshakov LA.
RSATU, Rybinsk, Russia

Currently, the problem of icing of structural elements of aircraft engines and gas turbine power
plants is still relevant. The advantages of using a vortex tube are due to the high rate of heat
exchange intensification, as well as the possibility of energy separation of the working fluid into
heated and cooled streams.

The main goal of the study is to find the relationship between the heating effect and sound
vibrations during the operation of the vortex tube. For experiments, a vortex tube with a 10 mm
diameter of the energy separation chamber and a relative length of 12 calibers was used. A
crosspiece with a thermocouple is installed at the outlet of the heated stream to measure its
temperature. Also, chromel-alumel thermocouples were installed at the inlet of the vortex tube and
at the outlet of the cooled stream. To find the most efficient mode of operation of the vortex tube,
the relative fraction of the cooled flow pu was varied by changing the flow rate at the outlet of the
cold flow GX at a fixed air flow rate at the inlet. Flow measurement was performed with MassView
Bronkhorst MV-306 flow meters.

During the experiment, at a constant inlet pressure (n=3.7), the relative fraction of the cooled
flow varied from p=0 to u=1. It is noted that when the proportion of the cold flow changes up to 0.9
u, the change in the temperature of the heated flow is DTH=28 K. With a smooth change in the
proportion of the cooled stream p in the region p=0.93...0.95, a sharp increase in the temperature of
the heated Tg stream was observed, and a small change in the proportion of the cold stream led to
an increase in the temperature by DTH=42 K. With a further increase in the proportion of cold flow
from p=0.96 to u=1, a sharp decrease in the Tg temperature to the initial one is observed. At the
time of observation of the most effective mode of operation, a wide sound spectrum was obtained
using a device that converts acoustic vibrations into an electrical signal (ZETLAB BC-501). Using
the fast Fourier transform, peak frequencies were found in the range of 8-12 kHz. Given the rapid
dynamics of Tg temperature changes, it is necessary to consider the influence of gas-dynamic wave
and pulsation processes that can cause such heating, similar to the Hartmann-Sprenger effect.

The detected effect of a sharp increase in the temperature of the heated flow in a vortex tube at
1=0.93...0.95 can be used to create effective air-thermal de-icing systems for gas turbine engines.

JKCHepHMEHTAIbHOE Hccle0BaHne (POPMHPOBAHUS MJICHKH OXJIaUTeIsl HA BXOIHOM
KpoMke conioBoii tonatku I'TJ{
Beperennuxon C.B., CxoBopoaxun E.A., EBnokumon O.A.
PTATY um. IT.A. ConoBseBa, T. PeiOuncK, Poccust

Ha paboTocrocoOHOCTs Ta30BBIX TypOHH OONBINOE BIMSHHE OKa3bIBAacT TEIIOBOE COCTOSHHE
3JIEMEHTOB TPOTOYHOI uacTh. IIpu 3TOM, HamOonbmIass TeIIOBas HArpy3ka IPUXOIUTCS Ha
COIUIOBOM amnmapaTr MepBOH CTYNEHH, KOTODBIH B3aHMOJCHCTBYET HEMOCPEICTBEHHO C IOTOKOM
TOPSTYUX ra30B, MOCTYIAONIMM U3 KaMEePhl CTOPAHUS.

B cBs31 ¢ 3TUM HEOOXOIMMO OpraHH30BaTh 3()(PEKTHBHOE OXJIAXKACHHE HA BXOJHBIX KPOMKAX
COIUIOBBIX JIONATOK MEPBBIX CTYIEHEH ra30BBIX TYPOMH TaKMM 00pa30oM, YTOOBI OTTECHUTH MOTOK
TOpSYMX Ta30B OT MOBEPXHOCTH JIOMATKH. BeNMYMHOM, Ompemernsiomeil IOBEICHHE CTPYH
OXJIaJIUTENIS TIPU BBILYBE B CHOCSIIUI MOTOK, ABJIAETCS apaMeTp BbLIYBa M.

Jl1s cHCTeMbI OXJIAXACHHS OYCHb BXHO BBIACPKUBATH MapaMeTp BbIAYBa B JOCTATOYHO y3KOM
JHana3oHe, Tak Kak Majoe 3HadeHue (Himke 0,8) pacxona oxiiaguTens He IO3BOIUT OPTaHU30BATH
3¢ eKTUBHYIO 3aBeCy, IPH ITOM BO3MOXKHO 3aTEKaHHE ra3a 4epe3 OTBepcTust nephoparuy BHYTPb
JIOTIATKH.
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Beicokoe 3HayeHMM TapameTpa BbIAyBa, NpeBbImIatomee 1,5, Bieder 3a co0Oi OTPHIB CTPyH
OXJIQMUTENS OT 3aIlMIIAEMON ITOBEPXHOCTH, MPH ITOM IO HE€ YCTPEMISIOTCS TOpsYMe rasbl U3
OCHOBHOTO MOTOKAa. B TakoM cilyyae IUIGHOYHOE OXJIAXKJCHHE HE BBINONHACT cBoeH (yHKIWH,
HPOMCXOJUT HEIOCPEACTBEHHBIH KOHTAKT NPOIYKTOB CTOPAHUS C MOBEPXHOCTBIO JIONATKH, YTO
HIPHUBOAKT K mporapy. TypOynu3arst Takxe OKa3bIBaeT HETaTUBHBIA Y()(EKT Ha OCHOBHOM IOTOK,
MHTEHCH(UIUPYIO TEIUIOOTAaYY IPOIYKTOB CrOPAHUs 3a BBIyBaeMOii CTpyeii.

CoBpeMeHHbIe OCCKOHTAKTHBIE METOABI M3MEpeHHs, Takue kak PIV, mospoisior mposectn
KOMIUICKCHOE ~HCCJICOBAaHHE CTPYKTYypbl TCYCHHS C ONPCACACHHEM IIOJCH CKOPOCTH W
BU3yallM3alliedl IUICHKM Ha pa3iMYHBIX pEXHMax paboThl, a TaKkKe BBIBUTH JAC(EKTHI,
HPHCYTCTBYIOIIHE B TEOMETPHHU HCCIIEYEMBIX JIONATOK.

C uenbl0 MACHTHGUKALMHE CTPYKTYPHl TEYCHHS OCHOBHOTO IIOTOKa B YCJIOBHSAX €rO
B3aMMOJICHCTBHS CO CTPYSIMM OXJIQAWTENS, BBIIYBACMBIMU U3 BXOAHOH KPOMKH JIONATKH, W
ONpE/eNCHUs TOJNIIMHBI OXJIAXKIAIOMWEH IUICHKH Yy IOBEPXHOCTH JIONATKH, ObUI pa3paboTaH
9KCIEPHUMEHTANBHBIA CTECHI, C WHTCIPUPOBAHHBIM [AKETOM JIOMATOK, BBIOIHCHHBIX W3
MOJIMAMHA, C BO3MOXHOCTBIO 3aMEHbl LEHTpalbHOW Jomatku. B paGore mnpencraBieHs!
pesynbrathl PIV nccnenoBanuii, MokaspIBaoOINX BIMSAHHE AWAMETpa OTBepCTHi mepdopaiun u
pacxona OXJIaAWTENs, KOTOPBIH ONpEAesseT HMapaMeTp BBIIYBa, HA CTPYKTYpY HOTOKa BOIM3H
BBIXO/IHOM KPOMKH, & MMEHHO, Ha TOJIIMHY IUICHKH OXJIAIUTEllsl. BBINONHEHHAs BU3yallM3aiis
I03BOJISIET ONPENEINUTD TIIyOUHY IPOHUKHOBEHHUS CTPYH OXJIAJUTENSI B OCHOBHOM IOTOK.

Experimental study of the formation of a coolant film on the leading edge of the nozzle blade
of a gas turbine engine
Veretennikov S.V., Skovorodkin E.A., Evdokimov O.A.
RSATU, Rybinsk, Russia

The performance of gas turbines is greatly affected by the thermal state of the flow elements. At
the same time, the greatest heat load falls on the nozzle apparatus of the first stage, which interacts
directly with the flow of hot gases coming from the combustion chamber.

In this regard, it is necessary to organize effective cooling at the inlet edges of the nozzle blades
of the first stages of gas turbines in such a way as to push the flow of hot gases away from the
surface of the blade. The value that determines the behavior of the cooler jet when blowing into the
drift stream is the blowing parameter m.

For the cooling system, it is very important to maintain the blowing parameter in a fairly narrow
range, since a small value (below 0.8) of the cooler flow rate will not allow for an effective curtain,
and gas may flow through the perforation holes into the blade.

A high value of the blowing parameter exceeding 1.5 leads to the separation of the cooler jet
from the protected surface, while hot gases from the main stream rush under it. In this case, the film
cooling does not perform its function, there is a direct contact of the combustion products with the
surface of the blade, which leads to burnout. Turbulence also has a negative effect on the main
stream, intensifying the heat transfer of combustion products behind the blown jet.

Modern non-contact measurement methods, such as PIV, make it possible to conduct a
comprehensive study of the flow structure with the determination of velocity fields and
visualization of the film in various operating modes, as well as to identify defects present in the
geometry of the studied blades.

In order to identify the flow structure of the main stream in the conditions of its interaction with
the cooler jets blown from the inlet edge of the blade, and to determine the thickness of the cooling
film at the surface of the blade, an experimental stand was developed with an integrated package of
blades made of polyamide, with the possibility of replacing the Central blade. The paper presents
the results of PIV studies showing the influence of the diameter of the perforation holes and the
cooler flow rate, which determines the blowing parameter, on the flow structure near the output
edge, namely, on the thickness of the cooler film. The performed visualization allows you to
determine the depth of penetration of the cooler jet into the main stream.
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Co3panue pagouero 3TaJI0HA CKOPOCTH ra30BOro MOTOKA
Bepcun A A.
MAMU, r. Mocksa, Poccust

Co31aHne HOBBIX MEPCHEKTHBHBIX U KOHKYPEHTOCIIOCOOHBIX ra30TypOuHHBIX auratenei (I'T)
TECHO CBSI3aHO C UX DKCIIEPHMEHTAIBHOH 0TpabOTKOH HA UCHIBITATEIBHBIX CTCH/IAX.

Jlns w3MepeHus mapameTpoB MOTOKa rasa BHyTpH [T/ MCIoNB3ylOT NPHEMHHKH MOJHOTO H
CTaTHYECKOr0 JaBJCHHs, IONYYMBIIME Ha3BaHHE «rpeOeHKW». lcronmp3oBaHME — TaKuX
HM3MEPUTEIBHBIX CPEACTB TPeOyeT UX 00s3aTENbHON MOBEPKH MM KaInOPOBKU Ha aTTECTOBAHHBIX
pabourx 3TAOHaX TO3BYKOBBIX U CBEPX3BYKOBBIX CKOpOCTel ¢ amamasoHoMm ot 70 mo 1360 m/c.
Takoe obopynoBaHue umeercss Ha 0ase «LleHTpaBHOrO a’3pPOrMAPOIMHAMHUYECKOIO HHCTHTYTA
umenn mnpodeccopa H.E. XKykosckoro» (LIAT'M), HO B JaHHOM »HTalloHOM 00OPYIOBaHHU
MO3UIMOHNPOBAHHE TPEOECHOK JJOBOJIBLHO OTPAHUYEHO, YTO HE II03BOJISIET 00ECIeYnBaTh IPOCMOTP
napaMeTpoB IpeOEHOK Ha pa3HbIX yIiIax aTaK ra30BOro MOTOKA.

C 2017 roga B MockoBckoM aBmanmonHoM uHCTUTyTe (MAMW) Bemercas HUP mo coszmanmio
pabouero 3TaloHa J03BYKOBBIX CKopocTell ¢ nuamazoHoM oT 70 mo 350 m/c. B pabouem stanone
peann3oBaHo KoopauHaTHOe ycrtpodctBo (KVY), ocHOBHas 3agaua KOTOPOTO IO3HIMOHHMPOBATH
NPUEMHBIC OTBEPCTHS TIPEOCHKM BIOJIb IE€OMETPHYCCKOH OCH COIUIA M3MEHSISI Yol MEKIY
BEKTOPOM CKOPOCTH IIOTOKA U OChIO IIPUEMHOI0 OTBEPCTHS B IMara3oHe oT MUHyc 45° o mtoc 45°
B TAHTCHIHAIBHOH M MEPUAHAIIBHON IIOCKOCTAX. JIUCKPETHOCTh JIMHEHHOTO IO3UIMOHUPOBAHUS
paBHa — 1 MM ¢ HOTpeIIHOCTBIO He Oonee £ 0,5 MM; UCKPETHOCTH YIIIOBOTO HO3UIIMOHUPOBAHMUS —
1° ¢ morpemHocTeio He Oonee + 0,5°. B nmanHoe Bpems uuer cOOpka M IyCKO-HalaJka caMoro
sranoHa u ero KY.

ITocne OKOHYAHHS ITyCKO-HAIAa@OYHBIX paOOT MAHHBIA CTEHA OyHeT aTTeCTOBaH B KauecTBE
pabodero sTajoHa JUIsl IOBEPKM M KaIMOPOBKM TpeOCHOK. B jaHHBIA MOMEHT HauMHaeTcs
HOJTOTOBKA COOTBETCTBYIOIIMX JOKYMEHTOB (IIaCIIOPT, PYKOBOACTBO IO  SKCIUTyaTallUH),
pa3pabaThIBACTCS MPOEKT ONMCAHKUE THIIA, TOTOBUTCS PEABAPUTEIIbHAS METOANKA IOBEPKH.

Creation of a working standard of gas flow rate
Versin A.A.
MAI, Moscow, Russia

The creation of new promising and competitive gas turbine engines (GTE) is closely related to
their experimental development on test benches.

To measure the parameters of the gas flow inside the gas turbine engine, full and static pressure
receivers are used, which are called "comb". The use of such measuring instruments requires their
mandatory verification or calibration on certified working standards of subsonic and supersonic
speeds with a range from 70 to 1360 m/s. Such equipment is available at the “Central
Aerohydrodynamic Institute named after Professor N.Ye. Zhukovsky” (TsAGI), but in this standard
equipment, the positioning of the combs is rather limited, which does not allow viewing the
parameters of the combs at different angles of attack of the gas flow.

Since 2017, the Moscow Aviation Institute (MAI) has been conducting research to create a
working standard for subsonic speeds with a range from 70 to 350 m/s. In the working standard, a
coordinate device (CU) is implemented, the main task of which is to position the intake holes of the
comb along the geometric axis of the nozzle by changing the angle between the flow velocity
vector and the axis of the intake hole in the range from minus 45° to plus 45° in the tangential and
meridial planes. The resolution of linear positioning is equal to — 1 mm with an error of no more
than + 0.5 mm; discreteness of angular positioning — 1° with an error of no more than + 0.5°. At this
time, the assembly and commissioning of the standard itself and its KU are underway.

After the completion of commissioning, this stand will be certified as a working standard for
checking and calibrating the combs. At the moment, the preparation of the relevant documents
(passport, operation manual) is starting, a draft description of the type is being developed, and a
preliminary calibration procedure is being prepared.
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PacueT cBepX3BYKOBOI0 BO31yX03200pHOI0 YCTPOHCTBA ¢ ONTUMH3AHeEl CHCTEMBbI CKAYKOB
Bunorpagnosa E.C., [Tnemaxos A.1.
MAMU, r. Mocksa, Poccust

B mporecce nosera cBepX3BYKOBOTO JICTATENIBHOIO amIiapaTa B Pa3iMYHBIX YCIOBHAX (BBICOTa,
qrcio Maxa H 1p.) BO3HHKAeT He0OXOAUMOCTh COTJIaCOBAHUS PeXKUMOB paboTsl B3Y u nurarens.
Ha JIA tuna Cy-27 3T0 0CyIIECTBISACTCS MyTEeM H3MEHEHHS PEryIHPYIOMNX (HakTOpOB.

B nanHOl paboTe MPOBOAMTCS MCCICAOBAHME BO3MOXHOCTH HCIIOJIB30BAHUS COBPEMEHHBIX
METOOB ONTUMHU3ALMU JUI ONpEeNelCHHs ONTHMAaAbHOTO MOJIOKCHUS MaHenedl KIMHa
CBEPX3BYKOBOTO BO3/yX03a0OpHHMKAa C ILIEJIbI0 MAaKCHUMHU3AaUMH KO3(DQHIMEHTa BOCCTAHOBICHHS
TIOJIHOTO JJABJICHUSL.

Cospemennoe IIO MoOXeT NPOBOAUTH AaBTO ONTHUMU3ALMIO, IO3BOJIIONIYIO OIPENEIHTh
ONTUMAIbHOE IMOJNIO)KEHUE PEryJMPYIOIIUX JJIEMEHTOB H3eNHs Ui JIOCTHXKEHHs €ro
MaKCHMaJIbHOM 3 (hEeKTHBHOCTH.

B nannolf paboTe OBLIO MPOBEACHO HCCIEIOBAHHE TEUCHUS BO BXOAHOM ycTpoicTBe Cy-27 m
onTuMu3anus paboTel ero CTBOpoK B cocraBe JIA B nBymepHod mnocraHoBke. B3Y Cy-27
HPEACTaBIIACT COOOI IUIOCKUH PeryupyeMblii BO3lyX03a00pHHK BHELIHEro cxkaTus. IloBepxHOCTH
TOPMO>KCHUS BBHIIIOJIHECHA B BUJIE TPEXCTYHNEHUATOrO KIMHA.

Jnst ontuMu3anuu ObUT BBIOpaH mporpamMMHblid kommuieke [0SO NM. M3meHeHHe MOJI0KESHHs
nmaHesnedl BXOZHOIO yCTpPOHCTBA OCYIIECTBISETCS C MOMOLIBIO U3MEHEHHs yIia MEXIy IepBoil u
BTOPOH CTYIEHAMH TpPEXCTYNEHYaTOr0 KiIMHA. lI3MeHeHHe IONOXKCHUS OCTAalbHBIX HaHeleH
MIPOUCXOJUT aBTOMATHYECKH.

B pamkax mpezctaBieHHOH paOOTHI IMPOBEJICHA ONTHMU3ALMUS MOJIOXKEHUS MOJIBMKHON MaHEeIH
B3V npu ¢ukcHpoBaHHBIX YCIOBUX HoneTa JIA mpu onpeneneHHOM pekuMe paOOThI IBUTATEIS.

B pesynbrate ObLIO MONY4EHO pacHpesneieHUE MOTEPh MONHOTO JABJICHHUS B 3aBUCHMOCTH OT
rasoquHamMuueckoil QGyHkimu q(A) 1A pa3NTMYHBIX CIy4acB pabOThl CHIOBOH YCTaHOBKH B
3aBHCHMOCTH OT CKOPOCTH HaOEralomero IOTOKa M BHICOTHI mosera. IlomydeHHEBIE pe3ylbTaThl
HO3BOJIAIOT MOJMYYUTh MAaKCHMAJbHBIN KO3((HULHEHT BOCCTAHOBJICHHS IOJNHOTO J@ABJICHHS HPU
3a/laHHBIX YCIOBHSX.

Taxoke Obuta 3aaHa MCXoAHasi reoMerpus B3Y ¢ 3aaHHBIM yIiIOM MEXKAY IEPBO M BTOPOM
nmaHenssMM KiuHa. IIpoBenst Bce pacyeThl, a TaKkKe IOCIEAYIOLIyI0 ONTHMM3ALUIO BXOJHOIO
YCTPOMCTBA JIETATENLHOIO alIapaTa, MOXHO CJelaTh BBIBOJ, YTO MCXOJIHBIA yroa ObLI 3amaH
JIOCTAaTOYHO OJIM3KO K ONTHMAIbHOMY YTITy.

Jlureparypa:

1. Huxom O. Cepx3BykoBble camoieTbl: CripaBoyHOe pykoBoacTBO. Ilep. ¢ monbck.-M.: Mup,
1983.-432 c.

2. PemeeB H.X. Asponnnamuka Bo3oyX03a00pHHKOB CBEPX3BYKOBBIX CaMOJIETOB. JKyKOBCKHIA:
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3. Munua OJI., Jlemenko M.A., HOpmoBa H.IO. Meroanka NpoeKTHPOBaHUS BXOIHOTO
YCTPOMCTBA CHUJIOBOM YCTaHOBKM MHTErPaIbHOH KOMIIOHOBKH JI03BYKOBOTI'O JIETATEJILHOTO anapara
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Calculation of the supersonic air intake with the optimization of the shock wave system
Vinogradova E.S., Pleshakov A.L
MAI, Moscow, Russia

During the flight of a supersonic aircraft under various conditions (altitude, Mach, etc.), it
becomes necessary to coordinate the operating modes of the air intake and engine. On an aircraft
like Su-27, it’s been done by changing various control factors (the angle of rotation of the wedge
panels and etc.).

This paper investigates the possibility of using modern optimization methods to determine the
optimal position of the supersonic air intake wedge panels in order to maximize the total pressure
recovery factor.
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Modern software allows us to conduct auto optimization, which determines the optimal position
of the control elements of the investigated product to achieve its maximum efficiency.

In this work, we have investigated the flow in the Su-27 inlet and optimized the operation of the
flaps of the supersonic inlet in an aircraft in a 2-D setting. The Su-27 inlet is a flat adjustable
external compression inlet. The braking surface is made in the form of a three-stage wedge.

The I0SO NM software package was chosen for optimization. Change in the position of the
panels of the input device is carried out by changing the angle between the first and second steps of
the three-stage wedge. The position of the rest of the panels is changed automatically.

Within the framework of the presented work, the position of the moving air intake panel was
optimized under fixed flight conditions of the aircraft under a certain engine operating mode.

As a result of the numerical modeling, the distribution of total pressure losses was obtained for
various cases of the engine operation, depending on the incoming flow velocity and the flight
altitude of the aircraft. The results make it possible to obtain the maximum total pressure recovery
coefficient under given conditions.

Also, the initial geometry was set with a certain angle between the first and second wedge panels.
Having performed all the calculations, as well as the subsequent optimization of the aircraft input
device, it can be concluded that the initial angle was set sufficiently close to the optimal angle.
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HccinenoBanue 0cO0eHHOCTEH 3aBECHOT0 OXJIAK/IEHUSI HECUMMETPUYHBIX TOPLUEBbIX
NMOBEPXHOCTEN COMIOBBIX ANINAPATOB ra30BbIX TYPOUH
Bsatkos B.B., Pemuszos A.E., Xapuenxo P.B.
PTATY um. IT.A. ConoBséBa, 1. PeiOunck, Poccust

OmHMM M3  CHOCOOOB  adpPOJMHAMHYECKOTO COBEPLICHCTBOBAHUS COBPEMEHHBIX TYypOHH
ra30TypOVHHBIX IBHUTaTelei SBISCTCS MPUMEHEHHE HECHMMETPUYHBIX TOPIEBBIX MOBEPXHOCTEH.
JlaHHOE KOHCTPYKTHMBHOE pELICHHE HAaNpaBJIeHO Ha CHUXKEHME HMHTEHCHBHOCTH BTOPUYHBIX
TeuyeHni. OJJHAKO HPH 3TOM HENPEMEHHO YBEIMYMBAETCA IUIONIA[b TOPLEBOM IOBEPXHOCTH U
yCIOXHSIeTCsT  TedueHWe BOnMM3M  Hee. Kak  MOKa3bIBalOT — Pe3yJabTaThl  HCCICIOBAHHMS
HECUMMETPHYHBIX TOPLEBBIX NOBEPXHOCTEH, yBEINYEHHE TUIOLIAIH TOBEPXHOCTH pocturaer 10%.
Bce 3T0 OCNOXKHSET HCIOJIb30BaHUE 3aBECHOTO OXJIXICHUSI TOPLEBBIX CTEHOK. OCOOEHHOCTBIO
OXJIJK/ICHHSI TOPLEBBIX CTEHOK SIBIISIETCS TOT ()aKT, YTO CTPYH OXJIAJUTENs BBIAYBAIOTCS B 00J1aCTh
CIIOKHOH  (OPMBI, TJie PACIPOCTPAHSIOTCS  BTOpUYHBIE BUXpH. CIOXHBIH  XapakTep
MIPOCTPAHCTBEHHOTO TEYEHHS B JIONATOYHOM BEHIE TYpOWHBI, B3aUMOJCHCTBHE TEMIIEpaTypHOM
HEPAaBHOMEPHOCTH BTOPHYHBIX W BHXPEBBIX TEUCHWH NPUBOAUT K TMOSBICHHIO CIIOXKHOTO
TPEXMEPHOTO pacHpeleleHUs] TeMIepaTypbl IOTOKa W KOd(D(GHIMEHTOB TEIUIOOTAAYH B
MEXJIONIATOYHOM KaHajle, B TOM 4YHCIE OT ra3a K TOpLEBOH cTeHke. Bompoc o pa3merieHnu
OTBEPCTUI OXJIAAUTENS Ha HECUMMETPUYHOW TOPIEBOW CTEKE OCTaeTcsi OTKPBITHIM. C Lenbio
BBISBJICHUST OCOOCHHOCTEH OpraHHW3alliyl 3aBECHOTO OXJAXICHHS HECHMMETPHYHBIX TOPLEBBIX
MOBEpXHOCTEl OBUIO TPOBEACHO HCCIENOBAaHUE OXJIAXKIAEMOIO COIUIOBOTO ammapara C
HECHMMMETPUYHBIMU TOPLIEBBIMH CTEHKaMH. VcciieJoBaHNE BENIUChH IyTEM PEILCHUS CONPSHKEHHON
3agaun. I[loka3aHo, YTO TpaiWLIMOHHAs CXeMa CXeMa OpPraHW3alM{ 3aBECHOIO OXJIAKICHUS
[03BOJISICT IONYYHTH 3aJaHHOE TEMIIEpaTypHOE COCTOSIHHE TOPLEBOM IOBEPXHOCTH HPH
HENPHEMIIEMBIX ¢ TOYKH 3pEHHs ABUIATeNs PacXxoJax OXJIaauTess U napamerpax BayBa. OcoOeHHO
OCJIOKHSIETCSI OXJIAXJECHHE BBIYKIIBIX (CO CTOPOHBI CTEHKH) OOJACTeH TOPLEBOH IOBEPXHOCTH.
Tloka3aHo, 4TO B KayecTBe 0A30BOI CXEMBI MOXKHO IPUMEHHTH OpTaHHU3aLHIO PSIOB Nepdoparmit
mepes  COIJIOBBIM  aliapaToM  HEPaBHOMEPHBIM  PACIpEleieHHEM  OTBEPCTHH  BHYTPHU
MEKJIONATOYHOro KaHaja. IIpu 3TOM 00s3aTeNbHBIM SIBISIETCS UCIIOIb30BAHUE KOHCTPYKTUBHBIX
MEpOIIPUATUH, HANpPABJICHHBIX Ha WHTCHCH(HKAIMIO TEIUIOOOMEHa BO BHYTPCHHEIl IonocTH
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Top1eBoi cTeHKH. COBOKYITHOCTH JAHHBIX MEPONPUATHI MO3BOJIACT 00ECIEUUTh MPUEMIIEMBIC C
Touky 3peHust coxpanenus KIIJI crymeHm pacxonpl oxiaaautesns. IIpm 3TOM COXpaHSETCst
TIOJIOKUTENbHbIN A3Q(HEKT NTPUMEHEHNSI HECUMMETPHYHBIX TOPLIEBBIX ITOBEPXHOCTEH.

Study of the features of cooling of asymmetric end surfaces of gas turbine nozzles
Vyatkov V.V., Remizov A.E., Harchenko R.V.
“RSATU, Rybinsk, Russia

One of the methods of aerodynamic improvement of modern turbines of gas turbine engines is
the use of asymmetric end surfaces. This constructive solution is aimed at reducing the intensity of
secondary flows. However, this inevitably increases the area of the end surface and complicates the
flow near it. As the results of the study of asymmetric end surfaces show, the increase in surface
area reaches 10%. All this complicates the use of convective-film cooling of the end walls. A
feature of the end wall cooling is the fact that the coolant jets are blown out into a region of
complex shape, where secondary vortices propagate. The complex nature of the spatial flow in the
turbine blade row, the interaction of the temperature irregularity of the secondary and vortex flows
leads to the appearance of a complex three-dimensional distribution of the flow temperature and
heat transfer coefficients in the inter-blade channel, including from the gas to the end wall. The
question of the placement of cooler holes on the asymmetrical end stack remains open. In order to
identify the features of the organization of convective-film cooling of asymmetric end surfaces, a
study of a cooled nozzle apparatus with asymmetric end walls was carried out. The research was
carried out by solving a conjugate problem. It is shown that the traditional scheme of convective-
film cooling organization allows obtaining a given temperature state of the end surface at coolant
flow rates and injection parameters that are unacceptable from the engine's point of view. The
cooling of convex (from the side of the wall) regions of the end surface is especially complicated. It
is shown that the organization of the rows of perforations in front of the nozzle apparatus with an
uneven distribution of holes inside the interscapular channel can be used as a basic scheme. In this
case, it is obligatory to use constructive measures aimed at intensifying heat transfer in the inner
cavity of the end wall. The combination of these measures makes it possible to ensure that the costs
of the cooler are acceptable from the point of view of maintaining the efficiency of the stage. At the
same time, the positive effect of using asymmetric end surfaces remains

YucjieHHAsi MaTeMATHYeCKasi MO/ieJIb IPOLeCcCOB B PA3PS/IHON KaMepe BLICOKOYACTOTHOIO
HOHHOTIO ABHIaTeNIst
T'opnees C.B., Xapros C.A., Kanes C.B.
MAM, r. Mocksa, Poccust

OnHOH W3 TEHACHUMH pa3BUTHA JUII COBPEMCHHBIX KOCMMYECKHMX allllapaToB SBIACTCS
YBE/IMYCHHE BPEMEHH HX AaKTHBHOIO CYIIECTBOBAHMS. J[Isi yIpaBieHHs ABIKCHHEM TaKHX
anmnapaTtoB IEPCIEKTHBHBIMU SBISIOTCA HOHHBIC IBUIATENH, KOTOPBIC IPEBOCXOIAT JpPYrHe
peaKTHBHBIC JBHMTaTeIN IO BEIMYMHE YJEIBbHOTO MMITyJbca. B Hacrosimel pabore mpemnoxeHa
YHCIICHHAs] OCECHMMETPHYHASI MOJIEIIb Ta30BOr0 Paspsija B PaspsaHON KaMepe BHICOKOYaCTOTHOTO
MOHHOTO JIBHTaTells, O3BOJIAIOIIAs MOIYYHTh 110N KOHICHTPAIMIl HOHOB, HEHTPAIbHBIX YACTHIL,
TEMIIEPATyp U CPEIHEKBAaJAPATHYHBIX 3HAYEHHH KOJBLEBBIX CKOPOCTeH 3nekTpoHOB. Kpome Toro,
MO/IENTb [I03BOJISIET PACCUUTHIBATD HHTErPAIIbHBIC [TAPAMETPBI ABUTATEIIS.

Pacuer KOHIGHTpalMK HEHTpaJbHBIX AaTOMOB OCHOBAaH HCIIONB30BAaHHMU METOZA TPAHMYHBIX
3JIEMEHTOB C YYETOM JIOMYIIEHUs O CBOOOJHOMOJIEKYIAPHOM TedeHHH B Kamepe. [Ipu stom
YIHUTBIBACTCS MOHM3ALMS aTOMOB, NPUBOAIIAS K YMCHBIICHHIO NMOTOKOB MEKIY TIDAaHHYHBIMH
3JIEMEHTaMH.

Jlnst pacyeTa KOHLEHTPALMH MOHOB HCIIONB30BaH MeTon Tpacktopuii [1]. Pacuernas oGmacts
pa30mBaeTcs Ha KOJBIEBBIC 00bEMBI. 3aTeM B 00JacTH 3aIalOTCsl HadaldbHbIe MPHOMIKCHUS IS
pacnpeeNneHnii 3IeKTPHYECKOro IOTEHIMaNa W KOHLEHTPAlMd HOHOB, M PacCUMTHIBAIOTCA
TPaeKTOPUM YaCTHI[ B 3JeKTpudyeckoM moiue. Jlalee Ha OCHOBE OaJaHCOBBIX COOTHOIICHHMIT
BBIYHCIIIIOTCS M3MEHCHHS KOHIGHTPALMH 110 KaXIOH TPACeKTOPHH M IEPECUUTHIBACTCS HOBOE
pacmpe/eneHie KOHILEHTPAl[M HOHOB. Pacder NpOM3BOAMTCS WTEPALIMOHHO [0 MOCTIKCHUS
CXOJMMOCTH.
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PacnpeneneHue KONbLEBBIX NEKTPOHHBIX TOKOB PACCUMTHIBACTCS C HCIIONb30BAaHHEM M3BECTHBIX
KOHIICHTPALMH MOHOB M HEHTPAJIbHBIX aTOMOB, TCOMETPHH PA3PSIHON KaMepbl M PACIIOIOKCHHS
HHYKTOPA, a TAKXKE BEJIUYHMHBI M YaCTOTHI TOKA B HeM [2].

C wucnons3oBaHUEM pPa3pabOTAHHOH MoOAeNM OBUIM MOCTPOEHBI PACIPECNCHUS MapaMeTpoB
Ia3Mbl B Pa3psHOI KaMepe M PacCUMTAaHbl HHTCTPAIBHBIC MApaMEeTPhl JBUTATENS C JHAMETPOM
my4ka 10 cM. Pe3ynbTaTsl pacuera OTIMYAKOTCS OT M3BECTHBIX JKCIEPHMEHTAIBHBIX JAHHBIX HE
6onee uyem Ha 10 %, YTO TOBOPHUT O NIPHUMEHHMOCTH pa3pabOTaHHOW MOJENM ISl pacyeTa
BBICOKOYACTOTHBIX HOHHBIX JBUTaTEIICH.
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Numerical mathematical model of the processes in the discharge chamber of a radio-
frequency ion thruster
Gordeev S.V., Khartov S.A., Kanev S.V.
MAI, Moscow, Russia

One of the trends for modern spacecraft is the increase of their active lifetime. For the motion
control of such spacecraft ion thrusters are perspective as they have comparatively high specific
impulse. The paper describes the numerical axisymmetric mathematical model of gas discharge in
the discharge chamber of radio-frequency ion thruster. The model calculates the ion density and the
neutral atom density distribution as well as the distributions of root mean square values of electron
velocities and of electron temperature. Besides, the model makes it possible to calculate the integral
thruster parameters.

The calculation of neutral atom density is based on the method of boundary elements and on the
assumption of free molecular flow in the chamber. We also take into account that the atom
ionization decreases the gas flow between elements.

For the ion density calculation the method of trajectories is used [1]. The considered area is
replaced by number of the ringed volumes. Then, the initial distribution of electric potential and of
ion density is set and ion trajectories in electric field are calculated. After that, the ion density for
each trajectory is calculated based on the relations of particle balance and the new ion density
distribution is recalculated. The computation is performed iteratively until the result is obtained.

The electron current distribution is computed taking into account the ion density and the neutral
atom density and the ion density, as well as the discharge chamber and coil geometry and the value
and the frequency of coil current [2].

The plasma parameters distributions in the discharge chamber of the thruster with the diameter of
ion beam of 10 cm were obtained and its parameters were computed using the developed model.
The difference between the results of computation and the experimental data is less than 10%, and
therefore the developed model is applicable for the computation of parameters of radio-frequency
ion thrusters.
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Pacyer JJaGMPUHTHOIO YIIJIOTHEHHS] HACOCA OKUCJINTEIISI TYPOOHACOCHOIO arperarta ¢ ueJibio
omnpeneJeHHsi THAPOANHAMUYECKO KeCTKOCTH
Nopmupontos H.E., *Crenanos JI.B.
'HITO Duepromant, . Xumku, Poccus
KAII®EM Cu-Aii-Oc, r. Camapa, Poccus

JIaOUPHHTHBIM YIUIOTHEHHEM HAa3bIBAaIOT TaKOH TUI OCCKOHTAKTHBIX ILEJCBBIX YIUIOTHCHHH, B
KOTODBIX MPOTOYHBINH KaHall Pe3KO M3MEHsET CBOE CEUCHHE M3-3a KOJBLEBBIX KaHABOK. B TakoM
VIUIOTHEHUH TIEPETeKaHME KUIKOCTH COKPAIIACTCS M3-3a MOTEPh JABJICHUS HA BUXPEOOpa3oBaHue
B Kamepax U IOTephb Ha BXOJE Y3KHUX YYACTKOB ILieieil. B cBs3u ¢ 9THUM, JaOUPHHTHBIE YIUIOTHEHHS
9(pdEKTUBHBI U JKMAKOCTH NpH BBICOKMX uucnax Re. [lo 9Toif mpuymHE HCIOIb30BaHUE
TTAOUPUHTHBIX YIUIOTHEHHH JUIST COKPAIICHUS YTEUEK SABISIETCS YaCTOW MPAKTHKON MPU CO3MaHHH
Typ6onacocHbIx arperatoB (THA) sxuaxocTHbIX pakeTHsIX aBuratenei (OKP).

B mpouecce paboThl B TaOUPHHTHOM YIUIOTHEHHH BO3HHKAIOT CHIIBI, JEHCTBYIOLIME HA POTOP.
OHH 00yCIIOBIICHBI HEN30CKHBIM HAJIMYUEM SKCIICHTPUCHTETA, B PE3YJIbTATE KOTOPOrO BOSHUKAET
HEpaBHOMEPHOE I0JIe JABJICHHH B 3a30pe MEXAY POTOPOM H CTaTOpoM. B pesysnbrate 4ero
BO3HHKAeT KBasUympyras THAPOJMHAMHYECKAs CHJIA, HAlpaBieHHAas I[POTHB CMELICHUS,
CTpEMsSIIAsiCSl €r0 YCTPaHWTh, W IHUPKYISIMOHHAS CHIIA, HANPABICHHAS MEPICHINKYISIPHO
CMEILECHHIO, CTPEMsINascsi BBI3BaTh MPELECCHOHHOE BpameHue. Creayer OTMETUTh, 4YTO
THAPOIMHAMHYECKHE CHJIbI, BOSHHKAIOLIME B IIENCBBIX YIUIOTHEHHSX, OKa3bIBAIOT CYLIECTBEHHOE
BJIMSIHHE Ha POTOPHYIO cucTeMy. Tak, YIUIOTHEHHSI MOTYT MTPaTh POJIb JOMOIHUTEIBHBIX OIMOp C
OIPE/IeTICHHOM JKECTKOCTBIO, YTO B CBOIO OYepe[b IOBJEYET M3MEHEHHE KPHUTHYECKOH YacTOTHI
BpAILeHHs POTOPA.

C pas3BUTHEM pPACYCTHO-BBIYUCIHMTENBHBIX TEXHOJOTHHA JUIs 3aJay  BBIYHUCIUTENBHOI
THAPOIMHAMHUKN OONBIIYI0 HOMYJIIPHOCTh IMONYYHJIH PACYCTHBIC KOMIUICKCHI, OCHOBAaHHBIC Ha
KoHeyHOo-pa3HOCTHBIX MeToax (ANSYS Fluent, CFX). Oto no3Bosmuio Ooinee TOYHO OLEHHTH
TedeHre pabodero Tena B YIUIOTHEHHUSX Pa3InIHON (HOPMBL

B pamkax pgaHHOH paboThl OBLT MpOBEOEH pacyeT JAOMPUHTHOrO YIUIOTHEHHs Hacoca
okucautens THA momnoro XXP/] ¢ nenbto onpeaeneHus rTuApoANHAMUYECKON )KECTKOCTH.

Ilo momy4eHHBIM pe3yJabTaTaM OINPEICIUHO 3HAYCHHE KOI(PPUIMEHTa TUIPOIUHAMHYCCKON
JKECTKOCTU JIaOMPUHTHOrO yIutoTHeHMs. IlonmydeHHble 3HA4YeHHS KO3((PUIUEHTOB TOBOPST O
JIOCTaTOYHO BBICOKOW JKECTKOCTH KOHCTPYKLHMH Kak IIEpBOro, TaK W BTOPOrO BapHaHTa
TTAOUPUHTHOTO YIUIOTHEHHS.

Calculation of the labyrinth seal of the oxidizer pump of a turbopump unit in order to
determine the hydrodynamic stiffness
'Dormidontov N.E., >Cremanos JI.B.
INPO Energomash, Khimki, Russia
2CADFEM CIS, Samara, Russia

A labyrinth seal is a type of non-contacting slotted seal in which the flow channel changes its
section abruptly due to annular grooves. In such a seal, liquid overflow is reduced due to pressure
losses due to vortex formation in the chambers and losses at the inlet of narrow sections of the slots.
Therefore, labyrinth seals are effective for liquids at high Re numbers. For this reason, the use of
labyrinth seals to reduce leaks is a common practice in the development of liquid-propellant rocket
engines (LRE) turbopump units (TNA).

In the process of operation, forces acting on the rotor arise in the labyrinth seal. They are due to
the inevitable presence of eccentricity, which results in an uneven pressure field in the gap between
the rotor and stator. As a result, a quasi-elastic hydrodynamic force arises, directed against the
displacement, tending to eliminate it, and a circulating force directed perpendicular to the
displacement, tending to cause precessional rotation. It should be noted that the hydrodynamic
forces arising in slotted seals have a significant impact on the rotor system. So, seals can play the
role of additional supports with a certain stiffness, which in turn will entail a change in the critical
rotor speed.
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With the development of computational technologies for problems of computational fluid
dynamics, computational complexes based on finite-difference methods (ANSYS Fluent, CFX)
have become very popular. This made it possible to more accurately assess the flow of the working
fluid in seals of various shapes.

Within the framework of this work, the calculation of the labyrinth seal of the oxidizer pump of
the TNA of a powerful liquid-propellant engine was carried out in order to determine the
hydrodynamic stiffness.

Based on the results obtained, the value of the coefficient of hydrodynamic stiffness of the
labyrinth seal was determined. The obtained values of the coefficients indicate a sufficiently high
rigidity of the structure of both the first and second variants of the labyrinth seal.

Pa3padorka u ucnbitanust AP/l manoit momHocTn 111 MKA /133 Ha ocHOBe a0 1sIlIMOHHOTO
HMMIYJIbCHOTO IJIA3MEHHOI0 ABUIaTe s
JpsikonoB I'.A., Boratsiii A.B., Kamupun /I.A., ITonos I'.A., Cemenuxun C.A.
MAMWU, r. Mocksa, Poccus

B nacrosimee Bpemsi Manbie kocMudeckue ammapaTtbl (MKA) moryt noctatodHo 3¢d¢exTuBHO
peliaTh TakMe akTyalbHbIE 33a7aud KakK JUCTAHI[MOHHOE 30HAMpoBaHue 3emmn (/133), HaBHUramus,
KapTorpadus, cBs3b, 0COOCHHO €CIIN OHH 00BEAUHEHBI B OPOHTATBHEIE TPYIITHPOBKH.

VYcnoust QyHKIMOHUPOBAHHS TPYNIUPOBOK HHU3K0OpOHTANbHBIX MKA TpeOyroT mojiepxanus
U PETyISAPHOI KOPPEKIUH HX OPOUT, UTO JeNIaeT HEOOXOAMMBIM HCIIONIb30BaHUE MAJIOrabapHTHBIX
JBHTATEIBHBIX YCTAHOBOK, CIOCOOHBIX 3(P(EeKTHBHO paboTaTh B YCIOBUAX OIPAHHYCHHOTO
HOTPEOJICHUS 3IEKTPOIHEPTHU.

OmHMM M3 TEpCHEKTHBHBIX JBMraTelledl Majoi TArM Ui pelleHus 3alad  yInpaBIeHHs
nemxenneM MKA sBisiercs aGIsIUMOHHBIN UMITyIbCHBIN IIIa3MEHHBII JBUTaTelb, HCIOIb3YIOMIUH
B KadecTBe padodyero Teia IiasMy NPOAYKTOB abIsIMM TBEpAOro BemiecTBa ((roporuracra-4).
OcHoBHbIMU npeumytiecTBaMu AU sBISAIOTCS KOHCTPYKTHBHAS M (PyHKIMOHAIIbHAS POCTOTA,
JeIIeBU3HA MPOU3BOJICTBA U DKCILTyaTaI[HH, BBICOKAs HAJEKHOCTb, XOPOIIAs COBMECTHMOCTH C
GOpPTOBBIMH CHCTEMaMHU dJeKTpornuTanus u ynpasinenus MKA. OnHoil U3 BaKHBIX 0COOCHHOCTEH
AWIIJ, BeirogHo oriamyatomieil ero ot OPJ] npyrux THIOB, SIBISETCS CIIOCOOHOCTH K
PEryIMPOBAaHUIO TSTH M HOTPeOIsieMOil MOIIHOCTH B IIHPOKHX Ipelenax IIyTeM BapbHPOBaHUS
YaCTOTHI UMITYJILCOB 03 CHIKeHUs 3 PEKTUBHOCTH pabodero mporecca.

B HHU TIMD MAM co3pansl AMIIJl HOBOro IOKOJICHUS, COYETAIOUIME HPOCTOTY
TpagunuonHoro AWIIJ ¢ yBemumdeHHONH TATOBOH 3((EKTHBHOCTBIO, CPAaBHHMOH C TATOBOH
9 (GEKTUBHOCTBIO CYIIECTBYIOIMX CTaluoHapHbx OPJ] Manoif mommuoctH. X XapakTepHOi
0COOEHHOCTBIO SIBJISIETCS JIydllIee, YeM B JIBHIaTeNlsX NEPBOrO MOKOJEHUs, COIJacoBaHHE BBOJA
SHEPIUH U MacChI B Pa3psIHBIN KaHAIL

B 2020 romy B HUM IIMD MAMW pa3paGoran u ucnbiTaH Ha creHae maker AMIII-350,
npeJHa3HAuYCHHBIH sl mojaepkanust U koppekuun opoutel MKA [133. Ot paHee co3maHHBIX
AWII]] HOBBI# qBUTATEIb OTIUYACTCS:

* MozynbHO# KOHCTPYKIMEH, JOMYCKAOIIEi pa3ielbHyl0 cOOPKY, PErylIUpOBKY M HMCIIBITAHHSA
JIBUTATENIbHBIX OJIOKOB 1 0JI0Ka HAKOIHUTENS SHEPTUH.

o [[puOmmKeHHBIM K ONTHMANbHOMY I JAHHOTO Kjacca TATH JHEProcoAepKaHUIo
HAKONMTEJIbHOW KOHICHCATOPHOM OaTapen.

* XapakTepuCTHKaMH pa3psAHOH Ienu, OOEeCIeYHBAIONIMMH JIydIlliee COINIACOBAaHUE BBOZA
SHEPIUH U MacCHI IIa3M000pa3yIoIIero BEmecTBa B pa3psIHbIC KaHAIBL.

B noxnaze npeacraBieHsl pe3ysbTaThl SKCIEPUMEHTAIBbHBIX HccnenoBanuid makera AUTI/I-350.

Pabora BbInosIHEHA B pamkax peanusanun denepanbHoii neneBoii nporpammsl "MccnenoBanus u
Pa3pabOTKH IO NPHOPHUTETHHIM HAIPABICHUSM Pa3BUTUS HAyYHO-TEXHOJIOTMYECKOrO KOMILIEKCA
Poccun na 2014-2020 roxme" (Cormamenue Ne05.607.21.0308. YHuxanbHbld HACHTHPHKATOD
Cornamenns: RFMEFI60719X0308).
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Development and testing of a low-power EPT based on an ablative pulsed plasma thruster for
ERS small spacecraft
Diakonov G.A., Bogatyi A.V., Kashirin D.A., Popov G.A., Semenikhin S.A.
MAI, Moscow, Russia

Currently, small spacecraft (SSC) can effectively solve such urgent tasks as remote sensing of the
Earth (ERS), navigation, cartography, communications, especially if they are combined in orbital
constellations. The operating conditions of low-orbit SSC constellations require maintaining and
regularly correcting their orbits, which makes it necessary to use small-sized propulsion systems
that can work effectively in conditions of limited electricity consumption.

One of the promising low-thrust engines for solving problems of motion control of the SSC is an
ablative pulsed plasma thruster (APPT) that uses the plasma of ablation products of a solid
substance (fluoroplast-4) as the propellant. The main advantages of APPT are structural and
functional simplicity, low cost of production and operation, high reliability, and good compatibility
with onboard power supply and control systems of the SSC. One of the important features of
APPT, which distinguishes it from other types of EPT, is the ability to regulate thrust and power
consumption over a wide range by varying the pulse frequency without reducing the efficiency of
the working process.

The RIAME MALI has created a new generation of APPT that combines the simplicity of a
traditional APPT with increased thrust efficiency, comparable to the thrust efficiency of existing
stationary low-power EPT. Its characteristic feature is better matching of energy and mass input
into the discharge channel than in first-generation thrusters.

In 2020, the RIAME MAI developed and tested APPT-350 model intended to maintain and
correct the orbit of the ERS SSC. The new thruster differs from the previously created APPT
samples by:

* Modular design that allows separate assembly, adjustment, and testing of the thruster unit and
the energy storage unit.

« Close to the optimal energy content of the storage capacitor bank for this class of thrust.

« Characteristics of the discharge circuit that provide better local-time coordination of the input of
energy and mass of the plasma-forming substance into the discharge channels.

The paper presents the results of experimental studies of the APPT-350 model.

The works have been fulfilled within the frames of implementation of the Federal Targeted
Program "Research and Development in the priority fields of the science and technology sector
growth in Russia for 2014-2020" (Agreement No. 05.607.21.0308. The unique identifier of
Agreement: RFMEFI60719X0308).

IIpumeHeHne KOMNO3HIHOHHBIX MATEPHAJIOB B MOIEPHH3HPOBAHHOM KOMIIpeccope HU3KOIo
JAaBJICHHsI IBUTaTeJIsl VIl PErHOHAJILHOI0 NACCAKUPCKOT0 CaMoJieTa
Epodees T.C., PaBukosud F0.A., Apxunos A.H., Illaxos A.C.
MAMWU, r. Mocksa, Poccust

IIpuMeneHne MONMMEPHBIX KOMIO3MIMOHHBIX MarepuanoB (IIKM) B coBpeMeHHBIX
aBHAIIMOHHBIX Ta30TYpPOMHHBIX JBUTATENsX SBIISIETCS Ba)kKHOHM 3agadeil. B Hacrosmee Bpems
npuMenenne [TKM BO3MOXHO BO BHENIHEM BO3MYIIHOM TPAaKTe BEHTWIIATOPA ABHAIMOHHOTO
JIBHTATENs [ HE BPAIIAIOIIUXCs AeTalleld, KOTOphIe He IOJBEPraloTCsl BHICOKUM HarpyskaMm. Tem
HE MEHee OLleHKa HaJeXHOCTH M JonrosedHoctu geraneid IIKM B skciulyatanuu sBisieTcs
aKTyaJbHOI.

JlanHast 3aa4da pelmranach IpU MOACPHH3AIUH KOMIIPEccopa HU3KOTO JAaBJICHUS IBUTATEIS IS
PErMOHATBHOIO MACCaXKUPCKOro camonera. bbuto  mpemioxkeno wucnonb3oBaTs IIKM st
H3TOTOBIICHHS Pa3/eNHTeNs IIOTOKOB U BHYTPEHHUX maHenel. [Ipu mpoexTupoBaHuy dTHX AeTanel
HE0oOXOAUMO BEIOpaTh KPUTEPHUH, YIUTHIBAIOIINE YCIOBHS HX DKCILTyaTaluy H ocobennoctr ITKM.

Jlns npeBapUTENbHON OLIEHKH CTaTHYECKON M IMHAMUYECKOH MPOYHOCTH Pa3/ieUTENs IOTOKOB
U BHYTPEHHHX IIaHenel ObLIa IpOBEACHA CEpHs TPEXMEPHBIX KOHCUHO-DJIEMEHTHBIX PAacdeToB C
ydaetoM aHu3oTporuu cBoiictB [TIKM 1 BOCIIpOU3BEAEHUH 3aKpEIUICHUS JeTalel Ha ABUraTene U
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9KCIUTyaTAallMOHHBIX Harpy3ok. B kadecTBe MaTepuana pa3ieluTess IMOTOKOB OBUT MPEIIOKEH
SMOKCHIHBIA YTJIEMIACTHK, a B Ka4eCTBE MaTepualia HaHeleld BHYTPEHHUX — TEPMOIUIACTHYHBIN
TIKM. Ilpu mpoBeneHHHM IMHAMHUYECKUX pACUYETOB OBUIM ONPEICICHBl COOCTBEHHBIC YACTOTHI
KoJeOaHui neTaneil U MX OJIM30CTh K POTOPHBIM rapMoHUKaM. [IpH NpOBEIEHHMH CTaTHYECKUX
pacueroB OBUTH OMpENETICHbl YPOBHH CTATHYECKUX HAMPSDKCHHH HA MAKCHMAIBHBIX DPEXKHMAax
paboThl KOMIIpECCOpa M MPU HEPACUETHBIX Ieperpy3Kkax, KOTOpbIe MOI'YT BOSHHKHYTB IPH OOpBIBE
JIOTIATOK.

Ilo pesynapraTaM mNpeIBapUTENbHBIX PAaCUYETOB ObLIa NPEUIOKEHA Cepusl HCIBITAaHMI
1abopaToOpHBIX 00pa3LOB, KOHCTPYKTHBHBIX JJIEMEHTOB, BBIPE3AaHHBIX M3 TOTOBBIX NETaleH, U
caMuX JieTajieil Ha UCIIBITAaTENIbHBIX MAIIHHAX U Ha JBUTaTEIIC.

Jlns BbIOOpa (OPMBI M PEKHUMOB HCHBITAHHN JIAOOPATOPHBIX O0pa3lOB OBUIM IPOBEICHBI
JIOTIOJIHUTENBHBIC TPEXMEPHBIC KOHEYHO-OIEMEHTHBIC PAcUeThl IPU PACTSHKECHUH, CHKaTHH, H3rHoe,
cpese.

HcnbiTanuss  1a0OpaTOpHBIX  OOpa3lOB  MO3BOJIMIIM  HPOBECTH CPAaBHEHHE IIOJNYYCHHBIX
MEXaHHYECKUX CBOWCTB CO CBOMCTBaMH, 3asBICHHBIMU mocTaBiqukamu [IKM, u nposectu Gonee
KOPPEKTHYIO OLICHKY 3aI1aCOB IIPOYHOCTH JCTAJICH.

JIns npuHATHS peluIeHus O OCTAaHOBKE JeTalield Ha JABUTATeNb ObUIM HPOBEICHBI YCTAIOCTHBIC U
9PO3UOHHBIC UCIIBITAHUSI KOHCTPYKTHBHBIX 3JIEMEHTOB, BBIPE3aHHBIX U3 TOTOBBIX JeTajeil, a Takke
UCIIBITAHUS ACTaNIel Ha BUOPOCTOMKOCTD, IUKIMYECKYIO TPOYHOCTD U MOJI3Y4ECTh.

OxoHYaTeNIbHOE peleHue o paboTocrocodHocT aeraneit u3 [IKM Obu1o mpuHATO mocne ux
ucrnpITaHui B coctaBe MozepHu3upoBanHoro KH/I Ha nsurarene.

Application of composite materials in an upgraded engine low pressure compressor for a
regional passenger aircraft
Erofeev T.S., Ravikovich Yu.A., Arkhipov A.N., Shakhov A.S.
MAI, Moscow, Russia

The use of polymer composite materials (PCM) in modern aircraft gas turbine engines is an
important task. Currently, the use of PCM is possible in the external air path of an aircraft engine
fan for non-rotating parts that are not exposed to high loads. Nevertheless, the assessment of the
reliability and durability of PCM parts in operation is relevant.

This problem was solved during the modernization of the engine low pressure compressor for a
regional passenger aircraft. It was proposed to use PCM for the manufacture of flow divider and
internal panels. When designing these parts, it is necessary to select criteria that take into account
the conditions of their operation and the features of the PCM.

For a preliminary assessment of the static and dynamic strength of the flow divider and internal
panels, a series of three-dimensional finite element calculations was carried out taking into account
the anisotropy of the PCM properties and reproducing the attachment of parts to the engine and
operating loads. Epoxy carbon fiber was proposed as the material for the flow separator, and
thermoplastic PCM as the material for the inner panels. When carrying out dynamic calculations,
the natural vibration frequencies of the parts and their proximity to rotor harmonics were
determined. When carrying out static calculations, the levels of static stresses were determined at
the maximum operating modes of the compressor and at off-design overloads that may occur when
the blades break.

Based on the results of preliminary calculations, a series of tests were proposed for laboratory
samples, structural elements cut from finished parts, and the parts themselves on testing machines
and on an engine.

To select the shape and test modes of laboratory samples, additional three-dimensional finite
element calculations were carried out in tension, compression, bending, shear.

Tests of laboratory samples made it possible to compare the obtained mechanical properties with
the properties declared by PCM suppliers and to conduct a more correct assessment of the safety
margins of parts.
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To make a decision to install parts on the engine, fatigue and erosion tests of structural elements
cut from finished parts were carried out, as well as tests of parts for vibration resistance, cyclic
strength and creep.

The final decision on the possibility of using of the PCM parts was made after testing them as
part of the upgraded LPC on the engine.

MeToauKka OleHKH MOABUKHOCTH H MPOXOUMOCTH ATPeraToB TPAHCHOPTHO-YCTAHOBOYHOIO
000py10BAHHS MIEPCHIEKTHBHBIX PAKETHBIX KOMILIEKCOB ¢ MPHMeHeHHeM KOMOMHUPOBAHHOI
TPaHCMHCCHHA
Epycnankun C.A.

MAJU, r. Mocksa, Poccust

PemieHne MHOTOYHMCIICHHBIX 3afad IPOMBIIUICHHOCTH, OOODOHBEI H JPYTHX OTpaciel
roCy/lapcTBa HEOTPHIBHO CBA3aHO C KOMIUICKCOM HA3eMHBIX O€3pEIbCOBBIX TPAHCHOPTHBIX
CpeJICTB.

He cMotps Ha MHOrooOpa3sue CO3JaHHBIX CPEICTB M METOAUK IOBBIMCHHS IIPOXOJHMOCTH,
npobjemMa NPEoJONIEHHs CIIOXKHBIX YYacTKOB BHE JIOPOT [0 CHUX IOJIHOCTBIO HE pelleHa, M3-3a
MHOXXECTBA (DaKTOPOB BIMAIOMINX HA JBWKCHHE arperatoB TPaHCIOPTHO-YCTAHOBOYHOI'O
000py0BaHKS NEPCIEKTUBHBIX PaKETHBIX KOMILICKCOB BHE JOPOT.

C 11e/1b10 TOBBIIIEHNUs] TOIBHKHOCTH U MPOXOAUMOCTH arperaToB TPaHCHOPTHO-YCTaHOBOYHOIO
000pyn0oBaHUs TEPCHECKTUBHBIX PAKETHBIX KOMIUIGKCOB pa3paboTaHa METOIMKA Ul OLECHKH MX
MOABIDKHOCTH U MPOXOAMMOCTH C YYETOM BIIHSHHS Ha UX TATOBO-IMHAMUYECKUX XapaKTEPHUCTHK,
CTPYKTYpBbI, COCTaBa, IIapaMETPOB M AJITOPUTMOB YHPABJICHHS KOMOMHHPOBAHHOH TPAHCMUCCHH Ha
0a3e ynpapiseMbIX BEHTHIbHO-UHIYKTOPHBIX IIPUBOIOB.

PaspaboTaHHas MeTOAMKa, IO3BOISECT OLCHUBATH B3aUMOCBSI3b MEXKIY MOJABIDKHOCTBIO,
MPOXOJMMOCTbIO, ~ TArOBO-IMHAMUYECKHMMH  XapaKTEPUCTHKAMH  arperaroB  TPaHCIOPTHO-
YCTaHOBOYHOTO 000PYZ0BaHUs MEPCIEKTUBHAIX PAKETHBIX KOMILIEKCOB M CTPYKTYpPOH, COCTaBOM,
mapaMeTpaMH KOMOHHHPOBAHHOW TPAaHCMHUCCHHM C IPHUMEHEHHEM YIPaBIIEMbIX BEHTHIBHO-
HMHIYKTOPHBIX IIPUBOJIOB U aITOPUTMOB YIIPABJIEHHS UMH.

B Merommke 00OCHOBaHBI Ha3HAYECHME, COCTaB M CTPYKTYypa HCXOIHBIX JAHHBIX, Pa3padoTaH
ITOPUTM METOJUKH OIEHKH MOABIDKHOCTH M HPOXOAUMOCTH arperaTtoB TPaHCIOPTHO-
YCTAaHOBOYHOTO OOOpYHOBaHHs IIEPCHEKTHBHBIX PAKETHBIX KOMIUICKCOB C IPUMEHEHHEM
KOMOMHHPOBAHHOH TPAaHCMHICCUM Ha 0a3e BEHTHILHO-WHIYKTOPHBIX NPHBOIOB, IPUBEIEH IPUMED
UCTIONB30BAHUS METOAUKH OLEHKU MOIBIKHOCTH M IIPOXOJMMOCTH TPAaHCIOPTHBIX CPEACTB
OOJBIIOA TpPY30MOABEMHOCTH C INPUMEHEHHEM KOMOMHHMPOBAaHHOW TpaHCMHMCCHMM Ha 0Oase
BEHTWJIbHO-MHJIYKTOPHBIX NIPHBOJIOB, YKa3aHbl 00JIACTH NPUMEHEHHMS pa3pabOTaHHOW METOIAUKH U
HanpaBJIeHus e€ AaJbHENIIEero COBEepIICHCTBOBAHUS.

PesynbraTthl anpobanuu MeTonuku Ha npumepe arperata CO-755 BBIABHIM HOBBILICHHE
MoKas3aTejedl  NMOABM)KHOCTHM,  HPOXOAMMOCTH  arperaroB  TPaHCIIOPTHO-YCTAHOBOYHOIO
000pyZOBaHUS IEPCHEKTHBHBIX PAKCTHBIX KOMIIIEKCOB C INPUMEHEHHEM KOMOWHHMpPOBAaHHOU
TPaHCMHUCCHM Ha 0a3e BEHTUJIBHO-MHIYKTOPHBIX HPHBOJOB IO CPAaBHEHUIO C IIOKa3aTelsIMH
MOABMKHOCTH, ~IIPOXOJHMOCTH TPAHCIOPTHBIX CPEACTB  OOJIBLION IPy30NOJBEMHOCTH €
IIPUMEHEHHEM KOMOMHHPOBAHHON TPAHCMHUCCHH Ha 0a3e H3BECTHBIX JIEKTPOIPUBOJIOB.

Methodology for estimating the mobility and performance of transportation equipment units
for advanced rocket complexes using a combined transmission
Eruslankin S.A.
MADI, Moscow, Russia

The solution of numerous tasks of industry, defense and other sectors of the state is inextricably
linked with the complex of ground trackless vehicles.

Despite the variety of created means and methods for increasing cross-country ability, the
problem of overcoming difficult sections off the roads has not yet been completely solved, due to
many factors affecting the movement of transport and installation equipment units of promising off-
road missile systems.
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In order to increase the mobility and maneuverability of the transport and installation equipment
units of promising missile systems, a method has been developed to assess their mobility and
maneuverability, taking into account the effect on their traction and dynamic characteristics,
structure, composition, parameters and control algorithms of a combined transmission based on
controlled valve-inductor drives.

The developed methodology makes it possible to assess the relationship between mobility, cross-
country ability, traction and dynamic characteristics of transport and installation equipment units of
advanced missile systems and the structure, composition, parameters of a combined transmission
using controlled valve-inductor drives and control algorithms for them.

The methodology substantiates the purpose, composition and structure of the initial data,
developed an algorithm for assessing the mobility and cross-country ability of transport and
installation equipment units of promising rocket complexes using a combined transmission based
on valve-inductor drives, an example of using the method for assessing the mobility and cross-
country ability of heavy-duty vehicles with the use of a combined transmission based on valve-
inductor drives, the areas of application of the developed technique and directions for its further
improvement are indicated.

The results of approbation of the technique using the example of the SO-755 unit revealed an
increase in the mobility indicators, the cross-country ability of the transport and installation
equipment units of promising missile systems using a combined transmission based on valve-
inductor drives compared with the mobility indicators, the cross-country ability of heavy-duty
vehicles using a combined transmission based on known electric drives.

YunciieHHbIE HCCIeJ0BAHNUS MyJIbCAlMii JaBJIeHHs U TATH B kKamepax cropanust PATT
Kunenos K.H., Epemun W.B., Teipsimkun .M., Yepakosa A.B.
TI'Y, r. Tomck, Poccus

PaGora kamepsl cropaHus pakeTHoro apurarenss Ha TBepaoM Torue (TT) xapakrepusyercs
BEICOKHMH JaBICHHUSMH, CKOPOCTSMH TOPEHHS TOIUIMBA U CIIOXKHBIM COCTaBOM IIPOTYKTOB
cropaHusi. ABTOKONEOAHUsS yKa3aHHBIX PabOYMX MapaMETPOB, BBIXOMSINUE 33 YCTAHOBJICHHBIC
npeJensl, MOIYT IPHBOJUTE K Pa3BUTHIO PA3JIMYHBIX BUJIOB HEYCTOHUYMBOCTHU MPOLIECCOB B KaMepe
cropanus (KC), uTo cka3piBaeTcs Ha BEPOSTHOCTH HapyIICHUH B pabOTe KaK OTICIbHBIX CHCTEM,
TaK M PaKeTHOro JBMraTelisl B 1elIoM. K OCHOBHBIM HCTOYHHMKAMH HEYCTOWYHMBOCTH OTHOCSTCS
HECTallMOHapHOe ropeHue 3apsga TT, M razogMHaMHMyecKas HEYCTOWYMBOCTb TEYEHUS B
ra30JMHAMHYIECKOM TPAKTe. YUHTHIBAS CIOXKHYIO KOH(UTYpaIHIo KaMep CTOPAHHS B COBPEMEHHBIX
PATT, B npouecce paboThl ABHraTens IOTOK HPOAYKTOB CIOPAaHHs XapaKTEPHU3YeTCs CIIOKHOM
BUXPEBOH CTPYKTYpOH ¢ HalMuMeM 3acTOWHBIX 30H M oOnacTeil OTpbeIBa MOTOKa. Buxpm
TEHEepUPYIOT AaKyCTUYECKUE CHTHAIBI, BIMAIONIME HA H3MEHEHHE XapaKTePHUCTHK OCHOBHOTO
TeyeHHs. [Ipy COBMaJieHUH IOJOC YacTOT BHXPEOOPa30BaHUS C COOCTBEHHBIMH aKyCTHUECKHMH
KOJICOaHUIMU KaMephl CTOPaHHsl IPOUCXOIHUT 3aXBaT YacTOT U IIOBBIIICHUE aMIUIUTY bl ITyJIbCAIINH
nasnenus B KC.

B pabore npuBOAATCS MaTeMaTH4ECKHE METOAMKH ONpEJIENeHHsI COOCTBEHHBIX 4acTOT Ia30BOH
HOJIOCTH KaMep cropaHus. [ MaTeMaTHYECKOro MOJEIHPOBAHMSA B PAMKAX OCECHMMMETPHYHOM
NIOCTAaHOBKM  IIPHUBIICKACTCS  PEIICHHE ypaBHEHMWI Ta30BOM JAMHAMHKH COBMECTHO C
HU3KOPEHHOIIBJICOBOH MOZIEIBIO TYpOYJIEHTHOCTH K-€ MJIM MOJENBIO KPYITHOMACIITAOHBIX BUXpEi
LES. Pe3ybTaThl YHCIEHHBIX HCCIIEA0BAHNH Ia30IMHAMUYECKON CTPYKTYpBI TEUEHHS I0KA3bIBAIOT
HaJIM4Yyie HMHTEHCUBHOTO BHXPEOOpa30BaHMS, UYTO BHOCHT CYIIECTBEHHBIH BKJIAJ B IOJIOKCHHUE
HEPBBIX MOJA M aMIUIMTYAy aKyCTHYECKHMX KoyneOaHWH naBieHus. SIpko BBIpaKEHHas BUXpEBas
KapTHHA TEYSHHs IPUBOIHUT K 3HAYUTEIILHOMY POCTY aMILTUTYABI ITyJbcanuii 1asienus. Ha ocHoBe
pacueTHBIX JaHHBIX IPHBOJHUTCS YTOUHEHHAs: METOJHUKA OIPEAENCHHs COOCTBEHHOH aKyCTHYECKOH
YacTOTHl KaMepbl CrOpaHUs €O CIOXKHOH KOH(Wrypamueil 3apsga Ha NpPUHIMIE PUBEICHUS
cBOOOZHOrO oObemMa KaMmepsl K IIMHApHYecKod Qopme. VccnenoBaHa —B3aMMOCBS3b
MyJNbCAIIMOHHBIX XapaKTEPUCTUK B KaMepe CropaHHs H KOJIeOaHUH TATH PAKETHOTO IBUTATEN.
YuutsiBas CI0XKHYIO (HOpMy HOBEPXHOCTU FOPEHHS, pa3pabOTKa METOAUKH pacyeTa, HO3BOJLIIOMIEeH
MOJICITHPOBATh CJIOXKHYIO BHXPEBYIO Ta30ANHAMUYECKYIO CTPYKTYPY TEUCHHS, SIBISIETCS BaXKHBIM
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3BCHOM B BBIABJICHUM IPUYMH W MNPEAOTBPALLICHUU BO3MOYKHOH HeyCTOP’I'{HBOCTPI (HyJ'ILCaL[I/Iﬁ
JIaBJICHUS H Tﬂl"I/I) B pa60Te PAKCTHOTO [JBUTATCId Ha HOBBIX BBICOKOOHCPTCTUYCCKUX
HaMOJHUTEIIAX.

Numerical research of pressure and thrust pulsations in the combustion chambers of solid
propellants
Zhiltsov K.N., Eremin LV., Tyryshkin M., Chervakova A.V.
TSU, Tomsk, Russia

The operation of the combustion chamber (CC) of a solid fuel rocket motor is characterized by
high pressures, high fuel combustion rates and a complex composition of combustion products.
Self-oscillations of operating parameters exceeding the limits can lead to the development of
various types of instabilities in the CC. This affects the likelihood of malfunctions in the operation
of both individual systems and the rocket engine as a whole. The main sources of instability are
unsteady combustion of the solid fuel charge and gas-dynamic instability of the flow in the gas-
dynamic path. The complex configuration of CC in modern engines leads to the fact that the flow
of combustion products is characterized by a vortex structure with the presence of stagnant zones
and areas of flow separation. The vortices generate acoustic signals that affect the change in the
characteristics of the main flow. When the frequency of vortex formation coincides with the natural
acoustic oscillations of the CC the amplitude of pressure pulsations increases.

The paper presents mathematical methods for determining the natural frequencies of the gas
cavity of the CC. For mathematical modeling in the axisymmetric formulation the solution of the
equations of gas dynamics is used together with the low Reynolds k-¢ turbulence model or the LES
model of large-scale eddies. The results of numerical studies of the gas-dynamic structure of the
flow show the presence of intense vortex formation. This makes a significant contribution to the
position of the first modes and the amplitude of acoustic pressure oscillations. A pronounced vortex
flow pattern leads to a significant increase in the amplitude of pressure pulsations. On the basis of
the calculated data, a refined method is presented for determining the natural acoustic frequency of
a CC with a complex charge configuration based on the principle of bringing the free volume of the
chamber to a cylindrical shape. The relationship between the pulsation characteristics in the CC and
the rocket engine thrust oscillations has been investigated. Taking into account the complex shape
of the combustion surface, the development of a calculation technique that allows simulating a
complex vortex gas-dynamic structure of the flow is an important link in identifying the causes and
preventing possible instability (pressure and thrust pulsations) in the operation of a rocket engine
on new high-energy fillers.

HccnenoBanue BOSHUKHOBEHHS KOJIEOaHMIT TapaMeTPOB KOMIIOHEHTOB TOIJIMBA B
OTBOJSAIIMX MArHCTPAJIAX HEHTPoOekHbIX HacocoB KP /]
Kypasnes B.H., Maprupocos /I.C.
HIIO Dueproma, r. XuMku, Poccus
Pabora mocBsileHA HCCICAOBAHUIO BO3HUKHOBEHHS KOJICOAHMH MapaMeTpoB KOMIIOHEHTOB
TOIUIMBAa B OTBOJAIIMX MAarucTpayisix IeHTpoOexkHbIXx HacocoB JKPJ[. OrueBble HCHBITAaHUS
MOKa3bIBAIOT, YTO HA ONPEIEICHHBIX PEKUMAX B OTBOLIMX MATHCTPAIIX LICHTPOOSKHBIX HACOCOB
HaOJI0JaeTcs TOBBILICHHAS MHAMUYECKas aKTMBHOCTb. OCHOBHOWM COCTaBIISIOIICH CHEKTpa
IyJIbCALMIT Ha BBIXO/IC HACOCOB SIBJIIIOTCSI KOJIEOaHMUsI KpaTHBIE YaCTOTE BPALLCHUSI POTOPA U YHCITY
JIonmaTok pabodero koseca. HeomHOPOIHOCT MOTOKAa Ha JTOH YacToTe oOpasyercsi HpH €ro
JIBIDKEHUN W3 BPAIIAONIEr0OCs [EHTPOOESKHOTO KOJIeca B HAIMPABJISAIONIMI AlapaT W BBIXOIHOM

marpyOoK.

JUnist POBE/ICHHS aHAJIN3a BBICICH KOHTYp, B KOTOPOM BO3HHKAET HEYCTOHYHBOCTb:

Hacoc ropiodero BTOpOil CTYNeHM — pErylasTop pacxoga — CMECHTENbHOH TOJOBKU
rasoreHeparopa.

Pa3pa60TaHa MaTeéMaTU4deCcKass MOJCJIb, OMHUCBIBAIOIIass CTAallMOHAPHOEC TEYCHUC KUIAKOCTH B
BBIICIICHHOM KOHTYpPE. HpOBeHeH pacdeT mapamMeTpoB OOHOMEPHOIO TCUYCHHUA MaJIOC)KUMaEMOM
KAOKOCTH 6e3 yue€ra IOMATIMBOCTH CTCHKH. Mogens coctaBieHa u3 3JICMEHTOB, KOTOpBIC
OIMUCBHIBAIOT HHEPLIMOHHBIEC, EMKOCTHBIE U PE3UCTHUBHBIC XaPAKTECPUCTHKHU KUIAKOCTH.
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Jlnst  ompeneneHWs — TPaHWYHBIX — YCJIOBUIl  NpoBeAeHa  BepHU(UKAIMSA  MOACIM IO
IKCIIEPUMEHTAIBHBIM JTaHHBIM.

AHanu3 pe3yIbTaToB PacueToB, MOJYYCHHBIX MO pa3pabaThiBAEMON MaTeMaTHYECKOH MOICIH U
COMOCTABJICHUE HMX C PE3ylbTaTaMH OTHEBBIX HCHBITAHUH IOKa3bIBAIOT, YTO IPH BO3MYLICHHU
NIABJICHUS] Ha BBIXOJE Hacoca B auamna3oHe 4actoT oT 0 mo 3000 I'n pacuerHble cOOCTBEHHBIC
YacTOTHl KOHTYpa MPaKTHYECKH COBMNAJAIOT C JIONATOYHBIMH YaCTOTAMH, HAaOIIOZAEMBIMH HpH
OTHEBBIX HCIBITAHUAX H (POPMHUPYIOTCS KOHTYPOM HACOC TOPIOYEro BTOPOM CTYHNEHH — PEryjsiTop
pacxoza.

The study of working processes in the discharge lines of centrifugal pumps LRE
Zhuravlev V.N., Martirosov D.S.
NPO Energomash, Khimki, Russia

The work is devoted to the study of the occurrence of fluctuations in the parameters of fuel
components in the outflow lines of centrifugal pumps of liquid-propellant engines. Fire tests show
that at certain modes in the outlet lines of centrifugal pumps, there is an increased dynamic
activity. The main component of the pulsation spectrum at the pump outlet are oscillations multiples
of the rotor speed and the number of impeller blades.The inhomogeneity of the flow at this
frequency is formed when it moves from the rotating centrifugal wheel to the guide vanes and the
outlet.

For the analysis, a contour is highlighted in which instability occurs:

Fuel pump of the second stage — flow regulator — combustion chamber of the preburner

A mathematical model has been developed that describes the steady flow of a fluid in a selected
circuit. The calculation of the parameters of a one-dimensional flow of a low-compressible fluid is
carried out without taking into account the compliance of the wall. The model is composed of
elements that describe the inertial, capacitive and resistive characteristics of the fluid.

To determine the boundary conditions, the model was verified using experimental data.

Analysis of the calculation results obtained by the developed mathematical model and their
comparison with the results of firing tests show that when the pressure at the pump outlet is
disturbed in the frequency range from 0 to 3000 Hz, the calculated natural frequencies of the loop
practically coincide with the blade frequencies observed during firing tests and are formed by the
loop Fuel pump of the second stage - flow regulator.

Pa3pa6orka 3()(peKTHBHOI0 CTANMOHAPHOIO IIA3MeHHOro aBurartens macmrada CIIJI-70 na
KPHUIITOHE
3axapuenko B.C., Kum B.I1., [llunos E.A.
MAMU, r. Mocksa, Poccus

Cranuonapusle ma3mennsle apurarend (CI1/1) ycnemHo paboTaioT B KocMOce MHOTHE Tofsl [1].
M3BecTHO, 4TO KCEHOH sBJsETCS OCHOBHBIM pabounMm TenoM Juist CIIJI. OnHako KCeHOH
HPOM3BOJIUTCS B OTPAHHYCHHBIX MAcIITa0ax M sBISIETCS OYCHb JOPOrMM BemiecTBoM. [losTomy
Mepexo/] K albTePHATUBHBIM PabOYMM TelaM SIBISCTCS OJHOI M3 aKTyaJbHBIX 3a7ad pa3paboTKH
HoBbIx CIT/I.

KpunToH siBisiercs mepcrekTuBHbIM pabounm Tesom it CIIJ| mo psgy npuuuH: Oonee HU3Kas
CTOUMOCTb, OOIbIIee TO0BOE IPOM3BOACTBO OTHOCHTEIEHO KCEHOHA, SIBICTCS HHEPTHBIM Ta3oM,
a TaK)Ke MMEeT MOTCHI[MAl HOHU3ALUH, OM3KHI K KCCHOHY.

B nokmame mpeacTaBICHBI HCCIIEIOBAHUS BO3MOXKHOCTH paszpabotku sddextnsroro CIII,
paboTaromero Ha KpUITOHE IIPU MOITHOCTAX Hopsiaka 1 kBr.

[IpuBesneHs! pe3ysbTaThl UCCIeNOBaHHI paboThl jabopaTopHoi Moxenu Macmrtaba CIT/(-70 B
nuarnasoHe MoiHocTedt ot 600 Bt nmo 1,5 kBr. Ompenenenbl pexumbl paboThl JBUraTess ¢
YCTOIYMBBIMH XapaKTEPUCTHKAMH, IPEACTABISIIOLMMA HHTEPEC MPH PEIICHHH 3a/1a4, CBSI3aHHBIX C
Koppekiueil u crabmwmsanueii opoutr mansix KA, B TOM uucie, W i MHOTOCIYTHHKOBBIX
IPYIIIHPOBOK.

HccnenoBanbl 30HBI OPO3UH CTEHOK DaspsIHONM KaMmepbl [loka3aHa BO3MOXHOCTH CO3JaHHS
JBUTATENs C CYLIECTBEHHO IIOHW)XCHHOH 3po3uell mpu paboTe Ha KPUNTOHE MO CPABHEHHIO C
CYIIECTBYIOINMH JABHIATEIISMH.
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B menom monydeHHble  JaHHBIE  CBUJCTEIBCTBYIOT O  BO3MOXKHOCTH  Pa3pabOTKH
KoHKypeHTrocrocobroro CIIJI Ha kpunToHe.

PabGora BbImMONHeHa B paMKkax npoekTa «Pa3paboTka  (pU3MKO-TEXHHYECKMX  OCHOB
IPOCKTUPOBAHUS TUIA3MCHHBIX JBHIaTeNeH ¢ 3aMKHYTBIM ApEH(OM 3IEKTPOHOB HA KPHIITOHE I
YIIPaBICHUS ABMKCHHEM MalbIX KOCMHYECKHX ammapaToB» coBMecTHO ¢ OKB "®aken" u MI'TY
uM. baymana B pamkax CornameHuss o mnpencraBiaeHuu cyocuauum Ne 075-15-2019-1686 or
26.11.2019 r. YuunxansHblii naentudukannonnsii Homep RFMEFI60419X0212

Jlureparypa:

1. Dan Lev, Roger M. Myers, Kristina M. Lemmer et al. The technological and Commercial
Expansion of Electric Propulsion in the past 24 years // paper IEPC 2017- 242, Proc. 35th
International Electric Propulsion Conference, October 8-12, 2017, Georgia Institute of Technology,
Atlanta,USA.

Development of an effective stationary plasma thruster of SPT-70 scale on krypton
Zakharchenko V.S., Kim V.P., Shilov E.A.
MAI, Moscow, Russia

Stationary plasma thrusters (SPD) have been successfully operating in space for many years [1].
It is known that xenon is the main working substance for SPT. However, xenon is produced on a
limited scale and is a very expensive substance. Therefore, the transition to alternative working
substances is one of the actual tasks in the development of new SPT.

Krypton is a promising working substance for SPT for a number of reasons: lower cost, higher
annual production relative to xenon, is an inert gas, and has the potential for ionization close to
xenon.

The report presents a study of the possibility of developing an effective SPT operating on krypton
with a power of about 1 kW.

Research results of SPT-70 scale laboratory model operation in the power range from 600 W to
1.5 kW are presented. Determined are the modes of operation of the thruster with stable
characteristics that are of interest in solving problems related to correction and stabilization of
orbits of small satellites, including those for multi-satellite groups.

In general, the obtained data indicate the possibility of developing a competitive SPT on krypton.

The work was carried out as part of the project "Development of physical and technical
foundations for the design of plasma engines with closed electron drift on krypton to control the
movement of small spacecraft" together with the Fakel Design Bureau and Bauman Moscow State
Technical University within the Agreement on Subsidy No. 075-15-2019-1686 dated 26.11.2019
Unique identification number RFMEFI60419X0212.

References:

1. Dan Lev, Roger M. Myers, Kristina M. Lemmer et al. The technological and Commercial
Expansion of Electric Propulsion in the past 24 years // paper IEPC 2017- 242, Proc. 35th
International Electric Propulsion Conference, October 8-12, 2017, Georgia Institute of Technology,
Atlanta,USA.

Pa3pa0oTka HCNBITATEbHOTO CTEH/IA TOIJIMBHON CHCTEMbI ¢ H3MEHEHUEM TO0JI0KEHU S
00bEeKTa HCNIBITAHMI B PeXKHMe TeKylero BpeMeHu
3unnna AWM., MukprokoB H.B., Cmarun /I.1., Casenses P.C.
MAM, r. Mocksa, Poccust

PazpaboTka HOBBIX 00pa3LOB BEpTONETOB HEBO3MOXKHA 0€3 CO3JaHUS COBPEMEHHOM
ucnbITaTeNlbHONW 0a3pl. [laHHas 0a3a [O/DKHA CHU3UTh PHCKH IOSBICHHS OTPULATEIBHBIX
pe3yJbTaToB JIETHBIX MCIBITAHWI M CIIOCOOCTBOBATH CHIDKCHHIO CTOMMOCTH BCEro LHKJIA IPH
CO3/IaHHUH HOBOTO 00pasia BepToJéTa.

B Hactosiiee BpeMsi M3BECTHBI HCHbITAaTeNbHBIC 0a3bl (CTEHIbI) Ha KOTOPBIX BO3MOXKHBI H
OCYILECTBISIOTCS. UCHBITAHUSI OTJCTBHBIX KOMIIOHCHTOB, NPEAHA3HAYCHHBIX Ul YCTAHOBKU Ha
BHOBb CO3/1aBacMBIX 00pasiax BepTONETOB. V3BECTHBI TakKe ¥ MOTHOPA3MEPHBIC CTEHIbI
OTJENBHBIX CUCTEM BEPTOJIETA, HA KOTOPBIX BBIMOJHSETCS OTpadOTKa yKa3aHHbIX cucteM. OIHaKo,
BCE OTH IIOJHOpPA3MEpHBIC CTEHIbI SIBIIIOTCS HEMOJBIKHBIMU OOBEKTAMH U HE IO3BOJISIOT
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BBINIONHATh HA3eMHYI0O OTpabOTKY KOHKPETHOH CHCTeMbl B € JMHAMHYECKOM DEXHME
(YHKIIMOHMPOBAHHSI.

Takum obpasom, mepen paspaboTYMKaMH CTOMT 3ajaya CO3JaHMS  LeJIoro  Kjiacca
UCIBITATEIbHBIX CTEHIOB, MO3BOJIAIONMINX €I Ha 3eMJIe, IPOBEPHTh U BBIIATh COOTBETCTBYIOILYO
HHPOPMALIUIO O BO3MOXXHOM cOoe.

BHOBb pa3palaTbiBacMblil CTEHJ M/ MCIBITAHUMH TOIUIMBHBIX CHCTEM BEpTONETAa Kak pas M
HpeHa3HAYCH IS BHIOIHCHNS YKa3aHHOH BbIIIE (yHKIIHH.

Pa3pabaTbIBaeMBIif CTEH] HPEACTABISIET COOOH COBOKYIHOCTh IBYX IOBOPOTHBIX ILIaT(GopM
(pam), MapHUPHO COCAMHEHHBIX APYT ¢ APYroM. IIpHn4éM ocH 3THX MOBOPOTHBIX IIAT(HOPM JIeXKaT
BO B3aMMHO MEPHEHIMKYJIAPHBIX IUIOCKOCTAX M MMEIOT TaKOe B3aHMHOE DAcCIOJOXKEHHE, IpU
KOTOPOM OJIHAa pamMa HaXOAWTCS BHYTpU Apyroil. Kaxaas pama MMeer CBOW HPHUBOJ, MPHBOMSIINIA
3Ty paMy B JIBI)KCHHE. Bce KOMIIOHEHTHI UCHBITHIBAEMON CHCTEMBbI (TOIUIMBHBIC OAKH, IITATHBIC
HAcoCHI, TPYOOIIPOBOABI U arperaThl) yCTAaHABINBAIOTCS HA BHYTPEHHIOKO pamy.

Jlnst mvuTanuy paboThl KOHKPETHOW TOIUIMBHOM CHUCTEMBI pa3pabaThIBAGMBIH CTEHJ HMeEeT
TaKXKe CTAHOHAPHYIO TOIUIMBHYIO EMKOCTh C TOILTMBOM M KOMILIEKC TPyOOIIPOBOIOB M HAcOCOB
JUISL 3aTIOJIHEHUS TOIUTMBHBIX OaKOB HCIIBITYEeMOM CUCTEMBI.

BenencTBue  KOHCTPYKTHBHBIX — OCOOGHHOCTEH  pa3pabaThlBaeMOro CTEHJd, KOMIIOHEHTHI
UCIBITYEMOl ~ TOIUIMBHOW ~ CHCTEMBI ~ MMEIOT  BO3MOXKHOCTb  IEPEMEINATBhCS  BOKPYT
HEPIEHANKYIAPHBIX OCEH, MMHUTHPYS H3MEHEHHE CBOETO IPOCTPAHCTBEHHOIO ITOJOXKEHHS IO
KaHaJIaM KPEHa U TaHraxa.

Kpome TOro, MCHoIb30BaHHE COOTBETCTBYIOIICH CHCTEMBI YIpaBieHHs pPaboOTOil NMPHBOIOB
YHOMSIHYTBIX BBIIIE PaM, MO3BOJISCT BBHIMOJHATH NEPEMELICHUS paM I0 3aJaHHOMY U KaXKIOH
paMBbI 3aKOHY.

Development of a test bench for the fuel system with a change in the position of the test object
in the current time mode
Zinina A.L, Mikryukov N.V., Smagin D.I., Savelyev R.S.
MAI, Moscow, Russia

The development of new models of helicopters is impossible without the creation of a modern
testing base. This base should reduce the risks of negative flight test results and help reduce the cost
of the entire cycle when creating a new helicopter model.

At present, there are known test bases (stands) on which tests of individual components intended
for installation on newly created helicopter models are possible and carried out. There are also
known full-size stands of individual helicopter systems, on which these systems are tested.
However, all these full-size test benches are stationary objects and do not allow ground testing of a
specific system in its dynamic mode of operation.

The developers are faced with the task of creating a whole class of test benches that will allow,
while still on the ground, to check and give relevant information about a possible failure.

The newly developed test bench for helicopter fuel systems is designed to perform the above
function.

The stand being developed is a combination of two rotary platforms (frames), hingedly connected
to each other. Moreover, the axes of these rotary platforms lie in mutually perpendicular planes and
have such a mutual arrangement in which one frame is inside the other. Each frame has its own
drive that sets this frame in motion. .All components of the system under test (fuel tanks, standard
pumps, pipelines and units) are installed on the inner frame.

To simulate the operation of a specific fuel system, the test bench also has a stationary fuel tank
with fuel and a set of pipelines and pumps for filling the fuel tanks of the system under test.

Due to the design features of the stand being developed, the components of the tested fuel system
have the ability to move around perpendicular axes, simulating a change in their spatial position
along the roll and pitch channels.

The use of an appropriate control system for the operation of the drives of the above-mentioned
frames, in addition, makes it possible to move the frames according to the law specified for each
frame.
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CucTeMBbl KOHTPOJISI IAPAMeTPOB BePTOJIeTHOI ABUIaTeJbHOI YyCTAHOBKH
Unbens MLIO., Jlenéuikun A.P., Unmsunckas O.1.
MAMU, r. Mocksa, Poccust

PaccMOTpeHBI CHCTEMBI KOHTPOJISI U YIPABIICHUS BEPTOJIICTHBIMH Ia30TYPOHMHHBIMH JIBUTATEISIMU
U TIPeJCTaBICHbl OCHOBHBIC TEXHUYCCKHE JaHHBIE, YCIOBHS OKCIUTyaTaluH, TpeOOBaHHSA H
(YHKIMH YCOBEPIICHCTBOBAHHOTO OJI0Ka aBTOMAaTHYECKOro perynupoBanus u konTpois (BAPK).
IlpuBeneHbl BO3MOKHOCTH CHCTEMbI KOHTPOIA (C JaTYMKaMH  YIJIOBOTO IIOJNIOXKEHHA) M
aBTOMATHUYECKOTO PETyIHUPOBAHUS MPH MOSBICHHH PAa3HOPEKHMHOCTH DPaOOTHI JBHUTATEN.
Pa3paboTaHa TEXHOJIOTHUS CIEKEHUS U KOHTPOJIS pabOThl MEXaHUUYECKON CHCTEMbI YIIPABICHUS IS
HOBBIIEHUS 3(P(EKTHBHOCTH yNPABICHHUS BEPTOJICTHON JIBUTATENBHOH YCTAHOBKH IIpH
HCTIBITAHUSIX.

MecTo yCTaHOBKM CHCTEMBI CIICKEHHS X KOHTPOIIS pabOThI MEXaHUYECKOM CHCTEMBI YIIPaBICHUS
BEPTOJIETOM U JIBUTATEISIMH BHIOMPATIOCH C YYETOM PACCTOSHUS MEK/Y TATaMHU M yCTAHOBICHHBIMU
JAaTYNKAMH YTJIOBOTO IOJNIOXKEHHS — U1 BO3MOXHOCTH OoOJee TOYHOTO CHSATHS IOKa3aHMIl
JIMHEHHBIX NEpPEeMELIeHUH TAT yrpaBieHHs. MecTo yka3aHHOH CHCTeMBbI KOHTPOJIsS ObLIO BEIOPaHO
BHYTpH KaOuHbI (ro3eisbka BepTONEéTa BOJIM3M PACIIONOXKCHHBIX TSI IMPOBOJKH YIPaBICHHS
BEPTOJIETOM.

JlaHHas cucTeMa MO3BOJISIET OTCIEIUTh HOJIOKEHHE BCEX OPraHOB YNPABJIECHUS! BEPTOJETOM U
JIBUTATEISIMU TIPU MPOBEJCHUN UCHBITAaHUH. DTO MO3BOJISIET MOHATh HAa KAKUX PEKUMax Moiéra —
HY)KHO BHECTH HACTPOHKH B CHCTEMY YIpPaBIICHHS ABUTAaTESIMH M 0olee TOYHO HACTPOUTH OJIOK
aBToMartmyeckoro peryiauposanus (BAPK). Tak B pexxnme moséra JISTYUK YIPaBIsIET BEPTOIETOM
U HCIOJB3yeT pydKy oOOIIero Imara ¥ YOpaBJEHHS NBHTATE/SIMH, M BCS HHpopManus o
MEepPEeMEIICHUAX PYYKH U KOPPEKIHH DabOTHl ABHUrareieil mepenaércst depe3 AATUUK YIIOBOTO
TIOJIOXKEHUs B cucteMy 60pToBbIX n3mepennit (CBU).

Ilo pesynbTaTaM HCIBITAHUH MOCTE MOJMYYeHHUs OaHHBIX paboTsl BAPK, cucremsl crnexeHus u
KOHTPOJII PabOTHl MEXaHHYECKOH CHCTeMbl ympasieHus BepronéroM u CBM — BHocsTCS
HU3MEHEHUs] B DETYJIHPOBKY YNpaBlIEHHs BEPTONETOM M JBUTAaTEIsAMM Ul TIOBBILEHUA
5((hEeKTUBHOCTH YNpaBIEeHUs HAa ONpPENCIEHHBIX pexnMax mnonéra. Takxke JaHHas cucreMa
MPUMEHSeTCSA Ul Mepefaddl NaHHBIX OT JAaTYUKOB YITIOBBIX IIOJIOXKCHHH B CHCTEMY aBapHHHON
perucTpanuy napamerpos. [loka3aHus yka3aHHBIX JaTYMKOB HCIIONB3YIOTCS IIPU PACCIEI0BaHUI
aBHALIMOHHOI'O MIPOUCHIECTBHS M JJIs IPOBEPKH COOTBETCTBUS MOIIHOCTH JIBUTATENs U HOJIOKEHHs
TAT Y OPOBOAKHU YIPABIEHUs ABHraTensMu. TakuMm 00pa3oM, MOXKHO OTCIEAUTH HPENonaracMyro
HEHCIIPAaBHOCTh [IBUTATeNsl WJIM CHCTEMBI YIPaBJICHUs JBHraTelsiMU. [loka3aHbl IOCTOMHCTBA
pa3paboTaHHOH TEXHOJIOTHU KOHTPOJIS TApaMETPOB BEPTOJIECTHOM IBUTATENIBHOMN yCTAHOBKU

Parameter control systems of helicopter propulsion system
Ilyenya M.Y., Lepeshkin A.R., Ilyinskaya O.1.
MAI, Moscow, Russia

The technology of monitoring and control systems for helicopter gas turbine engines is
considered and the main technical data, operating conditions, requirements and functions of the
advanced automatic control and monitoring unit (BARK) are presented. The technological
capabilities of the monitoring system (with sensors of angular position) and automatic control when
the appearance of different modes of engine operation are presented. A technology has been
developed for tracking and monitoring the operation of a mechanical control system to improve the
control efficiency of a helicopter propulsion system during testing.

The installation location of the tracking and control system of the mechanical control system of
the helicopter and engines was selected taking into account the distance between the links and the
installed sensors of the angular position - for more accurate reading of linear displacements of the
control rods. The location of the specified control system was chosen inside the helicopter fuselage
cockpit near the helicopter control wiring rods located.

This system allows you to track the position of all the controls of the helicopter and engines
during testing. This allows you to understand at what flight modes - you need to make settings in
the engine management system and more accurately configure the automatic control unit (BARK).
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So in flight mode, the pilot controls the helicopter and uses a common-pitch knob and engine
control, and all information about the movements of the pen and the correction of engine operation
is transmitted through the angle sensor to the on-board measurement system (SBI).

According to the results of ground or flight tests, after receiving data from the BARK, the
tracking system and monitoring the operation of the mechanical helicopter control system and SBI,
changes are made to the adjustment of the control of the helicopter and engines to increase control
efficiency at certain flight modes. This system is also used to transmit data from angle sensors to
the emergency parameter registration system. The readings of these sensors are used in the
investigation of an accident and for checking the compliance of engine power and the position of
rods and engine control wiring. Thus, it is possible to track the alleged malfunction of the engine or
engine management system.

Mmuoro mukpodgonnblii Mmetoa usmepenus umnenanca 311K na uarepdepomerpe npu
HOPMAJBHOM Ha/leHHH 3BYKa
Umaros M.C., Sxosery M.A.
LAI'H, r. Xyxosckuii, Poccust

B HacTosiiee BpeMs I ONPENENEHUs MMIENAHCHBIX XapaKTEPUCTHK 3BYKOIOIIIOIIAOLIMX
xoHCcTpykiui (3IIK) Bo BceM Mupe IIHPOKO IPUMEHSETCs ABYX MHUKPOGOHHBIM METOH CTOSYHX
BOJIH. JIByX MUKPO(OHHBIH METOA HCIONb3YETCs Ul ONPEASICH!s KOMIUIEKCHOTO Ko3(dHIMeHTa
OTpaKEeHMsl MCCJIeIyeMOH KOHCTPYKLHUH, 3Has KOTOPbIH, MOXKHO pPacCuuTaTh aKyCTHUECKHI
umnenanc 311K,

Ilpy SKCTIEpUMEHTAIBHOM HCCIEIOBAaHMM Ha HMHTepdepoMeTpe HOPMAIBHOIO MafeHHs
HPHUCYTCTBYIOT OIIMOKM (TIOTPENIHOCTH) TPH HM3MEPEHHH 3BYKOBOTO JaBICHHMS M (a3 Ha
mukpodonax. IlorpemHocTH  U3MEpeHHH  MOTYT BO3HHKATh H3-32  3BYKOBBIX  BOIH
PacIpoCTPAHSIOIINXCS, KOPPEIMPOBAHO C OCHOBHBIM  CUTHAJIOM, IO  KECTKO-CTEHHBIM
MIOBEPXHOCTSIM YCTAaHOBKH B BUJie BHOpanuii. [Ipy Hanu4uuu B yCTaHOBKE BCETO JIByX MUKPO(OHOB,
KaK B KJIACCHYECKOM IBYX MHKPO()OHOM METOAE, HEBO3MOXKHO IPOKOHTPOIUPOBATH 3HAUCHUS
BOCCTaHOBJIEHHOTO 3BYKOBOIO IO IO [JIMHE KaHaja YCTAaHOBKHM, TaK KaK 3HayeHMs
BOCCTAHOBJICHHBIX aMIUIUTY/BI U (ha3bl B TOYHOCTH COBHAMYT C 3KCIICPUMECHTAIBHBIMH JIAHHBIMH.
Emnte ogHuM HEJOCTaTKOM KJIACCHYECKOTO METOJA SBISICTCS OTPAaHHYEHHS B 00JAaCTH YacTOT HIDKE
500 I'm. B cBsA3M ¢ 3THM THOSABIISIETCS HEOOXOAUMOCTh YBEIIMUECHHS YHCIa MHKPO(OHOB B KaHaie
YCTaHOBKH.

B nanHO# paboTe mpom3BeeHA MOJAEPHH3AIMsA KJIACCHYECKOTO ABYX MHKPO(OHHOIO MeTona
ONpE/IeTICHUs MMIIE]aHCa C MOMOIIBIO YCTAHOBKH JOTIOMHUTENBHBIX MUKPO(OHOB. Pa3paboTaHHbIi
METOJl M3BICUCHHS HMIICJAHCA COCTOMT B ciiemyromieM. Ha BBIOpaHHBIX 4acToTax NpPOBOIATCS
M3MepeHusl IPH yCTaHOBICHHBIX 6 MUKpO(hOHaX B KaHaie nHTepdepomerpa. [ Bcex BOZMOXKHBIX
Bapualuii map MHUKpPO(OHOB NPHMEHSTCS KIAacCHYecKHil ABYX MukpodoHHbIH Merton. [anee
ompeziesseTcs napa MUKpO(pOHOB ¢ HAMMEHBLINM 3HAaUeHHEM (DYHKIMOHANIA HA 3aJJaHHOM YacToTe.
Haiinennsle HawTyuimne KOMIUICKCHBIE 3HAYEHHUS aMIUIUTYJ Majalolieil M OTpa’kKeHHOH BOIH
UCIIONB3YIOTCS B KAYECTBE CTAPTOBBIX 3HAYEHHH JJI METO/1a HAMMEHBIIHX KBaJPaToOB, B KOTOPOM
MUHUMH3UpYeTCs 1eneBast QyHKIus Oe3 TOYHOH NPUBA3KH K SKCIIEPUMEHTAJIBHBIM 3HAYCHUSIM
3BYKOBOTO J[ABJICHUS.

ITo pesynbTaTaM 5SKCIIEPHUMEHTANIBHBIX JaHHBIX MOXKHO CJI€JaTh BBIBOJ, 4YTO 3HAYEHHE
(yHKIIMOHAJA TT0 METOJy HAaUMEHBIIMX KBaJPaTOB BCETJa MEHbIIE 3HaueHUs (DYHKIMOHAA IpU
BEIOOpE mapsl MUKPOGOHOB. Pa3paboTaHHBIM MeTOJ MOBBINIAET TOYHOCTh M3MEPEHHIl B 00NacTH
PE30HAHCOB, B KOTOPBIX IPU HMCIIOJIB30BAHHH JIMIIb OJHON mapbl MUKPO(OHOB HaOMOAaNCh Obl
HEKOPPEKTHbIC 3HAYEHHUs aKyCTHYECKMX XapakTepucTHK. JlaHHas paOoTa BBINONHEHA IIpU
¢unancopoit mommepikke DI'VII «JAI'M» cormaco mpukazy Ne265 ot 30.06.2020 o6
opranusanmu pabor mo HUP «Pa3paboTka 3BYKOIOITIOIIAIOIIMX MaTEpPUaIOB C HOBBIMU
reOMEeTPHYECKUMH XapakTepuctukamny, mudp «3I1K», va 2020 r.
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Multi-microphone method for measuring the impedance liner on an interferometer at normal
sound incidence
Ipatov M.S., lakovets M.A.
TsAGI, Zhukovsky, Russia

Currently, the two-microphone standing wave method is widely used worldwide to determine the
impedance characteristics of sound-absorbing structures (liner). The two-microphone method is
used to determine the reflection coefficient of the structure under study, knowing which, it is
possible to calculate the impedance of the liner.

In an experimental study on a normal incidence interferometer, there are errors in measuring
sound pressure and phases on microphones. Measurement errors may occur due to sound waves
propagating, correlated with the main signal, along the rigidly-walled surfaces of the installation in
the form of vibrations. If the install only two microphones, as in the classical two microphone
method, it is impossible to control the values of the restored sound field along the duct length
because the values of the recovered amplitude and phase exactly match with the experimental data.
Another disadvantage of the classical method is the limitations in the frequency range below 500
Hz. This makes it necessary to increase the number of microphones in the installation duct.

In this paper, the classical two-microphone method for determining the impedance is upgraded
by installing additional microphones. The developed method for extracting the impedance is as
follows. At the selected frequencies, measurements are made with 6 microphones installed in the
interferometer duct. For all possible variations of microphone pairs, the classic two-microphone
method is used. Next, the pair of microphones with the lowest functional value at a given frequency
is determined. The best complex values of the incident and reflected wave amplitudes found are
used as starting values for the least squares method, which minimizes the objective function
without exact reference to the experimental values of sound pressure.

Based on the results of experimental data, it can be concluded that the value of the functional
using the least squares method is always less than the value of the functional when choosing a pair
of microphones. The developed method improves the accuracy of measurements in the field of
resonances, in which incorrect values of acoustic characteristics would be observed if only one pair
of microphones were used. This work was carried out with the financial support of TsAGI in
accordance with order Ne265 of 30.06.2020 on the organization of work on research "Development
of sound-absorbing materials with new geometric characteristics", code "ZPK", for 2020.

Paspadorka CII/] MaJ10ii MOIIHOCTH ¢ MOBBIIIEHHBIM Pecypcom
Kanssun B.I'., Kum B.I1., Mepkypees /1.B., lIunos E.A.
MAM, r. Mocksa, Poccust

Tak, B HacTosmiee BpeMs BO MHOTHX CTpaHax Berercs paspaborka CIIJI, xoTopsle
TpEAToaracTcsl MPUMEHATh B TOM YHCIE, M1 MHCCHH B JalbHHIl KOcMoc, rie Tpebyembie
pecypebl aBurareneil coctaBisior 10 50000 wacos. IIpoGneMHBIM SBISIETCST Takke oOecredeHne
OounbIioro pecypca asurareneid ¢ mourHoctsiMa 100-200 BT u3-3a MasibIx pa3sMepoB JBUTATENS U
CJIO)KHOCTH ONTHMH3allMd MarHUTHOro mois B paspsge. C ydeToM H3JI0)KEHHOIO BeRyTCs
pa3paboTKH JBUTaTENeH HOBBIX CXeM, IIO3BOJISIOIIHMX J0CTHYb Tpedyemble pecypesl CIII.

Bo3MoxkeH u Apyroi moaxoj, pa3BHBAIOMIMI HCIOIb30BAHHBIC paHEEe TEXHUYECKUE PEUICHHS,
KOIJla CJIOM HOHHM3allMd M YCKOPEHMs TIOJHOCTBIO BBIHOCHTCS B BBIXOJHOM HANpaBJICHHU B
paciuupeHHyro Ha yriel 40-45 rpagycoB 4acTh YCKOPHTEIBHOIO KaHaja 10 KaKI0H M3 CTEHOK 3a
IUIOCKOCTBIO IIOJIOCOB MAarHUTHOH cucTeMsl [2]. IIpu 3TOM pe3Ko CHIKaeTcss CKOPOCTb H3HOCA
CTEHOK M COXpaHsETCs 4acTh 3alaca Ha M3HOC CTEHOK, a B NpeJeNie I'paHHIa M3HOCa JIOJDKHA
«OCTaHABIMBATHCS» HA TaK HA3bIBAEMOM  «TPAaHMYHOW» MAarHMTHOM CHJIOBOH  JIMHMH,
obecreunBaronieil MOCIEAYIONYI0 MarHUTHYIO 3alllUTy CTEHOK pPa3psiiHOH KaMmephl PesymbraTs
9PO3UOHHBIX HCIBITAaHUH JTaOOPAaTOPHBIX MOAENEH IONTBEPANIM, 4YTO 30HBI J3PO3HU CTCHOK
paspsaHON Kamepbl M OCHOBHYK uyacTe CHY ynaercss pa3MecTUTb B PpacCUIMPEHHOW 4YacTu
YCKOPHTENBHOIO KaHala, a IO HAadadbHOH YacTW 30HBI 3PO3MHU YAAeTCs ONPENEIUTh HMOJIOKEHUE
«TPaHUYHON» CUJIOBOI JIMHHH, KOTOpPas OKa3bIBAETCS MPOXOJAMIEH TOPIBI CTEHOK 3a MpeielaMu
IUIOCKOCTH TIOJIFOCOB. DTO CIY)KHT HNPENOCHUIKOI obecniedeHus 6onpmoro pecypca HoBbIx CI1/L.
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Pabora BbImONHeHa B paMKkax npoekra «Pa3paboTka  (PU3MKO-TEXHHYECKUX  OCHOB
MPOCKTUPOBAHMS IIA3MEHHBIX ABHUTaTeNeil C 3aMKHYTBIM Ipeii(hoM IIIEKTPOHOB HA KPUMTOHE IS
YIpPAaBJIEHUs IBHKEHUEM «MaJIbIX KOCMHYECKUX anmnapaTtoB» coBmecTHO ¢ OKB "®aken" u MI'TY
uMm. baymana B pamkax Cornamenus o mnpexacraBiaeHud cyocumum Ne 075-15-2019-1686 ot
26.11.2019 r. Yaukansnslii naentudukannonssiii Homep RFMEFI60419X0212.

JIurepatypa:

1. Hofer R., Kamhavi H., Herman D. et al. Development Approach and Status of the 12,5 kW
HERMES Hall Thruster for the Solar Electric Propulsion Technology Demonstration Mission //
paper IEPC-2015-186 /ISTS-2015-b-186. 30th International Symposium on Space Technology and
Science, 34th International Electric Propulsion Conference and 6th Nano-satellite Symposium. July
4-10, 2015. Kobe, Hyogo, Japan.

2. Kum B.II. O npomoinbHOM pacnpeleieHHH 3JIEKTPUYECKOro Iojsi B 30HAX YCKOPEHUs
IUIa3MEHHBIX YCKOPHTEINCH U JBHraTenel ¢ 3aMKHYTBIM Apei(oM 371eKTpoHOoB // DU3NKa IIIa3Mel,
2017, Tom 43, Ne 4, ¢c. 1-13

Development of SPT of small power with increased lifetime
Kalyazin V.G., Kim V.P., Merkurev D.V., Shilov E.A.
MAI, Moscow, Russia

For example, many countries are currently developing the SPT, which is expected to be used,
among other things, for missions in deep space, where the required resources of engines are up to
50,000 hours. It is also problematic to provide a large service life of 100-200 W thrusters due to
small size of the engine and complexity of optimization of the magnetic field in discharge.

Another approach is possible, which develops the previously used technical solutions, when the
ionization and acceleration layer is completely carried out in the output direction to the extended
part of the acceleration channel at angles of 40-45 degrees through each of the walls behind the
magnetic system pole plane [2]. At the same time, the rate of wall wear decreases dramatically and
a part of the reserve for wall wear is preserved, while at the limit the wear limit should "stop" at the
so-called "boundary" magnetic power line providing subsequent magnetic shielding of the
discharge chamber walls. The results of the erosion tests of the laboratory models confirmed that
the erosion zones of the discharge chamber walls and the main part of the IAL can be located in the
extended part of the gas pedal channel, and the initial part of the erosion zone can be used to
determine the position of the "boundary" power line, which turns out to be passing the ends of the
walls outside the pole plane.

The work was carried out as part of the project "Development of physical and technical
foundations for the design of plasma engines with closed electron drift on krypton to control the
movement of small spacecraft" together with the Fakel Design Bureau and Bauman Moscow State
Technical University within the Agreement on Subsidy No. 075-15-2019-1686 dated 26.11.2019
Unique identification number RFMEFI60419X0212.
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MartemaTH4ecKkoe MOeTHPOBAHNE 3JeKTPOAMHAMHKH Kamepbl cropanus JKP/I
Kaccun /1.B., 3pi0ar M. 1.
MAMU, r. Mocksa, Poccust
Paccmotpena xamepa cropanust (KC) XKPJ] ¢ TommBoM Bomopox-kuciaopon. Maremarudeckas
MOZeNb 3aJadd BKIIOYAeT CHCTeMy ypaBHeHuH Oinepa mnu Hasbe- CTokca, JONOIHCHHYIO
TEPMUYECKUM M KaJOPMYECKUM YPABHEHHMSAMU COCTOSIHHUS, YCIOBHSAMU TEPMOAMHAMUYECKOIO
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paBHOBECHs, 3aKOHAMH COXPAHEHHs 3JIEMEHTHOTO COCTaBa M YCJIOBHEM JJIEKTPOHEHTPaIbHOCTH
mponykToB cropanust [1-3]. B pe3ynbrare YHCICHHOTO peNmIGHHs 3aJadyd O TOPEHUH
CTEXHOMETPUYECKOH CMECH JBYXaTOMHOTO BOJOpPOZA M JBYXaTOMHOTO KHCJIOPOJA IIOTyYeHBI
CpelHMEe 3HAa4yeHHs KOHIEHTpalMil 3apspKeHHbIX dvacTuil B npoaykrax cropanust (IIC) mpnm
3nadeHusx AapiaeHus B KC B umtepBanme 5-20 Mma. Ilpu stom Temmeparypa IIC nexana B
nuanasoHe 3500 - 3750 K. PaBHOBecHast KOHLEHTpalMs BJIEKTPOHOB B IPOJIYKTaX CropaHHs
H3MEHsUIach B auana3oHe 5 -1000 s3xcaMeTpoB B MUHYC TPETbell CTENEHU.

C mernbio MOBBIICHHS KOHIEHTPAUH 3apsDKEHHBIX YacTHUIl OBLIO HCCIIENOBAHO BIMSHUE HA Hee
BIPBICKA INENOYHBIX METaJIOB, OOJAJAIOIIMX OTHOCHUTEIBPHO HM3KMM 3HAUCHHEM IOTEHIMasa
nonmzauuu. [lpu Bopeicke 1% Na mo pacxoiy KoHuUeHTpauus siiekTpoHoB B IIC Bospocia u
nocturna 3HadeHuit 5000- 50000 s5xcameTpoB B MHHYC TPEThEil CTEIICHH.

Iockonbky BbicOKas creneHb uoHm3ammu IIC MMeeT BakHOE B3HAYCHHME I8 KOHTPOIS
¢usmyecknx nponeccoB B KC, mpenoTBpallieHus] aBapHitHBIX CHTYallUH, yIPaBJICHUS BEKTOPOM
Tsir JKPJ], U3 pe3ynpTaToB MaTeMaTHIECKOr0 MOJICITUPOBAHNUS CIICAYCT:

* Bripbick 1% Na yBenu4uBaeT cTeneHb MOHU3ALMK Ha 2-3 Mops/Ka;

« [ToBbimenue poau Brpbicka Na ot 0.25 110 2 % yBenuuuBaeT CTereHb MOHU3aluu B 2 - 3 pasa;

« [Ipu npoBeneHNN JanbHEHIINX HCCIENOBAaHUH clemyeT ydecTs, 4To B [IC kpome 251eKTpOHOB
UMEIOT MECTO OBITh U OTPULIATEILHO 3aPsKCHHBIE HOHBI B IOCTATOYHO OONBIINX KOITHYECTBAX.

Mathematical modeling of the electrodynamics of the LPRE combustion chamber
Kassin D.V., Duong M.D.
MAI, Moscow, Russia

The combustion chamber (CC) of a liquid-propellant rocket engine with hydrogen-oxygen fuel is
considered. The mathematical model of the problem includes a system of Euler or Navier-Stokes
equations, supplemented by thermal and caloric equations of state, conditions of thermodynamic
equilibrium, laws of conservation of elemental composition and the condition of electroneutrality of
combustion products [1-3]. As a result of the numerical solution of the problem of the combustion
of a stoichiometric mixture of diatomic hydrogen and diatomic oxygen, the average values of the
concentrations of charged particles in combustion products (PS) were obtained at pressures in the
combustion chamber in the range of 5-20 MPa. In this case, the temperature of the PS was in the
range of 3500 - 3750 K. The equilibrium concentration of electrons in the combustion products
varied in the range of 5-1000 exameters to the third degree.

In order to increase the concentration of charged particles, the effect on it of the injection of
alkali metals having a relatively low ionization potential was investigated. With the injection of 1%
Na, the concentration of electrons in the PS increased in terms of the flow rate and reached values
of 5000-50,000 exameters to the minus third degree.

Since the high degree of ionization of the PS is important for controlling the physical processes
in the compressor station, preventing emergencies, and controlling the thrust vector of the liquid-
propellant engine, from the results of mathematical modeling it follows:

* Injection of 1% Na increases the degree of ionization by 2-3 orders of magnitude;

* Increasing the proportion of Na injection from 0.25 to 2% increases the degree of ionization by
2 - 3 times;

* When carrying out further studies, it should be taken into account that, in addition to electrons,
negatively charged ions in sufficiently large quantities also take place in the PS.

Biiusinue macmtadHoro gpakropa Ha npouecc ropeHust 1M¢pQy3HOHHBIX 3aTONJIEHHBIX CTPYii
Kitoes A.1O., I'ypbsinoB A.U.
PT'ATY umenn IT.A. ConoBbeBa, r. Peiounck, Poccust
BricokoddeKTHBHBIE KOMIIAKTHBIC ODICKTPOHHBIC YCTPOHCTBAa ISl Pa3IMYHBIX 0OIacTed
TEXHHMKH, 4acTo TpeOyroT OonbIIMX 3Hepro3aTpar. [lomydmBmIMe MOMYISPHOCTH JUTHI-HOHHBIC
AKKYMYJSITOPBI MMEIOT JHEPreTHYecKylo IUIoTHocTh He Oosee 200 Bru/kr [1,2]u He Moryt
obecnednTh UIMTENbHOE (HYHKIMOHUPOBAHIE TEXHHYECKOr0 yCTPOMCTBA HA OJHOM LUKJIEC 3apsija,
410 (opMHpYET CIpOC HAa HCTOYHUKU SHEPrHH, OOJafaromue Oosiee BBICOKOH IUIOTHOCTBIO
SHEpruu. Bo3MOXXKHBIM BapHaHTOM SBIISIETCS NMPHMEHEHHE KOMIIAKTHBIX MCTOYHUKOB SHEPIUM Ha
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OCHOBE NPE0OPa30BaHUs XUMHYECKOI SKCEPTHH YIIIEBOJOPOIHOrO TOIUIMBA B TEIUIOBYIO SHEPTHIO
B MHKpPOKAMEpe CropaHMs, a 3aTeéM B OJICKTPOSHEPTHIO. OHEpreTHyeckas IUIOTHOCTH
yrieBoJopogHoro tormsa B 40-75 pa3 Bbllle, 4eM y JUTHH-HOHHOM Oatapeu [3]. B pabGote
HCCIIE/IOBAHO BIMSHME MacIITaOHOro (akTopa Ha Ipolecc ropeHus. B kauecTBe pacueTHoi
MOJIEIH UCTIONb3yeTcsi AuGQy3roHHas 3aTOIUICHHAs cTpys. [ cpaBHeHHs BBIOpaHBI MacIITaObl
rTorumBHOro kawana: 10-2, 10-3, 10-4, M u Bo3gywHoro kaHama 6-10-2, 6-10-3, 6:10-4 ™
COOTBETCTBEHHO. TOIIMBO M OKHCIMTENb, HCTEKarolmue B  arMmochepy, B3ATBl B
CTEXHOMETPUYECKOM COOTHOUICHHMH. PeXuM TedeHHs TOIUIMBHOW U BO3MYUIHOH CTpyH —
JaMuHapHBIA. Mogens TypOynentHocTH — k-€. B pe3ynpTaTe 4YHMCIEHHOrO MOJEIMPOBAHUS
MOCTpoeHbl rpaduku  mpoduieil MONHOW  TeMIepaTypsl M OTHOCHTEIBHOH  CKOPOCTH.
MakcuManpHble 3HAYEHHS TEMIEPATypsl MOIy4eHbl BO (pOHTE IUIaMEHH, B obnactu
CTEXHOMETPHYECKOT0 COOTHOLICHHS! KOMIIOHCHTOB TOIUIMBHO-BO3IYIIHOH cMech. OTHOCUTENbHAsS
CKOpOCTh TNPUHMAMAET MAaKCHMaJbHOE 3HAUCHHE Ha IIEHTPaNbHOH OCH. Pe3ynpTaThl IOKa3zask
9KBUBAJICHTHOCTh NPO(MIICH TONHOH TeMmnepaTypbl M OTHOCHTEIBHOW CKOPOCTH TEYEHHS Ha
HCCIIEIOBAaHHBIX IPOCTPAHCTBEHHBIX MacIuTabax.

Pabora BbITNONHEHA B paMKaX IOCYIAapCTBEHHOIO 3aJaHUs HA BBINOJHEHHE (hyHIAMEHTAIbHBIX
Hay4HBIX uccienoBanuii Ha 2020 rox u manoBbiid nepuon 2021 u 2022 ronos (mwudp HaydHOU
Tembl 0774-2020-0004).

JIureparypa:

1. Fernandez-Pello, A.C. Micropower generation using combustion: issues and approaches [Text]
/ A.C. Fernandez-Pello // Proceedings of the Combustion Institute 2002;29:883-99.

2. Kang, K. Electrodes with high power and high capacity for rechargeable lithium batteries
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3. Chou, S.K. Development of micro power generators — A review [Text] / S.K. Chou, W.M.
Yang, K.J. Chua, J. Li, K.L. Zhang // National University of Singapore 2010;16.

Effect of scale factor on combustion process of diffusion flooded jets
Klyuev A.Y., Guryanov A.L
RSATU, Rybinsk, Russia

Highly efficient compact electronic devices for various fields of technology often require high
energy consumption. The popular lithium-ion batteries have an energy density of no more than 200
Wh / kg [1,2] and cannot ensure the long-term operation of a technical device on one charge cycle,
which creates a demand for energy sources with a higher energy density. A possible option is the
use of compact energy sources based on the conversion of the chemical exergy of hydrocarbon fuel
into thermal energy in a micro-combustion chamber, and then into electricity. The energy density
of the hydrocarbon fuel is 40-75 times higher than that of a lithium-ion battery [3]. The work
investigates the influence of the scale factor on the combustion process. A submerged diffusion jet
is used as a computational model. For comparison, the scales of the fuel channel were selected: 10-
2, 10-3, 10-4, m and the air channel 6 - 10-2, 6 - 10-3, 6 - 10-4 m, respectively. Fuel and oxidant
escaping into the atmosphere are taken in a stoichiometric ratio. The flow regime of the fuel and air
jets is laminar. Turbulence model - k-g. As a result of numerical simulation, the graphs of the
profiles of the total temperature and relative velocity were constructed. The maximum temperature
values were obtained in the flame front, in the region of the stoichiometric ratio of the components
of the fuel-air mixture. The relative velocity takes the maximum value on the central axis. The
results showed the equivalence of the profiles of the total temperature and the relative flow velocity
on the studied spatial scales.

The work was carried out within the framework of the state assignment for the implementation of
fundamental scientific research for 2020 and the planning period of 2021 and 2022 (scientific topic
code 0774-2020-0004).
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AHau3 paéoThl CBEPX3BYKOBOI0 0CECHMMETPHYHOT0 BO3yX03a00PHOI0 YCTPOHCTBA NMPH
BBICOKHX CKOPOCTSIX M0JIeTa
Kosans C.H.
MAMWU, r. Mocksa, Poccust

BaxxHeimuM BonpocoM HpH MPOEKTUPOBAHUWM NEPCHEKTUBHOIO JieTaTeabHOro ammapara (JIA)
SIBISICTCS Pa3paboTKa BBICOKOA((EKTHBHON CHIIOBOI ycTaHOBKH. OHUM 13 (paKTOPOB, BIMSIOLINM
Ha ero 3(Q({EeKTUBHOCTb, SBISETCS BHIOOP BXOJHOrO yCTpodcTBa. Takum 0o0pa3oM, MOBBILICHHE
TpeOOBaHUHI K XapaKTEPUCTHKAM CHIIOBOH ycTaHOBKH JIA PUBOIHUT K HEOOXOAUMOCTH pa3paboTKH
HPOCTPAHCTBEHHBIX BO3/1yX03a00PHUKOB MIIH BO3yX03a00PHUKOB CII0KHOI (HJOPMBI.

OCHOBHBIMH TpeOOBaHUSIMH, NIPEIbABISIEMBIMH K BXOIHBIM YCTPOHCTBAM, SBIISIOTCS:

» ObGecrieueHHe BBICOKUX 3HAUCHUH KO3 (HIMEHTa COXPAHEHHs MOJTHOTO JIaBJICHHS.

 Co3piaHue paBHOMEPHOTO MOTOKA HA BXOJIE B JIBUTATElb.

* MuHEMaNbHOE a3POAUHAMUYECKOE COIPOTHBICHHUE.

* MuHMManbHble rabapuThl U BEC.

» ObecrieueHue ycToitunBol U 3P deKTHBHOI pabOThI BO BceM TpeOyeMOM Auana3oHe PEXHMOB
ToJIeTa ¥ PEXKUMOB PaOOTHI IBUTATEIs.

MuTtepec k naHHOH 3anaue 0OycloBIEH TeM, 4To paboTa Mporpammsl perynuposanus B3V Ha
Pa3IMYHBIX PEKUMAX IOJIETa OKA3bIBACT OIPOMHOE BIMSAHHME Ha paboune xapakrepuctuku B3V n,
KaK pe3yJbTaT, CHJIOBOIl YCTAHOBKH B LIeJIOM. BbI6Op MporpaMMbl peryanpOoBaHus SBISCTCS OJHUM
U3 Ba)KHEHIIMX BUJIOB pabOT Ha 3Tarne GOpPMUPOBAHMS MUCXOMHBIX JAHHBIX IPH HPOECKTUPOBAHUM
CHJIOBBIX YCTAHOBOK JICTAaTEIIbHBIX armaparoB. MICrob30BaHHEe YHMCIEHHOTO MOJIEIUPOBAHUS IS
PpeILICHHS PAa3INYHbIX Fa30ANHAMUYECKHX 3a/1a4 [03BOJISIET PACIIHPUTH AUAIA30H HCCIICIOBAHNS, a,
CJIEZIOBATENBHO, 3HAYUTEIPHO COKPATUTh YHCIO SKCIIEPUMEHTOB Ipu orpaborke B3V wu, Tem
CaMBbIM, CYyIIECTBEHHO YMEHBLINTB 3aTpaThl HA CO3JaHME MOAOOHBIX ycTpoiicTB. OIHOM W3 Takux
3a7a4 SBIIIETCS ONpEeIeHHe XapaKTepUCTUK BO3ayXxo3abopHoro ycrpoiictBa (B3Y) B mmpokom
JIHaria30He CKOPOCTeH MONETa JIeTaTeNIbHEIX aIlllapaToB.

B nmanHOI paboTe paccMaTpHBAacTCs CBEPX3BYKOBOE OCECHMMETPHYHOE TPEXCKAYKOBOE
BO3IyX03a00pHOE YCTPOMCTBO BHEIIHETO THUINA CXKATHSA YHCICHHOC MOJACIHPOBAHHE KOTOPOTO
HPOBOJMIIOCH B MaKeTe NPHUKJIAJHBIX MPOrpaMM JUIs PaslIMYHBIX pexuUMOB padorel B3V. Tlo
pe3ysbTaTaM YUCICHHOTO MOJIEIIMPOBAHHUS BO3[yX03a00PHOTO yCTPOICTBA IPOBEIEHO CPABHEHHUE C
1enbi0 BeprUKaui pacdETHON MOJEINH, HOIYYEHO PEIICHHE 3aaul C LEIbI0 BBISIBICHHS TOYKH
ONTHMYMa 110 MUHHMAJIbHBIM IIOTEPSIM HAa HEPAacYETHOM pexxume paboTsl B3V myreM n3meHeHus
TIOJIOXKEHUSI IIEHTPAJIBHOTO TeNa 0e3 M3MEHEHHs €r0 FeOMETPHUH.

Ha ocHOBaHWM TONy4eHHBIX [JaHHBIX CHETAaH BBIBOJ O TOM, YTO MPOBEACHHBIH aHAIM3
MOJATBEPXKIACT LEIECOO0Pa3HOCTh M AKTYalbHOCTh HCIIONB30BAHHS COBPEMECHHBIX METO/OB
YHCIICHHOTO 3KCIIEPUMEHTA B IIPOLIECCE MPOCKTUPOBAHUS Y3JI0B CHIIOBOI ycTaHOBKH JIA.

Analysis of the operation of a supersonic axisymmetric air intake device at high flight speeds
Koval S.N.
MAI, Moscow, Russia

The most important issue in the design of a perspective aircraft is the development of a highly
efficient power plant. One of the factors affecting its efficiency is the choice of air intake.

The interest in this task is due to the fact that the operation of the air intake con-trol program in
various flight modes has a huge impact on the performance of the air intake device and, as a result,
the power plant as a whole. The choice of the regula-tory program is one of the most important
types of work at the stage of forming the initial data when designing the power plants of aircraft.

The engine inlets are designed to slow down the flow of air entering the engine. The main
requirements imposed on input devices are:

« Ensuring high values of the total pressure retention coefficient.
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* Creating a uniform flow at the engine inlet or the desired (permissible) ir-regularity.

* Minimal aerodynamic drag.

* Minimum dimensions and weight.

* Ensuring stable and efficient operation in the entire required range of flight modes and engine
operating modes.

The use of numerical modeling to solve various gas-dynamic problems allows us to expand the
research range, and therefore, significantly reduce the number of experiments when practicing an
air intake device. One of these tasks is to determine the characteristics of an air in-take device in a
wide range of flight speeds of aircraft.

In this paper, we consider a supersonic axisymmetric three-shock air intake device of an external
type of compression, numerical simulation of which was carried out in an application package for
various operating modes. Based on the results of numerical modeling of the air intake device, a
comparison is made to verify the design model, a solution is obtained to determine the optimum
point for minimum losses in the off-design operation mode of the air intake device by changing the
position of the central body without changing its geometry.

HccnenoBanne BIUSTHUS BU/Ia H TIAPAMETPOB a0 ISLIMOHHBIX CJI0€B HA BEJIMYHHY OCTATOYHBIX
HanpsizkeHuit B o0pa3uax u3 cniiapa BT6, 00paGoTaHHBIX METOI0M JIa3epPHOI0 YIAPHOTO
yIpo4HeHust
"Kopones I./1., 'JIaxoseukuii M.A., Jlecuesckuii JI.H., Bonkos M.B.

'MAM, r. Mocksa, Poccust
2000 «HIII BOJIO», r. Cankt-Tletep6ypr, Poccus

BakHO# OCOOCHHOCTBIO 3KCIUTyaTalldd aBHAIIMOHHON M KOCMHYECKOH TEXHUKH SBIACTCS
MO/IBEP)KCHHOCTh UX JeTajei 3HAKOIEPEMEHHBIM Harpyskam, o0ycIOBICHHBIX BuOpauueil. Takoi
pexuM paboThl IeTaeil NMPUBOJUT K HAKOILUICHUIO ITOBPEXKICHUH B MX MOBEPXHOCTHOM CIIOC M
BO3HUKHOBEHUIO YCTAJOCTHBIX TpemMWH. J[JI MOBBINIEHHS Tpesiena BBIHOCIMBOCTH TaKHMX
9JIEMEHTOB HCIOJB3YIOTCS PA3INYHBIC TEXHOJIOTMYECKHE METOABI: OOKaTKa IIapuKaMd M|
poinkamu, JpobecTpyiHOe U TI'MAPOAPOOEyIapHOEe YINpO4HEeHHe, yibTpasBykoBoe (V3)
YHPOYHEHHE IIAPUKaMH, YIPOYHEHHE OOJIydEHHEM SJICKTPOHHBIMU M MOHHBIMU ITy4KaMH, M T.J.
DTH METOJBI UMEIOT Psi/i HEIOCTATKOB, HAIIPUMEP, XHMHUYECKOE B3aMMOACHCTBHE C ITOBEPXHOCTHIO
JIeTali, HEBO3MOXKHOCTh OOpabOTKM TOHKOCTEHHBIX H3[ENUi C JOCTATOYHOM BENMYHHOM
OCTAaTOYHBIX CKHMAIONINX HANpPsDKCHUH, a TaKk)Ke MX HEBBICOKas IiyOmHa 3aneraHus. HaumGonee
MEPCIEKTHBHEIM METOJIOM, ITO3BOJIIIOIIMM IIOJTYYHTh YHHKAJIbHBIC CBOWCTBA IO BEJIMYHHE U
TIIyOMHE 3aJeraHus CKUMAIONINX OCTATOYHBIX HAIPSDKECHHMH, SBISIETCS METO] JIa3epPHOr0 yAapHOTo
YIIPOYHEHUS.

OCOOCHHOCTH TEXHOJIOTHYECKOTO IIPOLecca JA3epHOrO0 yAApHOTO YIPOYHEHHS BKIIOYAIOT
HEoOXOAMMOCTh HaHECEHHs aOJIAIMOHHOIO CJIOS, KOTOPBIH MCIIONb3yeTCs B Ka4eCTBE MCTOYHMKA
IUIa3Mbl, TIPH PACIIMPEHUH KOTOPOH oOpasyerTcst yjaapHas BOJHA; a TAaKXKe MCIIONIb30BaHUSA
MPO3PAYHOro, IS JA3ePHOTO M3ITyYCHHs, CIIOS UL NMEPEOTPAKCHUS YAAPHOH BOJIHBI B CTOPOHY
Jetand. XapaKTEPUCTHKH 3THX CJIOEB HMEIOT pellaloliee BIMSHHE Ha HOJIydaeMble
XapaKTePUCTUKN TOBEPXHOCTHOTO CJI0s1 00pabaThIBAEMON JETAIIH.

B pabote paccMaTpUBAIKMCH PA3INYHBIC BUBI U ITAPAMETPhI aOJISILIMOHHOTO CIIOS, M HX BIIHSHUC
Ha BEJIMYMHY OCTaTOYHBIX HANPSHKCHWI, TIIyOMHY MX 3aJleraHus, a TaKKe Ha MUKPO- H
MaKpOIreOMETPUIO MOBEPXHOCTH THocie 00paboTKH. B KauecTBe HCXOmHOrO MaTepHana ObuI
HCIIONIb30BaH THTAaHOBBIA ciutaB BT6. B kauecTBe aOmsuMOHHOrO Ci0si ObUIM BBIOpAHBI KPacKH
PA3IMYHBIX MApOK, a TAKXKE aJIFOMUHHEBAs JICHTA.

Pabora BbINONIHEHA B paMKaxX TOCYapCTBEHHOTo 3ajaHus MuHoOpHaykn Poccuu, HoMep TeMbl
FSFF-2020-0014.
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Investigation of the influence of the type and parameters of ablation layers on the value of
residual stresses in VT6 alloy specimens processed by laser shock peening
'Korolev D.D., 'Lyakhovetsky M.A., 'Lesnevskiy L.N., 2ZVolkov M.V.
IMAL Moscow, Russia
2LLC “SPE FOLE”, Saint-Petersburg, Russia

An important feature of the operation of aviation and space technology is the susceptibility of
their parts to alternating loads caused by vibration. This mode of operation of parts leads to the
accumulation of damage in their surface layer and the appearance of fatigue cracks. To increase the
endurance limit of such elements, various technological methods are used: running in with balls and
rollers, shot-blasting and hydro-impact hardening, ultrasonic hardening with balls, strengthening by
irradiation with electron and ion beams, etc. These methods have a number of disadvantages, for
example, chemical interaction with the surface of the part, the inability to process thin-walled
products with a sufficient amount of residual compressive stresses, as well as their low depth of
occurrence. The most promising method for obtaining unique properties in terms of the magnitude
and depth of compressive residual stresses is the method of laser shock peening.

Features of the laser shock peening technological process include the need to apply an ablative
layer, which is used as a source of plasma, during the expansion of which a shock wave is formed;
as well as the use of a transparent layer for laser radiation to re-reflect the shock wave towards the
part. The characteristics of these layers have a decisive influence on the resulting characteristics of
the workpiece surface layer.

Various types and parameters of the ablation layer and their influence on the amount of residual
stresses, the depth of their occurrence, as well as on the micro- and macro-geometry of the surface
after processing were considered. Titanium alloy VT6 was used as the starting material. Various
brands of paint and aluminum tape were selected as the ablative layer.

The work was performed as part of the state task of the Ministry of education and science of the
Russian Federation, topic number FSFF-2020-0014.

MoaepHau3anus HanpapJsioniero annapara 4 cryneiu komnpeccopa C/I uzneauss HK-36CT
'Kypc K.E., 2ABzees C.B.
'TIAO «OJIK-Ky3Henos», *Camapckuii yausepcurer, r. Camapa, Poccus

ITyTs co3maHus Ha3eMHBIX Ta30TypPOUHHBIX ABHraTeleH MOCPEACTBOM KOHBEPCUH OTPaOOTABIINX
CBOIl HA3HAYCHHBII PECYpPC aBHAIMOHHBIX H3/CIUH UMeeT HeOUeBUAHbIC HEIOCTATKHU, CBS3aHHBIC C
HCYEpIIaHHEM PeCypca 3JIEMEHTOB IBUIaTels.

T'azorypounnsni msuratens HK-36CT cmpoekTHpoBaH M HPOM3BOJHUTCS ITyTeM KOHBEPCUH
aBuanmoHHeix apurateneii HK-25 u HK-32. B mponecce yBenmuuyeHUs CyMMapHOW HapaOOTKU
Iapka JIBUTAaTeNnell HAKOIUICHa OMNpEAelicHHas CTaTHCTHKA 10 paedeKkraM, B TOM YHCIE IO
KOMIIpECCOopy.

B nmoxmame paccMoTpeHa KOHCTPYKIHUS HAIPaBIAIONIErO ammapaTa 4 CTYNEeHH KOMIIpEccopa
cpenHero aaBieHus. PaccMoTpeHo MMetomieecst B Hell ciiaboe MecTo, He SBIISIOIeecs] HE0CTaTKOM
HCXOJHOWM aBHAIIOHHOM KOHCTPYKIUH U TIPOSBIIIIONIEECS TONBKO B IIPOLECCE JOCTHKCHUS
HAapaOOTKH, 3HAYUTEIBHO IPEBBINAIONICH H3HAYANBHO 3AI0XKEHHBIH MPH HPOSKTHPOBAHHUH Y37
pecypc. Hemocratok BbIpakaeTcss B IIOBBINIEHHOM YPOBHE BHOPAIIMOHHBIX HANPSDKEHUH B
MIPUKOPHEBOM CEUCHHH JIONATOK, CBA3aHHOM C HEONTUMAIBHOU OpraHM3anueil ABIDKEHHS BO3TyXa
B 4 cTymeHH KomIpeccopa. B mpomecce dKcIUTyaTald HEOJHOKPATHO OTMEYAIOTCS CIIydad
MOJIOMKH JIONATOK INpU padoTe JBUraTelsi C JaJbHEWIIMM DPAcHpOCTPAHEHHEM OOJIOMKOB IO
ra30BO3AYLIHOMY TPakTy, YTO MPUBOAUT K HEOOPATHMOMY MOBPEXKICHHIO JIONATOYHOH YacTH
KOMIIPECCOPOB CPEIHEro U BHICOKOTO AABIICHHS, IIOSBICHUIO CHIBHBIX 3a00MH Ha TEIIO3aIUTHOM
TIOKPBITHH JIONIATOK TYpOHH U )KapOBOH TPYOBI KaMephl CrOpaHHsI.

IIpuBenennas paboTa o0 MOAEPHU3ANHU CTYICHH 3aKJII0OYaIach MepenpopUINpOBaHIN pabodei
U HampaBJIIONed JIONaToK 4 CTYIeHH, BBITYCKe pabodell KOHCTPYKTOPCKOW ITOKyMEHTAIWH,
H3TOTOBJIEHMU MaTepUabHOH 4YacTH M MpOBEJEHMM psjga ucneltaHud. Ilommmo jomaTok,
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OTHOCUTEIFHO MCXOJHOH KOHCTPYKIUH ObLTH M3MEHEHBI TAKXE JUCK pabodero koneca, HapyKHOE
¥ BHYTPEHHEE KOJIbIIa HAMIPaBILIONIETO alapaTa.

H3roToBaeH B OJHOM OJK3EMIUIIPE KOMIUIEKT JeTajedl MOAepHU3HPOBAHHOM CTYHNEHH.
IIpoBeneHBI HCHBITAHUS COCTABE U30JIMPOBAHHON YCTAaHOBKU KOMIIPECCOPA CPEIHETO JABJIEHHS HA
crenae mexa moysnoBod noBoaku ITAO «OJK-Ky3Hero» ¢ BBIIOIHEHHEM IIPENapUPOBAHHS
HPOTOYHOM YACTH, a TAKKE C TEH30METPUPOBAHUEM PabOUMX HalpaBIIOMMX JonaTok. ITomyden
TOJIOKUTEIBHBIN 3((EeKT, BhIpaXKArOIIHUICA KaK CHIXKEHUU YPOBHS BUOPAIIMOHHBIX HAIPSDKEHUH B
Jonarkax, Tak 1 B nossimieHnu KI1J{ crynenn.

Modernization of the 4-stage guide vane of the medium pressure compressor of the NK-36ST
'Kurs K.E., 2Avdeev S.V.
IPJSC “UEC-Kuznetsov”, 2Samara University, Samara, Russia

The way to create ground-based gas turbine engines by converting aircraft products that have
spent their assigned resource has unobvious disadvantages associated with the exhaustion of the
resource of engine elements.

The NK-36ST gas turbine engine was designed and manufactured by converting the NK-25 and
NK-32 aircraft engines. In the process of increasing the total operating time of the engine park
certain statistics have been accumulated on defects, including the compressor.

The report considers the design of the guide vane of the 4 stage of the medium pressure
compressor. A weak point in it is considered, which is not a drawback of the original aircraft design
and manifests itself only in the process of achieving an operating time that significantly exceeds the
resource initially laid down in the design of the unit. The disadvantage is expressed in an increased
level of vibration stresses in the root section of the blades, associated with the suboptimal
organization of air movement in the 4-stage compressor. During operation, there have been
numerous cases of blade breakage during engine operation with further propagation of debris along
the gas-air path, which leads to irreversible damage to the blades of medium and high-pressure
compressors, the appearance of strong nicks on the heat-protective coating of the turbine blades and
the combustion chamber flame tube.

The given work on the modernization of the stage consisted of reprofiling of the working and
guide blades of the 4th stage, the release of working design documentation, the manufacture of the
material part and a number of tests. In addition to the blades, the impeller disc, the outer and inner
rings of the guide vanes were also changed relative to the original design.

A set of parts for the upgraded stage was made in one copy. The composition of the insulated
installation of the medium pressure compressor was tested at the stand of the unit-by-unit
adjustment shop of PJSC "UEC-Kuznetsov" with the preparation of the flow path, as well as with
strain gauging of the working guide blades. A positive effect is obtained, which is expressed as a
decrease in the level of vibration stresses in the blades and in an increase in the efficiency of the
stage.

HccienoBanne 1 aHAIN3 pacnpesieieHUs 0CEeBbIX CHJI B IePCIIEKTHBHOM TypOOpeaKTHBHOM
JABYXKOHTYPHOM JBHTraTelle ¢ (popcakHOii KaMepoii CropaHusi 1 ONTHMH3ANNSA KOHCTPYKIH
BO3/YIIHOH CHCTeMBI ¢ IIeJIbI0 YBeJIHYEeHHsI pecypca MOANIMITHAKA POTOPAa BBICOKOTO
JaBJIeHHUs
"Mamuuaosckuit .M., 'Hectepenxo B.I'., 'Crapoxymos A.B., 2[Ocunos B.X., 'UBanos U.T.
'MAM, *0OKB um. A. JTromskn, T. MockBa, Poccust

CoBpeMeHHbIE Ta30TYpOMHHBIC JBUTATENIM XapaKTEPH3YIOTCS KpaliHe BBICOKMMHU 3HAYCHUSIMU
OCEBBIX CHJI, ICHCTBYIOIIMX HA KOMIIPECCOP ¥ TypOUHY, 4TO TOMOIHICTCS IIMPOYANIINM CIICKTPOM
YCIIOBHIl JKCIUTyaTallMd CaMOJICTA, BBHICOKMMH TEMIIAMH Pa3rOHA-TOPMOXKECHUsI M, 1O OoblIei
YaCTH, HEYCTAHOBUBIINMHUCS PEKUMAaMU PaOOTBI.

3amaua obecredeHns] ONTHMAIBLHOM 3arPy3KH OIOpP OCEBBIMU CHJIAMH, B BBIIICTICPEUHUCICHHBIX
YCIIOBHSIX, B 3HAYHTEIBHOI MEPE YCIOKHACTCS HCKIIOYUTCIBHO BBICOKHM 3aJaHHBIM PECypCoM
paboThl ABUTaTENs Ha PEKXMMax C MAaKCHMalbHOM 4acTOTOH BpamieHus poropos (mopsaxa 100
yacoB). Penrenue takoit 3aqaun TpeOyeT aHaIN3a CYIIECTBYIOIIUX CHCTEM.
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B pesynbraTe HCCeIOBaHUs PAa3IMYHBIX JBHraTeNeldl BBIOpaH NPOTOTUII ra3oreHeparopa ¢
BBICOKOI 3()(EKTUBHOCTBIO BO3AYIIHOI cucTembl. COrnacHO TPEICTaBICHHONH METOAUKE
MPOM3BENEH pacyeT OCEBbIX CWJI, JICHCTBYIOLIMX B JBHUrarelie NPOTOTUIE Ha 4 pasIMyHbIX
pexumax. [lo pesynpratam pacyera BHAHO, YTO 3HAYEHUs OCEBOM CHIIbI, ACHCTBYMOIEH Ha
MOJIIUITHUK POTOpPA BBICOKOTO JABJICHUS OMM3ATCS K MPEAENBHO JOIYCTHMBIM JUIS OOecIieueHus
Tpedyemoro pecypca. IIpemnoxeHbl MEpONPUSTHS [0 U3MEHEHHIO PACHPEICIICHUs. OCEBBIX CHII B
MEXIUCKOBOH ITOJIOCTH.

Jlns yBenuueHHs JaBJICHHSI B MOJOCTH, B OCEBBIX 3a30pax IEpei] M 3a COIUIOBBIM ammapaToM
TypOHHBI HU3KOTO AaBJICHUS YCTAHOBJICHBI JAOUPHHTHBIC YIUIOTHEHHS. YTOOBI MONYYUTH GoJbliee
3HAUYEHHE OCEBOM, JEHCTBYIOLIEH Ha AMCK C3a[M, OTBEPCTHE MEXIY IOJIOCTBIO 32 TPAH3UTHBIM
KaHaJIOM U JJaOMPHHTOM YBEIIMUYEHO B auamerpe BaBoe. C TaKoii ke LEebI0 U3MEHEHBI IUaMeTPhl
PacIOIOKEeHHs JAOUPUHTOB — 3TO 00ECHECUUT pacpeelieHHe BO3AyXa ¢ OONBIINM JaBICHHEM 10
MOBEPXHOCTU C OOJIBILIEH IUIOMIA/bIO, CIIEOBATENBHO, O3BOJIUT 0€3 3HAUYUTENBHOIO MIPUPOCTa B
JIaBJICHUU TOJIY4YUTh OLIYTHMOE YBEIWYEHHE CHWIIbI, NEHCTBYIOLICH Ha 3aJHIOK YacTb JUCKa
TypOMHBI BBICOKOIO JABJICHHs, HEOOXOOMMOE [UIsl CHIDKCHHS PE3yJbTUPYIOIIeH Harpy3ku Ha
MOJIIIMITHUK POTOPA BBICOKOTO JIABJICHUSL.

Ha npenenpHBIX pexuMax NMpUMEHEHHE JTa0MPUHTOB B OCEBBIX 3a30paxX IMO3BOJMIO MOBBICHTH
JIaBJICHHE B MEXIUCKOBOH IIOJIOCTH NPHMEPHO Ha OAHY aTMocdepy, Yero IOCTaTOYHO IS
YMEHBILIEHUS OCEBOM CHJIBI B POTOPE BBICOKOIO JABJIEHUS Ha HECKOJBKO COTEH KMIIOTPaMM-CHIIBI
MpU MaKCHMalbHBIX 00opoTax. [loaroHka IuIOmAAM MOJABEPKEHHON BO3JCHCTBUIO CaMOTO
BBICOKOTO B TOJIOCTH [IaBJICHUS, M3MECHEHHEM DACIIONOKEHUS JaOUPUHTOB, IO3BOJIMIIA CHH3UTH
CYMMapHYI0 Harpy3ky Ha MOJIIMITHUK POTOpa BBICOKOTO AaBieHHs moutu Ha 1400 xuiorpamm-
CHJIBI, YTO 00ECHIEYHT YBEIMYCHHE pecypca NOANIMIHUKA.

Research and analysis of axial forces in a promising turbojet bypass engine with an
afterburner and optimization the air system's desing in order to increase the resource of the
high-pressure rotor bearing
'Malinovsky .M., 'Nesterenko V.G., 'Starodumov A.V., *Yusipov B.H., 'Ivanov L.G.

'MAL, 2A.Lyulka Design Bureau, Moscow, Russia

Modern gas turbine engines are characterized by extremely high values of axial forces acting on
the compressor and turbine, which is complemented by the widest range of aircraft operating
conditions, high acceleration and deceleration rates and unsteady operation modes.

The task of ensuring the optimal loading of the bearings by axial forces, under the above
conditions, is significantly complicated by the extremely high-specified resource of the engine
operation at modes with the maximum rotational speed of the rotors (about 100 hours). Decision of
this problem requires an analysis of existing systems.

As a result of the research of various engines, a prototype engine with a high efficiency air
system was selected. According to the presented technique, the calculation of the axial forces acting
in the prototype engine in 4 different modes has been performed. The calculation results show that
the values of the axial force acting on the high-pressure rotor bearing are close to the maximum
permissible to ensure the required resource. Measures are proposed to change the distribution of
axial forces in the interdisk cavity.

To increase the pressure in the cavity, labyrinth seals are installed in the axial clearances in front
of and behind the vane of low pressure turbine. To obtain a greater value of the axial, acting on the
disc from behind, the hole between the cavity behind the transit canal and the labyrinth is increased
in diameter. For the same purpose, the diameters of the labyrinths arrangement have been changed -
this will ensure the distribution of air with high pressure over a surface with a larger area, therefore,
it will allow, without a significant increase in pressure, to obtain a noticeable increase in the force
acting on the rear part of the high-pressure turbine disk, which is necessary to reduce the resulting
load on high pressure rotor bearing.

At limiting operating modes, the use of labyrinths in the axial clearances made it possible to
increase the pressure in the interdisk cavity by approximately one atmosphere, which is sufficient to
reduce the axial force in the high-pressure rotor by several hundred kilogram-force at maximum
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rotor speed. Adjusting the area exposed to the highest pressure in the cavity, by changing the
location of the labyrinths, made it possible to reduce the total load on the high-pressure rotor
bearing by almost 1400 kilogram-force, which will ensure an increase in the bearing resource.

OneHKa BIHSHAS OPHEHTALMH YKJIAIKH C/I0éB KOMIIO3UTHOI0 MATePHAJIA HA CBOICTBA
TeNJI0BOI0 KOHTAKTA
Maprtsistok JILA., Tananaesa I1.1., Exos A./l., Cnankos U.C., I'oskos H.C.
MAMU, r. Mocksa, Poccust

IMoBbimenne 3((GEKTUBHOCTH SHEPreTHYECKUX YCTAHOBOK 3a4acTyIO CBS3aHO C IHOBBIIICHHEM
TeMmIepaTypsl B paboucii 30He. B Takoil cuTyauum WHXeHepaMm TpeOyeTcs HCCIelOBaTh HOBBIC
MaTepHaJibl, KOTOpbIE LIEIeCO00pa3HO NPUMEHHUTb TIPU Pa3pabOTKe NEPCIICKTUBHBIX H3/IEIHIL.

KoMmo3uTsl Ha OCHOBE YIJIEPOA-KEpaMUKH OO0TafaloT BHICOKMM IIOTCHIIMANIOM, KOTOPBIM
BO3MOXKHO HCIIOJIb30BaTh B IPOU3BOACTBE MHOTHX JeTalnieii TypOuHbI. IIprMeHeHHe yriiepoaHbIX
BOJIOKOH JUISi aDMUPOBAHUs TTO3BOJISIET MOJTYYHTh PA3HYHbIC TEIUIO(PU3NUECKHE XapaKTEPHCTHKU
MaTepHana, yxXKe Ha OTale MIOpPOSKTHPOBAHHS 3aKIafblBaTh HEOOXOAUMBIC IIPOYHOCTHBIC
XapaKTEepPUCTHKH JeTaid. MeHss 4epeloBaHUE CJIOEB M YKJIAIKy HHUTEH HalOJHHTENs, MOMKHO
HanboJee 3(pQEKTHBHO HCIIONIB30BaTh MaTEpHall B KOHCTPYKIUH.

JInist cTaOMIbHOTO (hyHKIIMOHHPOBAHUS U3EIUs HEOOXOIUMO 00ecedeHre MTaTHOrO TEIIIOBOTO
pexuMa, KOTOPBIi BO MHOIOM ONpEIENSAETCs BEIMYMHOM KOHTAKTHOIO TEPMHUYECKOIO
conporusieHns (KTC) 1 MeXKKOHTAKTHOTO JaBJICHHS MEXY OTACIbHBIMH 3JIEMEHTAMU TypPOUHBI.
OnHolf M3 aKTyalbHBIX 33Jad IPH INPOEKTUPOBAHHM U U3TOTOBJICHUE JBHUIATENs SBILETCS
MAaKCHMaJIbHOE HCI0JIb30BaHUE KOMIIO3ULIMOHHBIX MaTEPHAJIOB C 33aHHBIMHU CBOMCTBaAMU.

OKCITyaTallMOHHBIE PEXHMMBI JHEPIreTHYECKOH yCTaHOBKM JIOJKHBI NIPUBOJHUTH, U MPHBOJAT K
BO3HUKHOBCHUIO Ae(opManuii Aetaneii, BeMHINHA KOTOPBIX MOXKET OBITh PACCUMTAaHA B PE3ybTaTe
MeXaHuueckoro aHamusza. Ilpy 5ToM 3HaueHHs OKBHBAJICHTHBIX HANpsDKEHUH B palioHe
CONpsraeMbIX JIeTael TakikKe MOTyT ObITh IIOJTy4€eHBl B PE3YJIbTaTe PacyeTa.

CymecTByomue aHaIUTHIECKHE pacdeTHble 3aBHCcHMOcTH onpeneneHus KTC it KOHTaKTHBIX
Hap METaI-KOMIIO3UT OCHOBaHBI Ha JOCTATOYHO CHELU(UUYECKUX YCIOBHSAX KOHTAKTHPOBAHUS U
CBOWCTB KOMIIO3HI[MOHHBIX MATCPUAJIOB, HE YUYHMTHIBAIOIIME OCOOCHHOCTH TEXHOJIOTHU HX
npou3BoAcTBa. B cBsa3u ¢ atumM 3Hauenuss KTC nmerot 10cTaTo9HO GONIBIION pa30poc IO JaHHBIM.

JlocToBepHOe oOmpeJeneHne 3Ha4eHUH TeMIepaTypHBIX I0Jeil B COETHMHEHHAX Pa3HOPOIHBIX
MAaTepUaJoB KOHCTPYKIIMH MOKHO IIOJYYHTh HPH HCIOJIb30BaHWH METOJMKH, YYHTBIBAIOILEH
peanbHBIil penbe) MUKPOHEPOBHOCTEH KOHTAKTUPYIOMIMX MOBEpXHOCTEH. JlaHHBIM MOAXox ObuT
YCHEIIHO IPUMEHEH M apOOUPOBAH HA KOHTAKTHOM Iape KOMIIO3UT-METalll.

Crezmyer OTMETUTb, UTO C yBenuueHHeM TemnepaTypbl BennunHa KTC mamaer u cTpemuTes K
OIM3KUM 3HAYECHHSAM BHE 3aBHCHMOCTH OT HANPAaBIICHHS apMUPYIONIMX BOJOKOH. YMEHBIICHHE
BennurHbl KTC npu yBenudueHnH TeMnepaTypsl B 30HE KOHTAKTa MOXKHO OOBSCHHTh U3MCHEHHUEM
K03()(pULHEHTA TEIUIONPOBOIHOCTH MaTEPUAIOB U YBEINUECHUEM CHKMMAIOIIETO JABJICHHS 32 CUET
JIMHEHHOTO PaCIIMPEHNUs KOHTAKTHPYIOIIUX JeTalel Ipy Harpese.

Assessment of influence orientation stacking layers of composite material on the thermal
contact properties
Martynyuk L.A., Talalaeva P.1., Ezhov A.D., Sladkov LS., Golikov N.S.
MAI, Moscow, Russia

Increasing the efficiency of power plants is often associated with an increase in temperature in
the working area, which requires engineers to research new materials that can be used in the
development of promising products.

Composites based on carbon-ceramics have a high potential, which can be used in the production
of many parts of a turbine. The use of carbon fibers for reinforcement makes it possible to obtain
various thermophysical characteristics of the material, and already at the design stage to lay down
the necessary strength characteristics of the part. the most effective use of material in the design.

For the stable operation of the product, it is necessary to ensure the standard thermal regime,
which is largely determined by the value of the thermal contact resistance (TCR) and the contact
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pressure between the individual elements of the turbine. One of the urgent tasks in the design and
manufacture of an engine is the maximum use of composite materials with specified properties.

The operating modes of the power plant must lead and lead to the occurrence of deformations of
parts, the magnitude of which can be calculated as a result of mechanical analysis. In this case, the
values of the equivalent stresses in the region of the mating parts can also be obtained as a result of
the calculation.

The existing analytical calculated dependencies for determining the TCR for metal-composite
contact pairs are based on rather specific contact conditions and properties of composite materials,
which do not take into account the peculiarities of their production technology. In this regard, the
values of the TCR have a fairly large spread in the data.

A reliable determination of the values of temperature fields in the joints of dissimilar materials of
construction can be obtained using a technique that takes into account the real relief of
microroughness of the contacting surfaces. This approach has been successfully applied and tested
on a composite-metal contact pair.

It should be noted that with an increase in temperature, the TCR value decreases and tends to
close values regardless of the direction of the reinforcing fibers. A decrease in the TCR value with
increasing temperature in the contact zone can be explained by a change in the thermal conductivity
coefficient of materials and an increase in the compressive pressure due to the linear expansion of
the contacting parts during heating

CoBepiieHCTBOBaHME IAPAMETPOB H KOHCTPYKIIMH CHIIOBOH YCTAHOBKH ra30TYpOMHHOIO
ABHALMOHHOIO JIBUTATE/IsI AJIs JIerKoii aBuanuu naroro noxkoJienust BK-650B
Marymkun A.A., Memepskos B.1O., Onenkun A.B., OpkuHoB A.A., @ponos JLA.
MAMWU, r. Mocksa, Poccus

Co3nanue cemelicTBa jaBHrateneidl Ha 0ase ra3oTypOMHHOIO aBHAILIMOHHOTO JBHMTaTeNs s
nerkoit apuanmu BK-650B sBisieTcss MHCTPYMEHTOM BBINOJIHEHUS MOCTABIEHHOW IrocynapcTBOM
3ajadelf, HaIEICHHOM Ha pa3BUTHE HAIMOHAIBLHON aBHATPAHCIOPTHOW CETH, HCHOJb3YIOLIeH
JIETKYIO aBHAIMIO, YTO SIBISIETCS 0COOO OCTPBIM BOIIPOCOM B OTHOLIEHHH TaKUX PETHOHOB Kak
Cubupp u aneHuii Boctok.

IIponecc paspaborkn BK-650B opmeHTHpoBancs Ha cO3MaHHE COBPEMEHHOIO HAJEXKHOTO,
JIETKOTO U HEIOPOroro peleHHs, CHOCOOHOr0 COCTaBUTh KOHKYPEHLHUIO 3apyOeKHBIM aHaJoram,
TakuM Kak Pratt & Whitney PW207 u cemeiictBo Arius xommanuu Safran Helicopter Engines.
YpoBeHb apaMeTpoB ABUraTels BEIOPAH HCXOAS U3 YCIOBUS IPUMEHEHUS OTPabOTaHHONW MOJeIH
LIEHTPOOEKHOTO ~KOMIIpeccopa W OJHOCTYIICHYAThIX HEOXJaXIaeMbIX TypOuH. JlaHHbIE
0COOEHHOCTH IIO3BOJISIIOT YIPOCTUTh KOHCTPYKIIMIO JBUTaTeNsl, a TAK)KE CHU3UTH 3aTPAThl HA €ro
IIPOU3BOJACTBO U YKCILTyaTaluio. BEICOKHE XapaKTEepHCTUKH OCHOBHBEIX Y3JIOB, B CBOIO O4epelb,
MO3BOJISIIOT JIBUIATENIO JOOUTHCSI BEICOKOTO YPOBHSI TOIUTUBHOIM 9KOHOMHYHOCTH.

Vimess B Hanuuuum MHOMKECTBO XapAaKTEPUCTHK, OTBEYAIOIIUX COBPEMEHHBIM HOpPMaM H
TpeOoBaHUSIM, pa3pabOoTKa JBHTaTeNs, OJHAKO, CTApTOBAAa MHOTO paHee BBIXOAA [BHTATENs Ha
CTEHJI0BbIe UcIbITaHus, B Hayane 2000-x rozmos. IlepBble CTEHIOBBIE UCIBITAHUS TypOOBaIbHOM
BEpPCHH JBUTATENsI cTapToBaIu B Hayaste 2008 rona, a TypOboBuHTOBOI — sk B 2018. B mepuon ¢
2008 o 2018-ii rog KOHUETIHS ABUTaTells IPUHIMIHAILHO HE MEHSJIACh.

B nanHo# paboTe HpeIokeH Crocod MOBBICHTh SKOHOMUYHOCTh TOIUIMBHOM CHCTEMBI 33 CHET
yBEJIMYEHHs] CTEHEHM TIOBBILIEHHUsA JaBieHUs B Kommpeccope. IIpennokeHO HCIONb30BaHUE
BBICOKOTEMIICPATYPHBIX ~KEPAaMHUCCKUX KOMIIO3UTHBIX MATEpPUaIOB B CEKNUSAX TypOHHBL
MO3BOJIIONIMX CYIIECTBEHHO CHHU3MTH IIOTEPH HA OXJIAXKAEHUE, a TaKKE IOBBICHTh HAaJEKHOCTh
Y3JI0B U CHU3HUTh UX MAaccy.
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Propulsion unit design and characteristics enhancement for VK-650V gas-turbine fifth-
generation light aircraft engine
Matushkin A.A., Mescheryakov V.Y., Openkin A.V., Erkinov A.A., Frolov L.A.
MAI, Moscow, Russia

The inception of a family of engines based around the gas-turbine light aircraft VK-650V serves
as an instrument in reaching a state-initiated trend of further developing the national air transport
network, which is a solid concern specifically regarding regions such as Siberia and the Far East.

The development process of the VK-650V was oriented towards creating a modern, reliable,
light-weight and inexpensive solution capable of competing with foreign counterparts, such as the
Pratt & Whitney PW207 and the Arius engine family courtesy of Safran Helicopter Engines. The
characteristics margin was selected according to a proven design model, which involves a
centrifugal compressor in tie with single-stage uncooled turbines. Such features allow to simplify
the design, as well as reduce production and operation costs. At the same time, sufficiently high
characteristics of main units allows the engine to achieve high fuel efficiency levels.

While having a plethora of traits in line with modern norms and requirements, the engine’s
development started a number of years prior, in the beginning of 2000s. The first bench runs
involved the turboshaft version of the engine, and took place around the start of 2008, while the
turboprop version didn’t get off the ground until much later — in 2018. Between 2008 and 2018, the
core concept of the engine did not undergo any drastic changes.

This work proposes a method of increasing the efficiency of the engine’s fuel system through
increasing the overall pressure ratio (OPR) inside the compressor. Use of high-temperature resistant
ceramic composite materials is proposed for sections of the turbine, which allows for significant
reduction in cooling losses and an increase in unit reliability and weight efficiency.

AHaJIU3 BO3MO:KHOCTH BO300HOBJICHHS HCC/Ie0BAHUS KOJIOHIHBIX ABUTraTe el Ha
crenaoBoii 0aze MAU
MenbaukoB A.B., O0yxoB B.A., IleiicaxoBuu O./1., XaptoB C.A.
MAM, r. Mocksa, Poccust

Pa3BuTHE 3IEKTPOHMKH CIENIAN0 BOSMOXKHBIM CO3IaHHE MUHHATIOPHBIX CITyTHHKOB (Hampumep,
«Kyb6catsr» Bepcun 1U umerot pasmep 10 x 10 x 11 cm u mMaccy oxono 1,33 Kr), MO3BOJISIONIHX
HPOBOJIUTH ITOJTHOLCHHBIC HAY4YHBIC UCCIICIOBAHMS, BECTH MOHUTOPUHT 3EMIIM HIIM OCYILIECTBIISTh
TEIeKOMMYHHUKaIHIO. VICroNb30BaHHEe TaKMX HAHOCIYTHUKOB 3HAUMTEIBHO COKpAILAeT BpeMs U
CTOMMOCTb pPa3pabOTKM, a TaKKe OTKPHIBACT BO3MOXXHOCTh BBIBOJA LIENOH TIPYNIHPOBKU
KOCMHYECKHX aIlapaTtoB 3a OAWH 3amyck. OJHAaKo, NPU 3TOM BO3HHMKAeT HEOOXOIMMOCTh B
pa3paboTKe KOMIIAKTHBIX M 3Hepro3((EeKTUBHBIX JIBHIATENbHBIX YCTAHOBOK C HHU3KUM
9HEPromnoTpedIeHneM, KOTOpbie OyayT OCYIIECTBISTh Pa3BEICHHE ITHX CIIyTHHKOB MO pabodnm
TOYKaM M 00ecCreurBaTh HOICP)KaHHE TPeOyeMOW MPOCTPAHCTBEHHOH OPHEHTALMU B TEYCHHUE
BCEr0 JKM3HEHHOIO IMKJIa ammapaTta. HauOojee NOAXOMAIIMM THUIIOM JIBHTATeNsl C YIETOM
OTPAaHHYCHUH II0 DHEPrOBOOPYXEHHOCTH SIBISETCS KOJUIOMAHBIN JBHUraTelb, IOTpeOneHre
MOIITHOCTH KOTOPOr0 MOXeET OBITH MeHee 5 Br.

IIpuHIMn padoTHl KOJUIOWJHOTO IBUIATENsl OCHOBAaH HA BJICKTPOCTATHYECKOM PACIBUICHUM
JJIEKTPOIPOBOAHOH KUAKOCTU C IIOMOIIBIO KANMUIIPHBIX TPYOOK M JaibHEHIIEM YCKOPEHHH
00pa3oBaBLINXCs HAHOPA3MEPHBIX Karelb B AJIEKTpocTaTHYeckoM mnoine. Takum obpaszom pabouuit
HPOLIECC 3TOrO TUIA ABMraTels HE NPUBOAUT K BBIACICHUIO OOJBIIOrO KOJIMYECTBA TEIUIA, YTO
TMOJIOKUTEIIBHO CKA3bIBACTCS [IPH KOMITIOHOBKE HAaHOCITYTHHKOB.

HccnenoBanus KowionaHbIx apurateneit B MAW 6butn nproctanosiieHs! B 2005 roay B ¢Bs3U C
OTCYTCTBHEM CIIpOCa Ha 3TH YCTPOHCTBA B KOCMHYECKOH ortpacin. OJHaKO COBpPEMEHHbIC
TCHJCHIMM Pa3BUTHS KOCMUYECKHMX alllapaToB MPHUBENN K HEOOXOAMMOCTH BO30OHOBJICHHS
pabOThI B 3TOM HAIpPAaBICHUH.

ITpoBenéHHBIH aHAIN3 TpeOYEMBIX MapaMETPOB CTEHAA JUIS SKCIEPHMEHTAIbHBIX HCCIIE0BAHNI
KOJUIOMJHBIX JBUTaTeNel ¢ aKTyalbHBIMU Ha CETOJHSIIHUI NeHb XapaKTePUCTUKAMH MOKa3all, 4TO
COXpaHMBLICHCS CTEHIOBas 0a3a MOXKET OBITh MCIONB30BaHA ISl BO30OOHOBIICHHS PaboOT mpu
HEKOTOpoil Jopaborke. IMeromiuecs cuUCTeMbl BaKyyMHOW OTKAUKM M IIOJAYM  KHJKOCTH
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MOJHOCTBIO COOTBETCTBYIOT HEOOXOAUMBIM TpeboBaHMsAM. [lopaboTka Ha cTeHne Tpedyercs: mis
CHCTEMBI BOJOCHAOKEHHST M dyieKTporuTanusi. KpoMme TOro, B COCTaB CTEHAA HEOOXOAUMO Oymer
BBECTU BBICOKOBOJIbTHBIM OJIOK NMUTAHUs, KOTOPHIA CMOXET MoJ/epkKuBaTh noreHuuan 5-10 kB
pu Toke 10 1 MA.

JlopaboTka CTeHIa TO3BOJMUT MHPOBOAUTH  JKCHEPUMEHTAJbHBIC  MCCICIOBAaHUS  JUIS
BOCCTAHOBJICHUsS, @ B MEPCICKTHBE U IOBBIICHUS YPOBHS TEXHOJOTMYECKOH OTpabOTKH
KOJUIOWAHBIX JBUTateneii B MAU.

Pabota BbINONHEHA IPU OIepKKe MUHHUCTEPCTBA HAYKX M BBICILIETO 00pa3oBanus Poccuiickoit
®denepanun B paMkax rpanTa 1o roc3aganuio Ne FSFF-2020-0014.

Analysis of the possibility of resumption the study of colloid thrusters at the MAI test
facilities base
Melnikov A.V., Obukhov V.A., Peysakhovich O.D., Khartov S.A.
MAI, Moscow, Russia

The development of electronics has made it possible to create miniature satellites (e.g. "KubSats"
version 1U have a size of 10 x 10 x 11 cm and a mass of about 1.33 kg), which allow to conduct
full scientific research, to perform Earth monitoring or to carry out telecommunications. The use of
such nanosatellites significantly reduces development time and costs, and also opens up the
possibility of launching an entire grouping of spacecrafts in one launch However, the need to
develop compact and energy-efficient propulsion systems with low energy consumption is arisen
that will carry out the separation of these satellites at operating points and provide the maintenance
of the required spatial orientation throughout the entire life cycle of the spacecraft. Given that the
power supply capacity is limited the most appropriate type of thruster is a colloid thruster, which
power consumption can be less than 5 W.

The principle of operation of the colloid thruster is based on the electrostatic spraying of
electroconductive liquid using capillary tubes and further acceleration of the formed nanosize
droplets in the electrostatic field. Thus, the working process of this thruster type does not generate a
large amount of heat, which has a positive effect on the layout of nanosatellites.

Research on colloid thrusters at the MAI were suspended in 2005 due to the absence of demand
for these devices in the space industry. However, current trends in spacecraft development have led
to the need to resume work in this direction.

The analysis of the required parameters of the test facility for experimental studies of colloid
thrusters with current characteristics has shown that the remaining test facility base with some
revision can be used to resume work. The available vacuum pumping and liquid supply systems
fully satisfy the necessary requirements. Improvement at the test facility is required for the water
and power supply system. In addition, a high-voltage power supply, which will be able to maintain
a potential of 5-10 kV with a current of up to 1 mA will need to be introduced into the test facility.

The revision of the test facility will make it possible to carry out experimental research for the
restoration and, in the future, for the increase of the level of technological development of colloid
thrusters at the MAL

This work was supported by the Ministry of Science and Higher Education of the Russian
Federation in the framework of the ‘Goszadanie” grant number FSFF-2020-0014.

Oco0eHHOCTH KOMIIOHOBKH H pacdyeTa Macchl KOCMHYECKOr0 alNapara ¢ Ja3epHoii
JHePreTH4YeCcKoi yCTAHOBKOMH
MerenpankoB A.A., ABaees A.B.
MAMU, r. Mocksa, Poccust
JlazepHble sHeprernueckue ycraHoBKM (JIDY) Ha OCHOBE TBEpIOTENBbHBIX JIa3epoB

paccMaTpUBAIOTCS CETOAHS UL PelIeHNns 3a4a4 JUCTAHIIMOHHON Iepeadl YHePTUH Ha MIPHUEMHBIC
aHTEHHbI YHEPTETHYECKHUX YCTAHOBOK MCKYCCTBEHHBIX CIYTHHKOB 3€MJIM U OYHCTKU OKOJIO3EMHOTO
MPOCTPAHCTBA OT ONAacHBIX (parMeHToB kocMmuueckoro mycopa (OKM). Pasmernenne JIDY Ha
O6opry kocmuueckux anmapatoB (KA) 3HauuTensHO pacmupser UX  (QyHKUHMOHAJIbHBIE
BO3MOXKHOCTH.
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Jnst obecniedenust pabotsl JIDY, pemaromneil 3amady mepenayd dHEPTHHM WM OYHUCTKH
OKOJIO3eMHOro mpoctpancTBa oT omacHeIx ®KM, tpebyercs remepupoBaTs Ha Oopry KA
3J1eKTpUyYecKyto MoHocTh 30...150 kBT, 4To enaer ee OCHOBHOM IMOACUCTEMOM, onpeessoueit
BECh OOJIMK KOCMHYECKOTO aIfapaTa, a TakKe TPeOOBaHHSA K €r0 TEXHHYECKHM XapaKTePHCTUKAM.
OnHOM U3 TaKUX XapaKTePUCTHUK SBILIETCS Macca KOCMHYECKOT0 amapara.

B Hactosmeil paboTe TpPHBEIEHBI COOTHONICHHMS, IIO3BOJIIONIME pAcCYATaTh Maccy
KOCMHYECKOI'0 arlapaTa M ero OCHOBHBIX IOACHCTEM [T 3aJaHHOTO PekKMMa paboThl OOpTOBOM
Ja3epHON ycTaHOBKHM. IIpe/uioskeHa METOWKa, MO3BOJSIOINAs BBIOPATH €€ PEKUM PabOTHI HpH
pELICHNH 3aJa4ll OYUCTKU 3aJaHHON opOuThl OT omacHbIXx KM ¢ HauOONBIIMM HONEPEUHBIM
pazmepoM ot 1 cm 10 10 cM 1py IOMOIIH J1a3epHO-a0NIALHOHHOIO0 MEXaHI3Ma BO3/ICHCTBHS.

CoopmymupoBan  cTpyKTypHbIH o0muk KA ¢ JIOY u Ha OCHOBaHHMH IIPEUIOKEHHBIX
COOTHOIICHHI U METOJMKH MPOBEICHBI PACUYEThl €r0 Macchl JIsl CiTydacB 6a3MpoBaHMUs HA OpOMTAX
¢ Boicoramu  400...1600 kM. Ha oOcCHOBe mONy4YeHHBIX pE3YJIbTATOB C(HOPMYIUPOBAHBI
PEKOMEH/IaluK 110 BEIOOPY THIIA CHCTeM TeHepanuu dnekrpudeckoit sueprun (COII) KA ¢ JIDY,
pelIaroniel 3ajady OYMCTKH OKOJO3€MHOro ImpocTpanctBa oT omnacHeix ®KM Ha BEIOpaHHBIX
opburax:

* [Ipu 6asuposanun KA ¢ JIDY Ha opburax ¢ Beicoramu MeHee 800 KM WM IPU OTpaHHYCHHU
€ro Macchl BEJMYMHON 6 T, peKoMeH yeTcst uenonb3oBaTh COIT Ha OCHOBE COTHEUHBIX OaTapei.

* IIpu 6asupoBannu KA ¢ JIDY Ha opburax ¢ Beicotamu 6osee 800 KM U pU pexxuMe ee padboThl
C MOIIHOCTBIO JIa3€pPHOTO M3ITy4eHUs, OKBHBAICHTHOH MOIIHOCTU JIA3€PHOTO HU3IYYCHUS B
HenpepbBHOM pexume Oonee 10 kBT, pekomennyercs ucnonbzoBaTh COIl Ha OCHOBE sIIEPHBIX
9HEPreTHYECKHUX YCTaHOBOK.

Features of the design and mass evaluation of the spacecraft with laser power plant
Metelnikov A.A., Avdeev A.V.
MAI, Moscow, Russia

Laser Power Plants (LPP) based on Solid state lasers are considered to solve problems of remote
energy transmittance to the receiving antennas of power installations of artificial earth satellites and
the cleaning of near-Earth space from dangerous space debris today. Placing a laser plant on board
of spacecraft (SC) significantly expands their functionality.

To provide the operation mode of the LPP for transferring energy or cleaning the near-Earth
space from dangerous space debris required to generate on board the spacecraft an electric power of
30...150 kW. This one makes LPP the main subsystem wich determines the entire appearance of the
spacecraft, as well as the requirements for its technical characteristics. This one makes LPP the
main subsystem which determines the design of the spacecraft, as well as the requirements for its
technical characteristics. The one of them is mass of the spacecraft.

In this paper is presented relations for evaluate mass of the spacecraft and its main subsystems,
wich required to provide the onboard laser plant work mode. Methodology of choice onboard laser
plant work mode for removing dangerous space debris (largest size from 1 to 10 cm) with laser
ablation mechanism is presented.

The structure of spacecraft with an LPP has been designed. With presented relations and
methodology mass of spacecraft with laser plant are evaluated. With presented relations and
methodology mass of spacecraft with laser plant with its orbit altitudes 400 km ... 1600 km are
evaluated. Based on this results recommendation for choosing type of an onboard generating
electrical energy system are given:

* For spacecraft with laser plant with orbit altitudes less than 800 km or with limit mass of 6 ton
onboard generating electrical system based on solar power plant is recommended.

* For spacecraft with laser plant with orbit altitudes more than 800 km and with operation mode
equivalent to LPP in a continuous mode of more than 10 kW onboard generating electrical system
based on nuclear power plant is recommended.
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HnTterpanus pemarens ypapuenuii Haspbe-CTokca B mporpaMMHoe odecnedeHne pacyera
oceBoro kommnpeccopa I'T/{
Munun A.K., Boposukos /I.A., HoHoB A.B.
MAMU, r. Mocksa, Poccust

CeropHs CyIIeCTBYIOT MHOXKECTBO Pa3IMYHBIX PACUETHBIX KOMILIEKCOB, IIPEAHA3HAYCHHBIX UL
MIPOEKTUPOBOYHBIX pacyeToB KommpeccopoB I'T/l. BoJbIIMHCTBO M3 HHMX OCHOBaHBl Ha
OJIHOMEPHBIX M JIByXMEPHBIX MOJyIMIUPHYECKHX METOJHKAaX M TPeOyIon CyIECTBEHHOH JOBOIKU
IIPU IPOEKTHPOBAHUH.

CretyrolliM 3TanoM pa3sBUTUSI METOJHK ITPOEKTUPOBOYHBIX PACUETOB MOXKET OBITH MHTErPAIHs
¢ pemateneM ypasHeHHi HaBpe-CTOKCa M ONTHMH3aTOPOM.

Ienslo oTolf paboOTHl SBISETCS YCOBEPHICHCTBOBAHHS paHee CO3JAHHOH IIPOrpaMMEI
JIBYXMEPHOTO pacuera OcCeBOro Kommpeccopa [l]. AJTOpUTM NpOEKTHpPOBaHHS paHee
oTpabaThIBajICs Ha MPUMepe JIonaTtky BeHTmwsiTopa [2]. Hanmcanue ocymectBiisuiocs Ha si3bike CH,
rpaduyeckuii HHTEpQeiic ocHOBBIBaJICS Ha TexHooruu WPF.

Ha ocHoBe reomeTpuu nmpoToyHoil yactu U npodueit u3 1D u 2D pacyeToB Mo BBICOTE JIOMATOK
CTPOHTCS pacueTHas ceTka. KoMmpeccop pacCUuMTBIBAETCs B JBYXMEPHOM BapHaHTE IO BBICOTE.
Takast mOCTaHOBKA MO3BOJIIET YYeCTh B3aUMOJCHCTBHE JIONATOK, OOCCIEYUTH IOCTATOUHYIO
CKOPOCTb M TOYHOCTb PEIICHHS. Y3KOHANPaBICHHOCTh METOJMKH OOECHeYHBacT CTaOMIBHOE M
KaueCTBEHHOE ITOCTPOCHHE CETKH, YIPOIIAET MOJIb30BATEII0 BHIOOP IIPUMEHSIEMBIX Mojenel [3].

3a cuer ymoOHOro (opmaTa BXOIHBIX NAHHBIX, ONUCHIBAIOMIUX NPO(UIL JIONATKH B BHIC
KOOpJIMHAT CIUIaiiHa, MHTErpaluu ceTKonocTpoutens ¢ 2D pacueroM M Majgoro pasmepa CETKH
CYILECTBYET BO3MOKHOCTh 3aKJIIOYHMTh pacyeT B LHUKJ ONTUMU3ALUM B TOM YHCIU C IOMOIIBIO
BHEMIHUX onTuMu3aropos, Hampumep IOSO. Taxke Takas MOCTaHOBKAa HO3BONET d(dexTUBHO
MIPUMEHATH NapajlelbHble PacueThl, B TOM YHCIE IJIaHUPYETCs HCHoNb30BaHKue B pacyeTax GPU
[3].

B  pesympraTe  paspabaTblBaeMBIii  HOPOrpaMMHBI ~ KOMIUIGKC — IIO3BOJIUT  MONy4aTh
ONTHMH3HPOBAHHBIE JIONATKH MHOrocTyneHyaToro kommpeccopa I'T/] ¢ yderom ycioBuid paboTsl n
HX B3aUMOJICHCTBUS C BBICOKOH CTENEHbIO aBTOMATH3ALIUH.
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Integration of the Navier-Stokes equations solver into the axial compressor design software
Minin A.K., Borovikov D.A., Tonov A.V.
MAI, Moscow, Russia

Most of existing compressor design software are based on one and two-dimensional semi-
empirical algorithms, and require significant compressor design refinement.

The purpose of this work is to integrate the Navier-Stokes equations solver into two-dimensional
axial compressor design software [1]. The design algorithm is tested on the example of a supersonic
fan blade [2]. Software is designed in C #, the graphical interface is based on WPF technology.

Based on the flow path geometry and airfoils, a computational grid is generated along the blades
height. The compressor is calculated in two-dimensions by blade sections. This allows to take into
account the blades interaction and to ensure sufficient speed and accuracy of the solution. The
narrow focus of the software provides a stable, high-quality mesh generation and simplifies the
models choice.
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Due to the input data format describing the blade profile in the form of spline coordinates, the
mesher integration with the 2D calculation, and the small mesh size, it is possible to apply an
optimization software, for example using I0SO. Also, it allows to effectively use parallel
calculations, including on the GPUs [3].

As a result, the software allows to obtain optimized blades of a multistage GTE compressor,
taking into account the operating conditions and their interaction with a high degree of automation.
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TP/l 6ob110l cTeNeHH IBYXKOHTYPHOCTH PeaKTHBHBIX CaMOJIETOB JIETKOIi U cpeaHeii
MATUCTPAJIbHOI aBHalUK OU3HeC Kjacca, IPOeKTHPYeMble ¢ HCNO0JIb30BaHHeM 0a30BbIX
razoreHepaTopoB

Hecrepenko B.I'., Manunosckuii .M., UBanos N.I"., 3axapos JI.I1.
MAM, r. Mocksa, Poccust

PaccmaTpuBaeTcsl TEXHOIOTHS IPOSKTUPOBAHNS MaNopa3MepHbIX aBHannoHHbIX TP/1J] Gomburoi
CTETICHN IABYXKOHTYPHOCTH, TIpeJHa3HAYEHHbIX JUIA JETKUX U CPEIHUX caMONIETOB OM3HEC Kiacca,
KOTOpBIE JIOJDKHBI MMETh BBICOKYIO JKOHOMHYHOCTH, HaA&KHOCTH M Malyio Maccy. C Lembio
COKpaIeHHs BPEMEHH HX CO3[JaHHsA Ha IIEPBOM JTale dTOH pabOTHI BBHINONHACTCS IIOUCK U
MOJIEpHU3aLHs 0a30BOr0 ra3oreHepaTopa, MOCKOJIbKY 3@ BPEMs €r0 IPHMEHEHHS IOSIBUIIMCh HOBbIE
U IPOTrPEecCHBHBIE KOHCTPYKTOPCKME M TEXHOJIOTMUECKHE pEIIEHHUs, YIydlIalollhe €ro
xapakTepucTHkd. I[loka3aHa IIOCIEOBATENbHOCTH M COJACPIKAHHE OTICNBHBIX  JTAIloB
npoektupoBanns TPJIJI pasnmuunbix mapamerpos: Tsroi 1000 (1200) n 2000 (2600) xrc, rme
THIepBbIE 3HAYEHUS TATH (10 CKOOOK) — BTO TsAra NPH CTAHJAPTHOH TEMIEpaType HapyKHOro
Bo3yxa 288 K, a B ckoOKax, yBelIM4YEHHOE 3HAUCHHE TATH B CTAHAAPTHBIX YCIOBHUSAX TaK, YTOOBI B
skapkuil nens, npu npu Temnepatype 315K, Bemmumna Tarm TPIIJ] coxpansuia e€ HCXOIHBIE
3Ha4YeHUA. B pe3ynbTaTe BBINOIHEHHBIX PAacdETOB IONYYEHO, YTO TNPH IPOEKTHPOBAHHH 3THX
pasmepnocteit TP/ MoxxHO Hcmonb3oBathk rasorenepatopsl TBi/l, MomHocThio 650...800 n1.c.
2500...2800 J1.c. beum npoananmusupoBansl xapakrepuctuku TP ¢pupmbr Pomic-Poiic RTM.322
- 20, Tsroit 1000 xre, ¢ HeOONBIION CTENIEHBIO IBYXKOHTYPHOCTH, M = 3,4, B KOTOPOM YCTaHOBIICH
razoreneparop TBn/l RTM.322 — 01. YacroTa BparueHus ero poropa Hebonpiuasi, 36300 00./MuH,
nostomy 3tor TPJIJ] nMeer HeomycTHMO GOJBIIYI0 Maccy, paBHyro 256 krc. Jlnsd e€ cHIKeHUs
HEoOXOAMMO YBEIUYHUTh YAaCTOTY BPAILEHUS pOTOpa, Kak 3To peannsoBano B TBiJl MTM.385 - R
¢dupm MTU/ Typ6omexa, u ARRIUS ¢upmbr TypOomeka, rie umeercs BBICOKAs 4YacToTra
BpamieHus potopa rasoreHepatopoB 45000 u 58000 06./MumH coorBerctBeHHO. TypOHHa
ra3oreHepaTopa JOJDKHA OBITH OXJaKIaeMOH C BBICOKOW TEMIlepaTypsl rasa Iepei TypOHHOH
nopsinka 1500 K. C unenbto momydenuss Boicokoro KIIJ[ paspaborano 1eHTpoOexHOe Kojec
ra30reHepaTopa ¢ MOKPHIBHEIM AUCKOM H JIONIATKAMH, 3aTHYTHIMU IIPOTUB HATIPABIICHNUS BPAICHMS.
Jnddysop Tpybuatsiii. Bemonrens! npouHocTHBIE pacuéThl B cuctemMe ANSYS, mosonmBmme
YTOYHUTH TONIIMHBI U KOH(Urypammio nepa jonatok L{BK B MecTe uX coetMHEHNUS ¢ OKPBIBHBIM
muckoM. PaGoume nonatku Bentwisitopa TP/l MOTryT HpOEKTHPOBATHCS CIUIOMIHBIMU MM
TIOJIBIMH, @ €ro padouee KOJeco — MO THIy «OIMCK», elnHOH merainbio. Koprmyc BeHTHIATOpa
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MOXET OBITh W3rOTOBJEH W3 yriaenjacTuka, 4YTO IIO3BOJIACT YBEIUYUTH €ro KECTKOCTh H
YMCHBIINUTH pPaJAAJIBHBIC 3a30PbI, IIOBBICUTH YCTAJIOCTHYIO ITPOYHOCTH, KOPPO3HOHHYIO CTONKOCTh
1 U3rOTOBJIATH OTOT KOPITYC IIPU MHUHHUMAJIbHOW MEXaHHUYECKON

High-bypass turbofan engine for light and medium-haul jet aircraft business aviation,
designed using basic gas generators
Nesterenko V.G., Malinovsky 1. M., Ivanov 1.G., Zaharov D.P.
MAI, Moscow, Russia

The technology of design of small-sized aircraft turbofan engines with a large bypass ratio,
intended for light and medium-sized business class aircraft, which should have high efficiency,
reliability and low weight, is considered. In order to reduce the time of their creation, at the first
stage of this work, the search and modernization of the basic gas generator is carried out, since
during its use new and progressive design and technological solutions have appeared, which can
significantly improve its characteristics. The sequence and content of the individual stages of the
design of the turbofan of various parameters are shown: thrust 1000 (1200) and 2000 (2600) kgf,
where the first thrust values (up to brackets) are thrust at a standard outdoor temperature of 288 K,
and in brackets, the increased thrust value under standard conditions so that on a hot day, at
temperature of 315K, the magnitude of the thrust of the turbofan engine retained its original values.
As a result of the calculations performed, it was found that when designing these dimensions of the
turbofan engine, it is possible to use TSh gas generators with a capacity of 650 ... 800 hp. and 2500
... 2800 hp The characteristics of the Rolls-Royce turbofan engine RTM.322 - 20, 1000 kgf thrust,
with a small bypass ratio, m = 3.4, in which the TSh RTM.322 - 01 gas generator is installed, were
analyzed. The rotational speed of its rotor is low, 36300 rpm., so this turbojet engine has an
unacceptably large mass equal to 256 kgf. To reduce it, it is necessary to increase the rotor speed,
as it is implemented in the MTM.385 - R high-speed turbine produced by MTU / Turbomeka and
ARRIUS by Turbomeka, where there is a high rotor speed of the gas generators 45000 and 58000
rpm, respectively. The turbine of the gas generator must be cooled with a high gas temperature in
front of the turbine of about 1500 K. In order to obtain high efficiency, a centrifugal gas generator
wheel with a cover disk and blades bent against the direction of rotation has been developed. The
diffuser is tubular. Strength calculations were carried out in the ANSYS system, which made it
possible to clarify the thickness and configuration of the airfoil of the blades of the pulp and paper
mill in the place of their connection with the cover disk. The turbine engine fan rotor blades can be
designed as solid or hollow, and its impeller is of the blisk type, as a single piece.

HccienoBanue BJIMSIHUS HANIPABJIEHUs] BhIpalIMBaHus oopa3uos u3 craau 12X18H10T,
MOJIy4eHHBIX METOI0M CeJI1eKTUBHOTO J1a3epHOro ciiapjeHnsi (SLM), Ha ¢ppeTTHHI-U3HOC B
YCJIOBHSIX OJTHOTO H YaCTHYHOI0 MPOCKAJIb3bIBAHUS
Huxonaes N.A., Cenusepcros C./., Jlecuesckuii JI.H., KoxxeBnukos I".J1.
MAMU, r. Mocksa, Poccus

B Hactosimee Bpemsi, OONbIIOE PAacHPOCTPAaHEHUE MONYYalOT aJTUTHBHBIE TEXHOIOTHH IIPH
MIPOU3BOJICTBE JIEMEHTOB JIBUraTeNeH JeTaTebHBIX annapaToB. JlaHHbIE TEXHOJIOTMHU MO3BOJIIOT
HOJIYHTh CJIOKHONPO(GUIBHBIE JETaM M KOHCTPYKIMM IIPH MEHBIIMX TpPyAO3aTparax Ha HX
MPOU3BOJACTBO, IO CPABHEHHIO C TPAJUIUOHHBIME TEXHOIOTHAMH H3roTOBIeHUs. OmHAaKko mis
YCIICIIHOTO HCIIONb30BAaHUs AIJUTHBHBIX TEXHOJOIMH HEOOXOAMMO OOLIMPHOE HCCIICOBAHHE
CBOWCTB  MOJy4aeMbIX MaTepuaioB: (H3MYECKMX, MEXaHMYECKHX, TEXHOJOTUYECKHX M
9KCILTyaTallHOHHBIX.

B nanHoii pabote paccMoTpeHa npodneMa (ppeTTHHI-H3HOCA TTOBEPXHOCTEH NeTaleil JBUraTens,
BO3HHKAIOLIasi IPU MajbIX MEPEMEILEHUX NMOBEPXHOCTEH IPYr OTHOCHTENBHO APYra M BBICOKHX
JIaBICHUAX B 30HE KOHTAKTa, YTO IPUBOAUT PA3BUTUIO MHUKPOTPEIIUH U CIIOHTAHHOMY BBIXOZLY H3
CTpOsl AeTajiell paHblIe BPEMEHU.

Jnst wccnenoBaHusi ObUIM W3rOTOBIEHBI 00pasnpl u3 cramu 12X18HI0T B Bume miacTux
METOZIOM CENEeKTHBHOTO Jla3zepHoro crumasienus (SLM) ma aByx pexumax: 0 u 90 rpaxycos k
IUIOCKOCTH IedaTu. Taxoke OBLI M3rOTOBIICH aHAIOTHYHBIN 00pasen MeTomoM (pesepoBaHHs H3
METAJUTMYECKOr0 NPYTKa, OJTy4eHHOr0 METOIOM IIPOKATa TOif ke MapKu cTaiy. Tpudonornyeckue

177



UCIIBITAHUS TIPOBOJMINCH Ha paszpaboTaHHOd B MAMW wmammne Tpenus 1401 mpu mocTostHHOM
HOpManbHOW Harpyske Fe=1H n (uKCHpOBaHHOM IEpEeMELICHNH B SMKM, 49TO COOTBETCTBOBAIIO
peXUMY YAaCTHYHOrO NpOCKaib3biBaHus (partial slip) m momnoro ckombxkenus (gross slip). Tum
KOHTaKTHOTO B3aUMOJICHCTBHUS cepa/mocKocTb. B kauecTBe KOHTpTENa McIoib3oBaiack cdepa
U3 OKCHIAa QIIOMHHHUS. BemmumHa O00BEMHOrO H3HOCA IIITEH ONpPEAEIUIaCh C  MOMOIIBIO
KOH(oxaspHoro uHTepdepeHunonHoro mukpockorna Olympus LEXT OLS 5000. dns anamusza
MUKPOCTPYKTYPbl M 3JIEMEHTHOTO  COCTaBa IOBEPXHOCTEH  HCCIENyeMbIX MaTepHaloB
MPUMEHSIOTCS METOABI CKaHMUPYIOIICH 3JIEKTPOHHOH MHKPOCKOIHMH M 3JHEPrOJUCIIEPCHOHHOTO
MHUKpOaHa-Jn3a ¢ ucroibzoBanuem ycranoBku Carl Zeiss EVO-40 u npucrasku EDS INCA X-ray
Oxford instr. ITomydeHHbIe pe3yIbTaThl MOKa3allH, 9TO pa3dpoc 3Ha4eHHH Kod(uINeHTa TpeHus
He mpeBbiman 8% Mexay o0pa3uamy, MOJY4eHHBIMH MeTOoM SLS M TpaJuIMOHHBIM METOIOM.
Pa30poc BenmurHBI 00BEMHOT0 H3HOCA TAK ke He mpesbinian 10 %.

Investigation of the influence of the growing direction of 12X18H10T steel samples
produced with selective laser melting (SLM) on fretting wear under conditions of complete
and partial slippage
Nikolaev LA., Seliverstov S.D., Lesnevskiy L.N., Kozhevnikov G.D.
MAI, Moscow, Russia

At present, additive technologies are widely used in the production of aircraft engine elements.
These technologies alloys to get complex parts and structures with less labor costs for their
production, compared to traditional manufacturing technologies. However, for the successful use of
additive technologies, an extensive study of the properties of the resulting materials is necessary:
physical, mechanical, technological and operational.

In this paper considered the problem of fretting wear on the surfaces of engine parts, which
occurs when the surfaces move slightly relative to each other and high pressures in the contact
zone, which leads to the development of microcracks and spontaneous failure of parts ahead of
time.

For the study, samples were made of 12X18HI10T steel in the form of plates by selective laser
melting (SLM) in two modes: 0 and 90 degrees to the printing plane. A similar sample was also
made by milling from a metal bar obtained by rolling the same grade of steel. Tribological tests
were carried out on the 1401 friction machine developed at MAI at a constant normal load Fn=1N
and a fixed displacement of 5 micrometers, which corresponded to the partial slip and full slip
modes (gross slip). Type of contact interaction is sphere/plane. An aluminum oxide sphere was
used as a counterbody. The volume wear of the spots was determined using an Olympus LEXT
OLS 5000 confocal interference microscope. To analyze the microstructure and elemental
composition of the surfaces of the materials under study, scanning electron microscopy and energy-
dispersive microanalysis methods are used using the Carl Zeiss EVO-40 unit and the EDS INCA X-
ray Oxford instr prefix. The results showed that the spread of the friction coefficient values did not
exceed 8% between the samples obtained by the SLM method and the traditional method. The
dispersion of the values of volumetric wear rates did not exceed 10 %.

W3ydenne razoqMHAMUKH KaMepbl CTOPAHHUS ra30TYpPOMHHOIO IBUTaTe/Isl IPU BIHUSHUU
HECHMMETPHYHOCTH BXO/IHOI CKOPOCTH
Hockosa K.P.
PI'ATY umenn I1.A. ConoBbeBa, r. Peiounck, Poccust

ITpoBeneHo pacueTHO-dKCIEpPUMEHTaNbHOE HccaenoBanue kamepsl cropanus (KC) I'TH mpu
YCIIOBHM ~ COBMECTHOTO BJIMSHMS BXOJHOH HECHMMETPHYHOCTH HPO(PWIs CKOPOCTH M
niepepacipeseeHust pabodero Teja Mo OCHOBHBIM M OXJIAXKAAFOIIMM OTBEPCTUSIM Ha Fa30AHHAMUKY
u rugpasnudeckue notepu B KC.

ITo pe3ynbTaTaM YMCICHHBIX PACYETOB BBIACHEHO, YTO NP KO3(D(HUIMEHTEe HECHMMETPHYHOCTH
BXOJHOH ckopoctu K, paBHOMy Oonbllle MM MEHBLIE €AMHULBI, KOTOPBIH ompenensercs Kak
OTHOLICHUE CpPEJHEPACXOIHBIX CKOPOCTeH B BEpXHEM M HIDKHEM MolykaHamax muddysopa,
HaOmoaeTcss CMEIIeHHe IOTOKAa B HAPYKHBI HWIH BHYTPEHHUH KOIBLEBBIE KaHAIBL OTO
HPHUBOJIUT K YMEHBLICHUIO 3()(PEeKTHBHOCTH oxiaxkaeHus xaposoi Tpyost (JKT), paBHOMepHOCTH

178



pacrpe/ieieHusi BO3ZyXxa BO (DPOHTOBOM YCTPOMCTBE, CHIDKACTCS KAuecTBO IEpPEMEIINBAHUS
TOILUTMBOBO3AYIIHON cMecH, Ha Bbeixome u3 JKT cdopmupyercss HepaBHOMEpHOE pacIpe/eneHue
JIMHUH TOKa, a 3TO MOXKET OTPULATENBHO CKa3aThCs Ha padOTe TYpOHHBIL.

MuHnManbHOe 3Ha4yeHHe Kod(duImeHTa ruapaBindeckux morepb npu K = 1, a mpu ero
OTKJIOHEHHH OT 1 K0od(dunueHT BospacTaer.

Ilpu coBMecTHOM BIMSHMM IIepepacrpejielieHHs pacxona Bosmyxa 1o oreepctusiM B XKT u
HECHMMETPUYHOCTH CKOPOCTH BBISBICHO, YTO BXOJAHAs HECHUMMETPUYHOCTb TEYCHHUS SBIACTCS
Hanbosee BaXHBIM (HaKTOPOM, ONMPEACISIIONIMM Ka4eCTBEHHYIO CTPYKTypy TEYCHHs BO BCEX
anemenTax KC.

ITosToMy mpH IPOEKTHPOBAHUH KaMephbl BaKHBIM MOMEHTOM SsIBIIsieTcs coxpaHeHue K, 6iuskum
K 1, 9T0 mO3BOIAET 0OECIEUNTh MAKCHMAIBHO HOJHYIO BEIMYHHY qaBieHus Ha Bbixoxe u3 KC u
COOTBETCTBEHHO MUHHMYM I'HIPaBINYCCKUX HOTEPb.

Jlns BepuHMKALUM YMCICHHBIX PACYETOB IPOBEJCHBI SKCIIEPUMEHTANIbHBIC HCCIICIOBAaHUS Ha
MOZIENH IPOTOYHOH YacTU KaMephl CTOpaHHsS II0 BU3YyalIU3alUH CTPYKTYpHL lcmomb30BaHBI
CHCTEMbI TOJKPAIICHHBIX CTPYyHl M JIAMHHApHOE TEYeHHe B TuiaposoTke. Jlusd cpaBHEHHs
YHCJICHHBIX UCCIIEIOBAHMIT C SKCIIEPUMEHTAMH IPOBEACHBI JOIOIHUTEIIBHBIEC YUCICHHBIE PACYEThI
OpHd TOM >ke pexume TedeHus. ONBITHAs NMPOJIMBKA B THAPABINYECKOM JIOTKE MOATBEpIHIA
aJICKBaTHOCTh IPUMEHSAEMBIX MOJIEJEH YHCICHHBIX PAacuyeTOB CTPYKTYpbl TEYEHUs B MPOTOYHON
YacTH.

Jlnst cpaBHEHHUsSI YHCIICHHBIX HCCIENOBAHUH IPH PACUCTHOM pEXKHME TEUCHHS HEO0OXOIHMO
HIPOBECTH SKCIIEPHUMEHTHI C MOMOIIBIO LIN(PPOBOr0 METO/IAa TPACCEPHOH BU3yallM3alli, KOTOPBIH B
HacTosillee BpeMs sBIsIeTCs HauOosee mepcrnekTHBHbIM. [TosToMy BbIMoONHEHa Meroanka PIV ¢
omucanueM onbITHOH Mofenu KC i mpoBeaeHHs OIBITOB.

Pabota BBITIOJHEHA B paMKaxX rOCYJapCTBEHHOTO 3a[aHUs Ha BBINOIHEHUE (yHIaMEHTaIbHBIX
Hay4HBIX uccrnenoBanuii Ha 2020 rox u ruiaHoBslil nepuox 2021 u 2022 roxos (mmbpp HaydHOH
Temsl 0774-2020-0004).

Study of gas dynamics of the combustion chamber of a gas turbine engine under the
influence of asymmetry of the input velocity
Noskova K.R.
RSATU, Rybinsk, Russia

A numerical and experimental study of the combustion chamber has been carried out under the
condition of the joint influence of the input asymmetry of the velocity and the redistribution of air
along the main and cooling holes on the gas dynamics and hydraulic losses in the combustion
chamber.

Based on the results of numerical calculations, it was found that when the coefficient of
asymmetry of the input velocity K is greater than 1 and K is less than 1, the flow is displaced into
the outer or inner annular channels. This leads to a decrease in the efficiency of cooling the flame
tube, uniformity of air distribution in the frontal device, the quality of mixing of the fuel-air
mixture decreases, an uneven distribution of streamlines is formed at the outlet of the flame tube,
and this can adversely affect the operation of the turbine.

The minimum value of the coefficient of hydraulic loss at K = 1, and when it deviates from 1, the
coefficient increases.

With the joint influence of the redistribution of the air flow rate through the holes in the flame
tube, unsteady flow and asymmetry of the velocity, it was revealed that the inlet asymmetry of the
flow is the most important factor determining the qualitative structure of the flow in all elements.

Therefore, when designing a combustion chamber, an important point is to keep K close to 1,
which makes it possible to provide the maximum total pressure at the outlet from the combustion
chamber and, accordingly, a minimum of hydraulic losses.

To verify the numerical calculations, experimental studies were carried out to visualize the
structure. Tinted jet systems and laminar flow in a hydraulic flume were used. To compare
numerical studies with experiments, additional numerical calculations were performed for the same
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flow regime. Experiments have confirmed the adequacy of the applied numerical calculation
models.

To compare numerical studies in the design flow regime, it is necessary to carry out experiments
using the digital tracer visualization method, which is currently the most promising. Therefore, the
PIV technique was carried out with a description of the experimental model of the CS for
conducting experiments.

The work was carried out within the framework of the state assignment for the implementation of
fundamental scientific research for 2020 and the planning period of 2021 and 2022 (scientific topic
code 0774-2020-0004).

TenaeHIHU PA3BUTUS KOJIOHIHBIX MHKPO/IBHIaTe/ el H MePCHeKTHBLI HX NPHMEHeHHsI
O0yxoB B.A., MensaukoB A.B., Hurmarssuos B.B., [Tonos I'.A., CBotuHa B.B.
MAM, r. Mocksa, Poccust

Paspa6otka texnomorun KA macmraba mukpo KA u nano KA sBisiercs omHHM M3 TPEHIOB
Pa3BUTUS KOCMHYECKOH TEXHUKHM Ha OJIDKAafIIMe TOABL, YTO CTAJ0 BO3MOXKHBIM BCIEACTBUE
mporpecca B TaKMX TEXHOJOTHSAX Kak: MHUKPORJIEKTPOHMKA M anekrpomexanuka (MEMS
texHosorus). KA 3toit pasmepHocTH TpeOyroT ABMrarteieid MOIIHOCTBbIO OT exuHul Batr no 10
Bart u Taroit ot enunun 1o 200 mxH. Komnounnsie snextpudeckue pakerseie asurarenu (K9/),
OCHOBAaHHBIE Ha DJIEKTPOCTATMYECKOM pACIBUIEHUM 3JIEKTPONPOBOIAMICH IKMIAKOCTH HMEIOT
KOHKYPEHTHbIE [IPEUMYLIECTBA 110 CpaBHEHUIO ¢ Apyrumu Bupamu OPJI juis munn KA u Hano KA
3a CYET OTHOCUTEIBHOH HMPOCTOTHI KOHCTPYKIMH U MOTEHIHAIPHO JOCTATOYHO BBICOKHX KIIJ B
00NacTH  HM3KUX  TAr.  ODKCHEPUMEHTaJbHOMY W TEOPETHYECKOMY  HCCIICOBAHHIO
9NIEKTPOCTATHIECKOIO PACTIBUICHUS JIEKTPOIPOBOISIINX KUAKOCTEH IMOCBSIIEHO MHOTO paboT. B
NOKJIaZie paccMaTpuBaroTcsi ¢usndeckue ocHoBbl KOJI mpu peanusanuu IBYX KOHKYPHPYIOIIUX
TEXHOJIOTMH  TOJy4YeHHs] 3apsDKCHHBIX KOJUIOWAOB MPH  HCIONB30BAHHU  PaCHbUIMTENCH
KaNWUBIPHOTO THIIA M IOPUCTBIX KEPaMHYECKUX pacIbUIMTeNneid. PaccMoTpeHsl dusnueckne
MIPOLECCHI MOIYIEHUS 3apsHKCHHBIX YaCTUIL C HCIIOIb30BAaHUEM 00CHX TEXHOIOTHH U MEPCIEKTHBEI
HX pa3BHTHS. PaccMoTpeHbl onbIT co3manust M npumeHenns KO/ 3a pyOexxom. K Hacrosmmemy
BPEMEHH B NPAaKTHYECKHX KOHCTpYyKmusax KOJI peannzoBaHa TEXHONOTUS —KaIMJLIIPHBIX
pachbUIMTENe, IpU KOTOPOi oOecrednBaeTcs MpoLece OJHOCTpYHHOro pacnbuieHus. [Ipobnema
3aKIII0YaeTCs B BBIOOpE pabouyMX TeNl ¥ ONpEe’eNeHHH YCIOBHi, IPH KOTOPBIX B pe3yibTaTe
pacmbUIeHHS]  DJEKTPONPOBOISMICH — JKUIKOCTHM  HONYYaroTCsS — 3apsHKCHHBIE  YaCTHIB
HAaHOPa3MEPHOCTH C yJIedbHbIM 3apsiigoM He Menee 500 Ku/kr. TexHoJorus ¢ MOpPHCTHIMU
PACIBUIATEISIMI 00eCIIeYnBaeT MOyYeHNE KOJUIOMIHBIX YAaCTHI[ B BH/IE HEYCTOHUIHMBBIX KJIACTEPOB
C BBICOKHM YICNBHBIM 3apsiioM. B TeopeTndeckoM INIaHE XOpOIIO W3y4deH IIpouecc
OIHOCTPYHHOTO PACIBIICHNUS, ULl KOTOPOTO MOIy4eHbI TapaMeTPUIECKUe 3aBUCHMOCTH yIEIbHOIO
3apsaa MOTyYaeMBIX KOJUIOWIHBIX YAaCTUI OT (pU3MYECKHX CBOWCTB JKHIKOCTEH M XapaKTepHUCTHK
pexuMOB pactsuieHns. B kauecTBe pabounx Ten KD/l ncronb3yroTcst pacTBOPHI CoNei ¢ HOHHOH
CBSI3bI0 B BBICOKOINOJIAPHBIX JKUAKOCTSX HIM MOHHO-TIPOBOIAIIUE XKUAKOCTH, HMEIOIIHE HH3KYIO
YIPYrocTh HMapoB IPH KOMHATHOH Temieparype. PaccMOTpeHbI mpoOiIeMbl IKCHEepUMEHTaIbHOH
otpaboTkHu ABHraTeneil. Jlaercs oneHka nmpobiaeM pa3paOOTKH U NepcHeKTHBH! npuMeHeHns KO/ B
POCCHICKHX MpOrpaMMax.

Trends of the colloid micro thrusters development and prospects for applications
Obukhov V.A., Melnikov A.V., Nigmatzyanov V.V., Popov G.A., Svotina V.V.
MAI, Moscow, Russia
The development of spacecraft technology at the scale of micro spacecraft and nano spacecraft is
one of the trends in the development of space technology in the coming years, which has become
possible due to progress in technologies such as microelectronics and electromechanics (MEMS
technology). Spacecraft of this dimension require engines with power from units of Watts to 10
Watts and thrust from units to 200 uN. Colloidal electric thrusters (CET) based on electrostatic
atomization of an electrically conductive liquids have competitive advantages over other types of
electric propulsion engines for mini spacecraft and nano spacecraft due to the relative simplicity of
the design and potentially rather high efficiency in the low thrust region. Many works are devoted
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to the experimental and theoretical study of electrostatic spraying of electrically conductive liquids.
The report examines the physical foundations of CET in the implementation of two competing
technologies for producing charged colloids using capillary sprayers and porous ceramic sprayers.
The physical processes of obtaining charged particles using both technologies and the prospects for
their development are considered. The experience of creating and using CET abroad is considered.
To date, the practical designs of CET have implemented the technology of capillary sprayers,
which provides a single-jet process. The problem lies in the choice of working fluids and
determination of the conditions under which, as a result of spraying an electrically conductive
liquid, charged nanosized particles with a specific charge of at least 500 C / kg are obtained. The
technology with porous sprayers provides colloidal particles in the form of unstable clusters with a
high specific charge. In theoretical terms, the process of single-jet spraying has been well studied,
for which parametric dependences of the specific charge of the obtained colloidal particles on the
physical properties of liquids and characteristics of spraying modes are obtained. Solutions of salts
with ionic bonds in highly polar liquids or ion-conducting liquids with low vapor pressure at room
temperature are used as CET working fluids. The problems of experimental development of
engines are considered. An assessment of the development problems and the prospects for using
CET in Russian programs is given.

OnTHMH3aIMK NAPAMETPOB Padovero mMpouecca aBHANMOHHBIX TYPOOBAILHBIX ABUraTe el
¢ peKynepaTopom
Owmap X.X.0., Ky3smuués B.C., Tkagenko A.1O.
Camapckuit yauBepcurer, r. Camapa, Poccus

T'azoTypOuHHBIC ABUraTenn, paboTaOlIMe MO LMKIY bpaliToHa, UMEIOT OOJBIINE MOTEpH
9HEpruH. DTH IOTEPH B BUJE TEIUIOBOH DHEPTHU, BHIOpACHIBACTCS B OKPYXKAIONIYIO CPEIy, MOTYT
npeBbimate  60-70%. OpHuM U3 CIOCOOOB MOBBIMICHUS S(G(PEKTUBHOCTH Ta30TypOMHHBIX
JIBHTaTeNel sBIsETCsl yCTaHOBKA PEKYIIEPAaTOPOB Ul YTHIIM3ALMHU TEIUIA BBIXOAAIINX U3 JIBUTATENs
razoB. [IpuMmeHeHune pexymeparopa B aBHAIIMOHHOM JBUTaTelle IO3BOISIET OOECIICUHTh CHIKCHUE
yIenpHOro pacxoja TomauBa. OJHaKoO, TEXHHYECKAs peaau3alys TaKoro TePMOIHMHAMHYECKOIO
ILIMKJIA CBSI3aHA C YCJIOXHEHUEM KOHCTPYKIIMH, HOBBILICHUEM Macchl U TabapHTOB JBUraTeINs H3-3a
ycrtaHoBKM pekyneparopa. [lostomy mpu cozganuu I'TJ] CT ¢ pexynepatopom HeE0OXOAMMO
YIHUTHIBaTh HE TOJBKO IIOBBIICHHE TOIUIMBHOH S((EKTUBHOCTH, HO M YXYHIIICHHE MAacCOBBIX
XapaKTepUCTHK, TaK Kak Ha 3(Q{EKTUBHOCTb CHIOBOH YCTAHOBKH JIETATEIBHOrO ammaparta oba
(haxTOpa OKa3bIBAIOT IPOTUBOIOIOKHOE BIMSHUE.

IoBbienne >(@HEKTUBHOCTH CHIOBOH YCTAHOBKM C TAaKMM JBUTaTelieM MOXET ObITh
00ecreueHo 3a CueT OJHOBPEMEHHON KOMIUIEKCHOH ONTUMHU3AaLMU M NApaMeTpOB JABUTraTeNs, U
IIapaMeTpoB PeKyIepaTopa.

B pabote mpuBeneHbI pe3yNbTaThl TAKOH KOMIUIGKCHOH ONTHMM3AILMHM MapaMeTpoB pabouero
mporecca  ra3oTypOMHHOrO — JIBUTaTeNiss cO  CBOOOJHOM TypOMHOH M peKymepaTtopoM,
YCTaHOBJICHHBIM 3a HEH (TeMIepaTypsl raza mepes TypOHHOH M CyMMapHOH CTCNCHH IOBBIIICHUS
JIaBJICHHSA) W MapaMeTpoB pekynepatopa (cTeneHu perenepanuu) 1o 3ddextusHomy KITJ
JIBHTaTeNsl, a TaKKe [0 KPUTEPUIO OLIEHKM JBUIaTellsl B CHUCTEME JIETATEeIbHOIO ammapara —
3aTpaTaM TOIUIMBA HA TOHHA-KHJIOMETP MEPEBO3UMON KOMMEPUECKON HArpy3KH, yIUTHIBAIONINM H
yIydyIIEHHE TOIUIMBHOM SKOHOMUYHOCTH M YBEJIMYEHHE MACChl IBUTaTels 3a CUET YCTaHOBKH
pekyrneparopa.

Tloka3aHo, 4YTO ONTUMAaJbHBIC 3HAueHUs CTeneHW mnosbiueHus napaeHus [T CT ¢
pexynepatopom (I'TZ] CTp) B 2-3 pasa menbiie, ueM y ['TI CT Ge3 pekymeparopa mpu
noBbiieHnn 3¢ ¢extuBroro KIIJ{ nsurarens Ha 10%, U ynydmieHHH 3aTpaT TOIUIMBA HA TOHHA-
xunomerp Ha 20...25%.
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Optimization of working process parameters for helicopter turboshaft engines with heat
recovery
Omar H.H.O., Kuzmichev V.S., Tkachenko A.Yu.
Samara University, Samara, Russia

Gas turbine engines running on the Brighton cycle have large energy losses. These losses in the
form of heat energy released into the environment can exceed 60-70%. One of the ways to increase
the efficiency of gas turbine engines is to install recuperator for recovery the heat energy of gases
coming out of the engine.

The utilization of a recuperator in an aircraft engine makes it possible to reduce the specific fuel
consumption. However, the technical implementation of such a thermodynamic cycle is associated
with the complexity of the design, increasing the weight and dimensions of the engine due to the
installation of a heat exchanger. Thus, it is necessary to take into account the thermal efficiency and
the mass characteristics during the design of an aviation turboshaft engine with a recuperator since
these factors have the opposite influence on the efficiency of the aviation power plant.

Increasing the efficiency of aviation power plant with such an engine can be achieved by
simultaneously optimizing both the engine parameters and the recuperator parameters.

The paper presents the results of complex optimization of parameters of working process of gas
turbine engine with power turbine and heat exchanger (the gas temperature and the total
compressor pressure ratio) and parameters of the heat exchanger (heat exchanger effectiveness) for
the effective efficiency of the engine, as well as, the criteria of evaluation of the engine system of
the aircraft (the cost of fuel per ton-kilometer of payload transported) takes into account both
improved fuel economy and increased engine weight due to the installation of the heat exchanger.

It is shown that the optimal values of pressure ratio of turbo-shaft engine with recuperator 2-3
times less than turbo-shaft engine without recuperator with increasing effective efficiency of the
engine by 10%, and improving the cost of fuel per ton-kilometer of payload transported by
20...25%.

OnTuMHU3anus CHCTEMbI YIPaBJIeHUs NOTPAHHYHBIM CJI0eM MJI0CKOI0 CBEPX3BYKOBOI0
nuddyzopa npsIMOTOUHOI0 ABUTATEIs
TTaBnoB K.A., SIkoBiieB A.A.
MAM, r. Mocksa, Poccust

B HacTosIee BpeMs BO3pacTaeT MHTEpeC pa3paboTUNKOB OCCIHIOTHBIX JI€TAaTEIbHBIX allllapaToB
¥ aBHAIIMOHHOTO BOOPYKCHHS K CO3JAaHMIO KOMOWHHPOBAaHHBIX CHJIOBBIX YCTaHOBOK [
THOBBIILICHNS JAJBHOCTH M CKOPOCTH TOJieTa paspabaTeiBaeMbIx u3aenuil. CymiecTByeT Oolbiioe
KOJIMYECTBO KOMIIOHOBOK KOMOWHHPOBAHHBIX JBHTaTelei, HEKOTOpPbIE M3 HHUX YXE YCIICLIHO
VHTETPHPOBAHbl B JIEHCTBYIOIINE JieTaTeldbHBIC AammapaThl, APYrHe — HAXOAATCS HAa CTafguH
0TpabOTKHU.

OIHHMM M3 OCHOBHBIX Y3JI0B KOMOMHHPOBAHHOIO NPSIMOTOYHOTO JBMIaTellsl SIBIAETCS BXOIHOM
1 dy30p, ONTEMH3AINS TapaMETPOB KOTOPOTO OKA3bIBAET CYIICCTBEHHOE BIMSHUE HA TATOBBIC
XapaKTePUCTUKN CHIIOBOM YCTAaHOBKM B IeloM. B mpomecce mccienoBanHus ObUI paccMOTpEH
IUIOCKHI CBEPX3BYKOBOH B03/1yx03a00pHUK (B3) moadro3eismkHOro pacronoxeHus JUisi pakeTHO-
MpSIMOTOYHOTO JBurareins Ha TBepaoM tomuse (PIIAT). Pacyer xapakTepucTuk ObLT MPOM3BEICH
C HCIOJIb30BaHUEM IIPOrpaMMHOro KoMiuiekca Ansys Fluent mis cxopocreii nonera 1,8<Mn<2,5 B
TPEeXMEpPHOH IOCTAaHOBKE, a pe3yJbTaTbl MOJEIMPOBAHHSA COOTBETCTBYIOT —IPOBEICHHBIM
9KCIIEPHMEHTaM B a3pOJHMHAMHIECKOH Tpyoe.

B KauecTBe OCHOBHO# CXeMbI ynpaBiieHus norpaHnaHbM cioeM (I1C) ucronb3yercs mienb ciausa
B ropie B3. OmnperneneHo BaMsSHUE OTHOCUTENbHON Momaay 