CAMOJIETOCTPOEHWE

VIIK 629.01

HA IIYTU K CUCTEMHOM UH)XEHEPUU
B OTEUECTBEHHOHN ABUAIITMOHHOW OTPACJIN

H.I'Bynwvxoe, ookm. ¢us.-mamem. nayx, A.F0.baoanos;
P.A.Pvizeanoe (OI'VII «[[ATH um. npogp. H.E. JKyrxosckozo)

E-mail: nbunkov@mail.ru

ITokazan nepexon OTEUYECTBCHHOM aBI/IaLII/IOHHOI\/'I OTpaciivi OT IPUMCHCHUSA CALS Texnonorui
K MPUMCHCHUIO MPAKTUK CHUCTEMHOM HUHKCHECPUU.

KuaroueBnie cjioBa: CALS TexHOJIOTHH, CHCTEMHAS HHKECHEPHsI, YPOBHH TOTOBHOCTH TE€XHO-
JIOTHH.

ON ROUTE TO SYSTEMS ENGINEERING IN NATIONAL AVIATION INDUSTRY.
N.G.Bunkov, Dr.Phys-Mathem.Sc; A.Yu.Badanov, R.A.Ryzvanov.

Transfer from CALS technology to systems engineering practices in national aviation in-
dustry is shown.

Keywords: CALS-technology, systems engineering, technology readiness level.



2 ABunaumoHHas npombiwisieHHocTb Ne 1-4 — 2020 r.

VIK 623.4.017, 629.039.58

TEIIJIOBOW PEXKUM

®YHKIIMOHUPOBAHUSA TPAHC®OPMATOPHOI'O
BBIITPSIMUTEJBHOI'O YCTPONUCTBA

BJINKHE-, CPEJHEMATMCTPAJIBHOI'O CAMOJIETA

C.M.Mycun, ookm. mexu. nayk;, B.A.Kanuii, 0okm. mexH. HayK;
C.A.Bacunves, kano. mexu. Hayk, A.B.Pe3nuuenko,

A.C.Ilynakos (AO «YAIIO»); 3.0.Anekcees, kano. mexu. HayK
(@unuan BYHL] BBC «BBA um. H.E. JKykoeckoeo u FO.A. I'acapunay)

E-mail: smusin@tdhc.ru -

PaccmoTpens! pe3ysbTaThl TEMJIOBOTO pacdeTa U SKCIepUMEHTANIbHBIE JaHHBIE OTBITHBIX 00-
pas3noB BEINPSIMUTENLHOTO yeTpoiicTBa TBY-9K nipu pabGoTe B BEICOTHOM pexrMe (OXJIaKIeHUEe
3a00pTHBIM BO3/IyXOM C OTPHUIIATEIHHON TeMIIepaTypoil U MOHMKEHHBIM JTaBICHHEM).

Ki1roueBble cji0Ba: NCTOUHUKH BTOPUYHOTO HJICKTPONUTAHMS, BBIIPSIMHUTEIbHBIC YCTPOUCT-
Ba, TPaHC(OPMATOPHBIE BHIPSIMUTEIIBHBIC YCTPOMCTBA, TPeoOpa3oBaTesin AIEKTPOIHEPTHH.

HEAT MODE OF FUNCTIONING OF THE TRANSFORMER RECTIFIER OF A NEAR, MIDDLE
AIRCRAFT. S.M.Musin, Dr.Techn.Sc, V.A.Kaliy, Dr.Techn.Sc; S.A.Vasiliev, Cand.Techn.Sc;,
A.V.Reznichenko; A.S.Shchupakov, E.O.Alekseev, Cand.Techn.Sc.

Discusses the results of thermal calculation and experimental data of prototypes of the rec-
tifier device TVU-9K when operating in high-altitude mode (cooling with outside air with nega-
tive temperature and low pressure).

Keywords: secondary power sources, rectifier devices, transformer rectifier devices, electric
power converters.



CAMOJIETOCTPOEHME

VIK 629.7 07

AHAJIN3 BIIUAHUA XAPAKTEPUCTHUK
I'MITEP3BYKOBOI'O CAMOJIETA HA OIITUMAJIBHBIE
INPOI'PAMMBI YITPABJIEHUA U TPAEKTOPUU

NP HABOPE BbICOTbI

B.JI.banakun, ookm. mexu. nayk, M.M.Kpukynoe, xano. mexu. nayx
(Camapcruti HaYUOHATBHBII UCCTE008AMENbCKUL
yhusepcumem umenu axademura C.I1. Koponesa)

E-mail: krikunov.mm@ssau.ru

HpI/IBe[[eHI:I PE3YJIbTAaThl aHaJIM3a ONTUMAJIbHBIX MPOTpaMM YIIPpABJICHUA U TpaeKTOpI/Iﬁ JABH-
JKCHUA IpUu Ha6ope BBICOTBI THUIICP3BYKOBOTO CaMOJI€Ta B 3aBUCUMOCTU OT ABYX IMPOCKTHBIX
napamMeTpoB — HavaJabHON MacChl U HaYyallbHOMU TATOBOOPYKCHHOCTH.

KuroueBble cjioBa: TUIIEP3BYKOBOI caMOJIET, HAOOP BHICOTHI, Pa3TOH, IPOTpaMMa yIjia aTaKH,
OINITUMAJIBHOC YIIPpaBJICHHUE, MUHMUMYM MAacCChbl TOIIJIMBA, METO/ IIPUHIIUIIAa MAKCUMYMaA.

CHARACTERISTICS OF HYPERSONIC VEHICLE AND THEIR INFLUENCE ON OPTIMAL
CONTROL PROGRAMS AND FLIGHT PATHS IN CLIMB. V.L.Balakin, Dr.Techn.Sc;
M. M. Krikunov, Cand.Techn.Sc.

The research represents results of the analysis of optimal control programs and motion trajec-
tories for hypersonic aircraft climb depending on two design parameters (initial total mass and
initial thrust-to-weight ratio).

Keywords: hypersonic vehicle, climb, acceleration, angle-of- attack schedule, optimal cont-
rol, fuel mass minimum, maximum principle method, initial mass, initial thrust-to-weight ratio.
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VIIK 621.45.01

OIIEHKA PEAJIM3YEMOCTH TPEBOBAHUN
TAKTUKO-TEXHUYECKOI'O 3AJJAHUSA HA PABPABOTKY
CAMOJIETA U EI'O CUJIOBOM YCTAHOBKH

E.C.Ianownuxoe (1140 «Tynonesy);
A.H.Anopeyos (YBII MO P®, Mockogckuil asuayuoHHblil
uncmumym (HAYUOHATbHBIU UCCIe008AMENbCKULL YHUBEPCUMENT))

E-mail: Essh91@mail.ru

PaccmoTpen moaxozn 1mo KOJIWYeCTBEHHOM OLIEHKE PeaTn3yeMOCTH TPeOOBaHUM TaAKTUKO-TEX-
HUYECKOTO 33/IaHMs Ha HAYaJIbHOM 3TaIre MPOeKTHPOBAHNS.

KiioueBble ciioBa: aBHAIIMOHHBIM KOMIUIEKC, CHJIOBAas YCTaHOBKA, ClydaiiHas BEJIMYMHA,
BEPOSITHOCTb, METO/BI OLIGHKU YPOBHSI PHCKA, SCKU3HO-TEXHUYECKHH MPOCKT, peann3yeMocCTh
TpeOOBaHMIA.

EVALUATION OF THE FEASIBILITY OF THE REQUIREMENTS OF THE TACTICAL AND
TECHNICAL TASK FOR THE DEVELOPMENT OF THE AIRCRAFT AND ITS POWER PLANT.
E.S.Shaposhnikov,; A.N.Andretsov.

The article considers an approach to quantify the feasibility of the requirements of the tac-
tical and technical task at the initial stage of design.

Keywords: aircraft, power plant, random variable, probability, methods for assessing the
level of risk, draft and technical design, feasibility of requirements.



CAMOJIETOCTPOEHME

VIK 629.73

NPOEKTUPOBAHUE U ®OPMUPOBAHUE OBJIUKA
MATI'UCTPAJIBHOI'O BO3YIHHOI'O CYJIHA

A.A.T'opoynoe, kano. mexu. nayx;, A./l.Ilpunaduee, ooxm. mexu. Hayk
(Openbypeckuii cocyoapcmeeHHblll YHUBEPCUMENt)

E-mail: gorbynovaleks@mail.ru; apripadchev@mail.ru

[IpensoxeHn HOBBIN MOAXOM K NPOESKTUPOBAHUIO M (POPMUPOBAHUIO 00JIMKA MAarkCTPaIbHOTO
BO3JYLIHOTO Cy/IHA, TO3BOJIIOLINX JIEIaTh BBIOOP COCTaBa pallMOHAIbHBIX IPOCKTHO-KOHCTPYK-
TOPCKHX NaPaMETPOB Ha PAHHUX CTAUSX U 3Talax MPOeKTUPoBaHMs. Takoi Moaxoa OCHOBAaH Ha
BBICOKOTOYHBIX METOJaX MOJAEIUPOBAHHUS, KOPPEIUPYIOUIMX C (PU3NIECKUM IKCIIEPUMEHTOM.

KiroueBble cjioBa: BO3AyIIHOE CYAHO, BBIOOD MapaMeTpoB, GopMasibHas MOJEIb, BEKTOD
napamMeTpoB, MHOTOMTapaMeTPUIEeCKUI MOAXO0]l, MOAICIHPOBAaHHE, 3aKOHIIOBKA, (PU3UUECKUHN IKC-
MIEPUMEHT.

DESIGNING AND FORMING SHAPE OF THE MAIN AIRCRAFT.
A.A.Gorbunov, Cand.Techn.Sc; A.D.Pripadchev, Dr.Techn.Sc.

The authors propose a new approach to designing and formation of the main aircraft shape.
This approach enables selection of the composition of rational design and engineering parameters
at early design stages. It is based on high-precision modeling techniques that correlate with the
physical experiment.

Keywords: aircraft, choice of parameters, formal model, vector of parameters, multi-para-
meter approach, modeling, winglet, physical experiment.



AOBUTATEJIECTPOEHWE

YIK 621.454.3.038.74

PACYHET NPOYHOCTHU CHEIVIEHUSA ITOKPBITUSA

N3 KAPBOHUTPUIA TUTAHA C METAJUVIMYECKUM
MATEPUAJIOM OCHOBBI ITPU NIPOEKTUPOBAHUHA
MNOAIINUITHUKA PEAYKTOPA JIBUTATEJIA 11/1-14

M.B.Cunysanosa, ooxm. mexu. nayx, A.O.@epmuros (Mockosckuii
asuayuoHHwlll uncmumym (HAyUOHATbHBIL UCCTIE008aMENbCKULL YHUBEPCUMENT))

E-mail: dc2mati@yandex.ru

Pa3pa60TaH AHATUTHYCCKHUI MCTOA IMPOTHO3UPOBAHUS ITPOYHOCTHU CLCINICHUA KEPAMUYCCKUX
HOKpLITI/Iﬁ C MCTAJUVIMYCCKHUM MAaTCpUajioM OCHOBEI, KOTOpLIfI YUUTBIBACT H.II/IpOKI/Iﬁ CIICKTP (I)aK—
TOPOB, OKa3bIBAOMUX BJIUAHNUEC HA NPOYHOCTH CLCIUICHU.

KiarwueBblie cjioBa: IMOKPBITHA, CHCIUICHHUEC IMOKPBITUA, TUTAHOBBIC IMOKPLITHUA, KEpaMoMar-
PUYHBIC TTOKPBITHA, KEPAMOMATPUYHBIC KOMIIO3UTHI, IMOAUIMITHUKKN CKOJIBXKCHHA, Kap6OHI/ITpI/II[
THUTaHa.

CALCULATING THE STRENGTH OF COUPLINGS OF COATINGS WITH THE MATERIAL
OF THE BASIS. M.V.Siluyanova, Dr.Techn.Sc; A.O.Fertikov.

An analytical method has been developed for predicting the adhesion strength of ceramic
coatings with on metal materials, which takes into account a wide range of factors affecting the
adhesion strength.

Keywords: coatings, titanium coatings, ceramic coating, ceramic composites, plain bearings,
titanium carbonitride.



OBUTATENECTPOEHUE

VIK 62-681; 536-245

BEPUOUKAIIUA METOIUKH
ABTOMATU3UPOBAHHOI'O ITPOEKTUPOBAHUA U
PACUETA IIJIACTUHYATOI'O TEIINIOOBMEHHUMKA MI'T/{

C.C.Pemuykos (L[UAM um. I1.1. bapanosa),
H.JIL Apocnasuyes, kano. mexn. nayk (Mockoeckull asuayuormbill uHCMumym
(Hayuonanvhwiil ucciedo8amenbCKuil YHUSEPCUment))

E-mail: remchukov.sviatoslav@yandex.ru; yarslavcevnl@mati.ru

HpOBeHeHa BepI/I(i)I/IKaI_II/IH MCTOAWKHU AaBTOMATU3UPOBAHHOI'O IPOCKTUPOBAHUA U paCUCTa TCII-
J000MEHHHUKA AJIs1 MaJIoOpasMEpHOTO Fa30Typ6I/IHHOl"0 JABUTaTCIIA. VYcTaHoBIeHA OMHU3Kast CXOoau-
MOCTb PE3YJIbTATOB, IMMOJTYYCHHBIX C IMOMOIIBIO paCCMOTpCHHOﬁ MCTOAHKHU, C SKCIICPUMCHTAJIb-
HBIMH JaHHBIMH.

KuroueBble ¢/ji0oBa: TUTACTHHYATHIA TETNIOOOMEHHHUK, aBTOMATH3MPOBAHHOE MMPOEKTHPOBAHHE
U pacuet, BepuHUKaius METOIUKH.

VERIFICATION OF COMPUTER-AIDED DESIGN AND CALCULATION OF PLATE HEAT
EXCHANGER SGTE METHODOLOGY. S.S.Remchukov; N.L.Yaroslavtshev, Cand.Techn.Sc.

Verification of the methodology of computer-aided design and calculation of the heat ex-
changer for a small-sized gas turbine engine was carried out. Close convergence of the results
obtained using of the considered methodology with experimental data is revealed.

Keywords: plate heat exchanger, computer-aided design and calculation, verification of
methodology.
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VIK 621.458

MATEMATHUYECKOE MOJAEJVUPOBAHUE
KOMBUHUPOBAHHOUN CUJIOBOM YCTAHOBKHU

A.H.I'pynun; M.B.Cunysanosa, ooxm. mexu. nayx (Mockoseckuil
asuayuonnwiii uncmumym (HayuonansHolil ucciedosamenvckuil yHuepcument))

E-mail: grunin.anton@mail.ru

PaccmoTpen BoIpoc MareMaTrHieckoro MOAEIMPOBAaHHMS KOMOMHMPOBAHHOH CHIIOBOH ycTa-
HOBKH TypOONPsIMOTOYHOIO TUIA ¢ 001el (PopcakHO-IPIMOTOYHON KaMepOil CropaHus U KOak-
CHAJIbHBIM PACHOJIOKEHHEM IPSIMOTOYHOTO M I'a30TypOMHHOIO KOHTYpoB. PazpaboranHas Mo-
nens ¢ynkauonuposanus KCY mosBosnsieT onpenessiaTe Kak BHYTPEHHHE, Tak U 3(EKTHBHBIC
TSITOBO-3KOHOMHYECKUE XaPAKTEPUCTUKH U IIPOBOJUTD IIOMCKOBbIE UCCIIEJOBAHUS CUIIOBOH yCTa-
HOBKH Ha 3Tarie (pOPMUPOBAHUS IPOCKTHBIX NAPAMETPOB BHICOKOCKOPOCTHBIX JIA.

KuroueBble cJI0Ba: TUIICP3BYKOBOM JICTATENIbHBIN arlapar, KOMOMHUPOBAHHAsI CUJIOBAsl yCTa-
HOBKa, BXOJIHOE YCTPOUCTBO, (hopcakHO-MPSIMOTOUHASI Kamepa cropaHust, 3 (HeKTUBHBIC XapaKTe-
PUCTUKH, TPIMOTOUYHBIA KOHTYp, YyuciIo Maxa.

MATHEMATICAL MODELING OF COMBINED PROPULSION SYSTEM. A.N.Grunin;
M.V Siluyanova, Dr.Techn.Sc.

The article discusses the issue of mathematical modeling of combined propulsion system with
a common afterburner and a coaxial arrangement of the direct-flow and gas turbine circuits. The
developed model of the combined propulsion system makes it possible to determine both internal
and effective traction and economic characteristics and to carry out exploratory studies of the
propulsion system at the stage of forming the design parameters of hypersonic aircraft.

Keywords: hypersonic aircraft, mathematical modeling, combined propulsion system, intake,
afterburner, effective characteristics, ramjet, Mach number.



BOIMNMPOCbHLI TEXHOJIOTINK

YK 67.05:672.1

MOATOTOBKA [H®POBBLIX MOAEJEl UMUTALIUA
OBJEJEHEHUS ADPOJIMHAMMYECKHAX MMOBEPXHOCTEM
CAMOJIETOB JJISI U3TOTOBJEHMS C UCHOJIb30BAHUEM
AJUTMTUBHOM SLA-TEXHOJIOTUH

B./l.Bepmens, ooxm. mexu. nayk, A.B.Jlesuukuii;

II.M.Huxkonaee, ookm. mexu. nayk;, A.A.Huxynenuxo, A.O.Illapoun,

A.A.FOcmyc (OI'VII «[JAT'H umenu npog. H.E. JKykosckoeor);

A.B.Ezopos, kano. mexu. nayk (MI'TY um. H.D. Baymana),

B.B.Buyx (UIIJIUT PAH — ¢punuan ®HUI] « Kpucmannoepagpus u pomonurxay» PAH)

E-mail: npk@tsagi.ru

PaccmoTpenbl BOonpockl pa3paboTKH M U3TOTOBICHHUS UMUTATOPOB OOJICICHEHUST HA adpOJIu-
HAMHYECKUX MOJESIX camoyieToB. [loka3zaHa Iienecoo0pa3HOCTh MPUMEHEHHs MOJUMEPHBIX
MaTepHalioB JUIsl MOJICJIIMPOBAHUS JbJa C KCIOJNB30BAaHHEM JIa3epHOU cTepeonurorpadun
(SLA-texnomorun). [IpuBeneno onucanue pa3paboTaHHON KOHCTPYKITUH HAKIIAI0OK, HMUTHPYIO-
nmx obneeHenue. [IpeacrariieH alropuTM MOCTPOCHUS MATEMATHYECKOM MOJICITH TIOBEPXHOCTH
JbJIA C XapaKTePHOH IIEPOXOBATOCTHIO.

KuroueBble ci10Ba: JieTaTelIbHBIN armapar, o0JIeZICHeHUe, cTepeosinTorpadus, MaTeMaTuie-
CKasi MOJIeJb, a3POJIMHAMHUYECKAsi MOJIEIIb.

PREPARATION OF DIGITAL MODELS FOR SIMULATING ICING OF AIRCRAFT AERODYNAMIC
SURFACES FOR MANUFACTURING USING ADDITIVE SLA-TECHNOLOGY.

V.D.Vermel, Dr.Techn.Sc; A.V.Levitskiy;, P.M.Nikolaev, Dr.Techn.Sc, A.A.Nikulenko;
A.O.Shardin; A.A.Yustus, A.V.Egorov, Cand.Techn.Sc; V.V.Vnuk.

The issues of the development and manufacture of icing imitators on aecrodynamic models of
aircraft are considered. The expediency of using polymer materials for ice modeling by using
laser stereolithography (SLA-technology) is shown. The description of the developed design of
the overhead plates that imitate icing is given. An algorithm for creation an ice surface mathe-
matical model with a specific roughness is presented.

Keywords: aircraft, icing, stereolithography, mathematical model, aerodynamic model.
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VYIK 629.73.015.4 (539.4)

UCIIBITAHUSI HA MTPOYHOCTH KOHCTPYKIIUN JIA,
HAIIEYATAHHBIX METOAOM BBIBOPOYHOI'O
JIABEPHOI'O CIIEKAHUA

AL Bopowunun; A.B.Topnaues, kano. mexu. HayK
(Mockosckuii asuayuonnsiii uncmumym (HAYUOHAIbHbIU
uUcc1e008amenbCKull VHUBepCument))

E-mail: stk1996@mail.ru

PaCCMOTpeHH CHOCO6BI, MMO3BOJIAIOIIUC YIIPOCTUTDH IMPOBCACHUC HWCIBITAHUN Ha MMPOYHOCTH
KOHCTI)YKLII/Iﬁ .HA, HarcdyaTaHHbIX MCTOJ0M BBI60pO‘IHOl"0 JIa3CPHOTO CIICKaHMUH. HpI/IBeZ[CHBI
0COOEHHOCTHU NPUMCHCHHUSA METOAUK HCIBITAHUI I/ISJICJ'II/If/'I paKeTHO—KOCMH‘lGCKOﬁ TCXHUKH, U3-
TOTOBJICHHBIX C IMTOMOIIBIO aAJUTUBHBIX TCXHOJIOT Hil.

KuroueBble ¢JjioBa: BEIOOPOYHOE JTA3epHOE CIICKAaHUE, aJIUTUBHBIC TEXHOIOTHH, 3D meuars,
MaTeMaTUYECKOE MOJICITUPOBAHUE, OOCCIICUCHHE TIPOYHOCTH, UCTIBITAHMUS.

STRENGTH TESTS OF AIRCRAFT STRUCTURES PRINTED BY SELECTIVE LASER SINTERING.
A.P. Voroshilin; A.V.Torpachev, Cand.Techn.Sc.

Methods that allow simplifying the strength testing of aircraft structures printed by selective
laser sintering are considered. Features of application of methods of tests of products of aero-
space equipment made by means of additive technologies are given.

Keywords: sclective laser sintering, additive technologies, 3D printing, mathematical mode-
ling, strength assurance, testing.

VK 536.24

OIPEJAEJEHUE ONNTUMAJBHOIO
MEKOMEPALIMOHHOIO MPUITYCKA
JUISI MUHUMM3ALIAU 3AKAJIOYHBIX JTE®OPMALIUI

A.C.Bauypun (OO0 «Dnepeosanacy); H.A.Povineau, kano. mexm. HayK;
H.B.Kypnaes, ooxm. mexu. nayx (Hosocubupckuti 20cyoapcmeeHublil
MexXHUYecKull YHugepcument)

E-mail: ryngach@corp.nstu.ru

Hccnenyercst BAMsSHAE BEIUYMHBI IIPUITYCKa, OCTABISIEMOT0 HEPe/l 3aKalKo! JUlsl HOCIeIyI0-
el MeXaHUUeCKo 00pabOTKH, HA TEXHOJOTMYECKYIO0 HACIICACTBEHHOCTh. [IpeayiokeH HOBBII
ImoKasareiib, CHI/I)KaIOIlII/II‘/'I BCJIIMYUHY ITOBOJIOK KaK 3aroTOBKH ITOCJIC 3aKaJIKU, TaK U ACTAJIN IIOC-
Jie MEXaHMUYECKOH 00paboTKH.

KuioueBble cjioBa: MeXONEparlMOHHBIN MIPUITYCK, TePMUUECKas 00pabOTKa, MeXaHHIeCcKast
o0OpaboTka.



BONPOCbI TEXHOJIOIMA

11

DETERMINATION OF THE OPTIMAL MACHINING ALLOWANCE FOR MINIMIZING QUENCHING
DEFORMATIONS. A.S.Bachurin; N.A.Ryngach, Cand.Techn.Sc;, N.V.Kurlaev, Dr.Techn.Sc.

The influence of allowance value on residual hardening stresses is researched. A new indicator

is proposed to compare the effect of different values of the interoperative allowance for harde-

ning on the workpiece leashes. The results of the change in the value of the allowance in the tech-

nological process of production of large-sized parts of modern civil interregional aircraft using
the new indicator proposed by the authors are presented.

Keywords: machining allowance, heat treatment, machining.

YIK 629.7

KPYIIHOPASMEPHBIE ITOJTYMOJAEJIN

JJIAA UCCIIEJOBAHUSA OBTEKAHUSA U OTPABOTKU
AIPOIUHAMHNYECKHUX KOMIIOHOBOK
I'PAXKKIJAHCKUX CAMOJIETOB

B./l.Bepmens, ooxm. mexu. nayx, A.H.Kazumupoea, A.B./lesuukuii;
H.JI. Yepuvtues, xano. mexu. nayx;, A.O.Illlapoun
(@I'VII «[JAT'H um. npogh. H.E. JKykoeckoeoy)

E-mail: vermel@ tsagi.ru, npk@ tsagi.ru

PaccmoTrpens! HampaBieHUs SKCIEPUMEHTAIBHBIX HCCIeIOBAHUN XapaKTePUCTHUK adpOoIuHa-
MHYECKUX KOMIIOHOBOK MaruCTPaJIbHBIX CaMOJIETOB. Takne uccaeioBaHus IPOBOISTCS C IIPUMe-
HEHUEM KPYITHOpPa3MEPHBIX MOyMOIeel B TpaHC3BYKoBo# Tpybe T-128. /lano onmcanne KoH-
CTPYKIIMM W TEXHOJOTUH HM3TOTOBIIEHUS KPYITHOPAa3MEPHBIX a’POJUHAMHYECKUX IMOIYyMOJENen
JUTSE TPYOHBIX MCIIBITAHUH.

KiioueBble ciioBa: AOPOANHAMHUYCCKUC UCCICAOBAHUSA, YUCIIO PeﬁHOJ’IBI{C&, KpyImHOpa3mMep-
Has ad3poJAMHAMUYCCKas MOJYMO/ACI/Ib, KOHCTPYKIUS, TCXHOJIOT U U3TOTOBJICHHA.

LARGE-SCALE HALF-MODELS FOR FLOW RESEARCH AND DEVELOPMENT
OF AERODYNAMIC CONFIGURATIONS OF CIVIL AIRCRAFT. V.D.Vermel, Dr.Techn.Sc,
A.N.Kazimirova, A.V.Levitsky; I.L.Chernyshev, Cand.Techn.Sc, A.O.Shardin.

The paper considers experimental research directions aimed at investigating characteristics
of the long-range aircraft aerodynamic configurations. The study was carried out with the use of
largescale half-models in the T-128 transsonic wind tunnel. A description of the design and manu-
facturing technology of largescale aerodynamic half-models for wind tunnel tests is given.

Keywords: acrodynamic research, Reynolds number, largescale aerodynamic half-model,
design, manufacturing technology.



MATEPUATIBI N METATNNYPTUNA

YIK 621.3

BJIUAHUE TEXHOJTOI'MYECKUX ITAPAMETPOB
IMOTOKOB I'A30-METAJUVIMYECKOM IJIA3MBI

HA MPOLHECC ®OPMHUPOBAHUA IOBEPXHOCTHOI'O
KOMITIO3UTA METAJIJI-TITIOKPBITHUE ITPHU UX B3AUMO-
JIEUCTBHUU C OBPABATBIBAEMOM ITOBEPXHOCTBIO

JI.M.Ilempos, ooxm. mexu. nayx, A.H.CmupHnosa, xano. mexH. HayK,
B./l.Ceménoe (OAO «Hayuonanouwiii uncmumym aguayuOHHbIX MEXHOLOUNY ),
K.B.I'puzoposuu, akao. PAH; I.C.Cnpbleun, Kano. mexH. HayK

(Mucmumym memannypeuu u mamepuanogeoenus um. A.A. bavixosa PAH)

E-mail: info@niat.ru; grigorovichkv@gmail.com

HccenenoBano BIMSHUE TEXHOJOTHMYECKHX MapaMeTPOB ra30-MEeTaJUIMYECKOrO MIa3MEHHOTO
MOTOKa Ha MPOIECC B3aMMOJICHCTBHUSI C 00padaThIBACMON MOBEPXHOCTBIO KOHCTPYKIIHOHHBIX
METAUIMYECKUX MarepuayioB. [lokazaHo, 4TO JSHEPreTHUECKOE B3aWMOJICHCTBHE ILTa3MEHHBIX
ITOTOKOB ¢ 00pabaThIBaeMOM IMOBEPXHOCTHIO SBIISICTCS OCHOBHBIM (DaKTOPOM, OIPEHCIISIONTAM
s pexTuBHOCTE AU GY3NOHHBIX TPOIECCOB M WX BIUSHUE Ha (DOPMHpOBAHHE CTPYKTYPHI U
CBOWCTB KOMITO3UIIMOHHOTO TIOBEPXHOCTHOTO CJIOSL.

KuroueBble c10Ba: KOHCTPYKIMOHHBIE METANINYECKUE MaTepHabl, yIPOUHSIOIas TOBEPX-
HOCTHAas BaKyyMHasi HOHHO-TUTa3MeHHasi 00paboTKa, I1a3Ma, aproH, a3oT, BAKyyM, TIOBEPXHOCTb,
SHEPIreTUYECKOE COCTOSHUE MIOBEPXHOCTHOIO CJI0sl, MUKPOTBEPAOCTb, IOCIONHBIN XUMUYECKUN
COCTaB, KOMIIO3UIIMOHHBII IIOBEPXHOCTHBIN CIIOM.

INFLUENCE OF TECHNOLOGICAL PARAMETERS OF GAS-METAL PLASMA FLOWS
ON THE PROCESS OF FORMING A METAL—COATING SURFACE COMPOSITE DURING
THEIR INTERACTION WITH THE TREATED SURFACE. L.M.Petrov, Dr.Techn.Sc,
A.N.Smirnova, Cand.Techn.Sc; V.D.Semionov; K.V.Grigorovich, Acad. of RAS;
G.S.Sprygin, Cand.Techn.Sc.

The influence of technological parameters of the gas-metal plasma flow on the process of
interaction with the treated surface of structural metal materials is studied. It is shown that the
energy interaction of plasma flows with the treated surface is the main factor determining the effi-
ciency of diffusion processes and their influence on the formation of the structure and properties
of the composite surface layer.

Keywords: .structural metal materials, strengthening surface vacuum ion-plasma treatment,
plasma, argon, nitrogen, vacuum, composite surface layer.
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AHAJIN3 PUCKOB HA HAYAJIBHOM DTAIIE
MNPOEKTUPOBAHUSA ABUALIMOHHOMW TEXHUKHA

E.C.Ianownurkoe (1140 «Tynonesy);
A.H.Anopeyos (YBII MO P®, Mockosckuil a8uayuoHHbLi UHCTUIYM
(HayuoHanbHbIL UCCTIE008AMENLCKULL YHUBEPCUMENT))

E-mail: Essh91@mail.ru; 3212594@ mail.ru

O6ocHOBaHAa HEOOXOAMMOCTh OLICHKH PHCKOB CO3JaHUS aBUAIIMOHHOW TEXHUKH HA HAYallb-
HOM JTare MPOeKTUPOBAHUSI.

KiiroueBble cjioBa: aBHalMOHHAs TEXHUKA, HAaYaJlbHBIN 3Tal NPOECKTUPOBAHUS, peanu3ye-
MOCTb TPeOOBaHMH, OLIEHKA YPOBHS PHCKA.

RISK ANALYSIS AT THE INITIAL STAGE OF AIRCRAFT DESIGN. E.S.Shaposhnikov;
A.N.Andretsov.

The article considers the need to assess the risks of creating aviation equipment at the initial
stage of design.

Keywords: aviation technology, the initial design stage, feasibility of requirements, risk
assessment.
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3KCHEPUMEHTAJIbBHAS OIIEHKA YCTOMYUBOCTHU
IIJIOCKOI'O I'MBKOI'O CTEPKHA

B./I.Bepmens, ookm. mexu. nayx (@IVII «[[ATU um. npog. H.E. JKykoeckozo»),
A.B.Ezopoe, kano. mexu. nayk (MI'TY um. H.D. Baymana),

B.H.Ezopos, ooxm. mexn. hayk (OAO «Hayuonanvhulil uncmumym
ABUAYUOHHBIX TEXHOLOSUILY)

E-mail: antegorl77@mail.ru

DOKCIEepUMEHTAILHO HUCCIIeOBaHA YCTOWYMBOCTh LIEHTPAILHO CHKATBIX THOKHX CTEpyKHEH
ABYX THUIIOB: oe3 BbIpE3a U C MaJIbIM BbIPE30M, UMUTHUPYIOIIHUM JOITYCKA€MbIC TEXHOJIOTHUYCCKUEC
OTKJIOHCHUS. HpOBeZ[eHO CpaBHCHUEC SKCIIEPUMEHTAJIbLHO HElfIIlCHHBIX KPUTUYCCKHUX CHJI C KJlaC-
CUYECKOM critoil Diiyiepa 1 ¢ KOHEYHO-3JIEMEHTHBIM pacyeToM B mporpamMme LS-DYNA ¢ yuetom
HaYaJIbHBIX HECOBEPIICHCTB ()OPMBI CTEPIKHS.

Ku1roueBble cjioBa: SKCIIEpUMEHTAIbHASL OLEHKA YCTOHUYNBOCTH, INIOCKUI THOKUI CTEp)KEHb,
[oTepsl yCTOWYMBOCTH, KPUTHUECKUE HATPY3KH, pacyer.

EXPERIMENTAL ESTIMATION OF A FLAT FLEXIBLE BAR STABILITY.
V.D.Vermel, Dr.Techn.Sc;, A.V.Egorov, Cand.Techn.Sc; V.N.Egorov, Dr.Techn.Sc.

The paper experimentally investigates stability of axially loaded flexible bars of two types:
without a cut-out and with a small cut-out, imitating the permissible technological deviations.
The experimentally found critical forces are compared with the classical Euler force and with the
finite element calculation in the LS-DYNA program, taking into account the initial imperfections
of the bar shape.

Keywords: experimental assessment of stability, flat flexible bar, buckling, critical loads, cal-
culation.
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ONPEJEJEHUE ADPOJJUHAMMNYECKOHN HATPY3KH
JIJIS1 PASBPABOTKU KPYITHOMACIHITABHBIX MOJEJEM
JOINACTEHN HECYIIUX BEPTOJIETHBIX BUHTOB

10.10.Eeookumos; M.M.Epemun, HU.B.Tpugonos; A.B.Ycos
(@I'VII «[JAT'H um. npogh. H.E. JKykoeckoeo»)

E-mail: vermel@tsagi.ru, npk@ tsagi.ru

PaccMoTpeHO pacyeTHO-3KCIEPUMEHTAIBHOE OIpECICHUE adpOJMHAMHUECKON Harpy3Ku
Ha KPYIHOMACIITAOHbIE MOJICIH JIOTIACTEH HECYIIMX BEPTOJIETHBIX BUHTOB NMPU WX BpallleHHN
Ha BUHTOBOM IIPHOOpPE B TTOTOKE BO3AyXa B pabOYeH 4acTH adpOAMHAMHYECKON TPYOBI.

KiroueBble cjioBa: KpynmHOMacITabHas MOJIEINb JIOMACTH, HECYILIUI BUHT BEPTOJIETa, BUHTO-
BOH MpHOOp, adpoJMHAMHUYECKas Harpy3Ka, epepesbIBaolias Cuiia, N3rn0aronii MOMEHT.

DETERMINATION OF AERODYNAMIC LOADS FOR THE DEVELOPMENT OF LARGE-SIZE
MODELS OF HELICOPTER ROTOR BLADES. Yu. Yu.Evdokimov; M.M. Eremin;
LV.Trifonov; A.V.Usov.

The paper considers computational and experimental determination of the aerodynamic load
on large-scale models of helicopter rotor blades when they rotate on a rotor device in the air flow
in the working section of the wind tunnel.

Keywords: large-scale model of the blade, helicopter main rotor, aecrodynamic load, shear
force, bending moment.
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YIIPYT'O-ITIPOYHOCTHBIE XAPAKTEPUCTUKH
MOHOCJIOEB B KOMITIOSUIIMOHHOM MATEPHAIJIE
OBIINBOK KECCOHA KPBIJIA CAMOJIETA

A.U.Oneitnukos, 0okm. u3s.-mam. HaAyK
(@I'VII «[JAT'H um. npogh. H.E. JKykoeckoco»), T.A.Kyzemuna (MDPTH)

E-mail: tatyana.kuzmina@ phystech.edu

I[J'Iﬂ pacyeToB OOIIMBKH U3 CIOUCTHIX MNOJIMMCPHBIX KOMITO3UIIMOHHBIX MAaTcpuaioB (HKM)
Tpe6y}0T05[ YOpyro-mpo4HOCTHBIC XaPAKTCPUCTUKU €€ MOHOCJIOCB. B kauecTBe Takmx XapakTe-
PUCTUK ITPUHUMAKOTCA JAHHBIC HUCIBbITAaHUH COOTBCTCTBYIOLICTI'O OTACIIBHO 3alIOJIMMCPU3UPOBAH-
HOI'0 OAHOHAITPABJICHHOI'O JIMCTA. CBolicTBa TOrO JIHCTa CYHECTBCHHO OTIIMYAIOTCA OT XapaKTe-
PUCTUK MOHOCJIOCB 3alIOJIMMCPU3UPOBAHHBIX U pa6OTaIOH_II/IX BMECTC C COCCAHUMMU CJIOAMU pPa3-
HOM OpHUCHTAllUM B COCTABC KOMIIO3UIITMOHHOTI'O MTAaKETA. HpC,Z[CTaBJ'IeH MCTOA ONPCACIICHUA YIIPY-
TO-IPOYHOCTHBIX XaPAKTCPHUCTHUK MOHOCJIOCB B COCTABC IMAKETA. IToxazaHbl PE3yJbTaThbl IPHUME-
HCHUA NAHHOIO moAxoda IO pPe3yjibTaTaM IMPsAMbIX HUCIBITAHUI 06pa3u0B tiunoBeIx IIKM u3
HeTaHeﬁ—CBHﬂCTCHGﬁ OOIIMBKH. HpOBC,Z[CHO CpaBHCHUC PE3YJIbTATOB PACUYCTOB I10 JTOM METOOHU-
K€ U pE3yJIbTaTOB HUCIBITAHUI OHOHAITPABJICHHBIX KOMIIO3UTOB U MaTcpHrajia OOIIIMBOK.

KuroueBble cjioBa: MOHOCIOH, O0IIMBKA, yIPYTUe U IPOYHOCTHBIE XapaKTEPUCTUKH.

ELASTIC-STRENGTH CHARACTERISTICS OF PLIES IN COMPOSITE MATERIALS
OF AIRCRAFT WING BOX SKIN. A.I.Oleinikov, Dr.Phys.-Math.Sc, T.A.Kuzmina

Calculating of laminated polymer composite materials (PCM) requires elastic-strength cha-
racteristics of the plies. They are accepted as test data of the relevant polymerized unidirectional
sheet. However, the properties of such a sheet differ significantly from those of a ply in the
package. The reason that the ply is polymerized and worked with adjacent plies of different ori-
entations. The method to determine the elastic-strength characteristics of plies are presented.
Input data of this method are the results of direct tests of PCM from cover control samples.
The results of the application of this method to typical PCM are given. The calculation results
and the test data of unidirectional composite and skin are compared.

Keywords: ply, skin, elastic-strength characteristics.
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PACHETHASA OHEHKA BOCCTAHOBUTEJ/IBHOI'O
PEMOHTA CTPUHTEPHBIX MAHEJEM U3 ITKM
C HU3KOOHEPITETUYECKUMMU YIAPHBIMU
HOBPEKJIEHUAMU

B./l.Bepmens, ooxm. mexu. nayx, B.H.Ipuwiun, 0okm. mexun. Hayx;
10.10.Eeookumos;, B.B.3unsaee;, HU.H.Kauapasa, C.M.Haymos;
A.A.Hukynenko, C.A.Tumoe, xano. mexu. HayK,

B.U.By3ynyk, ooxm. mexn. nayx, JILJI.Uepnviuwes, kano. mexH. HayK;
B.H.Cemenos, ooxm. mexu. nayk (@I'VII «LJAT'H um. npogh. H.E. JXKykoeckozo»);
A.JO.Amnunozos, kano. mexu. nayx (I1AO «Kopnopayuss UPKYT»)

E-mail: npk@tsagi.ru

[IpemnoxkeH crmoco0 MPOEKTHPOBOYHOTO pacueTa BOCCTAHOBUTEIBHOTO PEMOHTA CTPUHTEp-
HBIX TTaHEeJIeH 0OIMBOK U3 MTOJIMMEPHBIX KOMITO3UITHOHHBIX MarepuaioB (IIKM) arperaros aBua-
[MOHHBIX KOHCTPYKIIMH, MTONYyYUBIINX HU3KOIHEPTeTUYECKHE YIapHbIe MOBpeXaAeHus. Pacuer
BbINONIHAETCS A1 naneneil u3 [IKM, umeromux MHOTOCJIOHHY0 OPTOTPONHYIO YKIIAIKY.

KiroueBble cjioBa: KOMITO3UIIMOHHBIC MaT€pHUaJibl, YIAPHBIC IMOBPCKACHNA, pPEMOHT, IIPOCK-
TI/IpOBO‘IHI)II\/'I pacyeT, METO4 KOHCUHBIX 3JICMCHTOB.

ESTIMATED CALCULATION OF POLYMERIC COMPOSITE MATERIAL STRINGER PANELS
REPAIR WITH LOW-ENERGY SHOCK DAMAGES. V.D.Vermel, Dr.Techn.Sc;

V.I.Grishin, Dr.Techn.Sc; Y.Y.Evdokimov, V.V.Zinyaev, I.N.Kacharava; S.M.Naumov,
A.A.Nikulenko; S.A.Titov, Cand.Techn.Sc; VI Buzuluk, Dr.Techn.Sc;,

L.L.Chernishev, Cand.Techn.Sc; V.N.Semenov, Dr.Techn.Sc;, A.Y.Ampilogov, Cand.Techn.Sc.

The design calculation method of stringer panel’s restoration repair of aircraft structural skins
with low-energy impact damages is proposed. The calculation is performed for panels made of
polymeric composite materials with multilayer orthotropic stacking.

Keywords: composite materials, impact damage, repair, design calculation, finite element
method.
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OILIEHKA BJIMSIHUSA TEXHOJOITMYECKOM
HACITEACTBEHHOCTHU HA COIIPOTUBJ/IEHHUE
YCTAJIOCTH JIEMEHTOB KOHCTPYKIIUM JIA

H.HU.Koeanes!; B.C.Epacog?, kanO. mexu. HAyK;

P.B.Bopoukoe !, kano. mexu. nayx, B./[.Bepmens !, ookm. mexu. nayx;
U.E.Koeaneeg !, ooxm. mexu. nayk, A.b.Kopnunoe!, kano. mexu. HayK;
C.B.I'naokoeckuit 3, 0o0km. mexH. HayK

I [JenmpanvHolii azpoeudpoounamuieckuil uncmumym umenu npod. H.E. JKykosckozo;
2 Bcepoccutickull HAy4HO-UCCAe008aMeNbCKULL UHCTUMYM A8UAYUOHHBIX MAMEPUALO8;
3 Unemumym mawunoseoenus YpO PAH

E-mail: Kovalev(@tsagi.ru

Hpezmoxceﬂ METO/ OLICHKHN HETAaTUBHOI'O BIIUMSHUA TEXHOJIOrNYECKOM HaCJICACTBCHHOCTH, CBsI-
3aHHOU C MpeaABAPUTCIIbHBIM IUIACTUYCCKUM PACTAKCHUCM MCETAJINIMYCCKOIO Marcepualia, Ha pe-
CypC aBHUAallMOHHBIX KOHCTPYKHHﬁ.

KuroueBble cj10Ba: mpeziesl BRIHOCIUBOCTH, MTPEIBAPUTEIbHbIE TUTACTHYECKHE edopMaItim,
pECYpCHBIE XapaKTEPUCTHKH.

ASSESSMENT OF THE INFLUENCE OF TECHNOLOGICAL HEREDITY ON THE FATIGUE
RESISTANCE OF AIRCRAFT STRUCTURAL ELEMENTS. N.I.Kovalev;

V.S.Erasov, Cand.Techn.Sc; R.V. Voronkov, Cand.Techn.Sc; V.D.Vermel, Dr.Techn.Sc;
LE.Kovalev, Dr.Techn.Sc;, A.B.Kornilov, Cand.Techn.Sc; S.V.Gladkovsky, Dr.Techn.Sc.

A method proposed for assessing the negative impact of technological heredity is associated
with preliminary plastic stretching of a metal material on the life of aircraft structures.

Keywords: limit endurance, preliminary plastic deformation, resource characteristics.
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MPUHIMIT KOPPEKIIMU HUKJINYECKUX MTPOTPAMM
HATPYKEHUS MTPU YCTAJIOCTHBIX UCITBITAHUSIX
ABUAIIMOHHBIX KOHCTPYKIIUI

AA.Cmepnun, ooxm. mexu. nayk (@I'VII « [JAI'M umenu npogh. H.E. JKykoeckozo)

E-mail: andrey.sterlin@tsagi.ru

M3n0xeH NpuHLIUIT KOPPEKIUH 3KCTPEMAJIbHBIX TOUEK LIMKINYECKUX IPOrpPaMM HATPYKEHUS
IIPHU YCTAIOCTHBIX HCIBITAHUSX, TIOBBIIIAIONIMNA TOYHOCTh HATPY)KEHHS U ONpelesieHus (haKTH-
YECKOI'0 pecypca UCIBITBIBAEMBIX HU3JEIUH.

Ki1roueBble ¢j10Ba: IPOYHOCTHBIC UCIIBITAHUS, PECYPC, IPOTPAMMBI HArpy>KeHHS, YCTAIOCTh
KOHCTPYKLIHH.

PRINCIPLE OF CORRECTING CYCLIC LOADING PROGRAMS DURING FATIGUE TESTS
OF AIRCRAFT STRUCTURES. A.Ya.Sterlin, Dr.Techn.Sc.

Principle of correcting extreme points of cyclic loading programs during fatigue tests is
described, which increases the accuracy of loading and determination of useful life of tested
products.

Keywords: strength tests, service life, loading program, structural fatigue.
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YIIPABJIEHUE 3HAHUSAMMU ITPU PEOPTAHU3ALIUN
MMPOU3BOACTBA 11O MOAEJIHU «MHAYCTPUSA 4.0»

P.O.Cupomxun, kano. mexu. nayx;, b.H.Bonocmmnos, kano. mexu. Hayk
(Hayuonanvnas mexnonozuueckas naiama);

H.U.banoakosa, xano. coyuon. nayk, H.A.Pomanuenko, kano. nedazozuy. HayK
(Mocrosckuii asuayuonHwlii uncmumym (HAYUOHATLHBILL

ucc1e008amenbCKull yHugepcument))

E-mail: rostsir@gmail.com

Paccmotpenbl ocHOBHBIE TIONokeHUst Mozienu «umyctpun 4.0» 1 GakTopsl, onpenesstonme
MoJienb. IIpoaHanu3npoBaHbl BOBMOXKHOCTH IEPEXOJA BBICOKOTEXHOJIOTHUHBIX KOPIIOpALMi K
HOBOMY TEXHOJIOTHYECKOMY YKJIaJly HA OCHOBE MEHEJKMEHTA KaueCTBa U MEHEKMEHTA 3HAHUA.

KuroueBbie ciioBa: monens «Munyctpus 4.0», MEHEI)KMEHT 3HaHUM, CTaHAAPTHl MEHEIK-
MEHTa 3HAHWH, YIpaBJIeHHE Ka9eCTBOM.

MANAGEMENT OF KNOWLEDGE BY REORGANIZATION OF PRODUCTION
OF THE INDUSTRY 4.0 MODEL. R.O.Sirotkin, Cand.Techn.Sc; B.I Volostnov, Cand.Techn.Sc;
N.I.Baydakova, Cand.Soc.Sc; N.A.Romanchenko, Cand.Educ.Sc.

The article considers basic provisions of model «Industry 4.0» and the factors defining the
model. The possibilities of transition of hi-tech corporations to new technological way based on
quality management and management of knowledge are analyzed.

Keywords: Industry 4.0 model, management of knowledge, standards of management of
knowledge, quality management.
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WCCJEJIOBAHUE METOJIOB YITPABJIEHUSI IOTOKAMMU
WH®OPMALIMUA MMPU MPOU3BOACTBE U UCIIBITAHUSIX
W3IEJIUA ADPOKOCMMYECKON TEXHUKU

A.A./[locmep, A.B.Topnauee, kano. mexH. HaAyK
(Mockosckuii aguayuoHnusiii uHcmunym (HayuoOHaIbHBIL
uccne008amenbCKull YHusepcument))

E-mail: stk1996@mail.ru

PaCCMOTpeHBI METOABI YIIPABJICHHUA INOTOKaMMU I/IH(bOpMaHI/II/I IIpyu IpPOU3BOACTBE U HUCIbITA-
HUAX I/I3Z[€JIHI7[ aBpOKOCMI/I‘ICCKOI\/'I TCXHHUKHU JJIA YIIYUIICHUA UX Ka4C€CTBA.

KuroueBble ciioBa: MOTOKH WH(GOPMAIIMH, aBTOMATH3AIUsA, 00padoTKa JaHHBIX, a9POKOCMHU-

YCCKasd TCXHHUKA.

RESEARCH OF METHODS OF INFORMATION FLOW MANAGEMENT IN THE PRODUCTION
AND TESTING OF AEROSPACE EQUIPMENT. A.4.Dyuster, A.V.Torpachev, Cand.Techn.Sc.

Methods of information flow control in the production and testing of aerospace products
to improve their quality are considered.

Keywords: information flows, automation, data processing, acrospace technology.



