VK 621.694.31

PacyeT napameTpoB
runepbonunyeckoro napabonouaa
Ana nuHendaTton npedcdopmbl X-hbuTUHra

B.HU. XAJIHYJIUH, || Paccmampugaemca KOHCMPYKMUBHO-mMexXHoA02uecKoe pewulerue 0ia GUmuHeo8 u3 Komno-

0-p mexn. nayx || 3umos, 6xoosawux 6 cocmas cmepocrHesvIx KOHCIMPYKYUll 1emamenvuuix annapamos. IIpeo-
(KHUTY-KAH, Kazany), || nonacaemcs conpsiwcenue nepecekaruyjuxcsi CmepiCHesbIX 1eMeHno8 TUHelyamvlmy no-
B.B. CABHIIKHH, || sepxnocmamu 6 eude unepbonuueckozo napabonouda. Paspabomana mamemamuueckas

A.B. ZKYKOB |} mooenv nosepxnocmu pumunzos, npo6eoeHo Yuciennoe MoOeiuposanue Qumunea ¢ yeavio

(HCC Y onmumusayuu ezo 2eomempuu. Beudy auneiinamocmu noeepxHocmeti COnpA’CeHus npo-

um. axad. M.@. Pewemnesa, \N op03upyemes shpexmuenas peanuzayus. 603MONICHOCHEN] KOMROZUMA U, KAK CleOCmate,

Kenesnoeopck), W gpicokan secosasn spgpexmusnocms koncmpykyuu.
P.II. THMA/TUEB,
0-p mexu. nayx || CTepikHeBbIe KOHCTPYKIIMHM, JieTaTelbHbIe ANNapaTel, KOMNO3UThI, X-GpHUTHHT, JIH-

(KI'3Y, Kaszanw) || HeliuaThie nipedopMbl, runepooanyeckuii napadoaon, MaTeMaTuieckoe MOAeJIUpPo-
pla.kai@mail.ru || Banue, YuCJIeHHbIN IKCTIEPUMEHT

Hyperbolic Paraboloid for a Ruled Preform of an X-Fitting:
Calculation of Parameters

V.I. KHALIULIN', V.V. SAVITSKII?, A.V. ZHUKOV?, AND R.SH. GIMADIEV?

' Tupolev Kazan National Research Technical University, Kazan
2 Reshetnev AO ISS, Zheleznogorsk
3 Kazan State Power Engineering University, Kazan

A design and manufacturing process for composite fittings (a part of a truss structure of
aircraft) is discussed. Intersecting tubular rods are connected via ruled surfaces such as a
hyperbolic paraboloid. A mathematical model of X-fitting surface is developed, and numerical
simulation of the fitting is performed to optimize its geometry. Due to the thing that interface
surface is ruled, reasonable composite application and, as a result, high weight efficiency of
the structure may be attained.

Truss structures, aircraft, composites, X-fitting, ruled preforms, hyperbolic paraboloid,
mathematical modeling, numerical experiment
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Oecdopmauma 0605104KN LUNTMHAPUYECKOTO
KpuoreHHoro 6aka npuv ero 3anosfIHeHUu

Hocmpoena xomniekcHas mamemamuyeckas Mooenb mepmooehoOpMuUposanHo20 coOCmosi-
HUSL NOOKPENNeHHOU CMpPUH2epamiy Kpy208oU YUIUHOPUHECKOU O0DONIOYKU BePMUKAILHO
PACNONOIACEHH020 KpuocenHo2o baxa. Modenv onucvléaem J0KanibHOe UCKpUGIeHUe 00pa-
3yloujeli 0060104KU NPU 3aNOAHEHUU 6aKd, 6bI36AHHOE HEPABHOMEPHBIM pPAChpedesieHuem

B.C. 34PYBHH, |} memnepamypuvl u Oeticmeuem ocesou cocumaiowei cunvl. Ilonyuenst coomnowenus, onu-
0-p mexn. nayx, N coisaiowue pacnpedenenue memnepamypbl 6 060I0UKe U ee PAOUATHOZ0 NepeMeuyeHus,
B.H. 3SUMHH, |} a maxoice nposeden konuuecmeennvitl anaius smux coomuowenutl. Illpedcmasnena oyenxa
0-p mexu. HayK, UCKPUBTICHUSL, KOMOPOe MOJICEm NPUBecmu K CHUJICEHUIO YPOGHS KPUMUUECKOU 0Cesotl

I'H. KYBBIPKHH, X naopysiu, svisvieaioweli nomepio ycmotiuusocmu 060104Ku.

0-p mexH. HayK

(MFTYuM, HD. baymana, KpHOFeHHaﬂ €MKOCTb, MaTeMaTHYCCKasd MO1€/Ib, KBAa3UCTAlHOHAPHOE pacmnpeaeae-

Mocxsa) || HMe TemnepaTtypsl, KpaeBoii 3(pdeKT, TeMnepaTypHble HANpPSLKEHUsl, JJIUHHAS [H-

zimin@bmstu.ru || AMHAPHYEcKasi 00010YKa, OceCHMMeETPUYHas 1epopManusi, CTPHHIep

Deformation of the Shell of the Cylindrical
Cryogenic Tank during Its Filling

V.S. ZARUBIN, V.N. ZIMIN, AND G.N. KUVYRKIN
Bauman Moscow State Technical University, Moscow

A complex mathematical model of the thermo-deformed state of a circular cylindrical shell
reinforced by stringers for a vertically installed cryogenic tank during its filling was
constructed. The model describes the local curvature of the shell generatrix due to
the nonuniform temperature distribution and the action of an axial compressive load.
Relations describing the temperature distribution along the shell and its radial displacement were
obtained. The quantitative analysis of these relations was carried out. Estimations of the shell
generating line deviation from the original rectilinear form, which can decrease the level of
the critical axial loads and cause the shell buckling, are presented.

Cryogenic tank, mathematical model, quasistationary temperature distribution, edge
effect, temperature stresses, long cylindrical shell, axially symmetric deformation, stringer
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VK 539.411 + 539.412 + 539.413
A.4. 101108, | BriugaHMe reoMeTp1Um NOBEPXHOCTHbIX

0-p mexH. HayK

(KHHTY-KAH, Kasam), (| MHT@HCUPUKATOPOB Tennooo6mMeHa

A.B. IHIIEJITYKOB,
o-p mexn. naye || HA MPOYHOCTb TENJIOOOMEHHbLIX TPYO

(@I'YIlI BHUUP, Kazanyw, o 5
KHUTY-KAH, Kazan), Ilposedenvi sxcnepumenmanvHvle UCCIe008aAHUsI NPedend NPOYHOCMU NPU PACMAICEHUU,

P.A. AKCTHOB, || cocamuu u mpexmoueunom uzeube o6pasyos meni00OMeHHbIX MPYo € PA3TUYHLIMU SUOAMU

A.H. CKPBIITHHK || nosepxnocmuvix unmencugpuxamopos. Iloxkazano enusnue 2eomempuieckux napamempos
(KHHUTY-KAH, Kasany), || unmencugpuxamopos na npounocme xapaxmepucmuxu oopaszyos. [lanvl ouanasomnvl 2eo-
C.A. HCAEB, || mempuueckux napamempos unmeHCUpUKamopos, o0becneuusaomux 6biCoKue 3HAYeHUs.

0-p ¢pus.-mam. nayx IKCNIYAMAYUOHHBIX XAPAKMEPUCTUK MENT000MeHHbIX mpyb, U Cnocobbl NOGbIUUEHUS

(CITOI'Y I'A, (X haoexcnocmu aKcnayamayuu mpyo.
Canxkm-Ilemepbype)

anskrypnik@kai.ru || IIpounocTs TpyO0, pacTsiaeHue, ckaTue, M3rud, Tena1000MeHHBIH annapaTt

Effect of Surface Heat Exchange Intensifier Geometry
on Heat Exchange Tube Strength

LA. POPOV!, A.V. SHCHELCHKOV'? R.A. AKSYANOV',
AN. SKRYPNIK', AND S.A. ISAEV?

! Tupolev Kazan National Research Technical University, Kazan
2 All-Russia Research Institute of Flow Metering (FGUP VNIIR), Kazan
? Saint Petersburg State University of Civil Aviation, St. Petersburg

Experimental studies of the tensile and compression strength as well as the strength at
three-point bending of heat exchange tubes with various types of surface intensifiers, were
made. The effect of intensifier geometry on sample strength are shown. The ranges of geometric
parameters of intensifiers, which provide high-performance characteristics of heat exchange
tubes, and possibilities to improve the maintenance reliability are given.

Tube strength, tension, compression, bending, heat exchanger
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PacyeTHO-3KCcnepuMeHTarbHOe uccriegoBaHue
KoaduumeHTa TpeHus1 B 3aMKOBbIX COeAUHEHUN-
AX pabo4yunx Korec ra3oTypouHHbIX ABUraTenemn

JI.B. CATIPOHOB, || [Ipeonooicen pacuemno-skcnepumenmanvhiviii. nooxo0 Ons onpeoenenus kodguyuenma
kano. mexn. nayk, || mpenus 6 3amrosvix coedunenusx pabouux xorec eazomypounuvix oeucamenei. Cono-
C.I. TYKACAHH, || cmasnenvt pe3yiomamsl 4UCIEHHO20 MOOEIUPOBAHUs PACKPYMKU paboue2o Kojaeca npu

M.A. MESEHIEB || pasnuunvix kos(uyuenmax mpenus u 5KCHEPUMEHMANbHBIX OAHHBIX, NOJYYEHHbIX NPU MEH-

(UHAM um. IT.H. 531/7]“”08“)’ 30MempUpOBaHUY XAPAKMEPHBIX 30H KOHCIMPYKYUU.
ocKeda

sapronov@ciam.ru |§ JIlonarka, 1MCK, 3aMKOBO€ COeMHEeHHE, KOI(PPHUIHEHT TPeHUs1, KepaMHuKa

Numerical and Experiment Investigation of the Friction
Coefficient in Gas Turbine Impeller Dovetail Joints

D.V. SAPRONOV, S.G. GUKASYAN, AND M.A. MEZENTSEV
P.I. Baranov Central Institute of Aviation Motors (CIAM), Moscow

This paper proposes a numerical and experimental approach for determining the friction
coefficient in gas turbine impeller dovetail joints. The approach involves comparing the results
of numerical simulation of the impeller rotation at different friction coefficients and the experiment
data from strain-gauge measurement of the structure characteristic areas.

Blade, disk, dovetail joint, friction coefficient, ceramics
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T.IO. TAHHYT/JHHOBA,
KaHO. mexH. HayK

(IIDY, Kazanw),

A.B. TAHHYTIHHOBA,
B.I. TAHHYT/JIHHOB,
0-p mexH. HayK
(KHUTY-KAH, Kazanv)
tgainut@mail.ru

O0 3KOHOMUYHOU CXeMe OLLeHKU HaYanbHOM
yrnoBOoM OpUeHTaUMm C UCMOJNIb3OBaHNEM
TpexcTeneHHbIX MUKPO3NeKTPOMeXaHN4YeCKnX
CEHCOPOB HEBbLICOKOW TOYHOCTH

Paccmampusaemces pewienue 3a0auu no oyenke HAYATLHOZO NPOCMPAHCNBEHHOZ0 Yel08020
NONOMNCEHUs GECRUTOMHO20 TeMAMeNIbHO20 Annapama ¢ UHePYUAnbHOU HABUSAYUOHHOU
cucmemot, 8KI0YAOWel CMmanoapmublii HAbOp MpPexXCMENneHHbIX MUKPOILEKMPOMEXAHU-
YecKux 0amuuKo8 y2lo6bix CKOpoCmel, akcenepomMempos u MazHUmoMempos.

Havanabnas BBICTABKA, TPEXCTCNNCHHbIC MUKPO3JCKTPOMEXAHHYECCKUE CCHCOPbI

About the Economic Scheme of Initial Attitude Estimation
Using Low Accuracy Micro-Electro-Mechanical Sensors

T.YU. GAINUTDINOVA!, A.V. GAINUTDINOVA?2, AND V.G. GAINUTDINOV?

! Kazan (Volga Region) Federal University, Kazan
? Tupolev Kazan National Research Technical University, Kazan

A solution of initial attitude estimation is considered for the UAV with an inertial navigation
system including a standard set of three-degree micro-electro-mechanical gyroscopic angular
velocity sensors, accelerometers and magnetometers.

Initial attitude estimation, three-degree micro-electro-mechanical sensors
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A.B. EOPEMOB,
0-p mexH. HayK,
M.C. TATJIHK,
KaHO. mexH. HayK,
A.C. TATITHK,
H.X. HPT'AJ/IEEB,
acnupanm

(MAH, Mocksa)
pvl@mai.ru

Pa3paboTka MaTemaTU4eCKon Moaenu net4ymka
B 3apaye ynpaBrieHUs C npeaBuaeHUeMm

Ilposooumcsi cpasHenue xapakmepucmux ynpasisiowux Oetucmseull 1emuuxa u CUucmembvl
«camonem — AEMUUKY, NOLYUEHHbIX 6 3a0a4ax KOMREHCAMOPHO20 CILeNCEHUsl, CeNHCeHUs C
npecnedosanuem u npeosudenuem. Paspabomana mooens ynpasisowux 0eiucmeutl 1emqu-
Ka O 6cex smux cayuaes ynpaeienust. Mcenedyemesi aoekeamnocmo pe3yiomamos mame-
MAMUYECK020 MOOETUPOBAHUSL Pe3YIbMAmam IKCnepuMeHmanvHulx uccreooganui. C no-
MOWBIO MAMEMAMUYECKO20 MOOCTUPOBAHUS CUCIEMbL «CAMOJIem — JIeMYUKY Onpeoensiem-
€51 ONMUMATbHASL NPOMSANCEHHOCHb KOPUOOPA, 0X8AMBIEAIOUE20 NPOSPAMMHYIO MPAEKMo-
PUIo, No360JsIOWe20 npedsudems ee Oanvhetiuee pazsumue. Pesyniomam moodenuposanus
CPAGHUBAEMCSL C Pe3VAbMAMAMU IKCHEPUMEHMATbHBIX UCCIeO08ANHUL HA NULOMAICHOM
cmeHOe.

Cucrema «caMoJieT — JIeTYMK», PYYHOe yIpaBJIeHHe, IPOrHO3HBIA AUCILIIei, 3aga4a
npecJjiel0BaHus ¢ MpeIBHICHUEM

Developing the Mathematical Model of a Pilot
in a Control Manual Preview Tracking Task

A.V. EFREMOV, M.S. TYAGLIK, A.S. TYAGLIK, AND [.LKH. IRGALEEV

Moscow Aviation Institute (National Research University), Moscow

This paper compares the pilot's control actions and the “pilot—aircraft” system characteristics
obtained in the compensatory tracking tasks, tracking with pursuit and preview. A model of
the pilot’s control actions for all these cases is developed, and its adequacy to the experimental
research results is investigated. By mathematical modeling the “pilot—aircraft” system, an
optimal length of the corridor covering the planned trajectory is defined, which allows one to
predict its further change. The result of modeling is compared with the results of experimental
investigation on the simulator.

“Pilot-aircraft” system, manual control, predictive display, pursuit tracking task with
preview
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AHanNUTU4YeCKUN CUHTE3 MOAaNbHOro perynsaropa
no BbiXoAy ANA yrnpaBleHUs opueHTaumen
cnycKaeMoro annapara npu cnycke

B aTMocdepe 3emnu

s cucmemvl wecmozo nopsaokad, ORUCHIBAIoueli 3a0auy Y2060l CMabUIU3AYUL CNYCKAEMO20
H.E. 3YBOB, | annapama npu nanuuuu usmepenuii om c60600H020 2UpoCcKONa 06yxX Yelioe u om 0amyuxa y2no-

0-p mexn. nayk, W gori cxopocmu mpex cocmasisowux 6eKmopa yenosoti cKopocmii no coomseemcmeyiouum
A.B. JIAIIHH, ¥ a0, paspatoman nosbviii ananumuyeckuii aneopumm MoOAIbHO20 YNPAGTeHUs OPUeHMAayuell.
B.H. PABYIEHKO, W B ocnosy arcopumma, npunadiexcauezo k kiaccy Ynpagnenus OuHaMudeckum obbekmom no

0-p mex. HayK BbIXOOY, HONOACEH NOOXO00, OCHOGAHHBIIL HA CUHME3e HADMIOOAMENSL COCOSAHUA.
(MI'TY um. H.D. baymana,

Mockea) || MomanbHbIi Ha0/II0AATEIb, MOJAJILHBIN PEryJsiTOp, CIIyCKAaeMblil annapar, yrjioBasi
nezubov@bmstu.ru || craduauzanus, ynpasjeHHue M0 BbIXOLY

Analytical Synthesis of a Modal Controller by Output Vec-
tor

for Attitude Control of a Descent Module during Its De-
scent

in the Earth’s Atmosphere

N.E. ZUBOV, A.V. LAPIN, AND V.N. RYABCHENKO
Bauman Moscow State Technical University, Moscow

A new analytical algorithm of modal control is developed for the sixth-order control system that
represents the problem of descent module attitude stabilization using the values of two angles
measured by the free gyroscope and three components of angular velocity vector with respect to
the corresponding coordinate axes measured by the angular velocity sensor. This algorithm
belongs to the category of dynamic object control algorithms by the output vector and it is
based on synthesis of a state vector observer.

Modal observer, modal controller, descent module, attitude stabilization, control by
output vector
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E.A. KAPIIOBHY,

acnupanm,

H.K. THCEHIIEB,

0-p mexH. HayK

(MAH, Mocksa)
Elena.Karpovich@hotmail.com

K aHanuTuyeckomy onpeaesnieHuto
a’s’poaAMHaMUYEeCKMX XapaKTepuCcTUK camoneTta

C KPbISTOM KOpPpOO4YaTON CXeMbl Ha paHHMUX 3Tanax
NPOeKTUpOBaHUA

Ipeonooicena unscenepuas MemoouKa nepeo2o NpUOIUICeHUs N0 AHATUMUYECKOMY Onpe-
oenleHuto opmvl a’3pOOUHAMUYECKUX NpoQuiieli U pacyemy aspoOUHAMUYECKUX Kodp@u-
YUEHMO8 camoiema ¢ KpblloM Kopobuamoi cxemul. J[ocmosepHocme NOIYYeHHbIX HA OaH-
HOM dmane pe3yibmamos OYeHUBALACh NO Pe3yibmamam pacuema Mooeiu camoiema ¢
Kpbliom Kopobuamou cxemvl 8 npoepamme FLZ (memood euxpesvix peutemox). Cpaguerue
NOKA3A10 YOO0BIEMBOPUMETbHYIO CXOOUMOCHb KO3pDuyuenmog 01 Mooenu ¢ yopaHHvlmu
3AKPBLIKAMU U HEKOMOpOoe pacxoxcoeHue Ko3phuyuenmos 01s Mooeiu ¢ GblnyujeHHbIMU
3AKPLLIKAMU.

Kpbr1o xopo64aToii cxeMbl, 23pOAMHAMHYECKHE XaPAKTEPHCTHKH, TEOPHSI TOHKOIO
npo¢us, GUIIaH, METO BUXPEBBIX PeLIeTOK

Analytical Evaluation of Box Wing Aircraft
Aerodynamic Characteristics at Early Design Stages

E.A. KARPOVICH AND N.K. LISEITSEV

Moscow Aviation Institute (National Research University), Moscow

The first-approach techniques for analytical evaluation of the airfoil shape and calculation
of the aerodynamic coefficients for a box-wing aircraft are suggested. The reliability of
the calculation results was estimated using FLZ code (the vortex lattice method). The comparison
showed satisfactory convergence of coefficients for the clean configuration and some
discrepancy for the take-off and landing configuration.

Box wing, aerodynamic characteristics, thin airfoil theory, biplane, vortex lattice method
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PacueT BbICOTHbIX CTPYW pakeTHOro AoBurarens
Ha OCHOBe KBa3urazoguHaMm4eckux ypaBHeHUMN

Paspaboman memoo pacuema 8blcomHbIX CIMPYIL, UCMEKAIOWUX 8 PA3PEHCEHHDIL 2a3, OCHO-
BAHMBIU HA UCNONBL30BAHUU KBA3ULAZ00UHAMUYECKUX YpasHeHull. U3 ypasnenus borvymana
IO.M. KOYETKOB, |} nonyuensl ypasnenus Hepa3pbleHOCU KOMIOHEHMNO8 2a30801 cMeCU U YPABHeHUs nepeHocd
0-p mexn. nayx, | konebamenvuvix dHepeuil 6 KéazueazoouHamuueckol nocmarnoeke. Ioxazano, wmo npu

AM. MO/TIAHOB, (| pacueme c ucnonv3osanuem K6azueazo0uUHaAMUYECKUX YPAGHEHUL UHMEHCUSHOCTb U3TYYe-
0-p mexn. nayk, W yus gpicommbix cmpyii cywjecmeenno nuice, 4eM npu pacieme Ha OCHOGE CMAHOAPMHOL

M.B. CHIIVAHOBA, \ cyucmemur ypasnenuii Hasve — Cmoxkca. Ilposedeno conocmasienie pesyismamos paciema

0-p mexi. nayk N .y v erouumucs sKchepuMenmansHsiMu OQHHbIMIU.
(MAH, Mockea)

alexmol_2000@mail.ru |§ Pa3pe:keHHbIil ra3, KBa3ura3oJuHaMu4ecKue ypaBHeHUsl, BICOTHbIE CTPYH

Calculation of High-Altitude Jets of the Rocket Engine
Based on Quasi-Gasdynamic Equations

YUM. KOCHETKOV, AM. MOLCHANOV, AND M.V. SILUYANOVA
Moscow Aviation Institute (National Research University), Moscow

A method based on the use of quasi-gasdynamic equations is developed for calculating
the high-altitude jets flowing into a rarefied gas. The equations of continuity of the gas mixture
components and the transport equations for vibrational energies in a quasi-gasdynamic
formulation are obtained from the Boltzmann equation. It was shown that when calculating
with the use of quasi-gasdynamic equations, the radiation intensity of high-altitude jets is
significantly lower than when calculating based on the standard system of Navier—Stokes
equations. The calculation results are compared with the available experimental data.

Rarefied gas, quasi-gasdynamic equations, high-altitude jets
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YucneHHoe MmoaenupoBaHue
dIPO0aAKYCTUYEeCKUX XapaKTepuctTuk HecyLiero
BUHTA Ha pexXnmMme BNCeHusd B yCrioBusx obnepe-
HeHus

KCH YEH, W Paccnampusaemes obmexanue sunma ¢ yuemom usmenenus popmvl nogepxXHOCmu 10nd-

0-p qunoc. no mex. nayka, \K ., npu obnedeHeHuY 8 Yeusix evlasieHUs 00e0eHeHUs] BUHMA A3POAKYCMUYeCKUM Memo-
0-p unoc. nf:ggiiﬁ‘:z; Odom. Bozoeticmsue 0b1edenerus yuumvl8aemcsi 8 8ude JOKAIbHO20 USMEHEHUsT 2e0Mempuu
(Hankuncxuii yi-m asponasmuicu ||| 1OSEPXHOCU TONGCMI, U PE3YTOIMAMbL HUCENHO20 MOOENUPOBaHUsT OOMEKAHUSL AHATU3U-
u acmponasmuxu, Hawiun), || PYIOMCA ¢ npumenenuem ypasnenus pacnpocmpanenus 36ykogou 6onHbl. 1Iposooumcs
JIK. BAPAKOC, || ouerxa mecm pacnonosicenust npuemnukos aspoakycmuuecko2o usiyuenus Ha no6epxHo-

0-p gunoc. no mexn. nayxam || cmu prosensoca eepmonema. Oyenusaemces enusiHUe USMEHEHUS YOPMbL IONACMU HA AIPO-
(Yu-m I'naseo, I'naseo), || akycmuueckue xapakmepucmuxku UHmMa 8 3asUCUMOCMU Om «00bemMa obnedeHeHUs» U e20

A.H. KYCHOMOB, (| mecmopacnonosicenus.
0-p Quz.-mam. Hayx
(KHUTY-KAH, Kazany) || BeIMHCINTEIbHAS THAPOMEXAaHHKA, a3POAKyCTHYECKHEe XapaKTePHCTHKH, BO3/eli-

postbox7@mail.ru || cTBHe 00J1e1eHeHUS], BHHT, BEPTOJIET

Numerical Analysis of Hovering Main Rotor
Aero-Acoustic Characteristics for Ice Detection

XI CHEN', QUUN ZHAO', G. BARAKOS? AND A.N. KUSYUMOV?®

! Nanjing University of Aeronautics and Astronautics, Nanjing
2 University of Glasgow, Glasgow
3 Tupolev Kazan National Research Technical University, Kazan

In this paper, rotors with artificial iced shapes are studied to develop insight in the potential of
acoustics-based ice detection. Using the Helicopter Multi-Block CFD solver, approximate iced
shapes are added to the blades and the results are analyzed using the FW—H method. Several
candidate monitoring positions are assessed for acoustic sensors to be placed on the helicopter
fuselage. The influence of ice on the aero-acoustic characteristics of a rotor is calculated, and
parameters such as the ice amount and the icing position on the blade are quantified.

CFD, aero-acoustic characteristics, ice accretion, rotor, helicopter
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PacuyeTHOe uccnegoBaHume B3ammoaemncTtBus
C MNOTOKOM NnonepeyYHbIX J03BYKOBbIX
M CBepPX3BYKOBbIX OCECUMMETPUYHbIX CTPYH

IIposedeno pacuemmnoe ucciedosanue 2a300UHAMUKY MEYEHUsl U NPOYECCO8 cMeceobpaso-
BAHUSL NPU B3AUMOOCICBULU C NOMOKOM 0036YKOBbIX U C8EPX36YKOBLIX HEOOPACUUPEHHBIX
JIH I]3bIBAHB, || ocecummempuunvix eeepnoix cmpyii npUMEHUMENbHO K 80NPOCAM 2A300UHAMUYECKOL CTNA-
acnupanm, N 6unuzayuu naamenu. Iloxkaszano paznuuue 2a300UHAMULECKUX U MACCOOOMEHHBIX XapaKme-

B.JI. BAPCEIOB, \| pucmux meuenus, (opmupyiowezocs npu 63aumo0eiicmeuy ¢ nomokom 0036YKOGbIX U

xano. mexn. nayk \W ceepxseyroswix cmpyil.
(KHUTY-KAHU, Kazanv)

varvi@mail.ru || CBepX3ByKOBasi BeepHasi CTPYs, cCMeceo0pa3oBaHue, PACUETHOE HCCIIEI0OBAHME

Computational Study of Interaction of Transverse Subsonic
and Supersonic Axisymmetric Jets with Main Flow

LI ZIWAN AND V.L. VARSEGOV
Tupolev Kazan National Research Technical University, Kazan

A computational study is carried out of the gas dynamics characteristics and the mixing processes
during interaction of subsonic and supersonic under-expanded axisymmetric radial jets with
main flow with respect to the problems of gas-dynamic stabilization of the flame. The differences
are found between the gas-dynamic and mass-exchange characteristics of the flow, which is
formed by the interaction of subsonic and supersonic axisymmetric jets with the main flow.

Supersonic radial jet, mixing, computational research
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YK 533

A.C. MHXAHJIOB,
Mazucmpanm
(KHUTY-KAH, Kazans),
C.P. HACBIPOB,

0-p puz.-mam. nayx,
T.P. CAMEPXAHOB
(KDY, Kazany),

A.B. KOCTEPHH,
KAHO. MexXH. HayK
(KHUTY-KAU, Kazany)
89030621520@mail.ru

UccnepoBaHme pacnpocTpaHeHuUs

U NpenoTBpaLleHUs NPUNUNAHUSA CTPYMU

K MOTOroHgone npu peBepcupoBaHun TArn
TypOopeakTUBHbIX ABUratenemn

Ipusoosamces pe3yromamul UCCIE008AHUSL PACRKPOCMPAHEHUs U NPEeOOMEPAEeHUs NPUTU-
NAaHUs CMPYU K MOMOLOHOOE NPU Pe8epCupo8anuy mseu mypoopeakmusHulx oguzamenetl
Memoodamu meopuu QyHKYUU KOMNIEKCHO20 NePeMEeHH020 Ol PeBePCUBHbIX PeUlemoK ¢
NOCMOAHHBIMU U NEPEMEHHBLIMU Y2lamMu YCMaHoeKu nonamok. Ilonyuennvie pezynbmamoi
CPasHUBAIOMCS C IKCHEPUMEHMATbHLIMU OAHHBIMIUL.

PeBepc TATI'd, P€BEPCUBHAsl CTPYysdA, ME€TOAbI TCOPHUH (l)yHK]Il/Il/I KOMIUICEKCHOI'0 Iepe-
MECHHOI'0, PEBEPCUBHDLIC PEHIETKHU C IEPEMCHHBIMUA YIVIAMHA YCTAHOBKH JIOIIATOK

Study of Jet Propagation and Prevention of Jet Reattach-
ment

to the Nacelle during Jet Engine Thrust Reversal
A.S. MIKHAILOV', S.R. NASYROV?, T.R. SAMERKHANOV?, AND A.V. KOSTERIN'

' Tupolev Kazan National Research Technical University, Kazan
? Kazan (Volga Region) Federal University, Kazan

Complex variable function theory methods are used to study the jet propagation and prevention
of jet reattachment to the nacelle during jet engine thrust reversal for reverser cascades with
constant and variable blade angles. Results obtained are compared with experimental data.

Thrust reversal, reverser jet, complex variable function theory methods, reverser cascades
with variable blade angles

12

ISSN 0579-2975. U3ze. ey306. Asuayuonnaa mexnuka. 2019. Ne 3




YJK 641.45.037

BeposaTHOCTHOE MoAaenupoBaHue pecypca
aeTtarnen ra3otypouHHoro aosurartens
A.H. APXHIIOB,

wano. mexn. naye || € YHETOM MPOM3BOACTBEHHbBIX OTKITOHEHUN

(MAH’ MOCKGLZ), 11 eaCWlCl@ﬂeHbl e3ylbmamasl 6epoOsAMHOCMHO20 pacuema pec ca pomopa Komnpecco-
M.B. BoiruHA || P pesy. P p pecypca pomop p

(ITAO «OJIK-Camypny, || P4 HusK020 oaenenus 2a3omypounHHo20 Oucamens ONA PecUOHANbHO20 CAMONema

Puibunck), || € yiemonm npou3eoo0cmeennblx omraoHenul. Onucan aneopumm pacyemos, no020moeKa

A.A. MATYIIKHH, || napamempos éeposmuocmuoii mooenu, nopaoox u Onvimuas RPO2PAMMA AGMOMAMUIU-

kano. mexn. nayx, || poeannoix seposmuocmmuuix pacuemos. Ilpueeden npumep pe3yrbmamoé pacuema
10.A. PABUKOBHY, |[ pecypca.

0-p mexH. HayK,
JI.IT. XOTOBIEB I'a30TypOMHHBII JBUraTeb, BEHTHJISATOP, KOMIIPECCOP HHM3KOI0 1aBJeHHs, POTOP,

(MAH, Mockea) || PECYPC, MONMYCKH, METONA KOHEYHBLIX 3JE€MEHTOB, HANPSKEHHO-Ie(OPMUPOBAHHOE
arkhipov.48@list.ru || cocTosinue, BEpOSITHOCTHOE MOJAEJIUPOBAHNE

Probabilistic Assessment of Life for Gas Turbine Engine
Parts Considering Manufacture Tolerances

AN. ARKHIPOV!, M.V. VOLGINAZ%, A.A. MATUSHKIN,
YU.A. RAVIKOVICH!, AND D.P. KHOLOBTSEV!

! Moscow Aviation Institute (National Research University), Moscow
2 PAO United Engine Corporation Saturn, Rybinsk

The results of the probabilistic assessment of life for the low-pressure compressor rotor of
the gas turbine engine for a regional aircraft are presented taking into account production
tolerances. The calculation algorithm, preparation of the probabilistic model parameters, and
the experimental program of automated probabilistic analysis are described, the example of
the life calculation results is given.

Gas turbine engine, fan, low-pressure compressor, rotor, life, tolerances, finite element
method, stress-strain state, probabilistic assessment
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VK 621.432.263.5

UccnepoBaHue Tennootaauum
oT 06ono4yeKk ra3oTypoMHHON YCTaHOBKM
M MeToAbl TENJSIOBOMN 3alUThbI

Ilpedcmasnenvl pesynomamol onpedeneHus memnepamypvl 000I0UKU 2a30MYPOUHHOU
VCMAHOBKU, A MAKIHCe 8bINONIHEH PACYen CYyMMapHou menioomoayu om ogueamens. Ilpeo-
A.B. BAKJIAHOB, || 10oicena cxema mennosoii 3auyumot co 60y6oM 6030yXa 4epe3 NOPUCMbILL IKPAH Ol CHU-

kano. mexn. nayx || ocenus memnepamyper 0bonouxku 2a3omypoOUHHOl YCMAHOBKU, A MAKICE CHUNICEHUS CYM-

(A0 «KMIIO», Kaszany), |} maproti menioomoauu om 0sueamelis 8 OKpysicarouee npoCmpancmeo Omcekd, 8 KOmopom

A.B. THMBHIUKHHA, || o1 sxennyamupyemes.
KAHO. MexXH. HayK

(KHUTY-KAH, Kazany) || Tennooraaua, 000/104Ka, ra3oTypOMHHAs yCTAaHOBKA, TEILIOBAs 3aLIUTA, BO31yLIHAN
andreybaklanov@bk.ru || 3aBeca, IOPUCTBI IKPaH

The Study of Heat Transfer from the Shell of Gas
Turbine Plant and Methods of Its Thermal Protection

A.V.BAKLANOV' AND A.V. GIMBITSKII®

' AO KMPO, Kazan
% Tupolev Kazan National Research Technical University, Kazan

The paper presents the results of determining the temperature of gas turbine plant shell. The total
heat transfer from the engine is calculated. The thermal protection scheme by blowing air
through the porous screen is proposed to reduce the temperature of the gas turbine plant shell
as well as to reduce the total heat transfer from the engine to the surrounding compartment
space.

Heat transfer, shell, gas turbine plant, thermal protection, air curtain, porous screen
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YIK 621.45.012

A.M. TAHCKHH,

0-p mexH. HayK,

C.B. IVKAYEB,

0-p mexH. HayK,

C.I. MATBEESB,

KAHO. MeXH. HAYK,

O.B. KO/IOM3A4POB,
acnupanm

(Camapckuii yn-m, Camapa)
kolomzarov(@gmail.com

MeToa pacueTta manopa3MepHbIX KaMep cropaHus

Paspabomana modenv pacuema KOHCMPYKIMUBHO-2eOMEMPUUECKUX DA3MEPO8 U OYEHKU
UHMESPATIbHBIX XAPAKMEPUCTIUK KAMep C2OPAaHUsl MAl0PA3ZMePHbIX 2a30MypPOUHHbIX O8U-
eamerneti Ha SmMane ux ICKUIHO20 NPOEKMUPOBAHUSI.

Mopeap pacyera, KOHCTPYKTHBHBIE pa3Mepbl, HHTerpajbHble XapaKTepUCTHKH,
KaMepa cropanusi, Majgopa3MepHble ra30TypOUHHbIE IBUIATe/IH, 3CKU3HOE NMPOEKTH-
poBaHue

Method of Calculating the Small-Sized Combustion Cham-
bers

A .M. LANSKII, S.V. LUKACHEV, S.G. MATVEEV, AND O.V. KOLOMZAROV

Samara University, Samara

A model of structural-geometric dimension calculation and integral characteristic estimation of
the combustion chambers of the small-sized gas turbine engines at their conceptual design
stage are developed.

Calculation model, structural dimensions, integral characteristics, combustion chamber,
small-sized gas turbine engine, conceptual design
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3D-uccnepoBaHune 3apPeKTUBHOCTHU
OXNaXAeHUA TPaKTOBbIX MNOMOK

consioBoro 6ynoka TypouHbl BbICOKOro AaBneHus
C «MepuaNoOHanbHbIM NogXaTuems

MU BeepHbIMN OTBEPCTUAMMU

Ilo pesynemamam pacuema ¢ ANSYS CFX coenan 6v1600 0 6Gonvuieti 3¢hghexmusnocmu
FO.I'. TOPEJIOB, || oxnadcoenusi noaku ¢ 6eepHulMU OMEepCmuamu nep@opayuu no cpagHeruo ¢ 3gexmus-

Kkano. mexu. nayk |} nocmvio OXAANCOCHUS NOAKU C YUTUHOPULECKUMU OMBEEPCIMUAMU.
(AO HIIL] eazomypbocmpoenust
«Camomy, Mocksa) || TPakToBas mojika, 3(p(peKTUBHOCTH 0XJIAKAEHHS, COIIOBO 0JI0K, TYpOMHA BLICOKOIO

Yury.Dina@gmail.com || JaBJieHUs1, Ta30TypOMHHBIIH ABUTaTE/b

3D Investigation of Film Cooling Effectiveness for Nozzle
Vane Platform of High Pressure Turbine with “Meridian
Constriction” and Laidback Fan-Shaped Film-Cooling
Holes

YU.G. GORELOV
Salyut Gas Turbine Engineering Research and Production Center, Moscow

As the results of ANSYS CFX calculation, a conclusion draws about greater cooling effectiveness
of vane platform with laidback fan-shaped perforation holes as compared with cooling
effectiveness of vane platform with cylindrical holes.

Vane platform, cooling effectiveness, nozzle set, high pressure turbine, gas turbine engine
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VIIK 536.244

.C. 8
i lOco6enHocTH Tennomaccoo6meHa

H.1. MUXEEB, (} 8 npucTeHOYHOW obnacTu 3a BbICTYNOM B KaHane

0-p MmexH. HayK,

O0.A. AVIUHHA, || Bridsunyma u dkcnepumenmansHo nposepena 2unomesa o céa3u menioomoauu ¢ 2uopo-
kano. mext. nayk, \W 5 q yyveckumu xapaxmepucmuxamu mevenus 6 npucmenounoii o6nacmu. Iokazano, umo

H.A. TABJIETIIIHH, . .
menioomoaua 6 ompwleHOLl 06AACMU TUHETIHO CES3AHA CO 3HAYCHUIMU NPOOOTLHBIX NYTb-

0-p MmexH. HayK, . . .
JILH. 3APHITOB, || €44t cropocmu na enewineti epanuye npucmenoHot obnacmu (geicoma y/h=0,12).

KaHo. Qus.-mam. HAYK .
(OUI] KasHI] PAH, Kasans) OIMHOYHBIH BBICTYN, OTPHIBHOE TeyeHHe, MHTeHCU(UKALUs Temi000MeHa, morpa-

ndushin@bk.ru | | HH4HBLI c0i, meTon SIV

Near-Wall Heat and Mass Transfer in a Channel behind a
Rib

N.S. DUSHIN, N.I. MIKHEEV, O.A. DUSHINA, [.A. DAVLETSHIN, AND D.I. ZARIPOV
Kazan Scientific Center Russian Academy of Sciences, Kazan

The present paper puts forward and experimentally tests a hypothesis of correlation between
heat transfer and flow characteristics in the near-wall region. Heat transfer in the separation
region has been shown to depend linearly on streamwise fluctuations of velocity at the external
boundary of the near-wall region (height y/h = 0.12).

Single rib, separated flow, heat transfer enhancement, boundary layer, Smoke Image
Velocimetry (SIV) technique

ISSN 0579-2975. U3ze. 6y306. Asuayuonnas mexuuka. 2019. Ne 3 17




VJIK 621.4
UccnepoBaHue npouecca popMOBKM
TOHKOCTEHHbIX AeTaneu n3 nnockou 3aroToBKMU
C MMHMMAaNbHOW PA3HOTONWMUHHOCTbLIO

E.I JEMbAHEHKO, || Hccreoosan npoyecc popmoéku u3 naockotl 3a20MmoeKu, N0360MA10WUL YMEHbUUMb DAZHO-

Kf’”a' mexu. HayK \R monuunnocmes cmenku demaiu 60016 00pasyiouyell.
(Camapckuii yn-m, Camapa)
e-dem@mail.ru || @opmMoBKa, TOJIHHA, IPOLIECC, HATIPSIKEHHS, 3aTOTOBKA

Investigation of the Molding Process of Thin-Walled Parts
from a Flat Blank with Minimal Thickness Variation

E.G. DEM’YANENKO

Samara University, Samara

In this paper, the technique of molding a flat blank is investigated, which allows the thickness
variation along the part wall generatrix to be minimized.

Molding, thickness, process, stress, blank
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YK 65.015.24

Pacuer TPYAOEMKOCTU B yCI1OBUAX
OonbITHOro npoun3BoaAcTBa
neTaTesNibHbIX annapaTtoB Manou aBuauum

I IIAPA®EEBR. || Brinonnen Kpamxui 0630p pacuema mpyooemMKocmuy O1si U30enutl asUayUuoHHOU MexXHUKU
LI 2

0-p mexn. nayx || PU Opeanusayuu onvimno2o npoussoocmsa. Ilpeonoscen eapuanm paciema, omaudao-
(KHUTY-KAH, Kazans), || wuiics om ananozos. Iloxasan npumep nopmamusnoti mabauysl u annpoKCUMUpyowas ee

B.A. MAPKOBIIEB, || cmenerHas 3a8UCUMOCMb.

0-p mexH. HayK
(VHHAT, Yavanosck) || YKPYIIHeHHOEe HOPpMHUpPOBaHHe, HOPMHPOBaHHe B ONBITHOM NPOM3BOACTBE, TPY10eM-

sh_ilgizar_sh@mail.ru || KOCTbH H3rOTOBJIEHHSI NETAIH

Calculation of Labor Intensity

in the Context of Pilot Production of Small Aircraft
I.SH. SHARAFEEV', V.A. MARKOVTSEV?

' Tupolev Kazan National Research Technical University, Kazan

2 AO “Ulyanovsk NIAT”, Ulyanovsk

A brief review of the labor intensity calculation for aircraft products is conducted in relation to
organization of the pilot production. A new method of calculation is put forward that is
different from its analogues. An example of the normative table and of the power dependence
approximating it is shown.

Aggregate rate setting, pilot production rate setting, labor intensity of manufacturing
parts
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YK 629.783

E.H. EBCTHTHEEBA,
cmyoenm

(BI'TY « BOEHMEX»,
Canxm-Ilemepbype),
A.B. IEKAHOB,

KAHO. MeXH. HayK

(AO «HCC

um. akao. M.@. Pewwemnesay,
Kenesnozopck),

C.A. MATBEERB,

KaHO. MexH. HaYK,

A.J]. IITHPIIIOB,
acnupanm,

H.I'. AIKOBEHKO,
KAHO. MexXH. HayK
(BI'TY « BOEHMEX),
Canxm-Ilemep6ype)
shaldmi@inbox.ru

Pa3paboTka 6ecnpoBOoaHOM CUCTEMbI yNipaBrie-
HUA cpopmomn KpynHorabapuTHbIX TpaHcchopMu-
PYyeMbIX KOHCTPYKLUA C NOMOLLLIO NPeLun3nOoH-
HbIX NPUBOAOB

Paccmompenvt  npunyunsl nocmpoenust 6ecnposoOHOU CUCeMbl YApAasieHus. Gopmoi
CEeMenoiomua KpynHo2abapumusix mpancgopmupyemovlx Koncmpykyuil. IIpednocenvi
peutenust 3a0a4u nepedayu u npuema unGopmayuyu no OmKpbIMomMy Onmu4eckoMy KaHay
0151 MHOMICECm8a npuemiuxos. Onucan cocmasHou pomonpeodbpazosamenb ¢ 803MOANCHO-
CMbIO OeMeKMUPOBAHUsL HABEOEHHO20 1A3ePHO20 YUd.

Cucrema ynpaBJieHHusl, aKTyaTop, (poTonpeodpa3oBaTeib, epeaaya IHEPruu

Development of the Wireless Control System for Shape
of Large Transformed Structures Using Precision Drives

E.I. EVSTIGNEEVA!, A.V. LEKANOV? S.A. MATVEEV,
A.D. SHIRSHOV!, AND N.G. YAKOVENKO!

! Ustinov Baltic State Technical University “Voenmekh”, St. Petersburg
? Reshetnev AO ISS, Zheleznogorsk

Design concepts for wireless control system of large transformed net structure shape are
discussed. Solutions of the problem of data communication via the optical channel for multiple
receivers are discussed and proposed. The composite photoconverter with the feature of
detecting a directed laser beam is described.

Control system, actuator, photoconverter, energy transfer
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YK 519.87:[629.7.02:66.095.26]:539.3

H.A. AKHMOB,

0-p mexH. HayK
(OI'l1Y, Openbype),
B.B. TYT'OB,

KaHO. MexH. HayK
(AKU OI'Y, Openbype),
A.H. AKHMOB,

KAHO. MexH. HayK
(PI'Y, Openbype)
sau@mail.osu.ru

Pa3paboTtka n nccnegoBaHue

MaTeMaTU4eCKUX Moaenen TepmMmoynpyrmx
HanpsXeHuu n pecpopmaumm npm NponsBoACTBE
MHOIOCJIOMHbIX KOHCTPYKLUMN ccheprnyeckon

dopmbli
AnA netatenbHbIX annapaTtoB

Paspabamvisaromes adexsamuvie mamemamuieckue MOOey, NO360AAIOWUE UCCTIe008ANb
mepmMoynpyaue HanpsiiceHus u oepopmayuu, 03HUKAIOWUE 8 Npoyecce Npou3so0Cmed
MHO20CTIOUHBIX KOHCMPYKYULL chepuyeckoti popmuvl Oist lemamenvHblx annapamos. /s
peulenuss NOCMAGNIEeHHbIX MOOEIbHBIX 3A0a4 NPUMEHSLICS MemOoO KOHEUHbIX UHMEZPANbHbIX
npeodbpazoeanuil.

MHoroca0iiHble KOHCTPYKIHH, TNOJUMePH3alHs, TepMOYNpyrue HaNpsKeHHs,
aepopmanus, chepnieckas popma

Development and Research of Mathematical Models
of Thermoelastic Stresses and Strains in Production
of Multilayer Structures of Spherical Shape for Aircraft

LA. AKIMOV!, V.V. TUGOV?, A.l. AKIMOV?

! Orenburg State Pedagogical University, Orenburg
2 Aerospace Institute of Orenburg State University, Orenburg
* Orenburg Branch, Gubkin Russian State University of Oil and Gas, Orenburg

The adequate mathematical models are developed that allow investigating the thermoelastic
stresses and strains arising in production of multilayer structures of spherical shape for aircrafi.
The method of finite integral transformations was applied to solve the model tasks stated.

Multilayer structures, polymerization, thermoelastic stresses and strains, spherical shape
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YIK 621.8, 629.7

I1.B. BYJIAT,

0-p uz.-mam. nayx,
KaHO. 9KOH. HAYK
(PI'TY « BOEHMEX»,
Canxkm-Ilemepbype),
H.A. BOJIOBYEB,
acnupanm

(Yu-m HTMO,
Canxm-Ilemep6ype),
A.A. TEBHXUH,
KAHO. MexXH. HayK
(PI'TY « BOEHMEX»,
Canxm-Ilemepbype)
volobuev_ig@mail.ru

OnTumanbHoOe cxXaTue B BOJTHOBOM KOMMpeccope
C rM6pPUAHbLIMM ra3oBbIMU NOALUNNMHUKAMU

Paccmompena konyenyus 60IHOB020 KOMARPECcopd, UCNOLb3YIOWe20 OJisL COHCAmMUsL 8030YXd
YEHMPUPOBAHHYIO UZ0IHMPONUYECKVIO GOJIHY, U3VUEHbl YOAPHO-BOIHOBbIE CIPYKMYDbI,
803HUKaIOWUe npu Goxycuposke yeHmpuposanuot eoaHvl. Coenan 6v18600 0 MoM, YUMo on-
MUMATBHOU SIGIAEMCS XAPAKIMEPUCUYECKAsl YeHMPUPOBAHNAS GOJIHA CoCaAmUsl ¢ ompa-
JHCEHHBIM CLADBIM PA3PLIGOM.

Yucaennoe MojAeJupoBaHHe, BOJIHOBO KOMIpeccop, HEHTPHPOBAHHASL BOJIHA CXKa-
THS, OTPaKEHHBIIl Pa3pbIB, XapaKTepPUCTHYECKAs YIAPHO-BOJIHOBasI CTPYKTYpa

Optimum Compression in a Wave Compressor
with Hybrid Gas Bearings

P.V. BULAT', .LA. VOLOBUEV?, A.A. LEVIKHIN!

! Ustinov Baltic State Technical University “Voenmekh”, St. Petersburg
? Saint Petersburg State University of Information Technologies,
Mechanics and Optics, St. Petersburg

The concept of a wave compressor using a centered isentropic wave for air compression is
considered, and shock-wave structures are studied, which are arisen when a centered wave is
focused. It is concluded that the characteristic centered compression wave with reflected weak
discontinuity is optimal.

Numerical simulation, wave compressor, centered compression wave, reflected discontinuity,
characteristic shock-wave structure
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AneKTpoHHOEe MoaenupoBaHue
MOHOOJIOYHbIX UHTErpasribHbIX KOHCTPYKLUN
A.B. HAYMOB, || U3 MOFIMMEPHbIX KOMMNO3ULMOHHbIX MaTepuanoB

KaHO. XUM. HAYK,
1. mogoroscxii || € KNeeBbIM coeAANHeHMeM
KAHO. MeXH. HAYK,
M.C. DUTHITIIOBA,
acnupanm
(KHUTY-KAH, Kaszans) || D/1IeKTPOHHOE MO/AeJTUPOBAHUE, KOHCTPYKIUSI, AJITOPUTM, KOMIO3UIIUOHHbIE MATEepPH-
12962281 @mail.ru || asI

Ipeonooicen ancopumm 1eKMPOHHO20 MOOETUPOBAHUSL UZOETUL U3 KOMNOZUYUOHHBIX Md-
mepuanos. Ilpuseden npumep uchorb3068anus pazpabomanHo2o areopummd.

Electronic Simulation of Single Integrated Structures Made
of Polymer Composite Materials with Adhesive Joint
A.V.NAUMOV, P.L. LYUDOGOVSKII, AND M.S. FILIPPOVA

Tupolev Kazan National Research Technical University, Kazan

The paper proposes an algorithm for electronic simulation of products made of composite
materials and provides an example of using the developed algorithm.

Electronic simulation, structure, algorithm, composite materials
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YK 621.391

B.B. BOPO/IHH,
KaHO. MexH. HAYK,
A.M. IIETPAKOB,
KaHO. mexH. HayK,
B.A. HIEBIIOB,
0-p mexH. HayK,
T.A. IIEBI'YHOB,
KaHO. mexH. HayK
(MAH, Mockea)
doc_borl@mail.ru

MHoOrocTtaHUMOHHbIN goCcTyn
6e3 KkBUTUpoBaHusa B ceTax loT

Pacczvtampuea}omc;l HOBble Memoobl MHO2OCMAHYUOHHO20 Cﬂyllal/;HOZO docmyna be3 Keu-
mupoeaHnus, npu Komopbslx CYWeCmeenHHo CHUNCAIOMCA Cle.’)fC€6Hbl€ sampamibvl Ha nepe()auy
nakemaoe.

HNurepuer Bewmeii, LPWAN, ceHcopHble ceTH, MeTOAbI J0CTYyNIAa K PAANOKAHALY, KBU-
THPOBaHHUe Nepeiayd NAKeTOB, EMKOCTh CeTH

Multi-Station Access without Acknowledgement in 0T Net-
works
V.V. BORODIN, A.M. PETRAKOV, V.A. SHEVTSOV, AND T.YA. SHEVGUNOV

Moscow Aviation Institute (National Research University), Moscow

The paper discusses new methods of multiple random access without acknowledgement, which
significantly reduces the service cost of packet transmission.

IoT, LPWAN, sensor networks, radio access methods, packet acknowledgment, network
capacity
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