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Abstract. The article describes a method for ensuring the safe takeoff of an aircraft in the
event of a singlengine failure, through additional information support for the pilot regarding the
ability of the control surfaces to counteract the effects of asymmetric thrust.

Keywords: glight simulator, takeoff, aircrafengine, pilot.
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SOFTWARE FOR CALCULATI ON OF THE DYNAMICS OF MOVEMENT
OF A TWIN -ENGINE AIRCRAFT ON A RUNWAY WITH REDUCED AND
ASYMMETRICAL THRUST

Galkov Alexander V.Candidate of Technical Sciences

Moscow State Technical University of Civil Aviation, Irkutsk Branch
(Irkutsk)

Abstract. To calculate parameters of aircraft movement on the runway redthcedand
asymmetrical thrust, software is developed for evaluation of passenger dakeaitf safetywith
twin-engine power plant withreduced and asymmetrical thrust (at the stage of failure
compensation). To write the program, the C++ programming languageised with thability to
creategraphical interfaces. The Boeing 777 aircraft was taken as an object of research due to the
high accident rate at the takeoff stage over the past five years.

Keywords: software initial datg takeoff safety thrust asymmetry, nomograms for
determination of throttling depth of faulty engine.
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OPERATIONAL PROCESS OF VORTEX BODIES OF GRADIENT AND
DIFFERENTIAL TYPES IN THE EARTH'S ATMOSPHERIC
ENVIRONMENT

DanilenkoNikolay V., Candidate of Technical Sciences
KirenchevAnton G., Candidate of Technical Sciences

Moscow State Technical University of Civil Alaat, Irkutsk Branch
(Irkutsk)

Abstract. The article considers theperationalprocess of vortex formation in Earth's
atmospheric environments, including vortex bodies of the gradient and differential types. Its
mathematical justification is given based on Stokes' equation and the basic equations of
aerodynamics. Definitions of naal and technogenic vortex formation based on thpérational
process are considered, and new definitions for gradient and differential type vortices are given.
Based on the data obtained, a theorem on the interference of gradient and generatioemtialiffe
vortices of contact rotating bodies is formulated. The data presented in the article are an addition to
the general vortex theory and can be useful in modeling and research of vortex formation
phenomena.

Keywords: gas turbine engines, air intakertices, vortex formation, boundary layer,
gradientdifferential typevortices

22



I'e d Hjded|
codzjdedj odrtcj sBOL SO Odzadw™ (1 [) 9 Olsdy
Ldzsy odzdwdzedy dzO HjWIsj dz2 desfls! Mmisots
H T jets oL ded S datso jdedWw. ( Misj Mise j dzdz'
dz' d IsstcdzOH 5, 9 dzd v sBldn Is 2@zts alz§ s j i ) dz
sfo j dadets [k fMdztsy dad Is CO¢ Isjadedyd M
st MzHdzO (Jldw). uvjrdesgjdgdz j Olsd3
OB stedzd ¢ Od3d (17) mMd dzser = z ml
Mise j dzdzlz ¢ St OMHAzs s Ols j uizgz? fg ®dizd H
dzd W d &zd f sflis st ts dzdzd A ftoj HA3j Ists
hdd&s jets fsotejiHjddid d Mdvisdi B
sBMmMdzOo dzd o Ojls OCIskzOdz! dztsfls
dL zyd dzd & H Oylgads c¥ts  fWioddiy Cd@y Wdztdzon
s dzj GOIsdodzr &3 o dzdwdzedj d3z. 1 O
odrtc] sBtcOL soa Odzdw™w d MW tstcdidtetso Odz
tJLEzd sOIsT HOdzdzr = tcOBSls f tsL o t5dz
Wi s pte@Lcts 9 Odad W ftcd 1 CMY J ted d3j dzls O dz
dqieseo Odzdd [ 4, 5], dets 1 Istsd3z ftoj fwis
jdz dzgj eofnj bdfr odrtj?2, COC tOdz J
K jdz s H O dzdzts 2 MlsOls! wo dzo fBfigy 2
Hjdzsdesets d HWW jtod dzydOdz detse s Isdf O
jiH jdzj dzed?2 s twOBtsYyj BBz ftetsyj Mmkz.

SOFTITINGS -
—=S3INNG G F—

3
<

gL _IIIST T anag
= Q—.

OFFg FO-G I I
r_d‘l—fl—oow"-q—

RR—OS
2. §

O—NIg

Fa—og INEDo S-googoas
gor@do-

ot

t OBtsyd?2 ftsyjmMm oadrtcj sBtcOL s Odzd™ Olsd

l dz0yOdzj twWOMMiIslstcdds wWodzj dedj odrtcj Bt
ftoddsjtej JV dfdet€ &z@alr'ydg'2n Y dzsB Odz! dzr | ydto
1 J ez dz¢ yOels o MmjBW:

- BMed HdzY dedzlz ¥ H dzj o tklg f dz& 5 iz J Y B &2dgEzvey
fsdzj Hj2Mbodw dztstc 30O dRy ipts 2 ts sty dzishdis RAFQRB j et
MtcjHE 1 CoO0OltstedOdz’ dzr = d Mmtcj H dadRrtf td ddistaslsq
Msdzdz] ydes?2 Qi O dO@adigd B3s?2 s 6 jtweteOW dyd Mm¢

=Q,.cosa=f (Q.d Q)
- ydtel b darfysffls sw dzgdzts H j2Mlsoaks h j2 vy dzste
= -mWRL “)cose=f(1 , )| 2

[ ye

CHJQ R -EZcdse OF MSCstesmis! d MiejHdd2 ©OHJ
H=H/R -Sldtshmdlsj d d&oOv o' NMsk0O tOM{ tdsy .
dv Mmted H;
- ydeS kvt ks ydsc s o tOMNBddY 1 j &

23



ldRitjoOw OCkdodsmls: Old®smYjtr 1 J ddd

1 OodrRtey dzdzsfls! ObkiiREnHY Hiks dJj | SsardfodstColdsiEots
YyJ dzlstetsB jydetsets d odrtejotsets ftsdzj?2 d dm @

71:./(/1:1?) . 711(/1': EI)
Y

IS

——l -

{ Mz ditwss jIBO ¢ dzsB Odz! dzf & W i fiplE iz sy dgtf @ 5 1 g ezt
liftedlbtsC O Msddsj ydetgd dete @ Py dats 2 & dzr

odrtc] sBOL 50 Odzedw™ OlIs
Hy dzj dzdd HOdzdzse s W o dzj ded v .

1 5B o Ol ffstotOgzdmm o csBtcOL s OdzedY s
o Isjuddzdj odnte]jods d3jlf AsGnded]) wjfmfilsSe tisxi3
Isj f dztsIsr it fOHO odzzlstej dzdzj 2 d
, Metstc® odzjhdzj?2 LOeadrtecy dzdzetsisd d
j Hj dzvw s h dd3 WOCIktstets d3 odrtc] sBOL B9
y dzdzs s . [ dz@n j@WIs df otegts {f fictdsts- sy davj jdis] d
9, Yd¢ dzsdztso , FtcOc Odzts 9 hlststed3s 9,
2, O OS] dBOEZScOBOtdIsdzr = Isj n dzts
Mdese | EZedtseoats?2 MOtsttsMisd otOh j dad W
IsdS sfedzd dMmMistsyded ¢ d BBKOL 59 Odad v
e Od3 Ctslstster m otsL 2SO ls oadnmted HAWWJ
zs o t52 MeCtsMmisd o tcOh j dzd W f Gt OHd j d
Wiltsdzd dzj 2 des? MmdMmlsj &3] SCttHddOl [ 7] s

(]

O]
vy}
a
<
O
.U
ot
3]
a
<
Q.
=
=)

5

=
g Igo~— Ty
Taogge+ =

T @q_.a_p,u:t,b%Q,I O «h
O

Q—

=Yl

FAgFos0 Fos
QO=RTAO—— Q-0

SN S=Q [ Ss=r

1 HC 1, uc 1
vo=a (X By oy 2 By o 1B By g
2'wy m 2 X | 27 X pHy H

x:\/xé o+ /iy (4)

[Okj BOdUjMCts] GetMdsoOdd] oL ddisms
ZOftewy jdzdW 4 M CwOHd,j dsO®Rd dzddzj 2 dets?2
By dets SBMdss Ol W st kBl ds? :

24



I=fced 3 2 WA f vl ) .

USEHO 5 lisEy i) BHI&DEQOfK][@BtSfQSWLc[ 2O tc
ydes zdv yddq | nliEsosdifoddzd o 0 smw Wz Quc{tsdz@
odrRtjots? OCIkdodssimisd dMmMmdjHEj B COL B9
sYyjodHdy 7 LOSCCdsdjtedesilsj 2 :

=y =1f(m, 0 ud, 0) (6)

t OLter 9 MHEgwsHisY B € | GROYfetbvoj dzdw | o ¢
L d&zOR. 10 yYyjd BEZHjls Bhdteo Odts ftjHjdj d

Ujndescj degdzs ] o d Ot jtadseyg Gnfifs o fOddgjjS SH O f 5
(w= 0) MmMohswddwy tWwBBfOdk Hddtg BEsE ¢$SL
dzj ¥ Ol tesHddOBdyj MSdr Isjdz (Str dzO, B » O
folsgY MftshmdzjHkzshddk jceéts HtojsBtoOL s Odad j
gdzls j dzfnd o dets s Csbttesets i toj H Oz d&z0 ydte¢

ltcj HdZOGC O] diBis s tod HJ dzd dzd | S Hdats L dzO Yy d
dmlstsydzed ¢ ts9 lidze @B gz | Jter &zO d HEkzedn |
fosHiI Y i3des¥ f thiitelzf H Mlse sd3 YydeC zdzw yd t)d dg€ sstis Js fi
otsLHj2Misodr dzO dzOB j ¢ O8 " dua= 0t ts I4f jsdzusds O df! j d&'

joet o odrtcjobkw, QPIs] dHAs] L O dMmMdIls tsls d3d
WOCIkstotsa (cffr]lstsudzdgtsa 1 dgj ecdd) . I mwaodd
Ldagjteecdd o tOLoY todzgzlstsds adHj [ 7] ,rPvljBHj toy
otcON jdedw Jw D )ydfiylsldy I( EHj dzt dz" 7 f OtcOdj Is!

O A S N N S S

L= = 15, | +2 7

1 2 2 oz "2 2 ZTQG ()

) jSBLOLEjd jes (7) € MdjHksh jdz Wik

2.0 2 2 2 2
r2y .. c%-c o
2= :f(ll 'IZ’ . 2 2’Ladz’Qaadz,’

> ) (8)

RL LOoadmddismisd ( 8) dzO - sH d a3, Yylsts W OC
L dzgj ecdd otcOn j dzgdw wodzw e Isfyw :

- dLBr sgE Iste joiAdz] 2 (

- dLBriIstsS Cddzj Isdnofiff ;S 52 + dzgj e dd

- 1L dgjcestsBd3] dz diMmdzj HEZ] BBSE 5 OB YJ C S
odHJ odz "Ndzj 2 B ezl S FSRESFOB SIS

- fteijHOOtedlIlsj dzv d&zOW 9 L @adHnrjtey Yzdetkinls e yJ M t
9tcOh Olsjdz! detsets Hody jrdeah?/ 20 dgj " dzgj 2 Mmtcj HT

25



Vted MmEhjMmisejdzdetsds oL d3sj dej dedd 4 Mg tecdd
mMdzj Hizj Is H'tSBG)s)q’IsJ f slsj dzyd ghdz! dzlz & idZJtGGc{B
ddzj H59 Ols j dz! dzfs, tcOB tsyd 2 ftcsyy MM o d A
d HdWW J to dzgyd Odz! dzetsG s sdf O Ols s MW j tcdats 2
Ctedilsjtedw odnte]ior0R o0 (eEjddjdztRigls dets s d MOIs!
- LOCtkzkC O owL CdA fMtej H distO dze 16 @z q O dizls
mMestesmMisd awLCdrn CdISOCISd » kst o
- LOCtkzIsCO oawLCdr o©drtcjor s MtejJH o

(otcOh y W M tBKOLtSIOd] A3 adrtejor n kL dts
tcOL o dlIsd® HQWW jtoj dzyd Odz! dg" € zazf e 2 W diz® dzd
odrtcjora Isjdz 9 odHj] MotBtSHA n odntcj 2,

10 thdtseoeOddd orh jsfdmMoOddtcets sy dzts
CGtcOHd jdzlsdzse s d HIWW jtoj deydOdz! desets Isdif O.

l dnts! CGtcOH | dzlf detisHtz CIsd @Bty MMO dzO0C s
OCIkdo dzgsfylsd Y klsy o8 l]’tGJISBtGOLlsaOdZ,dW P L ter

Wtsted3c{tetsa®dzd4d3 &ZO J G BOLJ odrtW GteOHC
Y
0 =f( d).
L OC 5 &b i
1 d7ts! HWW jtej dzyd O ujdzasmtslzglsqmwtsmqtsa
ZOC st dzj ded W aq’:tGJSISQ OCIlkdodesmisd (o dnted

Mtsh tcOdzj dad v odrtcj o2 1 dzj eedd dzO tcOL t
dmfmdzj HEzj Bsscts o d FteGopskd 60) hfdidateidz C ss g ¢ sls
weodw jlsfw detser 2 odnt! (eoedihted) HIWWJtjday

1 0cdzvHde §J ftodditer sbddydy ftsyj mno
HgWW jtej dzyd Oz dz" = odotej?2 fBCOLOd O ted

L=1-1,
Jlugppepenyuarsnoe BO

Buxpenoii yien

f(/,) = const

I paouenmnoe BO npu Ac. ™ const
) B
it Mz debSteazdtctso Odzdj odrtcj 2 CGCtcOHdj dzls dz

OldzO fftoedd3j tej o dERitdsjlso B todzllitc A ;e s B C ¢
ydgazddHtedyj Misets Isdf O

26



wydd efjjr odAtji?2 o IsySj eodn
n

1 sdzlz y 4 dzdzr j H Odzdz" j fsL o tsdevjsulde | ®ilY S tc ¢
ddals j eW j t6j dzyd d GteOHdj dzlsdz" =~ d GJdzj Oy
CsdzlsOCIsdz" = Isjdz 9tcOh j dad v .

) i tsdzj CGtcOHd jdzlsdetse s I [ ftod B d3j dzj
oL dzdSOjls qusomomm ) s dzd dfMrtsHC
Cdif | dz,fr]c{telzc; dzr 2 L OC sdzts d3 tdnjoattae@xizj HKad dvy j4 dedjwi
odntoWw HdWW Jtoj dzyd Odz? dztsG ts sd{f O, sBj MY
ydte€ kzadz

d

WY jte) dydOd dsc@TLo 5 L OC 6k
i=1

1 OC dz8 yd ded J
] sded B3O ded ] tshtse | dedslisljNMEOPEHHidR ¢ ol

HdWW jtoj dzeyd Ozl dels @ s sdf O Old&sm jtsr 14
LWW iClsdodatsfyls' ¥ d&ORBHdlk! Gflkd®Od d' j ki
pdhtc SBcOLBo Odzd j &5 MssSCsoatsets difO k 1 Cisl
fcsmisstesdzdzd Btso f toffH BBtsnh tc Odzj dzd j O3 BjLOo Otot
OQodOydtsdedzr = HeodceOlsjdzj?2 dzO L j dgdzj .

IdeddseeOY dujMSd2 Mfdmsc

1. 1O0OriBso l dedwdzd] o jltctsor 7 WOCIktstttses dz2O Isj
otsLHEN dZse s MEH O / o . 1. 1 On sdis 9, . o . [
udBifise 5 t6ij2619.556z01 8. -275.1 EDN BHBFLE.

2. 1 Odgd dzj S s jptcdW .odrtcj?2 HitcjH oOBLHEARBL OBt
tcOBtslsy GOLBIskzteBddzdzr = HodGOIlsjdzj?2 dzO O tetsH tots A3
] Ontsdise . -gtoguw.i RICEEREGL| 3 L8 7 BBN 9785-803806851. i
EDN VAAANF

3. sdtej dyjfomntse j dedesmisd wBMdzZEY o Odedw o tsL HEDN dzr
odrated 2 Mmddzr dessasEtwdfiidO) ./ s dtci @@QIa dzjidgtEL.zZI1sm¢ :
RteCElsmMSd2 W ddzd Odzi T 4 @ivISBN $785-6240243-8.

4, 1 Jdzsyj tcC tso fifClsdic owlats j [ d B Jj L BIster adetsjy tBIsj €
dHjOdz dets?2 Y dHSGMIs: s [ w. [ .0[1j dzg RIZECCESD 1] CHq728, .

5. 1 Of s o fsH jllzdtetseo Odzd J ftesMmistc OdzMis o j dzdz’ n
oBLHEh dgsets sk O d&O onBH]J ) 9 BLHEZABL OB Bi6
dutsotej Bideder | Ibjrmdesdzsedd. odMmlsjiBaz3.2  o2zO&g) . [t
91-98.7 EDN QCLXSJ.

6. 1 Oded dzj dzC N tB.j] dAddzs Mo O detfsdo drtcj 2 § SH oL H

lur M Izuy Is ts df EWNQjHE[jj ddalsdidsdz! dzs e s W OC Iststc @ o dzd W dzd "
s dtej dzy /11 0CkkOd dr j ftsedjd d §jthnfjslsc
%GBJBGGW’ X101 dy H ted2@ tists/ udpth X ts Q£ tpdiate C tir Jadm§ |

sClwptew 2i0RMS LA, [ sMS oM d2 comkzHOwmss j dade
GtQOxHOdzfr]CISQ Oioud, O-LWREPN 2 QLMY

1dhls [0l esHddZOKBIS O BESjorn dzjlsOlsjd dzr & O
fncffrﬂs'fj,[d:s.: JIRO dds. r Qs iC 5cit5,7 01 39 4 .

27



vrs 621. 65

stsmMisddz 1 o jdz v jteejjody, ¢0OdeH. |
texnnik@mail.ru
MOIskzdzyjo (ctesmMdzOe Jtedetste! j o dy
hatuntseff.yaroslav@yandex.ru

Jol1 A 1lu 9By tizizgOv OCOHj &Y d&3j dzd o ety
d 5.6. 1 0cOtddoe
(¢. Issdjy)

0 dzdztsls O d wils Qs 'dgsy j 420 BjlssHISO §ofstes ddy
sBjBBdzse s dzOMsMO § jtoj d3j dedets? fJtesdL osHdIs] dz! dztsls
Of { OeOlstsa, jj tjOddLOoydwy Matlab§Snmlink O dsiztzs 63 H s
BisHj dzdteseo Odzd j § jtoj Bj " jdedW f steh dgv tbdzjotscts § tod
f smistsw dedzwizfty . H Jetfdgjj HJ dzj 020 t©OL &z y® ot otej d3j dzg
sSBOLBR fsCOL OdzO dgj sBrtsHd @3sMmis! Eydlsr 9 Ols! ©OB
TOLOSIsjtedmisdS tkdjoer R ftedosHEBH .

sdz yjor j thplsjpdddz 2 dzOMmch, BBtsH j dz' BsH j dzd te ts
ftcdotsH.

MATH MODEL O F AVARIABLE CAPACITY VOLUMET RIC PUMP

Kostin Pavel S., Candidatef TechnicalSciences

Khatuntsev Yarosiv G.
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Professor N.E. Zhukovsky and Y.
(Voronezh)

Abstract. The aricle descriles a methd for corstruding a mathmaical model ¢ a
volumetiic pump wth vaiable capaciy of hydraulic systemsf airaaft, its imgdementation in the
Matlab&Simulink softwae package The mdion of the steering piston is simulated with
consideration ofthe punp mocel and a corstant- pressue source.The diference in thetransient
responsdime ha bea identidied Thus,it is shown that it is necessarto takeinto accountthe
opeation of thepump wha sudying the dyramiccharacgristics of steang actuators

Keywords: volumetic pump, nodel, simulation dynamis, steeriig actuator
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ONTHETERMI NOLOGY OF THE CONCEPTS ¢PRESE
MAI NTENANCE OF Al RWORTHI NESSe

KuznetsovSergeiN., Candidate of Technical Sciences
FryazinovAlexanderV., Candidate of Technical Sciences
KondratyevaMarinaA.

Moscow State Technical University of Cikiiation, Irkutsk branie
(Irkutsk)

Abstract. Preservation and maintenance of airworthiness are fundamental concepts ensuring
flight safety in civil aviation. These two interrelated but distinct terms in the field of aircraft
operation are not always correctly understood or interpretesngimveclarity for professionals as
well as students and postgraduedgsearchershis article examines the essence sompeof these
concepts using a qualitativeontentanalysis approachBased on the conducted analysis, key
differences between these conceptsehleen identified, and the process of preservation and
maintenance of airworthinedshr oughou't an ag presantad graptscally. iTHee c
relationship between these concepts with operational stratexgewell as methods of aircraft
technicalservicing, is also discussed.

Keywords: airworthiness, safety, flightterminology definition, capability, compliance,
maintenance, preservation, technical seéngicstrategies, methods, operations.
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EFFECT OF CROSSCOUPLING COMPENSATION IN A N INTEGRATED
CONTROL SYSTEM ON THE SPATIAL MO TION OF A FIGHTER
AIRCRAFT

Lyubimov Maxim N.
Kostin Pavel S.Candidate of Technical Sciences

Military Training and Research Center A
Professor N.E. Zhukovsky and Y.
(Voronezh)

Abstract. The article is devoted to the study of crassiplingarising in the spatial ntimn
of the aircraft. The study was carried out using simulation modeling. In the course of the work, a
model of the spatial movement of a supersonic maneuverable fighter in the Matlab&Simulink
environment was developed. The siatidn model includes a complex control system that provides
crosscoupling compensatiorA flight program is set, performing a flight on which it is possible
study the mutual influence of the roll and yaw channels on each gineutomatic flight conol
algorithm based on PID controllers was develofgased on the simulation results, a comparative
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analysis of the aircraft's kinematic parameters was presented, taking into account and excluding the
compensation of crodsks. It was concluded that fimer research is necessary to reduce the
influenceof crosscoupling effecion the aircraft's spatial movement.

Keywords: fifosscoupling integratedcontrol system spatial motion, simulation model, PID
controller.
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COMPUTATIONAL CORRECTION OF VISUAL MEASUREMENTS IN
BUBBLE-METHOD LEAK TESTING OF AIRCRAFT COMPONENTS

Nazarov Denis V., Candidate of Technical Sciences

SamaraState Technical University
(Samara)

Abstract. The water immersion leak testing method is widely used in the Russian aviation
industry due to its simplicity and accessibility. Its key limitation is the high subjectivity and
inaccuracy of visual bubble size assessment using a ruler. This paper pra@pmsaputational
correction method for visually measured bubble diameters, accounting for optical distortion (water
air interface refraction) and bubble expansion during ascent. The derivation and verification of the
computational formulas are presentedaddical nomograms and correction coefficient tables for
standard test conditions have been developed. Experimental results demonstrate that the applied
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computational correction reduces the error in determining true bubble diameter from 22.3% to 8.7%
compared to direct visual measurement. The method requires no additional equipment and can be
promptly integrated into existing technological processes.

Keywords: leak tightnessof aircraft componenisbubble method, visual inspection,
computational apprad.
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OF NON-DESTRUCTIVE TESTING TECHNOLOGIES FOR AIRCRAFT
POWER PLANT PARTS AND ASSEMBLIES MADE OF POLYMER
COMPOSITE MATERIALS

Natsubidze Sergey A., Candidate of Technical Sciences

Moscow State Technical University of Civil Aviation, Irkutsk Branch
(Irkutsk)

Abstract. This paper examinehe main trends in the use of polymer composite materials
(PCM) in civil aviation power plants which can reduce weight and increase the absolute and
specific parameters of aircraft engines.

Such materials have high specific strengthd arigidity, but subsurface cracks and
delaminationscan develogn their multilayer structure. Therefore, there is a difficult task in the
PCM to detect such damages that occur during production and operation.

Methods of nordestructive testing of powgrant parts and assemblies madeomposite
materials are analyzed. Almost all methods and techniques used in the production and operation of
aviation equipment have been used to identify defects and damages.

Keywords: aircraft power plants, power plant parts and assemblies made of polymer
composite materials, neaestructive testing methods.
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APPROACH TO CALCULATING AN AIRCRAFT WING Al LERON
FOR DETERMIN ING PERMISSIBLE LOADS

Neverov S.3, Candidate of Military Sciences
Galkov Pavel A

Moscow State Technical University of Civil Aviation, Irkutsk branch
(Irkutsk)
Moscow Aviation Institute (National Research University)
(Moscow)

Abstract. An aircraft control surface is a structural element designed to generate the forces
and moments necessary to control the trajectory and attitude of the aircraft. This article examines
the calculation methodology for an aircraft wing control surface el@&me aileron. Structurally,
an aircraft aileron is a deflecting portion of the wing surface, attached to it by several hinge
assemblies and connected to a control rod. The number of hinge assemblies is determined by the
aileron's geometric parameters aaghnot be less than two.

Keywords: loads, reaction forces, internal force factors, bending moment, shear forces.
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STUDY OF AN AIRCRAFT ENGINE ON A TEST STAND

Otetleev Kazhymukan K.
Garipova Lyaysah, Candidate of Technical Sciences
Batrakov Andrey S., Candidate of Technical Sciences

Kazan National Research Technical University named after A.N. Tuip&lav
(Kazan)

Abstract. This article presents the results of testa déststand for the study of the small
two-stroke engine DLE 35 RA, used in aircraft modeling and small aviation. The main objective of
the work was to study the influence of operational parameters on ther povd dynamic
characteristics of the power plant.

Keywords: test standtwo-stroke engine, dynamic characteristics, torgatational speed
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Abstract. The combustion chamber of an aircraft gas turbine engine (GTE) is designed to
heat the working fluid (aior gas) by burning fuel.
Combustion chamber components operate under the following conditions:
high gagemperatures (in the combustion zone, T = 1700...2100 K);
large pressure drops (up4ol @a);
high flow velocities (compressor outlet velocity up to 120...140 m/s).
These conditiongeneratesignificant static and dynammechanicaloads due twariations
in aircraft altitude flight speed and engine operating modddnder such operating conditions,
thermal stresses arisetime combustion chamber components due to different heating levels of the
combustion chamber components and the flame tube. Theseal stressesiay lead to thermal
deformations, crack formation, and their further growth during operation. The purpose of this article
is to assess the damage and thermal state of the combustion chamber components of the SaM 14¢
engine.
Keywords: aircraft engine, combustion chamber, faults, cracks, temperature, model.
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ASSESSMENT OF THE STRESS STATE OF WORKING BLADES OF A GAS
TURBINE OF A BYPASS ENGINE ACCOUNT ING FOR OPERATIONAL

DAMAGE
Skorobogatov Sergey V., dandidat e
Khodat sky Sergey A., dandidate of

Saranina Elena V.

Moscow State Technical University of Civil Aviation, Irkutsk Branch
(Irkutsk)

Abstract. A gas turbine is one of the most heavily loaded engine components. Gas turbine
blades arexpasedto high gas flow temperatures, pressures, and flow velocities. When operating
modes change, thermomechanical stresses occur, which can lead to material fatigue, cracks, and
blade profile deformations. Therefore, to ensure high blade reliabilitlepthstrength studies are
required using various experimental and numerical methods.

Currently, modern numerical modeling methods, such as ANSYS software and others,
enable highly reliable investigation of the strsfigin state of turbine blades. This mettadidws
for a comprehensive study of a selected object, the assignment of various operational loads, the
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analysis of various design solutions, and the identification of the most appropriate ones for
achieving the required safety margins and service life.

The articleaimsis to evaluate the stress state of the gas turbine blades of a bypass gas
turbine engine, accoung for operational damage, using ANSYS software, and to develop
recommendations for improving their reliability.

Keywords: aircraft engine, séiss, blade, loads, mesh, calculation, temperature, deformation,
notch.
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Abstract. This paper presents an overview of scientific and technical solutions involved in
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Abstract. The software is proposedand developed for implemeimy the stages of
transformation, selection and formatting of aeronautical information in the process of pratviding
to MS-21 family aircraft. The software also supports validation and verification of the results of
these stage3.he softwaras unique for thelight managemensystem of MS21 family aircraftand
the presence of a convenient graphical interface.

Keywords: provision of aeronautical information, aeronautical datalddght management
system, MS21 family aircraft, software.
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J cOBRBEOR 1 sséts ftesyj MmO 1 IsOf MO
o] OzdL 8o Odz L O myd Is oL OddtsH j 2 Mmlssahddvdzd M
dzO0e d ¢ Oyd tsdzdz" J BOLT HOdzdz" = ARINE Hi2dsOls jr da¥
tcj OdzdL Oyd d 1 sOf 59 ftc] BBGOL 59 Oded W,
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Ozestedlsd3d ud MS 5§ BBJ MY J Uj dfsttgsdDis@e ] tols j te

l tcsctcOd3d3detsy BB I MY j ud dzdd cstsdzo J telsy to da
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&ZzOo deOydesdzdzse s W istedzOIs©Oe wWo dzw ¥ Isiyw :
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2. vd3j dz' M jdedj BBI j BO W O2 dzO;

B RMCdzt yjdedy ddeW stedsOydd t dz0eo d e Oyd tsdzo
fdMmisj B3s?2 MOdsdzj Istse 53 H j ded W ;

4. 1 toj HisMIs ©o dzj dzd j fsdz L s9 Olsj dz¢ o tsL Ai3ts
tcjedtsdzso Rsd[ HEZW MBLHO O] BBt W O d&zO.

l"fsdzdzj dzedj 1 Isdr LOHOY Loz jls fftojts
Wsted3dOIsO o MBARING 4 BHlsad ff O dzr Bstclstso segts W
Colsster » MdMlsj B2 MOBsdz] Istso sRHj def W j ) Bdgts
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oBLHEMdZ = MkzHtse .
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1.1 dzts€ B tcOQodzj dzedw d ftetse jteCd ontsHAZ A
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b. vf tcOo dzj dzd j CodaW e ztc Oy d W Setbct alte] ¢ f tizrdzts
o BBtO ofMmjn to] ¢ddetsRemavealiets dpitiaf ¢ Hstds@izy odgr, oc¢
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LABEL

CRC32
u
AIRAC CYCLE
u

PROVIDER

DATE

Expda

INPUT FILES

OUTPUT FILE

Folder name:

Validation and verification logs

t dMMz2emzls j oW j 2 ) ddefistezdzi dzs© ¢ 1 Odzd H Oy
&ZOo e Oydesdzdz' = BOL HOdMzdz" = BtStolstso

1.t OLHjdz 90 jtedW dS OHEFADEREQG s dzseo S tso (¢

[ OdzdzOVY MjSydCtodls dipjdiddhvg Is o Oy dalz ® Wz dz€
C Bdzls tots dzw . 1 sfMdzj LOGlzLCd WO2dse d dzfmls tc
McOoadzdo OJIs dm MAzEy JBdzr §| LOGEGBARZSCd. 1 M
Molse jIsMlseazs Is -dzde®tgj ded v f OO tcts o slstsB

tc OJ dzj ddzls j teW j 2 MO, LOf EMm¢ ftesyj MmO o j
dzj osL sy Jdz. 1 ©WOLHJd&z] BlstsBtcOy O Isiyw :
a. RH Jj dzlsd W d CL@BERds)y d cff sfls O PROVIDERD jizdzr = (
b. utsof OH j] dzdAVRAQY(JMREDG CYCLEE ) d S tsdzlstetsdz! dzts
(CRC32¢é) dBjyHEZ WO dzOdBH jifds HiS adjdtc ¥ HEEGIOMYT . S IS
c. } JtedtsH HJ2MlsedWw: [ OlsT &ZOyodz0 d et
( Eff. date , Exp;datee ) .
2.t OLHJj &z 2§ cO9 dzj dzd v dNRUTEHES Izkd W 02 dzO d3cC
rdzv or Btstc® dMmnatsHd » H OddBrowsefNDF filalO L dzO
(Hdzv R ORH®9 sc s BroviseARINCIR4A20filee. CIlsts B J MY J
ftesmMists?2 d ddzlskzdlsdodets ftsdgvIsdz" 2 3y -~ Odzd L O3
3.1 OLHJdz dOMistes2Cd o' AntsHdz" » HOdzdzr = (¢
]l sdz L s9 Ols j dz! BsyJls ESCOL OIls! Hdtj CIstste
ftctseo J o€ dJFoldeltnamig] ftsL otsdzv jIs L OHOIs! BrgueBe f O
path to result® T 9" Bt Ols! Jv tcOMmY sdztsy J dzd | ) W
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4. 1t OLHjdZz BEftcOo dzj dzd W i tc tsy jVEiiptsaly and dzts
verificationlogse ) .

Clts yj dzestcOdz'L prd2 k1 tcOo dzj RIARTe sddd=Sd@f tc iz
fesyd M o O0dduHOydd d ojtd¥déoOydd. msH
sSlssBtcOY O Isfpw o frAscecasSigiue f s ffls s daPi is(dc d daW ts
mMssBh jdd?2, tBjMfjydeo OV BtOIsdzlzs jnded w !
ftotso j 6 d RESHTHESC @ teg HsMIsOo dzw jIs oW B2 HEsM
Slsyd EQde-M( @2 zOds M HOdzde" d3d d dzscOd3 M i dm

sO0Cdds BBtOL 53, MM fodish! s tCOLKOBESISOAZ
¢ RdzMIstclz d3j dzls 9o 0dzdH Oydd  sdadg'ted W BOQY J ¢ O
o' fsdzdgw ¥ siw fsyd M o0dkdrnOydd d ojtdw
sBifMfjyud dedvw O tetsdzO9 d e Oy(d tsdzdz” d3d-2H O dzdzr d3d

1 OC dz8 yd ded J

1 Ok ydzOw L dzOyd dztsmls tcOB SIS L OC dzg yOj
sBJ MY iNQdEd] sse M2 &3] DNEs@OPp e Oyd sdzdzs?2

1tcOCIsdyd MEOW L dzOyddsmils! tOBBIsr L OC dz¥
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FEATURES OF DEVELOPING A PROTOTYPE EDUCATIONAL AND
LABORATORY STAND FOR INVESTIGAT ING DIGITAL DEVICE
COMPONENTS AND UNITS
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KivokurtsevAlexander L., Candidate of Technical Sciences

Moscow State Technical University of Civil Aviation, Irkutsk branch
(Irkutsk)

Abstract. The article discussemn educational and laboratory statesigned as hardware
platform for studying anehvestigatingcombinational and sequential circuits of digital devices used
in groundbased and onboard digital comipgt systemsA distinctive feature of thdevelopedstand
is the prototype field, which allows for th@acement of virtually any integrated circuit of low and
medium integration for research, and also connect logical variables at the desired point, and use an
LED indicator register, oscilloscope or other measuring device to record the results. The article
analyzes the main approaches to the study of digital technology, and concludes that virtual
experiments on a computer and the stands created on their basis limit the study of the real element
base of modern digital electronics, acquiring skillsvorking with standard control and measuring
equipment and, as a result, reducing the practical focus in the aviation specahstg at the
university.
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FEATURES OF CALCULATI NG STRUCTURAL ELEMENTS OF
TRANSFORMERS WITH A ROTATING MAGNETIC FIELD

Mishin SergeiV., Candidate of Technical Sciences

Moscow State Technical University of Civil Aviation, Irkutsk Branch
(Irkutsk)

Abstract. The features of calculating the structural elements of transformers with a rotating
magnetic field have been experimentaljalidated Based on theidentified regularities
recommendations are formulated tinaiist betaken into account whemlesigning andalculating
the structuralcomponentsof such transformerdntended for output voltage regulation or
stabilization.

Keywords: magnetic core, yoke, magnetic shunt, toroidal winding, drum winding,
transformer witharotatingmagnetic field.
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USE OF AUGMENTED REALITY (AR) TECHNOLOGY IN THE TRAINING
OF AVIATION ENGINEERING AND TECHNICAL PERSONNEL

Popov Vladimir M}, Candidate of Technical Sciences
Turchanovsky Vyacheslav3s.

Moscow State Technical University of Civil Aviation, Irkutsk Branch
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Abstract. The article examines the concept, operating principles, advantagethedday
applicationareasof augmented reality (AR) technology in the training of aviation engineering and
technical personnghs well asn the professional development of aviatgpecialists.

Keywords: augmented reality, virtual reality, aviation simulator, virtual trainer, AR
technology.
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METHOD OLOGY FOR DEVELOPING A PREDICTIVE OPERATIONAL
MODEL THROUGH THE ASSIGNMENT OF PREVENTIVE PARAMETER
TOLERANCES

Razumowiktor V., Candidate of Technical Sciences
Ustinov Viadimir V.

Moscow State Technical University of Civil Aviation, Irkutsk Branch
(Irkutsk)

Abstract. When solving problems related to predigtithe technical condition of onboard
systems, it is customary to assign certain equal intervals for inspections. If, during the next
inspection, the predictiomalue of the key evaluation parameter is expected to exceed the upper
allowable limit, the produds withdrawn from service for repair or replaceméiatistical analysis
of performance checks for most products shows that even when the same time intervals are assigned
for conducting checks, the rate of change of the evaluation parameter is diffdreft makes it
difficult to determine the time for replacing the product. Therefore, during operation it is necessary
not onlyto definepermissible parametdimits, but alsoto establish preventive tolerancegpon
reaching which the object is removiedm service

This work proposes one of the possible forecasting appraactesely, the single
measurement prediction methodAs can be seen from the conducted research, the single
measurement forecasting method is characterized by maintaining thelitglabcontrol under
given conditions for any distribution law of the tirtefailure density.

Keywords: product reliability, acceptable values of estimation parameters, proactive
tolerances for parameters, distribution laws for estimation parameters, forecasting of product
operating conditions.

I'e jHjdedj

dZOMmlsswh jj otj W f§toddzj dzv b lkpPc OBk € B
jdzd?2 1S zOOyYydd d BfftjHjdjddw otc]
Odzj st © Hisf Zfmisd d3" A L dzOyd ded 2 . 1 tod d3j
cdesL dtetso Odzd | Isjrdzd yd M BE Mtsmis sw dad
j Clstedyd MS dn BONM d dzO R ( ez dzj totDts jster tc OL Sd
| Cstedud MSdd HodeOlsj dzd) .
v tilsda  yjdz? dzOL dzOy0os Isfw ttOods j
tej Hdz ~ ftoctseo J o6, O tcd d3j 6 dzOtc OB tSIs G
Sdzdzj ded g 3 G JjtedsHdU) MEdn (t6d ¢ dzOd3§ dzls d
J H J dzwdgv mwdz@odigjjls 1 &) HisfisOlstsydatsj H dzw
tcsHtctsds fsMOHSCd HB HBMisdy jdedw § OtcOd3] Is
s tots d3g ss6 s, Bsy des  ftoj Hdzsy d Is+ 34 Is s H
HsMistse Jtoedzsets tSfftejHJdzg dzgdvY o9dHO L OCtsdzO
sygdoOdedw d HwtsojHjddjd3 tcOMmyjlstses o jtetsWis
HfEmGEtse [ 1]. vOCY) Byt fkzlsjd SBtOBTS
d3®lscjd3®lso[chfr]<ilsdls MlsOlsdMmisd yj M sets dsH J dzc
dzOL dzOy J dzd W sflsdBOdz dese sHdaWsME tsa j tzdt ¢ sq
slsmdzj ydo Ols! L OfOMm otcjdgjded HEs HEMIsdy J dzd

==Yt
e te gREor
Q—Q—WHI_

OF G
=

130



ZOftedBjte, LOYJOMBSHE otjdjd] HES ftddjlsO o:i
fsmousd [2, 3].

sO¢ k0o dds, o 1ltsd Mezyo] {§tdd.
ddzls j toff 5 dzveydig o, 2OOY j Hesmsj2hd2 d dLoj
CoOHtOIstso (f18) fjtcots2 misd § 4 dzd . [ HdzOC
ftoddisj ded s’ bkisd S5 o MEyOw s tOo datsdsj tdzts
WO dz0 COYHBs ddzlsjtco Odzj ¢ tsdzlstetsdzv .

ltedijte SOCBE B JIyHifdgHO depipzszs s 1 .

A
X

0 t

t Mz ded Getshyj MM dzOB dzt Hj dedw L dzOyj ded?2 f O
f cHHIOC so 82 MCtsMmisd jet dL d&j dzj

[dbsHT d MejHMmlso O HeMisdyjddY yj dd

it OMfdisslstedds sSHdde dL §sHoBHEBSe ¢ f ot
fsmistsw ded Wi Sfpfl gLAIDOYId  ftejHjdzjddy Gt
L Od3j dz H S Hismisd Y 4 dzd W f OtcOd3j Istctsd3 Hist
MlsOlsdmisduj MS et disHj zdtetse Oded™w [ 5] .

ltesd3d Y2 d otcj d3j dzad ( ddalsj o Odzr ) dzOB dz¥
tOo dg” &3d . 1 s{ kMlsd dgtgiO daddg® y jodmfjvd3j dixifaf, ¢ @ M § dzt
ftcOQoddzs, droeojMmlsde dd BtejHJjdzjdz 6] MztemOC
[4, 5].

IBBLAOYdd otj Y ddzlsjtco OO T { fotsp g dhid diag
Yybss fted HsMisdy jddd § OOl Istetsdy H tsiinm sy d
LSy z2OOYdd Hdzdv L O] dzr ddzd ) IWABRB O, Is.

[HdZOC s By jls BT Is! fdzz yo? , CSEHO o
ftsmdzj Hso Olsj dz' dzr i3 tetse j t6$ QuBd j GO tc O dg g f €
By jIs ftcjor Mdls: Hsf Z2M¢ d oL dzd S OJ
Hisf sdzdzd Is j dz' dets G s s6tcOded yJ ded v , Colststots

LSy OB OQPH cH L | EftejyHOs N jji Hesfkhsdd
Codzstesddiol j Bsdts § OOdj S©O.

[sfkmisdd, uls®kjfissng@ydady § Ottodj Ists0O
otj BPdzdl © fwLOSKIC,j dOdBBdjj UYOMt o Mists

131



gL d&3j dzgj dzdv OOy IstcO® dzO@O C Oy HBAZ ddzlsj tco O«
fsi ks o OBl fjHkOCO] sy {AAdadsER d |
JLBjtejddvdg d tOMyjldts?2 W% stdkdj:

W
GHJWO I qLdjtejdzdj tftej HJ dzwoh e s 2@ @det® i3,
B d3 dels e jdBjfdmj Hh jMisazs "qiqQ ; dL o3 6] ded ®
T 0O O TfjtedtsHdydesmls: Ctdzstetsdzy s to]

wo.

stesd3d orh it dmMOddtsects yj dj HMstsB teOL dzts
syj dzd o Oded W ftoj HdAzsY s+ o’ ydmdzd Is: ftots@
sy dzd s gz@ ¥y Hdzv otcj d3j dzad Htotso jHjdzd® »,f tots@

ftod Clsttosd §iosedasL dtcgE6 js M lsADA]j Iszdagj dzOhs

5 -
8 s $ S S

) todd3j dzj dzdj HObEEES §BHOGBHO HBoy ds W
edmizdCj 2.

X(1)s : \
s
i N i
I T G o
| P~ X ()
______ b N TN
Az i : '
£, rc:'mrc II,J'+'l I.qt?.ﬂ f

{ Mk dif GSHAfdE s dzsL dietso Oded ™ Isj & ded yj S ts
Coddstetsdzdiol j dsse s dL Hj dzd W

sOCdds GBLOLGd &Eoyds fojHfsdsydl! ,

1 CMf dz2OlIsOydd HB ByjtejHdsets otoj d3j dad ff te
G O BiL flotsej Higdiady HLEOfCElddd s 2 d&' 7 OB

132



j Bsdzls © d dzd Htckz ¢ d A BjIstsH s sy tsHdgtisips
Cif kOl dtekz j dseéts dLHjd&dY ddzd B jSIO 1 ¢
1tod o' f Sdzdzj dzdd H @lgG ©G t5d LizHnjdrbst j W iy dzd 30

LS &z OlOYydd HA&Y LO®Rj d ddzd toj BsdzlsO.

I sdz' L so Odedd dzddzj 2 dzts? ddzlsj tof sczw g d

dL d3d 6 dzd W d3.

t jOdz dzs 20 ft.0OCIdS L &zOydlsj dzr dzs oz
kjrdzduj MSsets Msmisswddw Bl jSkO 1§ MY dziz
ftots @ dafs L dats ¢ @& 5 SOs dfldadstsjddy tcOo dzj dzdv Isj Ckh jaots

EftcjyHOs N ddz .5 EM¢ 53

sO0¢ COC ftod ftosedesL qetso Odzdd Isj - dzd yg f
dLdi3jtcjddWwds dzj sBrBH®BS ftososHIIS! L Od3j te
fOtcORY BE&OC Oy HESR M OG ], Ists dzOL dzOyYOls+ L dz0
WO CONHBR YPHI T tzPS s iy dats .

I Hi2Mmbsodlsj dz' dztolylsdfd3d g ks cdzd WJQ@EO § e Oo d dzts
n Ot OCIsj to. 1 s 1 Ists? f ted ud dad L OHOYO i t
OQdze jBteOduyujMSds LOHOY o tsB dZOMIs: BOIs j &30Is
dzf sBrtSHd MBS o' BOIS! BHdZE dL MdzjHEE "M ds cc

- 000 G, ftd Ekfdsowfed jC skoEddz &y d
L CMf Zz Olsdtcse Ols! HOd h j;
- O:wo @ 1T Bl jCIs ¢ ts dzls to ts dzW dzj 5B - SH

1L O &z OIsOydd Hdzv o' f sSdzdzej dzd W 6 d3sdzlsdzr ~

[ &z o' BBKO cdfislsjL" dzj 5B 5HBES & ISENdsE
B'" HOoOdzts fMmdzjHikehjj tjhjdadj:

q&;d:(‘) - &O0dBtsdzj j] o jtwfOWIsdzO cdfislsjL O

qiﬁs>b - &O0dBtsdzj j o jtfOWIsdzO cdfislsjL O

lted tjhjddd OS2 LOHOYd ofjcecHO dzj E
By Jls Brils! orf ftsdzdzgj dzts tsh d B tsydzts JO, to J-hsjsded Jd
MOBsdE Hjdzf 0QPedz® cdf tslsjL O

[ dMOdedzlze o7 hj whdBSEZ BEHJjdB dz2OL '™ 9 Ols
shdBCO jtcotses j Higs OH dg ftosMmistsis dL dzts
tsB 5L dzOud ded v :

- UyiojtesWisdasmils: ¢ dztsy dats? Istejoatsede;

- Wiejteswisdsimls! fsfzmMl{O slCOLO ddzd t

ltotsf 2MC d '€ Pr OO 9 Is s to tf ctats| daw tisHOO ;0 JIi Bis.|p v (
&zZO MOBdy Hj dzj O jtocdzO e dftslsjL O

I8 ddesedms JtOSCIsdyjmMédres Mdzzyowrs h ds
sls¢C OL O, ftcdotsHdls ¢ mMsB " sdwds dzOtelzh j dad
MuyudlksOojlsmw Btsdzj j tfOMdas?, yjd@ shdesco
L Csdzsid gy fslsjtew ds ( Mdwisdy dMfcOodesets duLt
LIsdds © HOdzdzts?2 tOBtSls] HBMIse j todetsMls! ¢ s
9 JesWisdztsls+

133



0 p Uy

[ dzw b d3d dz' " J dad W ydmdz0 hdet¢ 9 Iststc s
zo j dzd yJ dad v HBMBB@c@@&@&%dﬁ&&&@ﬁwwhdbi
Codzls s dze dzz yOW of3d o tsL ded € dztso j dzd W  dztsy dets2  Is
tcsSHO HOddzj J BEHJ O quwg tcj 6 Ols! .

rdzw ssyjdzfd HBMmistse jtodzsMmisd ¢ tsdzlstetsdzv , [
Holzdl dL d&3j tej dedW o3 f ted totfn lsixff YtdaD | § te JOH jiscigOded
Hs s OL 0O, Br 20 dimimdzj Hs9 OdzO MisOIsd Mmisd .
dzj o siMlsOdzOo dzd o O] BBsE 5 L HJj dzdWw MlsOtej s h jcd
3, 4].

l C€OyjMmkej dMratHds?2 B"' ZO 9LWIO ¢ dzOfMm
Ot Al s BIsCOLO (tedmMkzds¢ 3). RL tjL kzd
d dzls j dzfnd o dzts iy ls ¢ slsCOL s T tadsils® st GdzisL daOjyg
Hisfistse j todzr 2 f otsG dzts L otsL BBY J dz IstsEAZE S
sftcjHjdzvEh jes f OOk stcO.

Sy

14 4.
134
124
114
10 ¢!

{ d ik ded Wzts3ds das@yfisf toj Hj dzj ded W dzOtc OB SIS S
f i S MY dzz @ BsBG P O

J tcJ L zdz sOIsj BsH | dzd tets9 Odzd W f sis tets
oJsWisdzsmisd HEMisBe jtodzse s flosedesL © o7 o
HsfeMisddisy L dOyd ddd s 7§ 6dzis g tgde®mls di3]
fiecedzesL O 5 Hobkdg dqLdi3jtej dedv 3, ftod Isdftse
O &0 tdmMkzdtj 5 fHttjHMisOs dzj dzO f dztslsdztsfyls
sjirddyd ME et EfmMstes?2 Mise O, st d MOdzdzOW  + C
9" Btste§ J .

134



095§
09t
0,85}
05}
0,754
074
055}

055}
054
045}
044
035 |
034

t dmMiz4leg OV d S dL d3j dzj ded™ o jtotsWisdatsmisd Ht

__________________________________________________________________

PR s O SO S
T — T e L | T T T
1] 200 400 GO0 a00 1000 1200 1 4|:||:|I

t dMmkz did WzsIs dets s twwOMf tej HJ dzj dzdVW dzOtc OB

sOC¢ odHdts dL twjLizd IsOlstse BsH j dzdtetseo O
BLOMISOjIs HOYJ ftod dzjL dz2Oydlsj dz' desdz It
tcsedesL O s jHJdzdyr .

10 tedfmMzdzS ] 6 §sCOLOdets L dgj dagj dad j L dzC
tescdetsL O o' AatsHO BftcjHjdZvEN jets  OteOd3 Is
O dMmddssMmisd s fjtelf sH Y gdetz fls dedz® f5 dziip ts iz s
olzd3 dL d3j toj dzd W df Otizte dzts 3¢ NP & degiegzy wOMY 6 H J dz
f dzslsdatsmls: t0OMtejHjdjddy &OLOBskSd HIES
fdMOdzdzO" L OStdesds CtedzOdzc © ftod fMtej Hdaj 2 ¢

135



o 100 200 300 400 Tk I

t dimzdemqdL dfg dzj ded j L dzOyj dzdwv o jtotsWilsdesfisd H &
SftojHjVERBjEBOf OGO EMisd B L dzO:

Sy SRR

""""""""""""""""""""""""""""""""

5.5 4 ML - e EEEE P EGEEY EEEEEEEEE
5. .l RS E—
T s ! S P A—
s : -
351 eaearaness e Ratats S
3 : i T S
251 : Moo R ERREEEE CEEEEEEPES
% R - S
T LU A

600 #

t d Mk did SesTs detsls! wWOM toj Hj dzj dzdw dzOtc OB 5Is ¢
EmMstes?2 Mlso O, fdmMOdzdzOW L OCtsdesdg § tcdzOcC

1 O Ghdtses Oddd o § sdzdzj dedz” = dMMadzj Hiso O
r9SH, Ylss HOYJ dzgj L dz@ydphlzy gzimdizis j dzdiziezj dzo .
dzls j dzgfd & detsfyls' IS OL ts9 .

l sdzz yj dedzzs o tjLlzdz sOIsy d&jlssHdCEZ s
ftejHjdzweh jets f OtcOdj Bdz®? dif dzlisjtistis dazed) d d
Ldi3j toj dzdt . utsCtcOh jdadets: i IstsH ftotsecdesL O

v OC 52 f oSG dztsL otsLBBYJde btsdz $t5 9 Is ts
L o J Mlsdzts BOIs j BOIsd yj MS 5§ s dH Oded § me¢ ts
sftcjHjdveEh jeH of OLlO®R] Ise® Mdzz yo,j , fs Cto
Codzstesdzd telz j Bscdso0 B @y s Oy d mdzd Is ftots@
sftcjHjdwvsh jes fOtcOdi3j stc® o ostsd3j dals fdzj HIz®

o
q
s
d
d

WO wo0 U wt.

136



. . . : \ S
assbaJmeaJ@msqa@Wyg%c@@m%?ﬁ?o

SOC d o Mdzky0) M ddas] tof 5z j02 , § t5SH o
By dets fojHY sk dls! , ykts LO ftsdjyklsst
500 df POLOdygldd " 2H s L @) ¢ & @dpdigtd WOB 54 t5d W K
ftoesecdesL j HOdedetsj dLHJjdzdj dzj sBRtSH J B fydad
] d3tsdzls O

1 OC dz8 yd ded J
1t ftesojHjdzgdz"r d3 dMmMmdzj Hiso Odzd W d3 d3tsy dats
OB tslsj :
1L.lted dMmftd LsoOddd &BjlstsHiss fcsMmistetsj
toj Hj dzjsipd Wis it §O dzd v L S &z OlsOydd dLHjd
LdzOyj dzedv dz sftejHjdzweh jes ffOtcOdj lstcO® s
H L OCtsdzts o tcOMmyf tej HJ dzj dzd W d ftd It
Mistse jtedesMmisd  sdzzyj dedz" = 6] L Zdz' fis@isdsch?
f

2. UOC Y §, lj’teo[ dL o j Misdetsdz tog O3 datzdfls W to b
tod 4 dzd 4§ LOHO'L[Cf sSftcjHJ dzg dzedWw BEftejyHOENdnA
®w, Hd&v ftwddvisdw tjhjddw s LORI d ddzd toj

3. 1 dzw or Btstc® cdfftslsjLr 5B AthH deod® dzis Gz
fstesetsots jod OYUPBHatpts] B' HO9Odzs fydzj HEz¥ h j

®WCwo - dzOdBtsdzj j o jtctOWIsdzO EdffslsjL O

W>0 - dzOdBtsdzj j o jtetOWIsdzO cdfslsjL O

4. 1 dzw Bdded 3L Oydd + SMf dz2OlsOyd tsdadzr = |
BOCMd BOdz! detsj, L By j REsisstetsdz MsatcOdgw j Isw
Hsfllstse j todatsisd € tsdzls tets dzv .

Ideddsc Oy dyj MSd2 Mfdmsc

1. tcLdStso { PLc@B.BISTO djIssHdSd d f totsc tc O dzd3zdz
f sCOL Olsj dzj 2 dzOH j ¥ des s d gL Hjdd? fklsjd o BBt
sy dzd o @dzd Wetel d Iso t1OL Edgse [ / g1 Jt1Rs wuvtuor [l X\
Oz WdeOCIsdyj MSts2 CtodeW j tod Qi tsdnisiz § s @z’ dzr O tf to ts
Qo dOydeodedets?2 IsjrdzedSd d T1RORE=EseE] § PB Y MP &2 BIs @y d d
126.

2. [LdSCtsHiBsHESCO sorhjdzdw HtsMmistse j tedesmisd to
dLHjdd2 M dmfsd Lo Odd | s Pls s QWlpS & ¢ © 5 A3t dzj &zf)
[teLddtse {(lOL Edsse [/ / gl Jft1Rs uvtvorfl Xfwvd Q € Isid fiyjj tts fig
Code jtod dzydd MmMlskHjdzlstse d OMfdueOdzastse ¢ ¢ SlszOdz! dzr
d a3 stsHtse | Ji202pedzE5Q 6 O by v @ @ 2 2226 . 112

3. sOhCsamMCdY yddzS Ol . 0tcOCIsjtcdmisd ¢ dzOH § 3 dztsfls
gLHjdzd?2 fted S dzOOydd s tjfmeztemiz / | J
RLOjMIsdw RteCElsMits?2 ctMmizH OtcMmlisd JOAZdzE 2 ]|iHQ2tS~6@tSId3cfqun
EDN JJZFVP.

&

137



4. sOhCmsomMChFteDodzjdedy Isjrmdedud MEddz Msmissw dad |
Codzlstetsdzy &3 ktotso dgWl LW tsjedbtsSindeldf -~ 4 21, .t OL Edgse  / / 1 O
RtcCkls. JI1¢o¢rRLU (JRPO. MM fMsVI Mslir Bl ikREET (.l -RI)1
95.

5. sOh CsoamMClJRI dsj dzjlded §j d3d ssH O MlsOIsdMmMisd yd ME Gt
LW¥WJjSlsdodztsmisd sy MMO Isj s ded yd MCis.2 .50 ) fsezlin® Iy @1
1] .t OLEdsd,stc@QoyjdeSts [/ [ Olsj tod O dzizO Iz Xiddps: dz fig jj )t fg 1
Cedel j tod dzydd. 1 tetsBdzj d3r fsorh jddw Btsjots?2 cEtlssoc
L CMf z2OIsOydd d BB MmMfjujded™w BJLBY OMde Rl Zisthdey, Is
2006.T & . -66.4

L [ $629.735.33.015

fovrfouvryYyraws o flrefRrRtULIOAvRrRr Y LdoUTT
Ifrrvz v {414 8orv ¢ 1 18 ARJ1LOT1LIM vu] [

VHBBoadyj dzgS 5 | d&zOH dMdzOe [ d- O2 dzts o
udovichenkov@B@gmail.com

Il jdzestesHMS 2 cEsMkHOtmlse j dedzr 203.1s jIn.dats. dztszs il 2
(¢. 1 jdcttesH)

b dzdzts s Ay dipls Ols ' | tOMMdzOlstcdo OjIsmw ftso jHjdedj ot
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BsH jdzj 2, Mfsmsede 7 OHJ C o Olsdets Gsffti@e @IOds ' 9 31 JodaDjdzld!
v OCHxfjtcd @ SHWIsfyw tcjLizdz IsOIsT tcOMmyjlstsoe Cddzj i30Isd y

&j kOl j &z desets Off OO0 o fosyjMmij ©OLBjECO, Od
CeOWdSd LOadfdddashlj 2 ddzj BOSdYjMS R HOwLOCI]ted
sqS. 1 LOGCdr ujddj §itec

BOIsj BOIdyuj ME 82 dBsH | dz
sdzfbujoer g ipdzis § FOIs d
Ol esHddZOBdyud MSd2 GC st W
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d GOfd@Eses §OwOCl,tedh
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MATHEMATICAL MODELING OF AIRCRAFT BEHAVIOR UNDER
NON-STATION ARY FLIGHT CONDITIONS

Udovichenko Vladislav M.

Belgorod State Technological University named after V.G. Shukhov
(Belgorod)

Abstract. The article examines the behavior of an aircraitder nonstationary flight
conditions. The main focus is on the development and research of mathematical models capable of
adequately describing the dynamics of an aircraft during takeoff. The results of calculations of the
kinematic and dynamic parameters tbe aircraft during takeoff are also presented, the data
obtained are also analyzed and graphs of the dependences of kinematic characteristics on
aerodynamic coefficients and masaction characteristics are construct&ihally, the results
produced byhe mathematical model asemmarized

Keywords: mathematical model, dependence, aircraft, aerodynamic coefficient, loading
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nOtcOCIsjtedMmMisdS HodyjddwY oBLHENMNd R MEZHSH
fsdysO (eLdl d {fMmMOHCO), Yylsts ftsL 9 tsdzv
Odze stedIsdy' EZ§ftwOodzjdzdwV d MizhgMmMis®g de@z | € fs50 T
Myvyls boydtsets fftesecdesL qiotso Odzgdw™w toj OC yd2 dzj

[dzv B jMf jyjddw BjLEBSYOMdats?2 + €M dzz Ols C
dn dzj Isdz" ~ dmyr lsOded 2 o Oy dzts 2 L OH Oy ? w
f OtcOd3j steso ftsdzjlsO. w HIgEHAYd f tctd B dizdffy j et ¥ H
Mo Odzdeo Odedw d hIssfstcO® hMtsej dzdets o Oy dzts s
mMestesmisd fsdzjlsO [ 1] .

Ajdz s dz0 Iz y dats 2 fMlsOls' weodzw jIsfpw d
Cddzj 3OIsd yj M< dn nOtOCIsjtedmisd¢ otsLHEN
1 S dz2 Ols Oy d tisdedz'aor of Gts@®dgj MMj t©OLBj GO.

RMMdzj Hiso Odzd j O tcOo dzj dats dzO tcOL tcOB 1
BO dz' dats 2 MestesMmMisd Glster 90 M Eyjlbtd
dzts o dzj dzd j L OC sdesdzj tedatsls j 2 o dzd W dzd W
CljtedmMlsdSd tOL B jEDOSH desigtizfinsiztste dff tsas, ta hlsj
mMise ze h dna dB3j IstsH d G tcOMyj Is O oL dzj Isdz -
sMisd fosedtL Jteso OdzdwY s jHJdzdwY otSLF

CoOyjMmej Bl jSIO dimMmdzj Hiseo Odzdw™ BT d
Boeing 7378 0 0 , Cslsfp R dtdOdzdfip H j dz weo dzw jIsfpw
tcOMYf tesMistcOdzj dadz" = Mtej Hdzj BOGdMlstcOdz! dz" 7 d
Oo dOydd.

Il " Btstc HOdzdzats?2 isHjdzd MOBsdzj SO tsBEZMdzts e
Isdf d ydzsfls Ol etsH d dzO0d3d Ud M& d ~ d BOMMEsE
mMtsH tgd dzdz" - fMtcj Hdz] BOG dMistcOdz! dzr = ZzO2?2 dzj tots¢
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(v btet ybte' ftejHjdds! &dddEod o
SsBOBBLEOdBNY ¢ of OYjddts (2), Sttt
LOosdfd ®BsMmisd (1) .

¢
OGO IY-

(2)

[ ket ylsss' MOBsdjls slktts Odfy s
Hj2fMlsokshOw O Ctor dzs, Hid) &0 bkiOs dso
mn=M*g, GHYW ACIsduyj MOV oglzE &K dgPiNM@p 5B
fOHjded" [3]. 1wl MCckshls! sk’ o0
fsHl j Bdzts?2 Mddzr . 1 d3j, @O tdikzdsS,j 3,
LOsdfdBsfls! MCosfhlsd Gt deR cipd d8 51 W) diC
Csi %W dufamak®dL WIsT Hd&W OS] BOd dzgs @BL B>
CEOHEMBSe d &BOCMd®BOd ds?2 oL dzj sds?2 EOMM

v1l= f(Cya_max)

400
350 &

300 N
250 N

200
150
100

50

T T T T 1
0,0 0,5 1,0 1,5 2,0 2,5

t dimzdemqdL dfj dzj ded ] MC stosMmisd sG@BMaAXO o L Of

Its ctcOWdSEk odHdgamaylsts jy3 dijaz M jOow MC st
J Is OB dzd Yy J 1 ftocj HiNlsOo dzj dz' L d&zOyd ded v fn
Cs1 WWdyQGyp dzsnOd LOGtokzLSCd oBLHEN dzsaits fglzH
ftesyd desdzsds Mistsisdetsh j dzed d tslsdesmd s dz! dzts BOS

v OB dzdiy@oaldmMd dissmis! MEBtetsMIsd BGlster 9 0O BIs L O

Cya 1,0 1,25 15 1,75 2,0 1 OGtlzL
ts I8go 9 .

4 Ctstetsf 257 234 210 194 182 50
vi, ¢ 281 257 230 213 199 60

304 277 248 230 215 70

324 296 265 245 230 80

344 314 281 260 243 90

363 331 296 274 257 100

1 0 ted Mk dzeS § 4 ftojHMIsOoadzj dz ctOWdE [
otSLHEN dzgsegts tsIs L dzOyd dgdvw O1 tetsH d dzOdzd yd Ms s
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It |BilssHkz ByjdsSd MmMisOlsdud MEdna sh de s
Sflsd zOd detsj L dzOyd dzdj Hdzv O t€EHMREEDIRd Y J f
v OC yjdzsB EMisOdetso dzj des, ybsts o sy My ©OL
OBLHEN dasets MEHdzO dzj weodzw jlsmw f sfilstsW dzdzs
yomilsd ks Mofttslsdodzy dzdv oBLHEMdzsets f SISt
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OoBLHEN dzgse s fsIssC 0.
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LW dS LOadMmdditsmisd dL dgj dzj dedv EMS tstej o
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CHBE T MEzBBOLdZOY oL dzj SdzOW LY FOCBG I EOEP ] :
LOctekzL Cd oBLHEN degse s MEkH O, Cc.

LEO%dS LOoadmddsfilsd &OSMdEOd dsct ki
LOGtelzL Cd ftedojHjd dO tedmizdSj 5.

a=f(A)
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1 0 tedMmizelaS | dzOn § tztfy J dzls L OctelzL € otsLHEN

6 dzZOMdzs ftedo JHY dzdz”" o3 L Oa dMmMd BsMIsw d3 d3ts
dz0 f OMMOYy dtetse OBLHEN dzisE S Mz H dzO HJj 2 Mmls
fsmMSsdz Ck EmC st dzd | sftcj HJ dztsPigMBe r dsck
~nOtcOCIs] tod Mis FEs@dsd fMmezmidzOz | ftesyj My dzOBEt
RZOyd dz0j s ftsmisj f j dzdes Mmded ¥ Ols* v L O Myd ls
Mo tcslsdo dzj dzgdWw otSLHERO.

1 © Mmdses Odzdd ML H Odzdzts? BOIs j i3ZOIsd yJj MS

ROdB Az | btyds j L dzOyj dzdn dstsdtistd ts fipksj 2o Lty tis
Hdw dzOdBdzj ] §ofbdvtd & ISdfse otLHEh dr ¢

sOBddUPOLdfd ksMmls! MSstshmisd ke’ 90 &l |
Mz H dzO

1 Otz €O, |0. 6 |0.7f 0.79 |0.8f 0.9f 1.0f bt H,6zdy
sdf 14

Boeing737-800 210 230 240 250 260 280 245
Airbus A-320 210 230 240 250 260 270 243,333
Boeing737-8-MAX 220 240 240 250 270 280 250
Airbus A-320NEO 210 230 240 250 260 270 243,333
Airbus A-321 230 250 270 280 290 300 270
Airbus A-321-LR 240 260 270 270 290 310 273,333
Boeing757-200 240 260 270 280 290 310 275
Boeing767-300/ER 250 260 270 280 300 320 280
Boeing777-300 260 280 290 300 320 340 298,333
Boeing777-300ER 280 310 320 330 350 360 325
Boeing747-400 310 330 340 350 370 390 348,333
Airbus A-350-900 250 270 280 290 300 320 285
Airbus A-380-800 310 330 340 350 370 390 348,333
Boeing787-900 240 260 270 290 300 310 278,333
ATR-72-500 150 160 170 180 190 200 175
CRJ100/200 150 160 170 180 190 200 175
gzt j tc-40pj Is

(SU9S) 200 220 230 240 250 260 233,333

Il Skt WdLrd¢d vyJjdzjmMstseBtcOL ds dMmMmdzj H
ftesyd MMOKBd, M YL dyd?2 ridmse thjsdHdaddas(e's d30dzQ
B H j dzd dmmdzi H s0 Odzd M Wkd€ ydtsdzOdz dzr § |
fsnl | i3dzs D! igapeed de@dsd ud MSCdd3d St wwdydy dzisOd
slstc” 90 oBLHED des@ts EHdzO s dz'€ tsidW W id Qe tg ek
otsLHEMN dzsets MEH dzO.

tdLizdz sOls dmimdzj Hse Odgd™w IO Ojls MEsts
Meftesisdodj dzdv oL HEZRO d ofjiad yujjdeedw? fifdsie ts f

vO0Cddz sBtOLtsdg M ko jdzdyj dedj &5 ME/EBBsMis d
5%, ttilssddz o dOyYyOdzj w©WOLBJjEO EMStt] dad j
shzh O ls BOCMd BOdz dzz¥  ff j toj-€.5SDL G O o i thydff edpimcfiLl
WOCIdyj MS 8w Whedzts € fMizhdzO. I} ted Ho dyj da
ftoesyj delsdets] Mtstslsdetsh jdzdj fddz mMtsf tctsls d o dzj

=)
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ftcdBdzd L d Is8j5d%,dztsy B0 ftcedosHdIls ¢ HtwOCIsdyj M¢E
gmatsHY dL yYJcet @syds MHj dzOk! OCrpisey jd
dzj dzd dzj 2 dz" 2 .

Il fJtetsyj Mmj tOLLOBBISd dtsor n dsH j dzj 2
dzj sBRtsH d di3sfyls ftoeso JHJ dedW Cod3tf ! 8 Isj tode" R
tcOfmMyd stse Ol eslsjtedBSHJRZOBI yi MEdmr R OtOCIs] to

10 BOL ML H O dzdzts 2 BOIs | dzQ@isg ytif g & & O dgils
sBJ MY 4 yd ded J , Colstets] tOMMydlsr 98 0jls € ddzj
HdzZv tslster 90 oBLHEh dsets MEZHAdO Gls oL dzj Isdzts?
Codzd ygj Mlse j dedzz tsyj deS k2 tcOMmMydlsOdeder = ¢ 0

ltedd3jte tOBTBIsT ftod dztsy 4 dzd Wy J fif lsa p J Hojrds H
f OlcOd3j stetsea oL ! dBj d3 BOCMd B3Odz! dzlz oL dzj Isd
o tsL HEzM dzts Baeingijdz8 @20,  dzsh OH!' Ctor d&zO d otcj d3
fts MjSkdHtsdkjtlz. IratHd J] ftsCOLOIjdd ftoj

NPUNoXeHne »*

STDIN

79000
125
118000
0

35
20500

Output:

Macca, 79000 kr

nnowanb Kpeiia, 125 KB.M.

B3MeTHan TAra fgBuratenei, 118000 kH
CKOpOCTb BeTpa, @ M/c

Bpema pasbera, 35 c

CKOpPOCTb OTpbIBA 295.731 km/h
ycKopeHue 2.34707 wMm/c2
pucTaHumus pasbera 1437.58
pasroH o 100 km/4 11.8351 ¢
G(a) = 23.9253 %

mo=

G(F) = 117.352 %

pa3neneHne CKOpPOCTH

3 25.3484
6 50.6967
9 76.0451
12 101.393
15 126.742
18 152.09
21 177.439
24 202.787
27 228.135
30 253.484 and

t d ik diszdGRESEOdz0 ©OB IS’ §EtcteORdy § &
T O OC Is jtadX fipls SO
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{jLbkd O OBl &Olsj BOdU] M B2 &EH

[
fuct v_takeoff=F{Cya_Max):= 198 ig@ 188 i7a 148 168

matrix_speed_takeoff:=
318 398 388 299 270 249
3za 3180 384 2949 278 268
a2 318 388 299 2T 278
320 318 388 299 270 240

35@ 338 328 318 e 298
328 318 3ee 298 278 268
298 2@ 278 268 25@ 248
3@ 318 388 298 27e 278
338 318 318 Ja@ 8@ 288
as@ 348 330 3@ Jag  3ee
358 338 328 1@ 298 298
318 Zea 298 288 26 258
328 318 380 298 278 278
338 32 318 38 288 288
268 258 248 248 228 228
ZB@ 278 249 258 248 238
3i@ 3es 29 288 268 258
summ_matrix:=
Speed_takeoff_for_model 1: 288.333
Speed_takeoff_for_model 2: 291.&&7
Speed_takeoff_for_model 3: 293,333
Speed_takeoff_for_model &4: 291.647
Speed_takeoff_for_model 5: 315
Speed_takeoff_for_model &: 291.&6&7
Speed_takeoff_for_model 7: 2885
Speed_takeoff_for_model 8: 293.333
Speed_takeoff_for_model %: 383,333

Speed_takeoff_for_model 18: 323.333

Speed_takeoff_for_model 11: 315
t diMzdis S Lz dz sOl ttOBBIST &OIj BOIsd Y fr

ltoso jHjdzdz' J] dMMmdzj Hiseo OdzdY 8B dzZOH O Is L 0©
5O0C ®wO®tdvsls SCwddyjmse jddets yjddls:
Oo dfmd dss s ¢ B Y HE Be detso j dzde” d3 EMC Ste da
SLHEh dsets MzudzO o {fttsyjmmj ©WOLBJjGCO.
bdzH Osj dels Oz daetsj WL dyujMStsj Wweo dasdzdgdH ettt
jHSCE fBHO jEOjlkMW HjkOd dskz Od&OdkdL
By dedzs 1 Issls WOCItste SCOLMro90Ojls Mmikh jMmlse j
ftejHjdvjls WOCkdUujMSky HdAddkz ©OLBjEO ot

Faogss=or
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dzj &3OIsdyd M< dn nOtcOCIsjtedMmisd ¢ oL HEN
My zzOlsOyddedzr = § OtcOd3j Istese o FJtesyj MMy
fMdzj H s Odad W f sfmis ©Oo dzj dzdz" | ) dzO y O dzj t
Odzd L s9 Odzg" .

S
— I QO
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METHODOLOGY, ALGORITHM AND SOFTWARE FOR
ASSESSINGPILOT TRAINING LEVEL FOR THE PURPOSE OF
BUILDING OPTIMAL FLIGHT TRAINING PROGRAMS

Ustinov Viadimir V.
NazarovSergey P., Candidate of Technical Sciences

Moscow State Technical University of Civil Aviation, Irkutsk Branch
(Irkutsk)

Abstract. The workfocuses orthe development of software modules that allow to automate
the decisiormaking processn planning flight training for novice pilotssuch ascadetsat flight
schools.The proposed methods calsobe appliedo pilots undergoingetraining for a nevaircraft
typeor for monitoringtraining plans in advanced courses.
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The main objective is to eliminate subjectivity in assessing the quality of flight tasks and
reduce errors in training planning in accordance with regulatory documents thdinelehe
completeness and sequenceexfuiredflight exercises.

The paper mseits an indepth analysis of existing methods, highlighting their drawbacks
and justifying the advantages of the proposed solutions. The authors propose two main approaches
to developing methods for assessing training levels, which are implemented in sqfagkages.

These solutions can be implemented as separate software modules for-lgaseddflight
information processing devices and put into operation.

Keywords: flight safety, statistics, piloting techniques, training, training programs,
evaluation cteria, flight training planning.
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