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INTEGRATION OF THE METHOD OF PROBABILISTICALLY
GUARANTEED ASSESSMENT OF RISKS ASSOCIATED WITH THE
TECHNICAL CONDITION OF AIRCRAFT INTO THE SYSTEM OF

LOGISTICS SUPPORT OF AVIATION EQUIPMENT

Evdokimenkov V. N.Doctor of Technical Sciences
Kim R. V., Candidate of Technical Sciences

Moscow Aviation InstituteNational ResearchJniversity)
(Moscow)

Abstract. The method of probabilistiguaranteed risk function evaluation related to the
technical statement of the aircraft in order to generate so called integrated logistics support of AT
products is described. The proposed method uses the inverse probabglitgrci{quintile) as an
integral characteristic of the aircraft's onboard systems technical statement.

Evaluations of the aircraft gas turbine engine residual resource prediction using the proposed

method are given on the basis of real flight data, ptedem the repository of the National
Aeronautics and Space Administration (NASA).

Keywords: aircraft, integrated logistics support, technical statement evaluation, probability
guaranteeing approach, flight data processing.

I'e j i dedJ

Il ftsimdzj Hdzdsp z@fgls § dzOdzdtetso OdedwWw Isj rn dzd -
Qo dOydtsdadets? IsjrdedCd ftoj SBAZOHOB s ff SHABH
Msotcj d3j dedz" = 3j ssHise BOM ddadetsets tsBIZYyj ded v
f dzOdz0O (5 C O HBRE slsH j dzi dzts oLVIstsdiE S
o SlhHitse s MEzudzO (1 &) CedzS tojIsdzse s s O.
ftedsBtejlsOtls Isjrmndesdzcedd Mmj tco d mdzts e Bendgs B f)dz
et al, 2010,p. 300] d ftesecdtsmisdyd MEsets tsB Mdzlzy
tsB Iz y JGad etal.[2002,p. 148].

12



] €O OLddyder 7 dHiBsdscd? o]
dissteduj MSd dLEyOs sfw ©OL ddud j  &BSH,

COMMdBOtcdo O sMw fsHLOBH' , hdss Oddlij: d
etal.,1999p. 105], dO dMif sdz' L 59 O dzafFreklictt, 6RO dzd L t
292], dzO O dzDatadprivgn Mati@drbzgyi- DDM) [Kothamasu2006,p.

1018].

1 OCtsfdzjdzgdz" 2 tsfrls HBCOLTM 90] Is, Ylsts d d3g
zOdB tsdz' h d d3 f slsd dzayd Odzts o3 d ftcOCIlsd yd ME &
ftocsHisdz) O Is dzOtcOh d o Ols! Mw d2O BOL § MY tsdz
OdzOdzdL O dRdesesd3j todzr = H Odedz =, Yydsddkw .d ldggds ts
HdzZw BfdmOdedw Misjfided dL dzEMO BBSKEZHEB OC
f SHABH, dmf sdz L zj Isfmw m¢ Odzv te dzOW Wz dzC y o
cddzHd S Olstste L Htstetsea! Widl) . ( He® & Iz dgj ddlsrisdly clalk s
W dzw jIsfpw dzd S BIstste’ 2 HdPOBO st | CHBdotalz’ HALS ¢
dzOyjdedj CtsfMme jdedes rOOCIsjtedLizjls Mmilsj § J dz
Odzdzets s L dzOyj dzd d O tc Hliztfdig jdzlsd@O L d2OS) @z OHsdpvdz' d
OtcOCIsjtedMisdS¢d MIsjfjded dL desmMO tsBtSicZH B C
AjdestcOdts Hasj difis? ODMBGREGBH O tMlsOj Ismw
sBh jfteddzv Istsc s WstedzOdzd L s Odzdzets G, 1 ¢cg ¢ Mz
sBl jSCIsdodesets tOLdzdydwy G¢0¢ o ftoeddzydy OaR
tcOL dzdyder = Isdf tse, sO¢ d o djlstsHOR {§ tsdziz:
s C2h jets Mhmissw dad v .

]

11T —

ftocjHN jMmlsolzs h A f OHESIE O3] MO B 0 ]
(oHBSCddj dzS s, 2014, ] Mp" &z6; M Bz ZPHER9 O
9Jtslszs-dZ®iq®dzlsq’thsa®ddet52 syd dz$ d Isj Skh jaet
Isd mdzd yd ME et MMmMlsswdzdw BBtlstsa" 7 MdMmisj o3
tej OdzdL 2z N J Lk Codyd fyds -diibdse) si@dsis(dgl j
sBdMmMyJjudddy (1f][).
AOCldujmSd, Sf{dmOdedz 2 o {Id% - OB

COtcOdzlsdtotso Odadets?2 tsyj dzCd tdmCtsoe, fne w L O dad
By des ttOMMdBZOIsted 9 Ols CO¢C bkdzdejtemOdl, dzr 2
Clstste’r 2 dzgj dzeyHOjlmw dd o Of tod Stedzs:
Wz dzS ydesdzd tetso Odad W sBMdzzy do O] cdscts BB ez H
fteddzydf O WEZzSydsdzdtctseo Odzd W Btstolstso ts2  f,
CsdzElstesdzy WdLduimMédr f OO stetseo tsBBiclzH 56

1. 1§ to s wds@isAdzisizfsts ts o O dzdzO W sy & O tedMm
Isj rded yj MS dedzj s s tso tse s tsBBtckzHtSo OdzdW o &

J Mstslse j IsMise d do j fgts v i3 d@tigiOHak  tc s 9 O dzdats 2
sjSkhjets Ikjrmddyj MEsets Mislsfte jdadiyls O» EHAG sz
Ef sz dzzlsr = eor hj t©OBGBIOR, H dzv  dseojeltdzh dj lssfriy
Mo Sy dzsfls! Bjtedzr 7 o j Clstc®rd, $ tedzlictOn @ tb ¢
MemMistswdedj dzj Sttt Bolsseas2 Mdmisj dgr 1 ¢

[Odzp psHdlsMY Hsdwisdj { IsOdztsdgdzetsd Os B ez0
Hisf zMisdd3r 2 tOLBtotsh Cdstesdzdtelzj di3Fr 7 f OO«

13



IBr ydss o COyjMmej m E&Ofdsddast ] st dzOdgdzs
cOddj dj § Jf jH, SBEOL 59 Odedz 2 U Sy dzlz
CZOH™ 9O &' B dzO@ § OOk ster Mshistsw ded W
r g fMizse O, fdL ZOCEE hsOldsets Wik dS
g]ZlSJdSr e wo dgy fiddzdgy ®BH detsalddz) dzdj Mmdzj Hiz®

A ®» o & hQ prede (1)

HE Bl j LS, LOHOshHhJ?2 s kzMnlsd g j
s dzls toc 5 dzd fe@tg @3lRZIClsStc © o ' B tc O dzdats 2 stelsso 52 Mmd
OH Odzdz' 3. 1 Otclzh j dgd ntslsw Br tSHdztSGIS
9dHjlIsj dz Msalzjls t5 dzj "IsOldzetsds tjy ddsy Wkzdz
dimlsj &3 d Byl E2SOLT 9 0Ols! dzO dz@dzquc{ci ¢

[ dzw ftoshga@dmlsdsets o' f tsdzdzj dzd v z fn dzts -
COdzW tedzOW Wz dzC ydw o dHO:

S I3 A

L« 1 Ho + R 2)

Il 4t lssdz Mz yoOJ +{ sOdztsdzdzOW 5B dzOMils! L OHOJ Ish

+ 4 + « : 3

4 kEyjltsd OSSR BLOLE ftejH| dj dzdzts?
Bstelstso 52 MmdMmilsjdgr Ju, Mtsslse jlsisokzeh jd3 s
tLdssy dets Mz dls: 5 ftod dzOH o2 weas@Biglsds j S kh j @

WO Nm (4)

] T AatH L de@yy Ozd @ tc Oded ymd3ttspJdO fiftsdflz y  Is*  d dar
brobkuh jddw 1CMfizOsOoydsdsdy = §sCOL Ok dzj 2
9" cOBtlsCd j¥ tjfmMztemMO a ytffissygPMini ydsmtl dic
" steRdtelzs kMY §sH oddwddjd BSd hsés yd
ftoso j o€ d o f sdzdzj dzd W Eidztse dw (4) ftcj H
o jlosWisdasflsdy 2 Ctodlsjted?2 (SoOdasddz ) .

soOdsqdqdzsftcjHjdvils d&dddBOod d 2 MOOL &
f OttOdj stetso Memissw dd™ Boltse 2 Mdmlsj dr
Hdzw Sftej Hj dzj dedzs e s ) toliftsdi OS t I€ tity telatl) @A O tqity dc
BjLGY Ofdts?2 { CMYf zzOlsOyd(d:

-0 [EDE®O 1 |-h (5)

CGHj- T LOHOREZOY o jteswIsdshls! , 1511 Hj dzw s b
LCMf &z OOydd Ctdstsddtlkz| et | d3 dls O E

14



Rdzr &3] Mczseo Ok, bEkmdsoadj (5) SftjHjdv]
sB &ZOfls! ©OLBEEMO §OLOXR)stse Meflssw ddw
iy kjSkhdd Memsswddjdk uvOSdd SBEOL &,
dMmisj dgr Ja M cOkOdzsdtsBo®sagsQ0, ] tolisty jsui
BjLBY Ofds?2 { CMf kzolsOydd, “odwjlkMmw of §sc

0 P (6)

Il HOdz dgj 2N j d3 H W (d dzls jccOQdddindzlsfiits o 60 jdaelzts? |
Momisswdzgdw Btstelstsots?2 MdMisiHIIE B EH j d3 Odefh zts dz
¢ o Odzls ¢ dr Yls ts ftosHdCIstso Odzts, G dzOo dzr o
ftcjHMIsOoadzj dgdW tojLizdz sOlstse Isjrndedyj MS sz

vsOCdds tBOL 5d3, dzOB dzt H OW TNdzald, o tefjHdgy dzdzts
Msslse jlsfmMisalzjls dzOyoOdzz 1 C M dZHOB O G § B 5 le
zOdzy sz 1w, fteojwjtdd,J  tOcfdgeidzfcthisy j VY Bz}
dzO d dzls jfieys O digis y dets 5§ 6§ 5 gl jsls dz120zV B Stels 59 52
B ijTafste § CwON jdzdv Jy LMY dEOOYdd M Eyj
Bsdzj dzls dZ2ZOMiszf OjIs IsSSEHO,s YsEHO or f tsdzdagv j L

stsdzgC toj Isdz" | OdzetstcdIlsds" , B jMf jyde O h dj
smdatso | L 2Oy dedfItsME B @zdgy Is teastBtclstso r n md mls
ftocjHMIsOadzj dz¥ ©® BOL | HOdzdzr =  tsdzj Isdats? d da
ftotsy MMd L SMf z2OIsOydd rlow,sCHfftslzy tdaS Bsdgls RP AL

2. ¢ dzOdzd L Istsydzsmis d -G Optgj CatEs dldaisoifldads -
mMemMssv @ad8isktcB ddzdzse s Ho G OIsjdzv J o 9 ftes

Jyd &z 0 1 WWjiClsdoe dzsmis d -c @i O tzb @ tc tooj Qalizdyidsd
Isd ~dzd yd MEsets MsmMisswddw BBl « MdMisd o3
dmf sdz L s9 Odad W ) dqdzlsj toj MO~A zsedMmisd yg f
dmtf'edse Odzd j d3 BIsCter IsT 7 HOdzdzr = 1 Oyd tsdzOdz' dz
dimimdzj Hise Odzd ¥ € s d3d YNASA) ENABA Pfogrisdtjdster@edafmn Is o O
Excellence 2020; Saxena 2008, p. 1] . ) Yyomlsdzsmlis d, BN dz tg
syjdeCd Mmsmistsw dzdi o f @O IsJsdzic B ( faolgs)e tso tsL H zh dzr
ljlsdlesdzf” HOdzdz" ~, d2OSCtSdzj dgdz" = 9 IS4 yd dzd 4

J Jfr]fr]; BsH] zdteseo OdzdwWv EyOmilse so Odzd
Elstsds or "NASAtcj  ©pdfils 8 tc dfL Clstster
qu’ﬂc{tstsjzc{\”ﬁtelztscﬁgmtc@ddzq’udzf A 1 CL s dzwtctse
OlsoOydd d mMsmilstsw dz dL dzOB tstc © )
oh dn
dL

X I5h§s—
IQ—-kﬂ.[ﬁ‘E
lifcl;

L 2O j dzd% f OOk stetss, SOLOCIs
jets yqSdzse 1 Chf kzOOydH. ulstet
1 dzOy joEg woredt @9 Is OB dz. 1 wodwsIlsmw L dzOyy ¢
Bjlstese, LmOwBOCKjtdLEshdn fflstw ddj
@ LbElsmy HdY foMmajaksh j2 BYyjdkSd jEfs
ZzOsOydd M wshssd ydhdd ydCwshs@ps s
osHdls o Ctdaj Ydesds d s e jHQCoMB fices IsGE @.L b
sojlsflsokzjls YyqdCdzz 1 S kO Oydd, fMhdzy

N -0 o0

0]
S
]

8NP0 0O0FN

S o
Tgoasss

15



OB dzdi B clzCIsktcO® dzOBBtO® HOddzdzr », lstcOy C
1 Bd3j tg sd3] to w w e w
Ho d G Q1 § MY dziz
1 1 518,67 | 641,82 23,419
1 2 518,67 | 642,15 23,423
1 e
1 o p wq 518,67 | 643,54 22,964
2 1 518,67 | 641,89 23,458
2 2 518,67 | 641,82 23,408
2 0 518,67 | 643,85 23,084
é e e e e e
N 1 518,67 | 642,25 23,3899
e € e € e
N 6 518,67 | 643,85 23,0522
J ftotsy mm BtsH j dzd tots o Odad W dzO s mdzts o
Sftej Hjdzj dzdes Bz B Bpds otk @O @&GHq L 020
0, Mbotlke jlsisoksh jj o jtswisdshmisd 0, 95.
H Odzdz n UEB;@ dn i tsdzd dzts d&3d O dz' dats 2 Of f tots!
s dfmr 9 O h (2 dL@J dej dzd J L dzOyJ dzd?2 C 9 Odzlsd dz

L S z2OOYydd. ( OMMudlsOdzdzoz? L & Pdzhy 9 H 'O oz

Bsdj zZsO ls¢OL O, SftejHjdjBsets detsdj tetsd
C o Odzls d dzd ijawmmb JHddzd yIz
1,2 . . i
MporHo3upyembIin
I:Tc:(n:g:T HacTynneHus
1,0
< 087
g 061 [aHHble, UCronb3oBaHHbIe
§ AN NporHo3a ocTaTo4HOro
s pecypca I'TQ
04t
. *,**5‘ |'|p0I'H03“M3MeHeHVIFI
02l WP*#*‘ 3HaAYeHUN KBAHTUNKU
0,0 L : . . . L . . i ; fons
20 40 60 80 100 120 140 160 180 200 220 240
Uwuknel pabotel FTH
t Mz dtg Do Md BBsMis! , sfdMmr o008 " OW dL d3j dzj
tcOfMudls OdzdzOW 20 tsfdzse j H Odzdz’ AfnY ez i C

1 Ul

16



! ted . 1 o SOyjmbej fJwdkwo fdo
Efdmr o0 hOW o jnpied icORNQdels @dedzO™ 2O 5
zO ¢ s dzj dzdz" ~ i tsfndzj 125 yde< dzts o WiEde€ yd s
sske jsMmisodd M §scdsLdEdy sif&OL 2 214s dzy g Gz
L, ABbkv ©jOd ds td @ZOfskzfdd §sfjdi 19
foscdsL O Bsdj dzs O dzOfiskf dzj ded v t5lsS OL O.

] fesyjmij &EoHj ket Odd™ §sidjHsse Olsj
Clster 2 BitejHjdYjlsmMY SCosddyjfsssd yds ks
Hdew fsfdzj HEsh jets foscdsL O &sdkj ds0 do

f sz yd d&zO0 Mo sH dzOW LOadMmd dztsfite s ¢ dzta I9Cic O Y36 ¢f:
ZOMlskzyf dzj dzgdwv IS OL O Jur (sMlsOIstsydetse s o,
CcstedL Bdzls O ftotse dagsL O.

OTHocUTenbHas olMbGKa NPorHo3a ocTaTo4yHoOro
pecypca,%

0 10 20 30 40 50 60 70 80 90 100
KonuuyecTBO LMKIOB A0 OTKasa

t Iz dits o2 d Bsfils! Iksydesilsd fescdtsL O sh
fjtedcHO ftedtL s Oded W

R L ftcdoe jH,j dzdz" n tcj L zdz IsOIs k& &z Ho" O distny W
Fojdzdyjddjd ftesHisdy dlsj dz’ desfyplsd ctstod L tsdzls(
Hs W OSkdujmMStet Rk ZsO &OMiskzy dj ddy s
toj MztemMO MtsMlsOo dzw jIs d3j dzj J 2 %. Clts f tsL ¢
tcOL tcOB BIsOdzdzr = jdgji A isoL Oy d tc f totse datsL oS¢
Msmilssw dad W d thsOktydsets toj MztehO o d oz
Qo dOydtsdedets?2 Isjnded € . [Isd3j Is d d3, Ylsts f tod
syjdesCd tsMisOlstsyds = ] MztemMtse Htzede L UuT ,
Is jsfitp o s d3 dAOASAsReQgnostifCenterof Excellence202q , H J d3ts dzfls to
Msf sMlsOQaddzr j tojLzdz' sOIsT .

17



1 OC dz8 yJ dzq J

J MlsOls! j s dmoOdz B3¢ PO dzls d {6 15 & O dzdats 1 Is
dud MEBsets MsmMissWwdzdWw 1 dzj A3 dzlsso B Stels 5
dz' Liedzey” Y dzOdzd tetso Odzd W Isjrnded Yy MEsEts
dqideso z ftcj HdZOCO] et dj ssHO MMmisOc¢
Jted?2 (SCo0Odasddzr ), or mMskzg O h d2 o €Oy,
J dzlsts o Btstclssotse s tBiczHso Odzdw™ | ¢,

Jd BB dzdz" B3 Y BSHABSHOBR] ¢ IsdccOEzdt OYHd Uds
iz, dL dz0gdBiIstztch g d3 fslsj dzyd Odzts C
LWWiClsdodetsmis! 8 tsBdIZOHOjIs fSHABH, smdzats o O
(DataDrlven Methodologyi DDM).

10 ftodd3j tej ftotsedetsL Jtetso Oded W sMisOlstsy
Ho e OPmOdZESS Yysts Issydzsmls! fJtesedzsL O tsyd €
ftosHsd dIsj dzt detsfyls CstedL 5dzls© ftesegdetsL O,
WOSIsdud Méisets dsdsd dzs O  dz0Mmisizy dzj dzd W sls¢ O
tcj MztcmMO M fodksh i & fftoj HdZOCO] e s dgj IstsH O

53 ~nran
23090—5;1:“:;::
FRURT G

IdeddseeOY duj MSd?2 Mifdmsg

1. roHBCdd3j daefdgypj dzj tedz'.j] dBJIStsH'™ o jteBWIsdztsMmls dztsa |
C?i)szfn:sd%ufngd: Mmefmts§ dgdzd dzd so y . 1 . 1f.. 1 ddBdfed v [SRU ¢ . 2
| :

2. oHBSCddid dgf fsptcDIsd 9 dzOW d f shdzd 6 ©OdeOlsizdz@ e so Otdz
syd dz€ g ISJQIthGts sjrdedyj MSsets Msmistsw dzgd™¥ Bstelsts:
[oHBSCdB] S s, . 1. s d a3, YR iMEGgeh ddzO 50 d. ¢ ¢
sjrdd¢0O. 20484. ~ 3. 4. 45

3. sdd3 t .ARzdS yd sd@dc d® dgdzds’ 2 fteslstsisd {f ¢ sd3ff dz
s ~ded yd MEsG s fr]tsfr]ISISWdzq’W dzi sOIsj dz2 dzse s O f Qe OIslQ
s d d3, [ . 1 . stcOmMddz' h ¢ so, 1. 1 - [ o HEC d d3j da
ddz¥ sted3Oydsdede - 1R n dz@ds dnd 2 ,1 32 0

4. Adaptive prognostics for rolling element bearing condition// Mechanical Systems and
Signal Processing/ Y. Li, S. Bill -t on, C. Z

5. Grall A., Dieulle L., Berenguer C., Roussignol NContinuoustime predictive
maintenance scheduling for a deteriorating system // IEEE Transactions on Reliability. 2002. Vol.
51. -~ 2150.P. 141

6. Frelicot C. A. Fuzzybased prognostic adaptive system // Journal Europeen des
Systemes Automatises. 1996. Vol 3 0-3. P."281299.

7. Kothamasu R., Huang S.H., VerDuin W3ystem health monitoring and prognostics
a review of current paradigms and practices// International Journal of Advanced Manufacturing
Technology. 2006 .-102401 . 28. -~ 9. P. 1012

8. Peng Y.Dong M., Zuo M.JCurrent status of machine prognostics in condibased
maintenance: a review// International Journal of Advanced Manufacturing Technology. 2010. Vol.
50. -4.P.297313

9. NASA Prognostics Center of Excellence@/dzj € Is tc ts gzlizgldRi§)-2020. URL
https//ti.arcnasagovitechdastigroupgpcodprognostiedatarepository ( H Ols© Bt Oh j dzd
01.09.2020)

10. Saxena A., Goebel K., Simon D., EklundDidmage Propagation Modeling for Aircraft
Engine Ruao-Fai | ur e Si mul at igsrofothe Ist mterrtatioal Cenfeoence @rd i n
Prognostics and Health Management (PHMO08), Denver CO, Oct 20089 P.

18



uvrs 629.7.038

Jr1dt 4arbptrlosflam wrfLI3Im vevoy
sdfar1RUSI OV VLS ARST O

[tej d3gd deS 5 1 . | .

VW dBMS 2 cthkhOthise j dadzr 2 &z Ged of Ota b & agizls 2 ( 6
(¢. uv¥%O0)

O s Oy PG lstej des jSkhjj Memsswddj Wesd
O tcOo dzj dzgdv tcOBtsls © dwzd d r(otetsfj Gt MsLHOM
fsCtdjddY d HodcOkjdj2 HE dF Mmddasser s kflsc

dzj s Ols j dz' dz" § Of f OtcOIlsr , fy) wBtzd'Ziss?2 d dxj jste s W 1§ detzfy s &
CsdiiBddzedteso Odzdztsec s Yyd S dzO dzO sMhdeseaj G OL slskzts d dzdz
tcj OCIsdo dz n Ho dc Olsj dzj 2 . v O0Cdj cdf jtoLokzCtsar j

H ts i) ls dvig8. ltedo j HJ dgr sfmdats o dz" j f totsB dzj dg'd,tc ts 90 Asdadded
CsBBddzdtetso Odzgdz" » Mddzse ' 7 EMlsOdzso €.

sdzs yjorj cfifdidaac@ o Ctsor j dzjlsOlsjdzt dz' j Of f OtcOlIsr
EmMlsOdztso € d, cedf jteLolzC.

COMBINATION CYCLE HYPERSONIC POWER PLANTS OVERVIEW
Eremenko V. V.

Ufa State Aviation Technical UniversitySATU)
(Ufa)

Abstract. The current state of frotine aviation and the main directions of work in the
USA and Europe on the creation of sixth generation aircraft systems and engines for their power
plants are considered. It is shown that hypersonic aircraft are likely tat@mabined cycle power
plant based on gas turbine engines and ramjet engines. Such hypersonic aircraft will be able to
reach M = 8. The main problems arising in the design of combined power plants are presented.

Key words: hypersonic aircraft, combined pewplants, hypersonic.
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INFLUENCE OF AERODROME'S GEOGRAPHICAL LOCATION ON THE
PECULIARITIES OF AIRCRAFT OPERATION

Kirenchev A. G.Candidate of Technical Sciences
Danilenko N. V., Candidate of Technical Sciences

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

Abstract. The article discusses one of the main problems faced by engineering and technical
personnel during the operation of aircraft with gas turbine enginesrtex suction of foreign
objects into the engine air path. The analysis of works on the topic undgmgss carried out and
the main results were identified. The factor of the Coriolis force, which influences the formation of
vortices under the air intakes of aircraft engines, but was not taken into account in the analyzed
works, is highlighted. The depéance of the influence of this factor on the geographic location of
the aerodrome for the operation of the aircraft on the Earth's surface has been investigated. A way
of practical application of the revealed feature when adjusting the velueszardos zones of
aircraft engines for different geographic latitudes is proposed.

Keywords: air intake vortices, gas turbine engine, hazardous areas, Coriolis force.
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CARDAN SHAFT CONTROL TECHNOLOGY OF FAN DRIVE
ON THE MI -8 HELICOPTER AFTER ITS REPLACEMENT

Kondr at 6eva M. A .
Kuznetsov S. N.Candidate of Technical Sciences

Moscow State Technical University of Cikitiation, Irkutsk Branch
(Irkutsk)

Abstract. The article deals with the issues related to ithepectability of helicopter
maintenanceBased on the analysis of the dangeroassequences associated with the wear of
cross memberand needle bearings of helicopter transmission joinésneasures of a constructive
and technological nature aimed at improving the control of the cardan sbedttricityin the
spline connection of the fan drive and checking the parallelism of thaenig gearbox shafts of Mi
8 helicopter are proposed. The technology of cardan shaft control after its instalighidhe aim
of increasing the reliability of its operation is proposed.

Key words: helicopter, transmission, devices, cardan shaft, flight safety.
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ANALYSIS OF THE MAIN CRITERIA FOR THE WORKABILITY OF
GEAR JOINTS AND THEIR IMPACT ON FLIGHT SAFETY

Neverov S. O.Candidate oMilitary Sciences

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

Abstract. When operating an aircraft, its components and assemblies are exposed to loads,
vibration, high temperatures, and atmospheric conditions. All these factors cause wear of parts and
assembliegonsisting in gradual changes in their dimensions, shape, sgdatiey and strength
properties As a result of these changes, the reliability and operability of aircraft components and
assemblies affect flight safety.

The article considers the analysis of wear typesoaiponent&and parts, the causes of their
occurrence. It also presents methods of gear joiatkability improving.

Key words: workability, wear gearjoints, flight safety.
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ENVIRONMENTAL HAZARDS OF AVIATION EVENTS IN AIR
TRANSPORT

Nikolaykin N. I}, Doctor of Technical Sciences
Starkov E. U, Candidate of Technical Sciences
Merzlikin 1. N..}, Candidate of Technical Sciences
Korepina N. A2, Candidate of Philologic&ciences

Moscow State Technical University of Civil Aviation
(Moscow)
?Irkutsk National Research Technical University
(Irkutsk)

Abstract. The article offers an analysis of geotechnical systems formed in anthropogenic
emergency zones during aviatiements. The authors provide examples of transport facilities where
aviation events lead to the formation of geotechnical systems. There is a hierarchy of ecological
extreme zones levels presented in the form of the emerging systems levels. The stiglgutaarie
assessment of the aviation event's harm to the environment. It also substantiates that the relevance
of improving flight safety is the most appropriate and effective option for reducing the negative
impact on the environment in air transport.

Keywords: aviation event, environmental protection, geotechnical system, environmental
hazard, air transport.
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REVIEW OF MODERN TECHNICAL MEANS AND METHODS OF
AIRCRAFT ICING PREVENTION

Saranina E. V.
Kuznetsov S. N., Candidate of Technical Sciences

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

Abstract. The problem of aircraft icing has been known sitice very beginningof
aviation. The formation of ice deposits under certain atmospheric conditions occurs very rapidly,
changing the geometry of the aerodynamic surfaces of the aircraft. This phenomenon can lead to a
complete loss of control in flight with all the ensuirapnsequence#\nti- icing is an integral part of
flight safety. The article discusses various versions atidg systems. It analyzes the currently
used systems for their advantages, disadvantages, and limitations. It also considers the prospects of
improving the deicing systems through the use of nanotechnology and innovative approaches.
Keywords: aircraft deicing, deicing control, nanotechnology.
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ON THE SPECIFIC FEATURES OF THE POWERJET SAM 146 ENGINE
OPERATION

Safarbakov A. M.Candidate of Technic&8ciences
Khodatsky S. A., Candidate of Technical Sciences

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

Abstract. The SaM146 aircraft engine is a bypass mifted/ turbofan enginelt belongs to
the fifth-generation engines and has hageratingparametersCracks were detected in the area of
the combustion chamber during the oTnelocatibn on ¢
and parameters of the cracks significamtiyrsenedthe reliability of the combustion chamber and
the engine as a whole. Thmuseof the cracks could be structural drawbacks related to the
characteristics of the materials used, the cooling system of the combustion chamber elements, and
the automatiduel supply control system operation.

Key words: engine, combustion chamber, crack, module, resource.
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DEVELOPMENT OF A COMBUSTION CHAMBER FOR AN ADVANCED
GAS TURBINE ENGINE

Skorobogatov S. V., Candidate of Technical Sciences

Moscow Stat&@echnical University of Civil Aviation, Irkutsk Branch
(Irkutsk)

Abstract. The improvement of aircraft engines today is carried out in different directions.
Creatinga modern, competitive aircraft, it is necessary to meet the requirements of the customer,
represented by the airliraperator, whose interest is to have a reliable, trefibke and cost
effective airplanelt is also necessary to meet the requirementgastengers, ensuring comfort,
convenience and safetgesides you have to meet ecological requirements to be able to fly abroad.
The article analyzes the existing approaches to improve the operating and emission of the
combustion chamber of aircraft gagbine engines. The results of studies of the combustion
process in a combustion chamber with a continuous inlet and outlet part are presented.

Keywords: combustion chamber, gasrbine engine, combustion, uneven temperature field.
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ON THE POSSIBILITY OF USING QUAD BIKES IN
ORGANIZATION AL MAINTENANCE OF AIRCRAFT

Timoshenko G. G.
Kostrykin N. M.

"Military educational scientific center air force "air force Academy named after
Professor N. E. Zhukovsky and Y. A. Gagarin
(Voronezh)

Abstract. The article describes a brief overview of the system for organizing the repair of
military damage in NATGand the United States, the possibility of using ATVs in foreign countries
and in the Russian Armed Forces. The invention proposes a variant of using ATVs for creation of
airmobile mobile repair groups.

Keywords: repair of combat damages, mobile repair group, quad bike, cargo platform,
suitcase with tools.
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ESTIMATING THE DURABILITY OF THE GAS TURBINE ENGINE
INTER -SHAFT BEARING

Khodatsky SA., Candidate of Technical Sciences

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

Abstract. Operational experience shows that a quite langeber of aircraft engines are
taken out from service due to intghaft bearing failures. The main causes of their failure can be a
violation of lubrication and cooling conditions under various operating conditioms. article
presents the methodology estimating the durability of the intshaft bearing taking into account
therotor bending vibrations and the experimental studies results.

Due to the imbalance of the rotor its shaft makes an oscillating process. Since the oil drive
through which the oils supplied to lubricate the intshaft bearing is located inside the shaft, it is
also involved in the oscillating process. This increases the rotor vibration level and reduces the oil
flow through the oil drive. In addition, the durability of the begris affected by its temperature
level. Vibration and increased bearing temperature generally have a negative effect on bearing
durability.

Key words: aircraft engine, inteshaft bearing, vibration velocity, durabilitgarameters of
the gas turbine odystem.
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APPLICATION OF NUMERICAL MODELING METHODS FOR THE
STUDY OF THE TURBOJET REVERSING DEVICE

Shabalin Alexander 5.
Shabalin Alexey $, Candidate of Technical Sciences

lKazan National Research Technical University after A.N. Tuphsv
(Kazan)

2VNIIRT Affiliated Branch of D.I. Mendeleyev Institute for Metrology
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Abstract. A reversing device is a unihat affects the gadynamic characteristics of the
entireturbojet engineExperimental methods of research of reversible devices are associated with
labor intensity and high cost. The use of numerical simulations has made it possible to cope with
many of these problems. The existing studies are mainly devostdtiimnary studies of reversible
devices and do not affect the change in the characteristics of the reversible device when the reverse
device is shifted. In this regard, studies of the-sttionary mode of operation are of great
practical interest for resuring flight safety and improving the gagnamic characteristics of the
turbojet engine.

Keywords: reversing device, numerical simulation, r&tationary mode, turbojet engine.
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DEVELOPMENT OF A STATIC AND FULL PRESSURE SENSOR WITH
ALMOST EQUAL SENSITIVITY OVER THE ENTIRE MEASUREMENT
RANGE

Antonets |. V&, Doctor of Technical Sciences
Nigmatullina L. Al
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Abstract. The article discusses issues related to the synthesis of a static and full pressure
sensor. The principle of operation of the sensor is based on the use of an elastic membrane of the
primary converter and the application of the optical method in the dagoimformation converter.

A significant novelty of the sensor developed by us is the use of highly sensitive CCD lines as a
secondary converter, which, in turn, made it possible to significantly reduce the amplitude of
deviations of the elastic sensingerment. Theoretical and experimental studies of information
processing procedures from an optical ruler depending on static or total pressures have been carried
out Mathematicalmodels and microcontroller control algorithms have been developed, which,
when measuring linear displacements of the rigid center of membranes, process signals from the
output of the optical ruler when the optical spot coordinate changes as a functibanging
pressure. The proposed pressure sensor, in comparison with analogues, has a high sensitivity over
the entire range of measured pressures and, in addition, the measurement of static and total
pressures occurs only in the housing of one sensor.

Keywords: sensor, static pressure, total pressure, photodetector CCD rulers, membrane,
photodetector devices, centroid method, light spot.

g¢dMmlsj dizO otsLHEh dzr A Md ¢ &zO dzts (el o),
Msotcj di3gj dedescts C B dzj € MO Tls O dzdzO Byddtscdisiztsg df
sBtstclzH s Odad W (s Al (), ftcj HdzOL dzO0Oyj dzO
f OtcOd3] steso HodyJ dedw dzilsOlsj dzt desects Of ff Ote
M stesmis . [ Olsj B8OIsd yj M s, Odze sted Is dzsd yj |
tcOBtslIsT or ydmdzdilsj dzv thtd @ d3fde s O @ts P W [ tdalz
HOo dzj dzd Vv = , O OS¢y Isj d&3f j Ozt L Olststcd3
fslssCO. [ jbtesdzcedyjmMeédjy RrOtOCIsjtedmisdS d
syjtejH' HOLydStses MsOldyj MEitsets ( OldBsmW j i
sftej HAAEWE]IE Isdo detsls! tcOBBIST suaAl 1 [.

stedlsjtedd ItsydasMmisd dL d3jtej dzdV HOo dzj dzd 2
stcjBtso OdzdW d3d B j L s OMdesMmisd §tsdzjlstse otsL H
CtstedL Bdzls Odz! dztsc s d 9 jtlsdC Odz dztsc ts thjd
fsctej h detsiilsd dFmdsj edazfisdz@isdis H Oo dzj dzd 2 9 51
o jJtotsWisdesmls Coshtstetsets MsMlsOoadzw jIs 0, 95,

H Off OL t5dz0 gL o3 teJ dzd v . Clsdd3 Istcj Btso Odad W «
M j yd 0dz' dzts tsG)LtGOBISIsOdz,dzf' Hdzw yYydWtese ™ n f
MeH ]ty Ols: HJiwadydz 2 HOBYdS HOodzj dzdw, 9o ¢
dqd MmMeMmilse jdzdzets HOIyYde, O IsO¢YJ Mo j i3z o
ddzt sted3Oydd ) ydgwtetse 52 nd ¢ dzO az. l .o sB t6
ftcj HMsOoadzw jIs MBB 2 4 tckzc dqRls mw dzj oy widsd &£
HOIkyd¢ On HOo9 dzj dzd W . [GfS of AtSH dzts ] L dzO Y.
n Ot OCIsj todz Istsyd ¢ Fftcketsets 1 dzj dzj dels © ©
OpfMmMtsdzs Isdz" » ddzd wlsdesmdlsjdz dzr = jHddd yon.

112



 Olsyd<¢d HOodzj dzed Vv, Clsster j OonBBHWIS o
mMlsj 3z f jtodydetsets o] sBtcOL 59 Olsj dzw HO8
Bjtej dadets?2 WL duj MSts2 o j dzd yd dz'[} ted dzjdfj f§ Isdc
dstcd B IssHO fto]j sBtcOL 5o OdzdwY HOodzj ded W :
dJj dddets?2 3] dzBHigiRdEjIs odz & M ezlz ,dzO o lsstcd ydz' 2 E
sjd3 jeB HjWBteddOYydd; ftojtsBtcOLso0Odzdj HO
fjtej d3djhjdedj; ftojtsBtcOLSoOdzdj HOo dzj dedW
s te
)

o=
RO

0

BOyder . Jbtstos?2 &ijlssH dL d3j oty dds @ C Is1 Ody fiz
dquydzer &3 d eolsstedydz d@3 HOIYdS OB H Oo dzj dzd -

rtsfnlstsc{dzfr]lsaO d dzj HsMIsOIsCd twWOL dzd Yydzr = ¢k
L dzj Clstedyud MSd?2 MdedzOdz f sHcsB dets teOMMdItsist
ftc] sSBtcOL 59 OdzgdWY HO9 dzj dzd W ] .

rdzv  dLraijtejddy f§jto] B0 HOY BBElzisBj §f tod
dBEBMIsdzr ], qdzHkzSIsdeder §J d tj L sdzOdemdz § 3
B IsSEHO BEZOHOY IS dzj d&zddzj 2 dz" d3d r~OGOCIS] ted fr
HOo dzj dzd Vv , or msClzs Isj &3 J tcOls Iz tc dzlz © L O dMmc
O dz0 dapgWsts 5 o B O tisjo Ols j dzv & w ]l b . 10 ftwOCls
h JietsC s dmf sdz' L zj Isfyw tcj L 5dzOdzmdz 2 B34 Ist
sBXZOH O h 2 BGldtshdlsj d dts o sl c2 Istsydatsfls

ANzdzC yd sdzOdz? dzOY L O dfd d3tsmils! yYOMmlstslsr
Ytplse dlsj dz' detsets { dzj a3 dzls O sls  ofjsifryjdeds” 2{Q O
4201w o dzw jIsfqw OB tslss?2 odBttOyYydBdedesets HOIs Yy
CoOyjmsej Eftckzetsets yYkeofmlsoadlsj dz' detsets 1 dzj o3
Ists dz€ sfls j dedz’ 2y dff dzdfj dzHistdtg df Jfi§ ISMSlzddg0. dgO s j to O dz'

l sstedydz 2 o sBtcOLBOOISjdzr ots oafmjnrn Ist
Csdzj BOISy dzt dzz¥ Mmdmlsy d3kz, fMtsH j oy Oh [z d dzd t
M sftse dts?2 dzOC Of dzd o Ols ! Cddzj sduj MSkeE 1
ZOC Off dzd 9 Ols! ff slsj detpde®dr &z w o fiaf fij bs fneklz ,z 4§ tolz & «

lteddzydy tcOB tflsdzsy@ls yd2e0® 5 | o Bdzdz=ia3E | 1§ 2
dL d3 eV j BBSES HO9 dzj dgdwVw, MMdzso Odz dzO L Oa dMm
L dzj d3d dzels© BIs o jdzdyddze Jjets odizlstej dzdzj cts5
sBh jd3 tsMdseOdzdd 10 kSt ff dzj dz o dsj Misj to
GJjtod3j Isd yH=zHtdc d widigE s6 s Cstef MO 7. v0OCts
d3d 64 dzd 4 OlsiisMW jtoedesets ddzd  tsdzdesets HO
L sdzOlststc® f tsHOJ s (gl B3y to jifdeddgssih ' #H O ajddgHdz
J BBtOL B89 OIsj dzv Ctsdzj BOdedw Misj dzC d d6G J tsdac
s
d

o TGt N

522

dlsmw dzj Btsdz' h Ow 1L dzj SlstesHady kzh OW fnd
dzd Is j dz d s SCOdOdzE ®tBtOIlsdzs?2 Mmow L d
VMisOdzO o dzd o O Isfpw  dzj ftoj e oade" | Ctsdzj BOded W |
O Mt Mmise j dadets?2 Y OMmistls i3 el gz@ts 5 dzd H O @zg diAd ™

[HEZOSCE {1 Isd HOLyYydSd ddijsls twWH o Oy dz
BOMMtse OB Oted Is dz" f OtcOdR Ister o dzd W dzd J od
Bisdz! h Iz f slstcj BdzV j dglz ® Bsh des s . g nJ B30
dmMf sdzr LzjIlsfmw o yjfd asckjcddsdztsd | dy jvte @ls @ty
toj LS5y dL o34 dad dzd J§ 9" nSH Az G 5 Mde dzOdkzO

dL
tc J
i to
o dz
Iz )

113



CedlsdujMSdr IksyjS HOodzjdd®w d fsctejh
s jcOkter, StbstcOw MsmMsOodvjls HE 7%
[0 &zkOL 5017, ®). 389].

bolEHC dd3 Ctdzdzj SIsdotsds tWOLtOBSIsOdz HOIsV
HOo dzj dzd W , [ R4 Bdzj thislstRter 2 dzj B EZOHOjIs L Is
sMdeso Odz dzO0 Bflsdy Misdz d&j IstsH ftcj c5BGOL
Emddzdlsj dz HJWBStedR3Oydd d3j d3B teforsidn Is tf edfdzts d O df
M WJitttes®BOGddIsdzs?2 § dzOMmisd dats?2 ftodCtej f dzj o
ltoj HdzZOG O d3r 2 HOIyd¢ dd3j jIs ftOCIsdyd MSd
Istsydats s ¢ dL i3j- 3§ gz 6 ) lodz ifs stz@tc O 3| Istcse o ts
dL d3j dzj dzd v . & ~gai® Hfffplg esZOgOy @3 § 6 HMis O dzj dz

vintes2Misets MHjteydls Hej] EkEftkzedj d3j d3E
Celstster | tOLdzj mMjdzr 5 or Mtslsjy d tBteOLEzE IS
[B] ®&BIdBBLOd cjted3jlsdudes ftedCtej f dzj dz@ €
Cstelf HfMg)j HzMd3sIs tcj dzr Ho O slseo jteMmisd v, Mt
Olsd ud #is s s 6 @dpls cHsO o(dRj dzd 2 . YyjtejL BBLC
sz Os Is fijls Olodjugi~MiEEty | ¢ tsdziks fls dzd o dztf s dztfizts gzt
dzj dzd v . ANjlototsdzOc dzd Isdz" j  1Cdzj>3j igddsT o dd  ufj «
Zcdn d3J d3B tc O dz, 0] u’lsfnlslsWdzdzf' BOG dzd Is '
e i3OG dzd Isdz” d3d { dzj d3d dzls Od3d , Ctejfwismw ¢
fzmoO. RMstsyded ¢ dL dzzygj dedwv 9, Emls Odzts o
ejLd 11 o jwBuge®C dlazdtsfidsdud MSCdJ ¢ Wlsdac
12, EmMOdzsodzj dzde" § dzO 9 j tor dzd 2

et 0 sSSP
“ S-S0 F G
TeEssOR

&
O
&
-

/78

77

t dmiz dets ©IShNdsOIsd yd MSse s d § sdzdses H

viMstes2 Misoets tOBBISOjIs MdzjHEzs hdds BKLO
Bj d3B ts O dz' LOdzd B3O s s tej Hj dzj dadets f 5 dzts
ftoJHJd! dgr d3d L dzOyj dedvdsd dnm ®©WOBBYdns HJ WE
o tso tcj dzw dL d3j dzj dzd W MlsOlsdyj ME scts d f tsd
HsMisdeOjlsmw L O Myjl EkEfttkzecdms Mddz dd&j d&3B tc
f sMmistswdzdzr i3 BOGCdzdIlsOBzd d W j tctetsd3OG dzd Is dz' o
WjtctesdiOG dzdIsdzr 1 { dzj d3j delstse € f sfylstsW dzdz’ o
LOLstcO® BBy HE dddd. [Is dmeOydsd €2 tcd d dzlz y g ¢
h sflsd

ktstesS fSHOjlsMW o odH ud meda  fw

114



o jlssykzomlsoadlilsj dz dgr j 1 dzj d3j dzls (1 dSmj dzd)
CetsteH d d&zOIsj .

}tod  d L &3jPdeiddzd ] ts dzéigts €dsd d3B tc O dz' Hj W stod3d tol
o J d&zd yd dzlz ColststcOW tsfftejHjdzvjlsimMw L dzOyj dac
gL gy dgv s h j2mw MmMdds?2 fedlswyjddw dBixHE
BOGcdzdIsOdBsd d W jtotesdzOcdzedIsdzr dzd { dzj d3j dzls © d3q
HOo dzj dad Vv 3] sk B @ de, Cff tdafdgjtlz! h j dzed® L OL st O
BOcdzdIsOBd d WJjtetetsdsOcdedIsdz” d3 +{ dzj d3j dzls ts d3,
fiedlswy jddY &jyHE §shistswdd @dd d&BOcdzdIls OB
Yybsts ftejHsftcjHjdzwjls ftodd3j tedats tcQo dzzo sylkzo fi
ofmg HdOY OL sdzy H O9 dzj dzd ? .

l ftesyjmMimj MmO MisOlsdyj MStsets d f tsdzd;
3j 3B tc O dz' &z d3j dz-L"@D j @semjwdzdC @QiSdzdd'. HLOD diy figaf @ g dzjls
fnddzr fJtedlswy jddy &iyHE BOcddlsOdd d WJts
sBJ M Jjydoe Ojtls ysHodfplisel dele jizdz! dzts iy ls ¢ d3j 3B tc O dz &
10 o9raBH] Wktsftedj BBdzd s BERHEI Wted3dc:
ftotst 1*_¢,'Lc:ucflsdz®dzJ dz' MlsOlsdyj M¢ sdi3kz d i s dzdzts
ltej HAEZOGO ] d3Fr 2 HOILYydS L dzOydlsj dz’ dets ftseor h O
dL d3d dgw ¢ h j gtsfw HOo dzj dzd W ( Ol diis MW j todets @ s
1L WWJjCIlsdoe datsfls f tcd d3d dzj dzd W Fftczedrn ,ykzef
2018] f. 3

l fmewLd M Ijd, vyt HOoadzjdedj B or Msl
L O¢C tsdzlz, sts dzO0 MmMtcj Hddf " dF Isj diRtsB BEzj ju iz A0
HOIydS O Mmikh jMmise j dzdes Mmdad y O Ismw (tec{fr] 2)
HOyYyde O s o Misls B zO tcOL tcOBBIsOdzO oGO
dzj Btsdz' " 52 CGtOHdjdzels MisOlsdyj MEtséts HOo dzj dac
mMddzr sYspgdedw W jtosdBOcdadIsdzts? f dzOfls d dz' N4
f sfls v dzdzts dfzd odO=sogqus,z 2007, . 607 .

10004

800

6001

2004

200

{dMzdsy WISedREOydy o3 @3B 6Odz” § (g
mddr fwdsvyjddY 3yimkitses yjdbsek
(3) HIWBBEBROYJY

d L d3gf dzj dzd c
O &) BB O

115



s fjddilzh jMlso O3 &jIssHO fldumMitet
BB Y dzts slsdzj Misd: or MsCzs ykzemilse dlsj dz' dat
L dzj et slstej Bdzj dzd W,  fozlach y JYdAG O B3 Gipfiste ¢ O BAHd
EHOtodz &3 dzOctczL SO d odBtOYdW d3.

[fIsdyd MSdJ a3 IssHT sBtcOBtSISC d d dz¥ tste
Bdzes 6 51 dzj o3 dzls dz' - Wslsstf ted J d3dz’ - dzd dzd 4 € (
ftcj sBtcOL 59 Olsj dzv .

blacjIs'rsulzafr]lsao[lscidzJ dzOw tsB d&zOMiIs! Blsmlj [dz! tzic g
oM j dzj 2 , Colstster j IjthtSBtsOleBIs O]
K 9 Ijtstsijtstguo[tsdzOdzJ dzr 2 J2 1 dzj Clsted yd
J2 fesdmMaHdls ftsH HJj2Mlsadjd3 IsOCIsts
wehd2 odegH kdd &OSGJ 2Ol 9" A8H ] [ Al [
Qo dzw s h d2 mMse 52 f smdzj HisO Ols j dz' dzts fi
dlskzH O COYHBGETS dL Cslststcr n tsB tc Ols dzts
so jIshisoekzs h jets fdEMjdzv [ sOhIsOdetse, 202

vOCdd3 BSBKOL 53, ¢ W Spdi@dz® &z@ didzsMAl [ f 5C
Jdz ftcjHMlsOoadzw jIs MBts?2 LOsadmMddisMmis! Ektese c

YIsBB ' sf tcj Hj dzd Is dL d3j daj dzd J HJ W Bttd3O
Mz Hdls! L O dLd3jdej dzgdJ o3 f sdzsy J dzdW Mo J Istsot
sdets dfjiMeQJ s MowL Odzdz" 2 ) dzedd3 dMmlssydzd ¢ Y ls

]l Oy dzgts tslsd3j sl Istscytls,s ylats dzj sSB R SHJ BOW
BBy ZBtcOdz" (~ 1 BECdB) MOodzeddzdOG M tOLwj " O
dzj dzv L v fteddzvils! BOSCMHdBIEd WEdSydd o SOy
CO¢ WkdSydy HMCte] lsddOBO @ jslsztsdgji dzyls ! 3O
f¢mj dz¢, §.sjOh sNOdBsodz¢ 8020, m. 177].

~§

ax AILL

|
] 50 nl
11100 11010 192100 133x10° 114x10° 1.05x10° 116107 11710

100 L18<107 119x10° 12x10° 121107 122«10°

{ (M dBGEIBO o' nHdses Mdcdodkd f |

Il Bt ssd3z, Hddzv o' ftsdzdzgj dz2d¥ L OHOYd L O ¢
| dzlste Iswy jfisd WEkdSydd or - tH dB)Es yi dfadsd®d
Is s H 5 3. Css foLosdzw jIs c¢ctsBts2ilsde Of f Ots(
4 dzq v dzedL S se 5 ©OL e " J ddgfivls sH § iBfEHES dzH ¢ I €
ZEydji?2 dBeyjls oatsLotOh Olk! CotsteHd dzZOsE .
M HJ2Mise dlsJyog' tals G R, Md2Ppg 2, M. 26

116



* B<> % ) o

G HXjT des d3d o ufiS Adpidard Is z 1 O -tnafts dgOi£Om Jindzy [ A -

ViisOdztse d o CetstcHd &zOIsz fwWlilsdzO d&O tsftec]
( dzOf tcd d3j to, 0 &3 s ktetseodzv dBtw) , dBs y dzts
sdeso ] L A3 dzj dedw ftsdzsy jdzedw Mo jlstsotsets v

O3 yJ ddgtstisciH cOMMydlsr e ©Oj Ismw o B
tSH dztso toj d3j dzdzts MA DY [ . H4 o tc] d3j dzdz" j§ dzd dzj 2
tsB dzts 9 dzv Is ¢ ddeW stedzsOyde MmMts MEBtetsmis! ¢ o st
B' Is! o jdzduyj 20 fklsjd bkMmtj Hdzj ded W , dzd L
o tcj d3d dzd . v sydzetsmls sOC Y] difskdes fisp by ish
Is ©¢ co¢ tcOL d&3j &6 Ma 1 [ f L otsdzdIs-1 @ Iz dfjvfiplg d:
[y jeclssted2mSCdR, 2018, M. 34

v OC dd3 sBtcOL 503, 99 JHJdd J ) C tsdzimls
O1L tetsdzj Isted yd MmS dna HOo dzj dzd 2 f sMmissw dzdz" - d
Wi ttetsdzOG dzd Is datizles@ o3 4 dzj 55 L o tsdzd Is dzd dzj Oted L |
HyWBstedzOyd?2 d3j d3B tc Odzr BB SBMUmd@dQOJ%r" |
ykzemlse dlsj dz’ detsfmls d sydztsfmls gL d3d toj dzd W
mMeistesMisd f tsdzj IsO MO®BWJBO O OS] O
ykzemlseodlsj dz detsegts | dzj dzj dzls ©.

1 tod o34 dzd dzd 4 dzd dzj 2 € d Wislststf tod § d3dzd & O
ftcj sBtcOL 59 Olsj dzj 2 tcOL OB SIsOdzdzts G 15 HOIsyd
OB dzd sk HjWBLdOYyd?2 Efttkzedr 1 dzj &3] dzlstso
sis Ols sy dzO W HlWtsted3@ydsvj, 3] dzip Gri bzip @ztzis ) €15 dzj
dLBj )Y Ols! o dzd W dad W odBtcOYd?2, dzd dzj 2 dz" n
KO jtedOdzO fm bjyjddjd3 atej i3j ded d s. .

IdeddseeOY duj MSd2 Mifdmsg

1. odOydtsdadz j ftcd B stelzO o qfc O] d tetzllzO § dzsS s i3 dzj €
fsmMsedy. 1 J12. ypddtsdgjsipls. ] .f .R. wBBJtedeatse, . ¢. A,
16, 2007. 119 f.

2. podOyddedy § ftedester [ Cdzj S lststsdigids BH .o j Mizdgtid
s Hdmudydddj / [ JdsBtdOkSd 4stsifig] d.u. ¢ Q0 is. s todst
d ) fndzjds ). ; -MBdnls.. ] ¢ . lteddzj § MSd2, 1. o . Cc S s J g€
(396 [BO2IS) . H@d3®tGO -RDI@)1 2 . 1 1 dz st ls. HdME ( C

3. ¢ dzd3OL g ylj .dzs ~nOtOCIsjtedMmisde O s Isted yd ME

|

O¢C Otesa, [ .R bs;frﬁstsft@’ls%q’@kdz,@/ts/fnﬁiscﬂs GO YydsE s
dZ@IZQ)iIZtGdZOdZ 2.2 .0 1-398.5 ~ 1

4. s Oh lsOdzsa tod.d5j Mzj dzd | Bdzse 5t dzj d3j dzls dzts2 Y B 4 o
Is ts dzh d dzgr f zOfmlsd S sots?2 dedIlsd [/ . 1. s OhIlsOdzts e , o .
L 8o MS O dzOESCO o Mmotj & dede’ & B deteiaDde ez, B
stdaW j o] dzyd di I 2W7) ovtat@®dew2 020 CEsHO) . v. 1-17% dz' W dzts ¢

5 sz jo RLMBIReIS] dzd Ol tsHd BZOBI U] MSdE § Otc Ok
bujedsj §smssdy / 4. R. sd“jo, 1. 1. f0OCOLss,
6. [dhddz®. vdz Wdgsem¢: uvdzquvuv, 2005. 509 M.

117


https://www.elibrary.ru/contents.asp?id=34547124
https://www.elibrary.ru/contents.asp?id=34547124

6. [ jIstsHT ftcj 5B tcOL s®OFagd O det Qyy dBjindigfOR.Is . [ F dzts o dzw
Isj ud dzd j URiIzHetts/&azus.ru/nuke/users_files/02082008/736002.pdf OlIs© B tcOh j
15.10.2021)5 j € fMls: 1 dzj S Is te ts dedz’ 2 .

7.1 Olsj dzgls "~ t B3M02[@M0E O [ A SEOJLLFO(F006,01), GOLL 11/ 02
(2006.01)f Olsyd<¢ O tetsdzj stedyj M2 grl8aBP@a&Pd2LOvedz. 30
10. 2019 / ¢dstsdzgjy R. 1., I1ttdhmse . ¢., 4 teh

8. vyitltsted2 s dHy j¢.Istc Gdz' dz" J Bdldnend” j: 0§ As SHdAf
ZzOB stcOlststedz” &3 tOBBISOR 5 HIMyd{ dddz ¢c/[BtcOBBISC
vdz! wWdesemS: wuvdzguvu, 2012. 32 .

9. Yjtolststed 2 MSIRd dgj.dzj dzd ] dBdetsc 51 dzj d3j dels dets?2 W tss
HOIsyd&¢j dzddzj 2dzr m § jtej d3d M j dzd 2 dbj IshpH. d diptse , v jotals tute d 24
l L seMC OV &zOEZCO o Mo tej dBj dade’ m -2k fdk®is W dlzd  jufg Tt
Csdet j toj deyd (i 3( X9 oMed@ed®tcW2 018 cGtsHO) . Y. 2-35. vdz' W dztso

urs 004.415. 25

tor1t o1 fuvsd R erobudfiArRI[(1fLB®DIRY[HSRM
RLevtofrruof) rUgrR {Krflvc sovpsubiposy 3m
R YU /[*
I sdzt h jHoSteff O Jdz. |dzOz H
ststeweddz 1. 1., SOdzH. Isjnda Oz

[ sMCtseMSd2 etsiizuOtehise j dedzr 2 Isj R dzd g MS d 2
(¢. [BMSe0)

b dzdztsIs pyefdvls j e j B3 Eteso dzv COyYj Misoa O ¥ sted3d tetso O dac
Csdif jIsjgdzyd?2 OoadOydtsdedz" =« M J ydoOdzd mistse wodzw j Ismw
ftetsW j Mind sdzOdzd L d3, M smtse dztsmls ! ftcdsBtc] SOIs! L da
ftotsWj Mihd d . ] ta@tAnadgts 2 M dedjldnjls o ¥ Is tcOL dzetstsB tc OL dz'
cCtliRf ilsidzydve, ¢Sl jilsd dzlsdzsfyls: é.

1tcOCIsdyd MS&d o COYHB2 stcOCIstso € § slsj yj mMlse j
slsdzj sd s Yylsts o wslsdzdydd Bls Isjted3dddzO ¢ ¢ o O0dzd W d ¢
Fteso j dz f@dWdnmdnd sdzOdzd 2 d [kd3j dzd 2, dzs d kOSdyJ
mMf smtse dzets s ¢ ¢ tcOB BIsJ ) Cdzdzj SIsdo j, C sd3d3lz dzd €
syJ dzd 9 Ols ! d dseduyuiméd o mzdls: , slsBdtcOls! d d
ftesosHd B ~ dMhdkue OaRd” -~ sy desth)ls!  § sdzizyj ddw ¢
Ftctso dgw tcOLodIlsdw SIsH j dz' dzr = Csd3f 4 Isd dzyd 2, IS

fisOkdmisdyj MSda HOddz 7 o jf! BO BeteOddyj 0. Skt
ftes¥ j MdsdOd dts?2 § SH G sl s dgjsdedstsdn Is d ) §f GOz te s O dids’
dZOL ¥dpts dzd yj MS sets ftosctej MMO o tBEOMI dMSEMmilse
O tcQo dzj dzedj dMmMdzi Hise Odzd Vv, sfmdeso degts?2 yjdz' 8 ¢ tsls
B IsHd U] ME TR ddifistelz B3 dals 5ot Cufigyv) tasisyd S dfiy deffeiasjocdzy €

sdz¥ yd o' j SChpdfeiAsj dzydd, Codifjlsd delsdesls: , 1 CMmy
fs dZOHL Btk LO BjL Y OMdesmiss & .

N kEBdzdCOydY fosHCEBktod 20 o ©O®RSOR YESHHJ©BY

WEZdzH Od3j dals Odz! dzr = dMMmdzj His9 OAR020 028N AcR) O L fotOB jsIsIE @
f smistetsj dzd W Otcrndlsi CIskzter d MsMmMisOe O Odze tsted Is A3t

118


http://kazus.ru/nuke/users_files/02082008/736002.pdf%206

(7}

Misd f(Edsusdsasotft dp@zinfgtclz L © B J L 5§ OfMdat
HOdzMC 2 OadOydde, 9" f sdzdgw | BSE B 9o [
Is j GteOY HOdzME 52 Qo dOydd i fS1QudpH d o @5 .
n  dz20Ez¢, f to ts WisjdEdiisfte, d  LdO o & f t£OWdg jHdfv2
fL1vuv 1 ¢ ssteweddz .o .

O @7
8.2,
Fad )
T aq

dz
0]
S
¢
s

OO NS~
Sq_'ﬁ-N'EE
O 119 T s=

9 s
tc O
disd
j < d
tols d

dzfn

DEVELOPMENT AND ADAPTATION TO THE APPLICATION OF
METHODOLOGICAL TOOLS FOR ASSESSING THE QUALITY LEVEL
OF EXPERTS SYSTEM*

Bolshedvorskaya L. G., Doctor of Technical Sciences
Koryagin N. D.,Candidate of Technical Sciences

Moscow State Technical University of Civil aviation
(Moscow)

*Publication was prepared within the framework of project Ne0&90028, supported by a
grant from the Russian Foundation for Fundamental Research (RFFI).

Abstract. The criterion for the quality level of the formation and development of
professional competencies of aviation specialists is a set of characteristics that reflect their
professionalism, the ability to acquire knowledge, apply the acquired kngeviedhe profession.

In the scientific literature, there are various interpretations of the concepts of "competence”,
"'competence”.

In almost every interpretation of domestic and foreign authors, it can be noted that, unlike
the term "qualification”, comgtencies reflect not only the level of professional knowledge and
skills, but also such qualities as initiative, the ability to work in a team, communication skills, the
ability to learn, evaluate and to think logically, select and use information, etdo®s studies
have emphasized the difficulty of obtaining quantitative valoleshe level of development of
individual competencies, since the applicability of specific statistical data is very limited. This
creates objective difficulties for assessihg professional preparedness of personnel through the
use of the achievements of scientific and technological progress in the field of artificial intelligence.
This determines the direction of the research, the main purpose of which is the adaptation and
application of methodological tools for assessing the quality level of expert systems.

Keywords: competencies, competence, expert systems, safety inspectors.
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DEVELOPMENT OF THE PERSPECTIVE AIRCRAFT COCKPIT
INDICATION SYSTEM SIMULATOR

lvanov A. St?
Silin N. D12

IMoscow Aviation Institute (National Research University)
(Moscow)
’Integration Center branch of IRKUT Corporation
(Moscow)

Abstract. The architecture of perspective aircraft cockpit indication system simulator was
proposed. This solution allows to significantly reduce the application development cost due to
validation of logic and appearance of indication at an early stage.

Key words: civil aircraft, aircraft cockpit, ergonomics, avionics, logic integration bench.
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INTELLIGENT SYSTEM FOR DETERMINING THE DROWSY STATE OF
CREW MEMBERS

Karelin V. E.
Popov V. M.,Candidate of Technical Sciences

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

Abstract. The article discusses the development of an algorithm for an intelligent system for
monitoring thedrowsiness of crew members in real time using a neural network model. Features of
drowsiness of the status were investigated: the frequency of yawning, the direction of gaze, the
frequency and speed of blinking of the eyelids, the duration of eye closure.

Keywords: computer vision, recurrent neural network, object detecitedigPipe, python.
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fsor hOjlsmw MtsH j oy Oded | Fedzj CdMmdzsets ¢ OL
Ctesoaslsts ¢, M smtseMlseokw EHOdzj ded ¥ IshbLj dadasg C
it dzOftewy jddj Istsyj wWeodwjlbmw ftedyddats2 |
BsLE. 1 JjotE HAdksMmMw o MtejHdzj dg 6 Mmj CkzdzH .
sBr ydets dzj t©cOdz h-ff sdrdgistg" Yy glzizlstsH dzlz 1 2640 L dz0O
LjoOdedY o d&Jdkzlsk.
2.1 Of tcOQodzj dzdj oL ¢dzv @ ,dzd €d af © dzd JO dzg tisdiAS & t
Mosddzde sMmisd wWodzw jIsfqw disd3d dzls, StEeHO § d dztsls
3. YOMmMtslsO d MEtstsimis: Bstec Odzd s j o j €d J
SH dats 2 d3d dzlz Is dZzOMmydIs-1 5 O jHsofifvy j b B W HCjEE O dz€
Methidsty MsMmisOodzv j Istf 8 5 tc @) & dfldzef f , ) zdzdzd o ts iy le
MisOdzso W Ismw Bisdzj j] ftetsHtsdzydlsj dzt dgr o3 d f ted
M dzjBtsdzt 52 OBy dzdlszHBD tcjswd L @O T figtsdztzd Mt
IMEstetsMmis! 1 3B O dzdWOdN® dzdsVO3-FRSWOL o & dzzlsz.
4. ) etHsd dIsj dz! detsls s o IOF ted Jsdf v & dzd@d o M
mMsmistsw dzd J , CBEHO CEcdzOL O L OCter st Btsdz! N j
L OCter 9 Odzd W G dzOL ftcjo"hOjls 80% o Isjy d
Htej dgdzs M d d3.

[ Mdzetso dzOW Yy OMmls!
l.tdnhdddi LOHOYJ
tdNjddj Momissdls o d&sddlssteddzej dzdy0oO d

B ssHtse YydWtcseotsets OdzOdzdL © d BKOBBISE
dzj CSBIstster =7 Mo J HJ dzd R d Y JOm Cddsd daflatzH d € Olststets o
kOS¢ da €OC:

YofmlstslsO L joOdedWw;

ZOPwdzj dzdj oL EdzW H O,

YyomlsslsO d MEstesmis! d&GdeOdedw o j ¢ ;
ftosHsdy dlsj dz desfmls! L OCtr Isdw @6 dzOL .
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YIstsB T f sdzlz yd Is 1 Isd Mo jHjddVW, dzlz y dz
ddef stedzOyds  ddyj dslsydtqjoOn ¢ sty %P5 dztz
B ot sdz L 5o Olexdipipets B ooale]GobgtebipdiaPipeé , 2019]
Clts Wttj2RBosteS M lsCterilsr df dMAtHdy &3 SBHIS
ZOMsOdoOj B j d Ctommif zOY sted3j dzdz” j toj h |
CoRBf ' s Isjtedetsets LtejdedW HEzW (slssCtsots?2 dgj H
feifzls o of yudMmdzdlIsj daz o Widdkd twj Odz dz
Bdesedy Mtsoted d3j dedz" § G JjteOydssdade' § MdMmisd &3
CGteOWdyd MS dn ftesy] Mhtstets o (A1, 11) . ] ts0
O dzG ts tBatdvidsh Clstster 2 tsyJ dzdo O§fls dzf &y ® © dzstgy &
ftoesistcOdzMilsa j o twjiyddj tj Odz' desets o tcj d3j de
SBtStcHSo Oded s o bjBljls bd ¢t dOddydj v

2.1 OLtcOBESISCO Odzetsted Is BBO

ddzestcdIlsds MsMmistsdls dL Hekr ditsHBladeface dzj 2
[BlazeFaceSubmilliseconke, 2019], GClstster 2 of ydmdzw jlIs
COHtej , d dBsHjdkd HEZY fftcjHjdjddy Istsyj s
tcjctej Mndd. 1 ZOEGBHOKY BdzJ GYY dedzts?2 Oten dlIs g
~Btesh j2 ftesdL oBHJIs dz¢ dztifisle[d HAPY i tc df dedfdzjods
stsdzs €5 d2Z0O A1 (BjL EmMStstejddw ) fohish 8
dLBBKOYY dz dzO twdmMkzdzC 4 1.

{ Mk diB e dikj 6 tcOB s lsFaceNkdhe s te  Is &3O

[ OdzdzOW BSHjdz2 wodzw jlsfw fjteots?2 MMmMlsOs
dL Ctlststhylsdsdd Pdzctstcdlsds Hdzv tsftej Hj dzj dad W |
rodzi j dzitsBatsHdBE BlsWddz Isteso Ols o s
ssdz s Isj bsySd, SCtbtt’'j tBOLEZs s ¢ tsdzst

{ M8 e H dzj dzed ] SBdEskcO® ¢ oL § &
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S O) HOVW OltgdsQ tedf L z j Is fixey tff dsSsitg jH df dzO Is€d dE s Is s to t
Ssyc¢ 0 dz0 dLtsBtcOYjdzdd. GCIstsets HBMISOIlssydzts H

[ dzw st tej HJ dzj ded W slsCter Isr a/ L OCtG" Is' A (
mMetslsdztsh j dzd ] BAR isHydsdspectBRalla) fiffistsisdztsh j dzdj Mist
(MAR i Mouth AspectRation) . rdzv Btz J Ibtsydksets St
ddzd dzjIs, IsOC % J MARSHEAREZEOES Mdathbver&ady.

EARo " mMydIlsr e OjIsmw s Wtstedzlzdzj

(N1+N2+N3)/3iD, (1)

¢ HNL,N2,N3i e Ofmflstsw dzdf j Bj 3 HE Is By @Fyls tf wsdzd
BiyHE SsYSCO®Rd §t cstedLsdsOdd (tdMmkzdss :

tdfMds LT OddL OydY ©OMMmistsw dd2 dj 3 H b

O Ozt d ydz" d3 tsB tc OL WBAR, 9 MOEWEIMAR/EAR] Is e d
Jworn 1 CMfjteddzd dzlsOn BN JIs oL ded C dzlzls! ¢
fstesétsor d3 L dzOyy daed v of, fted Cwlstster n
ftojHjdzjdd] LOCtrlsr o/ slsCter Isra edzOL d fe
J 6 H i 5 dzdzts yJ dzdzts 2 tc OB tstisHsP Is MY to i s OHIZO to ¢
OdzdsBtetse € O, 9 ntsH] C(BBltstets?2 orf Mydls™ 9 O Is
d Mtcj Hdzj € 9 OH tc Ols d YEAR, MARSHEMOES dzf) lzdzds] H v 25 ¢

1 Oo dMd ERMEAR d MOE fted L Ofdfmd o Isj ud ded
(600/ 27~22 MmjiSdz@zHdzO {f taac) iy ndsOjo dz .

|
¢
s
|
¢

,\;J/\-, |

E) £ = ES

t d flk dis o4 i JERR,NBR[MOEY] sfydzj S OdzdBtetse € d
OislbtejLBC otej Bjded, &0 Ctltslste@L &0 @ j B
Clstster 2 Br dz MHj d&zOdz L jotsC ) slStr st &8 tols

sltojL S ot BfdebdLeh s €wOBC o tsj dsj dedat
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I M dzj MSd dz0 cwOWdSCj, orHjdjdedzr j ftslsts
dL 3 dzgj dedv &3 WdLdudmMSédrms MojHjdd2 s dzdyj
Bstcc Odzd ¥ (sSHAzSC tcOls dets ) .

1 dzOw W tstc d3lz H O dzdz" ~ Eyomls¢ tse ( f tod B dz
ORf &z lszHk), O OCxYj Eydlsr a0Ow WOCIk ftojH:
MOE, sy dzts §sSHBBEKOK! EMdsedw d §StscEse
sftejHjdzdls! , COC s Hj2flsea dj fsioojder df dzd d
Bstecgdazdz) . uttslse jlsMise jdedets, Is. ¢. ¢t g
COHWse, M SColbtstets? of fisdzdew j MY OdzOdzdL d 1
L d3j dzgj dedw Istsets ddzd d dztsce s EARS MARIESMQEz W
By dzs fesdLoj i MEdistsd uaf®oyyf ddasls o, dz
nOtOCIsjtedmMsdS f tHdsEs C(OHKO dzj HsMIsOIts
otej d3gd dedzz ¥ tsB dZOMls ZO ctkzfqr COHttse ( dz

Bsydets BEZHjIs MEzHdIs! Btsdzj J btydts t ftdm
sfglzlsmilse d d . [ dzw 1 stsgts BN dzts tej N jdats ftsi
dzj 2tetsdedzze Mmjlsy M HBdkEtMiesydts? C(Steslst ts?
COmMmdud S Moty &3 ftej HiNisOodzj dedd daj
d g sted3Oyd ¥ , 1 ChlstcOf sdzd tetso OdGY § Y B IHH HAhigjd2L
f sHtcOL Z2d3j 9 OB Is dz,JLan’fr]q’dz,r' O9nBHT d or" Qs
sBtoOIlsdgr = MmoawrL j2 L tojSbkttej dzlsdzg" »  dzj 2 tots
ftcdmMizismlse ¥ Is, u’tsllstsd3lz t1 e By dts ttOMhdOl
d k2 xJ s sIEtCyHROV] jtej HOjIs § sMdzj HizE b
ftocjHT HEM jJ2. |1 BN jd3 adH] MttkzClskztcO {1 ¢

0

VO Ot O; Or+1

s J)j) v ] oL Vosfw VcT>va+V'

I Packpsrmie cern I 7 I 7 IU

X Xt-1 X; Xt ]

{ dMzdig® B Yy dzdzO" fstekzS kO {1 ¢

X il st oRtHds2 Mdcikodds des Brosyj s iy
t. Ckt, f§t fkkd, §O0d&wis: fmild. [dO, ¢
Neshsswdd?2 d kjCkhjes oaRGHO

S(t) = f(UX(t)+Ws(t1)). )

ANzdzC yder or BdtOs Is, CO¢C ftcOoddzts, idzj dzd
AnBHds?2 MdedzOdz dzO hOej t. 1 dz2Oh j i3 Mmdziz
4 LTSM (Long ShodTer m Me mor y) , Is. J . MdIsd Hsdzc
O, o MGOods dzdd M ORI da@criztsas Sdldah j
dz? hj fSHAatSHdI Hd&v Jh jddYy HOAdks?2 L OHC
zO MmMMmisOoadzj dzO@ 1+ BB dqtedyj M< d, dzs m bkyy
sHjdZ rfttt'ts OBBIOjIs dzO dzOB SteOR H Odzd
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HaGdz 5 Hdv 5] Misdietse Odaddopoutin Sytsdsedr i j5  telaped
(EMlsOdz0o dzdo Ojls detsdz ) M) L OHOdzdzs?2 Hisdzj 2
Nde OO §jtejH jeEs fjttjrnOyj?2 &0 fMdzjH
C zOMMd% d C Ols s tc QST j dsf I tc WoaE@Ida® tod ik dzC j

{ Mk dimlste@ S sbtc® &sHj dzd § ZOMMdY dS OO fi)
EAR,MAR dMOEf) d ff tsdz' LSEM-0 24 d ds

td OdzdL Oydw ditsH jdzd dzj 2tetsdzdets? MmJjlsd o
[PyTorch, 2017].

J CoOyj miso j WEdC yd 2L CHdifive ORd H U.d il tetr
slso jyosls L O B@BOdudes] § Jjtoj dg3detsy jdedj o7 -t
Eyy Issd3 dm MHoOodcBo. dsdzsd reshape fslseo
nBHdZr m MdedzOdztse dL ftjHr HEMN R Mdzsy o .
w Cdzomdnfg W d 4O dlilstsc § 9" mtsHdz" &3 Md ¢ dzO dzi
JHMECOL Odedijy,d dB jd dgiddpdittss tsIs 0 HBsB 1. 0 G
dlsits Os®dd3, ylsts sdz &y J kMmdzlz dz.
stsdzj ydzOw tBBBHNY dzdzOWY MlstezCIskztedzOY fMr J
dedzts e 5 MsMmis sz@d 20 tog Mh&OH dzf .
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7 Ssg
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Pacusr EAR
MAFR » MOE
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BlareFace -

Eampe1 ¢ Kamepsl K anubpoenmnmx

Mroro dvHFIRIOHAMEHEET T Enaccudemxarop —

{ iz dig® 5B N Y dgdgOw MstekS bktedzOY MEj KO Odze
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tdLEdz SO ttOBtlsY OdZetstedIsBO o HiMIsOo d

{ Mz dis®H8" Hj BsdzhsteOydd OB ¢

I BtSL dzOyJ dzffrgmesP& Secopd 1 ydmdzs C OHttSH )
Sleepyalerti f sHf dMm! tjL bkzdz IsOSO ftej HMEOL Odzd W ¢
mMfwhjj Mshisswdzd]/ BtsHiets] MhmMisswdzdj Misslsce

] OC dz8 yg dzd J

ltoso jHY dgdz J] dMfMdzj Hise Odzadw 8¢ OL Odzd,
sftcd HJ dz dzd v Tfrfiistsdzddgdonts cifists Lipts dzw j Is OHEBR d o ¢
MARYf sH WdLddsedyjmMSd) sMmtsej ddesMmisd dzd yc
Mo s Edzd o J chOdz! dztsfls ftcd HtOCIsdyj M A3
dqHjdzsdWdydtese Ols! IsOCdd fHtodL dzO0Cd Mmstdzdzd o |
LOCt" sy edzOL, LjoOdzdy d dstecOdzdj . 7 dzv
d dn Cdzs yjor n Istsygj ¢ ftocjHYf sdzOG O] Isfmw ts
tcOL dgstsB e OL des 3 BEAR GBAR] d MOERO Y tdedzR yj dzdz" = M
odHJts M dz¢H! d©3d © BBHEd d Mtsdzdzd o sd3 Mts Ml

IdedzdsctO dui MSd2 Mydmss

1. 1 0dz€ s0 @ jlinpw ydzOW tcOB YOV dOctekzL CO d kst dd
doydd [/ 1. 1. 10dStesa0O, [. 1. (BHdBdtse [/ ¢
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Jefirrvdeor Pt Rfctvdtd Arroty 3w rottdrh ¢

CFAROSA-320e NfimryJuvflst Ji1uvywpepzRm v

sdotsCkteyi®Odzh. Jjnrndz. dz2OEC
RicCkzlsmMed?2 WddzdoOodz [ L vsuv 1 ¢
(6. RtCEIMC)

O dzdzs s OYgwilsOls: j ftojHmsOodzjdz S©OSd2 GBL IS
ftocsyjHEZtodzr = Istej dzOy jtese Htod SHEBItsaCj OoadOyd
LOo jHjddwia, OodOydtsdzdzr 7 kyjBdr 2 yjdadsteOR Oo
tsMMd2MCs2 d L Otoks jiyWdied) HYESHbuds) s Hddad dey i) Szd B dz& «

CteOYHOMEtsS?2 OoadOydd, mMsMmissWw dzd J Istcj dzOy J todels G 15
stcj dzgdteso syde" » yYjdelstetse d Eyjsdz = LOoajHjdd2 1 ¢
ftesyj Hiztodztse 5 FTIB tgfAROS] ABR0O e 1 5C OL Odzr ftoed d3j tor d
sBlzyoOs h dfdgfy i H Ztcdzts ¢ 5 CFARDYG G Pt O W stcdizd totso Odg

ZOf tcQodzj dedw fYtsorh jddyw COYydimseaO fsHEeBlsoCd Osad

sdzg yjoer g fipdidsls P3O f sHEtSIstse Cd sBlkzyos hdns mw,

nOtcOS s @®disty J H Iz tc dzsFAROSBB R @y fijtelof EkuyisBdetsy L O9 ji
Oo d Oy( tsdzdz -3 tc | Haq jodsdets y dz" J§ Yd dzlster (dvuv k), Msmlis t
COyjmMbots fsHeslstsoaCd OQoadOydtsdeder » M j ydodzd mistse .

FEATURES OF APPLICAT ION OF "FAROS A -320" PROCEDURAL
SIMUL ATORS IN PREPARATION OF STUDENTS IN THE UNIVERSITY

Kivokurtsev A. L.,Candidate offechnicalSciences

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

Abstract. The article provides a brief overview of the features of the use of procedural
simulators in the training of aviation specialists in higher educational institutions, airline aviation
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training centers. The peculiarities of Russian and international dotatoenn the field of training

of civil aviation engineering personnel, the state of the simulator fleet of some aviation training
centers and educational institutions of the Russian State are given. The general description of the
FTD "FAROS A320" procedral simulator is given. Examples of using the FAROSS20
procedural simulator by trainees are shown. The main directions of improving the quality of
training of aviation specialists have been formed.

Keywords: training system for trainees, a procedurahwdator, characteristics of the
"FAROS A-320" procedural simulator, a higher educational institution (university), aviation
training centers (UTS), the state of the training fleet, and the quality of training of aviation
specialists.

I'ea jHjddj

ddMmls] ZOGISsmKL d BEZYOs M dr Mw ) l vy d H
Mot i dzde" i3 d G JwmyijClsdedsy o3 mazssad™ d
sOC Y] bteiBtsoOdzdw 3 tor desyde = Blsdztsh j dzd 2 .
or fmh j 2 d Mtcj Hdzd 2 f totsc tc ©d3dz’ u’tSHGBlstsaQ
f SHse® € d OoadOydodzdez =« M j ydqodzdmlsse, HOdzj
sBMmdzzy do Odzd OodOydesdedzets? Isjrdzd S d MmEh jf
9 Mbtets? O dOydodedz = MYy J ydoOwzdmlstse dzO S scC

Il dz2OMmlsswh jj otej gy Ek jdQAfy das isfgle tc &Bdzgp St i |
tcts dz' ; f tod L Istsdg ©r Hjdzwe Isfw Btsdz' M dj W
tcOL dzestsBtcOL dzr | SCSdli3fdzj SMmdze" | § JdzslsOy dz j st
HOdzizs o5 f Sdzsy  dedlsfy R ddddeyijdialss MY j yd Odeg Ml
fwcOClsdud MCd dej fgdzjwdylsdsdyl o O dadsER Idnd i3z @d
ftiosdmh j is® dB" dfeatsC ddydsess MsMisOo O {§ tod
[l stesB! jo, 2007; 2zjtBOS, 2016].

1 JeJ1r11{dUuR t JeudRBYS [ B R 1 O
r{svfr1voARrRR ] BAL T Vr1duvllsw R
s{MLRY[H#sSRM sortf] Ltoérror1esfB ¢lROPARR
strvorctrdad 1ot sod 1opsROEREMLIM vy
st 1l Rt LI Lyram Aprvwowt ] R vY[ras13m 10110

¢ dzOdzd L stcj Btso®@Ad Y w®Oghd I HUzs?2 HESC EZAG
fsHGEBIstse C d -Isq deplzf dzjj et = S OHttses GO H Odafm!
fMH j d&zO s mMdzj Hze P dj or 9 BHT [AJH;tG@lGﬂZ-/‘),erJ
2015;EASA(PART66) , 2014; 2jt®BOS, 2016]:

slsd3d yoO,j Ismw dz;OQIsIzOdwstdzdgmlSe{admﬁfnan{@m@

Isd ~dzd yd MSE dn fMtcj HMIso tsB kzyd ded w d f§tHGEts
ZzOf ted o34 te, dstc BOIs o dzOW HBC k& delsOydw  dzj
M jydodzdL dqtctseo Odzdz =~ Istcj dzOx j tots® ftotsyj HIz
Cslstste j Istcj B z¥ Isd Hic@fy thisH H@pzEdz - Zmd dz
stcc OdzdL Oyd 2?2 ;

tcOB BBIsT fts eOtedisdzdL Oydd ttsmmhd2 MEs2 ¢
dzj sBrtsHd di3s dzOyd dzOls' M HtedL dzOdedw™ dzO L OC |
Istej dzOy § 6 O Bd ;

145



ftcOCIsdyj M¢ Ow fsHeBIste ¢ O -lsj ©Odzdzgj M U=
@doOoydtsdzdz" = M Jyqdodzdmlstse slsdzd yo,jlsmw sls
sBlzyj ddd dimf sdz! L 28 Isfw M j ydoOdzdL dtetse C
sjrded yj MSsets tsBMdzzy d o Oded v ;

Mo j teh j dzMise so Odzd J§ Oo dtsdzed € d 1l u L O
oMmMstesj degdese s C sdzlstesdady , d f dz® 1o dagdizd 5 g dsfipls jsdy
sBMdzzy do Odzdw dL d3j dzgd dzd W dzsmtsW d¥ Isj n dzts dz
o fmj 1 Ists f so dzd W dzts dz0 dL d3j dad dzd J fSHR
MfJduydoOodzdmbstse ;

tcOMmMMmMdisslstej degdz" j o7 hj tsMsej dedetsisd Istej ¢
mMdMmilsj A3 s stht€ e =J dB) g i) pdlasdzdz = C OHtese L O M
Msotcj dgj dedz" = ftesyjHEZtodzr = Istcj dzOY jtctse d H
ey HMlse BRYjddw, O ftoddjdddd] ftd dJLE
HsC kg dzsOydd d tj Odz! detsects MOdg®Odz) ©O j oW VO F €
L sQffjed HBSYTEMSC] € MOmBsMistwIisj d ds2 1 SMfd

Mootej dgj dgdz" | Isjrdesdzedd fsLoaBdzvE s to,
ted MSLHOddd Isjrddyj MSdms MmMtcjHMmMlse tBEY
FCtsotsHWhdn HBCEMR] dZsOF d MisOdzH Otels OR .

vOCdd3 tBLONBHYN joj datej 3w o tsMimdd
~ d 1 C¢tdtsdidyjmMcdas L OOl 1 v)
Yydodedetsets f jtemtsdzOdzO fted tsBj M j yd dad
| stso 1 s 1 ¢ smis @ jsls figus 3z0 ¢ gz Omizj jdsBsds dz'
HiOdedE Isd BB KOL ts9 Olsjdz dzf 7 MlsOdzH Otclstso
® [JJuvuv J ¢ d Htekzedr OoadOydtdadz = 1 v (
jdz ItcOHdydtsdzdz R ftoesdL o sHflse j dzdz’ ~
dzz Ols Oy d s dzdets 2 , T Isdeg] j0z0p de@ dad ¥ QUdSdeEOD; 1§ ts alzC
s

Y

O
c
Q.
=
)
O
]

ssoaC O sLotsdzvjls o9 ©ORECO-r 1T U] O BIst
dls! sfrils ftesW i nnd o dftads®?] HY jd2dly | ds'tc
slstsoCd toj CSd3j dztf sy z f il BoEARDS AZOS /) tc
Cé dzOd B tsdzj jMmie WHYf IS dsts[ otwlasizy j dzd v .

b dz2OdzdL MmMisswddw Istoj dzOy jtoedese s ff OtcC O
stcj dzgd tetso sydz" » yYJj delstese d Eyjsdzr = LOojHJ
sMse j dedzs g @S [ 20167 :

)1 tesmdz ydes OjIsmw o { shidd ko j dzd yd dzc
Istc j dzO Y J tdsHeG tHIsdive CHfd -lsf jd&y decfia) jicfigifisd = ¢ OH tcfs o .

2) RN sdz' L s9 Odzd § Cdi3f dzj € Mdzetsc s Istc § dzO
fdazslsOy dtsets Istcj &z0Pj mE@zv F i b ¢ & Bldsjo + did f jdiy G
COHttsH ) COyg Mlso j Micj HMIso O tBlZYJ dd W
B3 ssHdyj ME 2, Is@yp ¢! 4 tEdatEbiswsh ¢ 52

)l tetsyj Hiztedz § Istej dzOY J ter H dzls | ~fdEjHug) S
COHEtsH dmf sdz L z¥ Isfmw stsdz € s ftcd f SHG S
Mmils Odzets 9 dzj dzr 9 dzgj Sslstster m J vy Of d Eydsc
ftedodHj B fteddij e’ :

4 OdZX blsjtcBRtcefgRfH OtcMmise j dzdz" 2 Ekdzdoeij ted
MF T D-3& 0-3 3 §-737;1

gIIo-Igan
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INCREASING THE STABILITY OF AN UNMANNED AERIAL VEHICLE
UNDER UNSTABLE FLIGHT CONDITIONS

Kim N. V., Candidate of Technical Sciences
Zhidkov V. N.,Candidate of Technical Sciences
Pokhodenko M. V.

Moscow Aviation Institute (National Research University)
(Moscow)

Abstract. The problem of increasing the stability of an unmanned aerial vehicle with an
abrupt change in flight conditions is considered. The proposed approach is based on the rapid
diagnosis of emerging dangerous situations and the corresponding adjustmergashitheters of
the autopilot PID controller. The setup is implemented using an artificial neural network (ANN),
which is considered a multilayer perceptron with direct feedback. The results of model experiments
confirm the possibility of increasing the siap of the aircraft under study with a dangerous
change in some flight conditions.

Keywords: Unmanned aerial vehicle, autopilot, stability, PID controller, coefficient
correction.
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