BjdmlkdhbebZe
Fhkdh\kdh]h JThkm~Zjkl\_ggh]h |I_o¢
mgb\ _jkbl_1Z ]jz " "Zgkdhc Z\bZppb

'H :\bZdhfiZ@mByj:wjhaBjdmlk

DLM:EVGU? IJH;E?FU B I1?JKI?DLB<U J:A<BLl
=J:@>:GKDHC :<B:PBB

KiHJGBD LIM>H<

.., F_""mgZjh*"ghc giZadlgdp kdhc dhgn_j gpb
ihk\ys _gghc ijZa*gh\Zgbxby
hl _q_kI\_gghc ]jZ " *Zgkdhc Z\bZpbb

12-13hd 1y [j2023]

Lhfl

ISBN 978-5-6047924-6-9

Bjdmlkd
91785604" 792469 2023




N?>?J:EVGH? :=2GLKL<H <HA>MRGH=H LJ:GKIHJL:
JHK:<B:PBY
BIJDMLKDBC NBEB:E
N?>?J:EVGH=H =HKM>:JKL<?GGH=H ; X>@?LGH=H
H;J;:AH<:L?EVGH=H MQJ?@>?GBY <UKR?=H H;J:AH<:
©OFHKDH<KDBC =HKM>:JKL<?GGUC L?70GBQ?KDBC
MGB<?JKBL?L =J:@>:GKDHC :<B:PBB2 F=LM =:

DLM:EVGU? IJH;E?FU B 1?JKI?DLB<U J:A<BLBY
=J:@>:GKDHC :<B:PBB

KiHIGBD LIJM>H<
Xl F_""mgZjh~ghc gifidjdply kdhc dhgn_j gpbb
ihk\ys gghc ijZa*gh\Zgbxby
hl _qg_kI\_gghc ]jZ "Zgkdhc Z\bZpbb

12-13 hdly[j2023]

Lhfl

Bjdmlkd
2023



::D39.5

M>D
N
J?>.DPBHGG:Y DHEE?=BY
HI\_IkI\_gguc j_"~zZdlh =hj[Zq_\ H : Abj_dlhj Bjdmlkd
F=LM: 1 _o0og gZmd ijhn_kkhj
J_"~zZdlhj % DZdZmebgZ K L
Qe _gu j_~dhee_]Jbb + E_"Zgdbg ; < aZ\_"mxsbc dzZn_~

| _og gZmd “~hp_gl

DhlehX. <, aZ\_~"mxsbc dZn_"jhc GV
dzg”® |I_og gZmd “~hp_gl
KZnZzZj[Zzdh\ ; aE\_"mxsbc dZn_"jh=z
dzg”™ |I_og gZmd “~hp_gl

RZ[eh\ < aZf_klbl_ev ~bj_dlh
nbebZezZ F=LMMEJihdZg” i_~ gZmd
<hehkh\ ? G N dZg nzZdmeklhj Z gk
"hp_gl

Ihjlgh\Z X aZ\_"mxsbc dZn_"jhc
nbeheh] gZmd "hp_gl

Eadalida Aedieeo6ébeiy aéneeddidga d
gZmd “hp_gl

: :dimZevgu_ ijh[e_fu b i_jki_dlb\u jZa\blby ]jZz ' "Zgkdhd& Z\bZp
Xl F_""mgZjh”*ghc -gjZdbmch_kdhc dhgnihkdpbbgghc ijZza*gh\Zgbx
e_lbwnwl_q_kI\_gghc ]jz'~"ZgkdhbehZ\b2{4®thdly[jy 3 ] +#Bjdmlkd
Bjdmlkdbc nbebZe F=BMB£7Z k

ISBN 978-5-6047924-6-9

< k[hjgbd_ ij_"klzZz\e_gu ¥Xal FbZ®emgzZjh~ghc -gjZdbmgd _kdhc
dhgn_j gpbb ©:dimZevgu_ ijh[e_fu b i_jki_dlb\u jZa\blby ]jz°~
ihk\ys _gghc ijZza~dba-2gbbtyl q klI\ _gghc ]jZz ' *"Zgkdhc Z\bZpbb

< "Zgghf barZgbb hk\_s_gu \hijhku dzZkZxsb_ky ijh[e bfyhj]lZgb
\ha“mrgufb km~zZfb b "~\b _gb _f dhgljhey dZg_kI\Z b ih\ur_
jZ"bhwe _dljhggh]h h[hjm~h\Zgby b Z\bhgbdb ijh_dlbjh\Zgby b
f oZgbafh\ e 1Zl _evgupjZal\bjbwnmY kibehlguo Z\bZpbhgguo kbkl _f
Z\bZpbhgguo dzZ”jh\

K[hjgbd ij_"gZagZq_g "ey Kki_pbZebklhph[eaAgHhHZxEhpKkphldb b
wdkiemZlZpbb Z\bZpbhgguo kbkl_f jz7Zipl\lyal HBZjZevgod\ZiiZjZIt
Z\bZpbhgguo *\b]Zl_e_c ij_ih"zZ\Zl_e_c 4 laglbg ke ob\iindh}h djm]Zz
bgl_j_kmxsboky kh\j_f_ggufb ijh[e_fZfb pjbrZgkdhc Z\bZz

K[hjgbd ba”Z Iky \ Z\lhjkdhc j_~Zdpbb

ISBN 978-5-6047924-6-9 <« Bjdmlkdbc nbebZe F=38M =:



KH>?J@:GB?

K?DPBY ©OE?L:L?EVGU? :11:J:LU :<B:PBHGGU?
><B=:L?EBF?LH>UBOWDKIEM:L:PBB?

:dbfh\ : B ?ebk__\< G :dbfh\ B

FZl fZlbg _kdh_fh~ _ebjh\Zgb_ ijhp _kkZ ihebf jbazZpbb d
dhgkljmdpbc ~ey kha”Zbpbdhgimkkl & 1Zl_evguo.ZiiZgZIlh\

:jozZg] _evkdbc X : > kyldNzcaqbd E ? Khjhdbg K :
Hp gdZ dZg_klI\Z fh~ _ebjh\Zgby aZ”~Zq k [hevrbfb Zfieblr
I _J_ f s _gbc \ijhKIJZGKIN e, 15

qdZkh\z ? 'nZgZkv _\Z : < ;hcdh J K ;hcdh H =
| _jki_dlb\u azf_gu kj_~g_fZ]bkljZevguo kZfhe_ Ih\ bghklj:
ijhba\h”~klI\Z gZ hl_q LkR14§gahdZdhfiZgbyo..Jhkkhh... 26

ZjZgp_\ K F
J r _gb_azZ”~Zqgb ijhgghklgh]h ijh_dibjhAgglgkidjueZ]Ah gg
K Z T N @ e e e ——————— 32

;hdhj \ X X < j sZ]bg F :
<uf[hj hilbfZevguo | _ogheh]bc j _fhglZ.iZg...e..c..djueZ0

< j_sbdh\ > < >\hjgbdh\ < < JZam\z_\ > <
D \hijhkm h [ZeZgkbjh\d_kZfhe 1Z fjt* bébjBpDhiylyh f

jZaebqguo aZ”"Zq ibehlbjlh\Zgbhy....coooiiiiiiia 46
=Zedh\ : <

Hp gdZ ih]j_rghklb ijb kpbglbeeypbhgguo baf j gbyo dh
khklZ\Z keh guo baghkguo.gZklhp...iiiiiiiiiiiiiinns 51

>Zgbe _gdh G < Dbj_gq_\: =
L _hj fZ h ih]lJhgghc iehlghklb.pbjdmeypbb................ 55

Dhebgvdh D : Djueh\zZz Y
Wdki_jbf _glZevgu_bkke_ ~h\Zgby g _klZpbhgZjguo Zwjh~l
o0ZjZdl _jbklbd \ :>L Jhkkbb \hafh ghklb..b..i...j.ki..d]b3



Dheh”® g p G : FZe jhghd < < JhfZg _ghd K G
Hij ~ e gb_ Zwjh”bgZfbg_dbo dhwnnbpb _glh\ ieZg jZ [_
e _1Zl_evgh]h ZIABGYBLZ. Moot 70

Dhg”njzZlv_\Z F Dmag_ph\ K G

Wdki_jbf_glZevgh_ bkke_~h\Zgb_ bgl_gkb\ghklb kgb™ _gb
gZb[he__ [eZ]hijbylguo *"ey q_eh\_dZ keurbfuo a\mdZo
wnn_dl_ ] g JZINjZ.mZJ0ZQZ e 80

E s gdh : < Fhbk__\Z B K IjbJuldh\ : <
KjZ\gbl _evguc ZgZeba jZkqg _|1Z G>K we_ f _glh\ djueZ k ih
| hjbb b k bkihevah\zZgb _f ijhgghklghKBZ.g.Ze.b.aZ..DHAF I

Emdh _ \ A : Jh]h\ G <
Hkh[ _gghklb | _ogheh]bg_kdh]h ijhp_kkZ k\ZzZjdhb..\.1866 \uo

GZpm[b*a_ K :
ljbf_g_gb_ kh\j _f gguo fZl_jbZeh\ ey ijhba\h”?kI\Z hkl _d
wdbiZ Z \ha™"mrguo.km2h\. ..., 107

G djZzkh\ : < ;hjb2rvdh K :

ljbf g _gb_\ _jhylghklgh]h f Ih*Z \ jZzkq _1Zo gZ ijhgghklv
dhgkljmdpbb e IZiiéygihd gZ ijbf_j maeZ kh_~bg _gby fh
JZTU K NXaA Y. e 311

| _IjhV I < :e_dk__\ < : Dm~_jdh >

Qbke _ggZy j_ZebazZpby fzZl_fZlbg_kdbo fh*_e_c mkljhckl
e _|Zl _evgh]lh ZiiZjZlZ b \ugbkebl_evguc wdki_jbf_gl gZ k
1jZdlbqg_kdh]h ijh_dlbhjh\Zgby. ., 121

| Ijh\V 1 < =jZg_ \: H Dm”_jdh > :
Fzl fZlbg_kdb_ fh”_eb we_ dljh]b”jZ\ebg_kdh]h jme _\h]h
j_amevlZlu \ugbkebl_evgh]lh.wdki..jbf..glZ......... 129

Jhl]h\ G < Kug_\ K <
D \hijhkm j _fhglZ we_f _glh\ Z\bZpbhgguo dhgkljmdpbc b:
LA B 1 1A = o 0 PP 137

4



KZbg : G FZdZ9q_gdh:ebkh\ : =
D \hijhkm h \hafh ghklb ijbf_g _gby bkdmkkI\_gguo g_cjh
Ney r _gby az”"Zq ijha\dplzipibhgguo dhgkljmdphbec......144

KzZnZj[zdh\ : F KZjzZgbhgZ ? <
lih_dl ]b[jb~rghc kbeh\hc mkiZgh\db ~ey [ _kibehlgh]h e I

A A A B A 150
Nbfmrbg : K :eb_ \A : AZcp_ \G B

Kihkh[ j_ZebaZpbb kbkl_fu ihfhsb ijbgylby j_ r _gby dhfZg
wdbiZ\Z\Zjbcguo KblmZphy.o....ccoooiiiiieeeeee e 155
Nbfmrbg : K :jl_fh\ : FZkeb \ : B

J r _gb_ az”~Zqb dhgljhey | _ogbqg_kdh]h khklhygby kbkl f
km~gZ hkgh\_ | hjbb h g _q_Idba.fgh . . kl\Za........163

Nbfmrbg : K KeZ\bgkdbc : K DZimklbg : <
Pbnjh\u_ | _ogheh]bb \ \hijhkZo dhgljhey b ijh]jghabjh\zZgt
| ogbq_ kkihkhhygby Z\bZpbhgghc.l.oghdb............ 170

Njheh\ = IDIjh\ I < DmA_jdh > :
FZl _fZIbgq_kdZy fh”A_ev Z\Zjbcghc kbkl.fu.kZfhezlz76

OZcjmebg L G
'H ©H>DbZ™\b]Zl_ev?® k_Jh*gy.b.azZ\ljZ.................... 182

Oh”"Zpdbc K
<b[jZpbhggh_ khklhygb_ jhlhjh\ Z\b.Zpbhgguo.=L=>.189

P_ebs \'< : Dm”~_jdh > : lheydh\ G :
J Imebjm_fuc [ehd i_j_"Zqb fhsghklb iZkkZ. . bjkdhld9® kZfh

Xkmih\' J J AZfZe~bgh\ > J
ljbf _g_gb_ bkdmkkI\ _ggh]h bgl _ee _dlZ \ Jb”jZ\ebqg_kdhc
KZTHE B BT6 ..ottt e e e e e anaeaas 208



K?DPBY ©:<BHGBD: :<B:PBHGGU?” WE?DLJHKBKL?FU B
IBEHL:@GH+5:<B=:PBHGGU? DHFIE?DKU B F?LH>U BO
WDKIEM:L:PBB?

>pev < N
Hiul fh~ _ebjh\Zgby *bgZfbdb “"\b" _gby e |ZMathCgdio ZiiZj:
ijb bkke ~h\Zgbb dhglmjh\ mijZ\e _gby ih.2bkpbiebxyys K:M

Db\hdmjp_\ : E
<hijhku bfihjlhazf_s_gby b ihA™ _j°'db | _ogbq_kdhc wdkier
Z\bhgbdb ]JjZz'"Zgkdbo \haf2mrguo.km2h\...........ccc........ 224

Dehdh\ B FEkeh\ B, Kkheyjh\ < Dhjgbeh\ : <
lih[e fu kharZgby Z\bhgbdb ~ey h[t_dIh\ ]jZ'~Zgkdhc Z\b
ij ~ijbylbyo h[hjiilyigire _gghlh dhfie.dkZ. e, 236

Fzdzjh\ B D >\hjgbdh\ < < <hagyd < :
D \hijhkm h jZajZ[hld_ bfblZpbhgghc gZlmjghc fh”_eb
fghl]hnmgdpbhgZevgh]h pbnjh\h]lh.bgfhdZlhjZ........ 241

Fbrbg K <

Hiul j ZebaZpbb pbnjh\uo I _ogheh]bc ijb \uiheg _gbb \uin
d\ZebnbdZpbhgguo jZ[hl h[mgZxsbfbky gZijZ\e _gby ih”]h
25.03.02L _ogbqg_kdzZy wdkiemZI@phb.y...W.K..b.....ccoovvvrinnns 4.72

| Ijh\ > J EZ\j_gh\ : B ;blxdh\ < D
ImevkZpbb '& '& ij_h[jZah\Zl _ey gZijy  _gby ihkljh_ggh]t

lhiheh b 253
lhih\ < F

libf_g_gb_ maq_[gh]h lj_gZ _jZ dZ[bglu \eylhgh\lZ* Fdby
wdkiemZlZpbhgghc..ijlZdlbhdb...... 260
KZgvdh : R_cgbdh\ : : B\Zgh\kdzy ? E

Wdki_jbf_glZevgh_ bkke ~h\Zgb_ Zelhjblfh\ nbevljZpbb i
iZjzf _1jh\ ;E: d\Z~jzdhil _jghlh IbiZ ihem&yZl gftudh.R68 W F K

N_"hjd_\bg B : :\_jbg : :
D \hijhkm h kha”~Zgbb fghl]hnmgdpbhgZevguo pbnjh\uo bg
bkihevah\ZAgASH-1 ogheh]b.Ca e, 271

6



K?DPBWIJH;E?FU 1?JKI?DLB<U J:A<BLBY B IJBF?G?GBY
;7KIBEHLGUO<B:PBHGGUO KBKL?F?2

Dh\Zevgmd > < :eoZgh\ D >
lhroh” d fh_ebjh\Zgbx "bgZfbdb ihe _IZ [_kithehlgh]h \bg
€ _1Zl_evgh]h ZINZJZLZ..iiiiiiii e 277

G j Ibg ? K =heh\lkmehf:. ceh G Y
JZajzZ[hldz fzl_fZlbq_kdhc fh*_eb aZ”~Zqgb ihbkdZ b khijh
hit_dlZmiihc [_kibehlguo e _IZl _evguo ZiiZjZlh\ k ijbf_g_«

]Jem[hdh]h h[mqg_gby k ih2dj.ie.gb. . f. . 282
Jm[ph\ ? Dm~jydh\ K Fmdkbfh\z J J

H[ _ki_qgq_gb_ k\yab [_kibehlguo Z\bZpbhgguo kbkl_f ijb il
_"bgRhamrghf ijhKIJZOKIN e, 291
N_hdlbklh\Z H = Ju[vydh\ : <

Kha”rzZgb_ azZdjulh]lh | _fi_jZImjgh]l]h dhglmjZ k p_evx ijbf_
[ kibehlghc Z\bZpbhgghc | _ogbdb \.aheh?g.hf.dehfZ00

RZc"mjh\Z B < RZc"mjh\ < K
D \hijhkm h ih~]hlh\d_ dZ”~jh\ \ [_kibhehlg.hc..Z\b.Zp.b305



K?DPBY
©OE?L:L?EVGU? :11:J:LU :<B:PBHGGU? ><B=:L?7EB
BF?LH>UBOWDKIEM:L:PBB?2

lj_~"k_""Zl_&ZrZj[Zzdh\ : F azZ\_"mxsbc dZn_"~jhc E: b > d

M>D

F:L?F:LBQ?KDH? FH>?EBJH<:GB? IJHP?KK:
IHEBF?JBA:PBB DHFIHABPBHGGUO DHGKLJMDPBC >I
KHA>:GBY EHI:KL?C B DHJIMKH< E?L:L?EVGUO :Il:J:LI

:dbfht B 4 1 _og gZmd
?ebk <\& dzZg” i_~ gZmd
:dbfh\ B3

!Nbebze Jhkkbckdh]h Jhkm~ZjklI\ _ggh]h mgb\_jkbl 1Z g_
bf gb B F =m[dbgZ \'] Hj_g[mj]_

1 Hj_g[mj]
?Hj _g[mjlkdbc bgklbIml iml_c kb&apZegby #HM <H ©KZfZjk
]hkm~ZjklI\_gguc mgb\_jkbl_ I iml_c khh[s_gby?
1 Hj_g[mj]
*KZgdl | _j[mjlkdbc ihebl _ogbqg_kdbc mgb\ _jkbl I 1 _1jz
KITIM

] KZgldll_j[mj]

:gghlzZpbyx ~Zgghc jZ[hl_ khklzZz\e_gz fzZIl_fZlbqgq_kdzy fh~
ihebf _jbazZpbb gz wlzi_ gZ]j_ \Z dhfihabpbhgguo fzZIl_jbkze\h\ ijb
mklZzgh\dZo ZzZ\IhfzZlbg_kdh]h \_~_gby I_ogheh]bqg_kdbo ijhp_kkh)
gbke _gguc b ZgZeblbg_kdbc f _Ih” j r _gby az” "ZgWf faKEZhh[f ¢
ijhba\h~klI\Z dhfihabdEhgjdweh\ \ mklZgh\dZo :<LIl hibku\l\Zxsbo j
I_j\hf wlZi_ ihebf_jbazZpbb ~ey balhlhle_gby fgh]l]hkehcguo dhfihat
JjZkkfZljb\Zxlky j_amevlZlu bamqg_gby | _iehi_j ~Zgb \ fghimkehcgt

wlzi_  ijhba\h”~kl\Z dhfihabpbhgguo fZl_jbZeh\ Fghl]hkehcgu_
fZl_jbZeu balhlz\eb\zZxlky \ mklzZzgh\dZo :<LI f_Ih~hf ihebf
ihebf _jbazZpbb \u”®_ey |ky | _ieh nZah\h]h i_j oh”Z IThwlhfm ijb

mijZ\e_gby ijhba\h~klI\hf dhfihabpbhgguo fZl_jbZeh\ ijboh”blky m
nZdlhju Ba h[s_c fh®_eb khklZ\bf gqZklgu_ fh~_eb khhl\_Ikl\mxshb
ihebf_jbazpbb dhfihablh\ b j_rbf bo gbke_ggufb f_Ih~Zfb

Dexq_\u_ kehfzZIh bahl_jfbg_kdbo ih\_gbgkkiggu_ f_Ih”u
ZgZeblbq_kdb_ f Ih~u dhfihabpbhggu_ fZl _jbZeu mklZgh\ldkZ :<LI
tnhjfu |_jfhmijm]b_ gZijy _gby b »_nhjfZpby



MATHEMATICAL MODELING OF THE PROCESS OF
POLYMERIZATION OF COMPOSITE STRUCTURES FOR THE
CREATION OF AIRCRAFT BLADES AND AIRFRAMES

Akimov A. I.2, Doctor of Technical Sciences
Eliseev V. N2, KDQGLGDWH RI SHGDJRJLFDO 6F
Akimov I. A2

'Orenburg Branch for Gubkin Russian State University ob@®i Gas
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(Saint Petersburg)

Abstract. In this paper, a mathematical model of the polymerization process at the stage of
heating composite materials during their manufacture in automatic process control units (AVTP) is
compiled. A numerical and analytical method for solving the problem of mass transfer at the first
stage of the production of composite materials in AVTP installations describing the work at the first
stage of polymerization for the manufacture of multilayer composite materials is presented, the
results of studying heat transfer in multilayer products at the first stage of the production of
composite materials are considered. Multilayer composite materials are manufactured in AVTP
installations by polymerization. During polymerization, the heat of the phase transition is released.
Therefore, when developing a management system for the production of composite materials,
various factors have to be taken into account. From the general model partial models corresponding
to each polymerization interval of composites will be made up and solved by numerical methods.

Keywords: isothermal surface method, numerical methods, analytical methods, composite
materials, AVTP installation, polymerization, press form, thermoelastic stresses and deformation.
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M>D

HP?GD: D:Q?KL<: FH>?EBJH<:GBY A:>:Q K ;HEVRBFE
FIEBLM>:FB I?7J?F?S?GBC < IJHKLJ:GKL<?

joZg] _evkdbc X :
> kylgbd IdZg” | _og gZmd
AZcqbd E ? dZg”™ |_og gZmd
Khjhdbg K

P _gljZevguc Zwjh]b~jh*"bgZfbqg_kdbc bgklbIml bf_gb i
G ? @mdh\kdh]h
] @mdh\kdbc

:gghlZpby klZlv_ ijh\h~*blky ZgZeba \ebygby Ibih\ bkdzZ  _gbc .
kblJ]gZzeh\ gz dzq_kl\h bo \hkijhba\_~_gby 1ijb ihemgzt@agghf ff
khijh\h"*"Zxsboky [hevrbfb Zfieblm~Zfb i_j f s gbc bljbhaf_g g
Mbb' _gby dzd ijb IjZz_dlhjghf mijz\e_gbb Ijh\h”*blky ZgZeba kms_
dZg_kI\Z \hkijhba\_* gby mkdhj _gbc gZ ih"\b guo ibkehW¥Zgikoy kil _q
g_h[oh”~bfhklv ~bnn_j_gpbjh\Zggh]lh ih”oh”Z d hp_gd_ dZqg_l
Zdk _e jZpbhgguo kb]JgZeh\ \ aZ\bkbfhklb hl azZz*"Zglke ip£mbhigddgby
kblJgZzeh\ \ ibehlbjh\Zgbb >Z |ky hibkzZgb_ jZajzZ[hlZgguo d
ihal\heyxsbo hp_gb\Zlv \ebygb_ eh guo Zdk_e jZpbhgguo kb]gZe
eh’guo [hdh\uo i_j_]jmadhdgzZbahgh\ dZ[bgu ih dj_gm ijb jZ
0ZjZdl _jbklbdZo kzZfhe |Z b jZaebgguo aZdhgZo mijZ\e_gby "\b" g

Dexg_\u_ kehVYehlzZz guc kl_g”~ ihemgzZlmjgh_ fdjblepgh\zZgb
dZg_kI\Z \hkijhba\_" gby Zdk_e jZpbhgguo kb]JgZeh\

JZ[hIZ \uiheg_gZ \ jZfdZo ]hkm~Zjk|\020-90006-28Z "Eigby <
] ih kh]eZr_ (BG-08-2023-004 103.02.2023]

ESTIMATION OF MOTION SIMULATION FIDELITY FOR THE LARGE-
AMPLITUDE PILOTING TASKS

Arkhangelsky Y. A.
Desyatnik P. A., Candidate of Technical Sciences
Zaichik L. E., Candidate of Technical Sciences
Sorokin S. A.

The Central AeroHydrodynamic Institute named after Prof. Kiftikovsky
(Zhukovsky)

Abstract. The paper analyzes effects of acceleration reproduction distortions on ground-
based motion simulation fidelity for the piloting tasks requiring maneuvers with large amplitudes
and large motion parameters changing as in trajectory control. Existing motion cueing fidelity
criteria are analyzed, and the novel theoretical approach is validated which is based ent differ
approaches to motion fidelity assessment depending on the type of piloting task and acceleration
role in piloting. It is shown that the criteria developed allow estimation of the effects of false motion
cues, such as motion cues of opposite sign and false lateral accelerations due to cockpit tilting in
roll, for various aircraft characteristics and various motion system algorithms.

Keywords: flight simulator, full flight simulation, motion cueing fidelity criteria.
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<\_"_gb_

BaaZ h]jZgbqg_gbc i_j f s gbc dZ[bgu gZa_fgh]h ibe
\hkijhba\_~ gb_Zdk_e _jZpbhgguo kbhgj2éhloebkdicguypbbd
j_Zevghf fzZkrlzZz[_ g_ ij_"klzZ\ey Iky \hafh guf qglh *_

\hkijhba\h"bfuo Zdk_e jZpbhgguo kb]JgZeh\ g _ba[_"gu
g _dhlhjuo j_"bfh\ ihe_ 1Z \hagbdZxsb_ bkdZ _gby fh]lml
e_lgbdh\ b ijb\_klb d hjrbadmegdZlZzf fh*_ebjh\Zgby gZ ibe
kil g™ b beb d ijb\blbx e _IqbdZf hljbpZl _evguo gZ\udh\ |
hagzZzqzZ_ | qlh fbgbfbazZpby IZdbo bkdZ  _gbc ijb ihemgZlIi
ithe _1Z y\ey |ky _"™"\Z eb g_ kzZfuf ]Jez\guf \hijhklyf dZ¢
dhjj _dlghklb j_amevlZlh\ bkke_ "h\Zgby o0ZjzZdl_jbklbd
mijZ\ey_ fhklb kZfhe_ |Z |1Zzd b k I|hgdb aj_gby hJr
ibehlbjh\Zgbx

Bf xsb_ky \ jZaebqguo im[ebdZpbyo ~Zggu_ ih \hi
\hkijhba\_* gby Zdk_e_jZpbhgguo kb]JgZeh\ hlghkylky
fhr _ebjh\Zgbx aZ”"Zq klZ[@ba@pbbZggu_ ijbf _gbfu b d a-
[hevrbfb ZfiebIlm”~Zfb i_j f_s _gbc jZa\hjhlu \uoh”™
i _j_]jmadm fzg_\j \u\h~"Z kZfhe 1Z ba keh gh]lh ij
itheh™ _gby b [ i gh g _"hklZlhqgu 1Zd dZd ”"ey ihegt
\hkijhba\_* gby Zdk_e_jZpbhgguo kb]JgZeh\ \ 1Zdbo a
mqgblu\Zlv \ebygb_ eh guo Zdk e jZpbhgguo kb]JgZeh\ |
agZdm j Zevguf b eh ' guo ebg cogub gZdehmbhhd dbdogu kil _
Wlb bkdZ  gby g  mgblu\zZxlky gb \ dZdbo bf xsboky djb

< gZklhys ¢ klIzlv_ ijh\h”*blky ZgZeba \hafh ghkl_c
bf xsboky ih*oh”h\ k Ihgdb aj _gby bo ijbf _gbfhklb ~ey
\hkijhba\l\_* gby Zdk_ e jZpbhgguo kb]JgZeh\ ijb fh"_ el
[hevrbfb ZfiebIm~Zfb i_j f s gbeaezZ™~Z&e ;:| +tb jZajZ[hld
djbl_jb_\ dZg_kI\Z ijbf_gbl_evgh d |Zdbf azZz”~rzZqzZf

1. :gZeba Dbf _xsboky djbl_jb_ \ dzZg kI\Z \hkijhb:
mkdhj _gbc

< aZjm[_"ghc ebl_jzZImj_ fh gh gZclb djbl_jbb dZqg.
djbl _jbc Kbg-&Rihfb jZz > ih dhlhjhfm fh gh ijh\_klb hp_
azZ"Zq klzZ[bebaZpbb H~”gZdh gb h”bg ba bf xsboky \ eb
ihal\hey | hp_gblv dZg_klI\h \hkijhba\_"* gby mkdhj _gbc
ijbf_jZ jZkkfhljbf ij_~eh” _gguc \CARdmf_gl@MOT-|_kl?2
dhlhjuc \ hlebgb_ hl djbl_jbRj KbgZdhHjkdhf _g"m_| Zg:
gZklhlghc o0Zjzdl_jbklbdb kbkl_ _fu ih"\b ghklb \dexqZy :
rbjhdhf ~bziZahg_qzZklhl hljz®» k"hh@\Zlu\Zxs_ f dZd aZz
klZ[bebaZpbb 1Zd b az~zZqgb ;:1 JZ[hlhkihkh[ghklv ij_ "¢
[m~ _f ijh\h~blv gZ ijbf_j_  hp_gdb dzZq_kI\Z fh”*_ebjh\Z
dj_gm k gZklhlidc k o0ZjzZdl_jghc ~"ey a4ZZgk ;:6Z3Zdl_jghc
Ney aZ""Zq klZ[bebaZpbb
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lj_~iheh bf qlh ]jZgbpu m~h\e _I\hjbl_evgh]lh dzZq_ kI

ijb\_ "~ ggufb \ "hd@AOgl_ jbkmghd bkihevam |ky deZ
kljmdImjz :M>D jbkmghd 0ZjZdl_jbklbdb kbkl_f
br Zevgu_  ljZgkihjlgh_ aZzZiZza”u\zZgb_ ij_g_[j_"bfh fZe
dZq_kl\h fhr _ebjh\Zgby [m~ | hij "~ _eylvky lhevd]

\ukhdhqgzZklhlgh]h nbevljZz <Q ih dj_gm
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s 29725 Z,
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ihkljh _gguo \ "bZiZahg_qgZklhl mdzZEAQguo \MelydMmimgl _
nbevljh\ kK qZk&HIhjZ” Kk b dhwnnbpb_glhk mkbegllgby
KhhiI\_Tkl\m_| h[uggh bkihevam _ fuf izZjzZf_|jZf ~ey dZgz
ebgby Z.50.3]Z" k glh khhi\_ITklI\m _1 jZkrbj_gghfm ~|
gZklhl \ Izdhf kemqgZ_ i _j f s gby dZ[bgu kIl _g*Z m\_e
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Ba jbkmgdZz \br"glyZz odBklIhlZo ~\b"_gby ih d
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Jbkmgh&KjZtg gb_ eh ' guo [hdh\uo i_j ]Jjmahd ~ey ~\b g
gZklhlhcjz™ k "ey jZaebqguo gZklhl <Q nbevljh\
>im]bfb keh\Zfb mf _gvr_gb_ gZklhlu \ukhdhqgZzZklt

ijZdlbg_kdb g_ kdZau\zZ _Iky gZ dZqg_kI\_ \hkijhba\_"_ gb\
gZklhlzZfb o0ozZjZdl _jgufb 7~ey azZ”"Zq klZ[bebaZpbb gh
ihyle gbx agZqbl _evguo eh ' guo hsms _gbc ijb fh™ _ebjh\.
dj_gm k qzZklhlzfb oZzZjzdl_jgufb ey fZg_\jbjh\Zgby

Fbgbfbabjh\Zlv \hagbdZxsb_ eh ' gu_ i_j_]jmadb ijb
azZ™"Zqgb ;o fh gh aZz kg | kgb™ _gby dhwnnbpb ¢
\ukhdhqgzklhlgh]h nbevljZz GZijbf_j Ney m~h\e

\hkijhba\_~ _gby \oh”gh]h kb]gZeZzZ ih .8jZ¢nk kjgkzkgHldh c
g_h[oh”bfh mf_gvr_gb_ dhwnnbpb_glZ mKkke0.3jZy* Kk nbev

jZa H~”rgZdh 1Zdh_ mf_gvr_gb_ dhwnnbpb_glZ mkbe _
agZgbl_evghfm mom”r_gbx dZqg_kI\Z fh™ _ebjh\Zgby \ukh
kblJ]gzZeZz

Djhf_ Ih]lh ij_"eZ]KCAuc \ djbl_jbc g_ iha\hey_ | \uy!
\ebygb_ jy*"Z nZzZdlhjh\ hij_~ eyxsbo bgl _gkb\ghklv eh"™
bf ggh \ebygb_ \b”Z \oh”~gh]h kb]JgZeZ H~gZdh \b”™ \oh

kms_kI\_gguf h[jZahf ih\ebylv gZ bgl_gkb\ghklv [Zdbo e
dZd ©hJ[jZlgZy j_Zdpby?

ljb\_~_gguc ijbf_j ihdZau\Z_I qlh “ey |Zdh]h rbjhd
gZklhl dZd mdZazZgh \ICAGdmf_gb @ ijh\_klb ]jZgb

m~Ah\e I\hjbl_evgh]h dZq_kI\Z hq_gv keh gh _keb \hh[s_
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2. Hp_gdzZ dzZq_kI\zZ fh™_ebjh\Zgby gZ [Za_ ih*oh”Z P

Kh]leZkgh ith*oh”™m P:=B dZg_kl\h fh”_ebjh\Zgtl
hp_gb\Z _I|ky jZaebqggufb djbl_jbyfb \ aZ\bkbfhklb hl az’
jheb mkdhj_gbc \ ibehlbjh\Zgbb b bkihevam_fuo f_
mkdhj _gbc < hlebgb_ hl azZ”~Zqg klZ[bebaZpbb 7ey :
\hkijhba\l\_* gby Zdk_e jZpbhgghc bgnhjfZpbb hij ~ ey _
klhevdh Zfiebddhadlghufb bkdzZz _gbyfb Z bkdz _gbyfb
[hdh\ufb b ijh~*hevgufb i_j ]jmadZfb dhlhju_ fh]lml il
"\b"_gbb dZ[bgu ihbdjlZghz " m b eh gufb Zdk_e_jZpt
kb]l]gZeZfb ijhib\hiheh gufb ih agZdm Zdk_e_ jZpbhg
N ckli\mxsbf \ j_ Zevghf ihe_|_ ©h[jZlgZy j_Zdpby? < N,
Ij_"klZ\e _gu djbl_jbb iha\heyxsb_ "ey azZ”Zq fZg _ \jb
dZq_kI\h \hkijhba\l\_* gby mkdhj _gbc ih dj_gm b ghjfZe\
gZb[he_ _ \Z'guo ey e _lgbdZ Zdk_e jZpbhgguo kb]gZ:
az™rzZq ;.|

Eh gu_ [hdh\u_ i _j ]jmadb
ljbgbgu ihy\le _gby eh ' guo i-pZjovadahghb\ dZ[bgu ih d
"hklZlhggh hg_\b~gu Ijb hlkmlkl\bb [hdh\uo i _j f s gb
kmffZjguc \ _dlhnp gbeih\hjZgb\zZ Iky \f _kl_k gZdehghf
hklzZ 1ky \ \ _jlbdZevghc iehkdhklb a_ feb IThwlhfm ij
bahebjh\Zggh]lh "\b" _gby dj _gZ \ke ~kl\b_ gZdehgh\ dZ]
\hagbdzZxl eh’gu_ [hdh\u njiehnF l[¢maedd@bkmghd

[Tonet ” [I110TaKHBIN CTEH/T
n
y
Jbkmghdjbagbgu \hagbdgh\ _gby eh guo [hdh\uo i _j_ Jjm

fhr _ebjh\Zgbb "\b" _gby dj_gZ gZ ibehlZ ghf kIl _g

GZ jbkmgd_ ijb\_~ g 1jZnbg_kdbc djbl_jbc dhll
hp _gblv \ebygb_ eh ' guo [hdh\uo i_j ]Jjmahd i\e€hdbgbjh
ih dj_gm Hg ij_"klZ\ey | kh[hc azZ\bkbfhklv km[t_dlIb\gh
dZq_klI\Z \hkijhba\_~ gby Zdk_e_jZpbhgghc bgnhjfZpbb
[hdh\uo i_j_ ]jmahd \hagbdZxsbo ijb fh”_ebjh\Zgbb
"\b' _gby dj_gZz
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Jbkmghdp tgdZ e _Igbdhf mjh\gy eh"guo [hdh\uo i_j_

< wdki_jbf _glZo e _Igbdb hp_gb\Zeb \ _ebgbgm eh g

ki_pbZevghc MREBE MR=1 teh gu_ i_j _]jmadb g_ hMRs4Zxlky
+M\b" _gb_ kZfhe |1Z g jZaebgbfh gZ nhg_ eh guo i_j Jjr
\brgh qlh eh gu_ [hdh\u_ i _j Jjmadb dhlhju_ ihy\eyxlky

dZ[bgu ~hz” ijZdlbg_kdb g_ \ebyxl gZ dZq_klI\h fh~"_
m\ _ebqg_gb_f m]eh\ gZdehgdZ déhbguo Hhdh\uo i_j_ ]jm
ihyley |Iky gm\kl\h "bkdhfnhjlZ Ijb m]J]eZo]lpZdéhjghenhjy”
ithyley |ky gm\kl\h [hyagb ihl_jylv jZ\gh\_ kb _

Eh ' gu_ kb]JgZeu h[jZlgh]h agZdZ

GZ jbkmgd_ ihdZazgz j_Zdpby \ukhdhqgZklhlgt
ijyfhm]hevguc \oh”ghc Zdk_e jZpkbhyogucj Kpbrhgadle m]eh\
kdhjhklb beb m]Jeh\hfm mkdhj_gbx <b”"gh qlh eh gu.
kb]JgZeu gZ mqgzZkld_ k[jhkZ i_j ]jmahd beb m]Jeh\uo kdhj
qg_f ijb bo kha”zZgbb ;he__ 1Ih]lh ijb AERighpha\nihglkb
ijyfhm]J]hevgh]h \oh”gh]h kb]JgZeZ eh'gu_ Zdk_e_ jZp
ihy\leyxlky g_ lhevdh ”“ey nbevljh\ \lhjh]lh b [Ij_Iv_]h it
ihdZzazZzgh \@> gh ~Z°_ k nbevljhf i_j\h]h ihjy*dZ 1Ijb w
eh ghlh Zdk_e_jZpbhggh]lh kblJgzZzez fh | J[ulv khihkl
ihe_agh]h kb]J]gZezZz jbkmghd Z
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n ——— BXxoaHO# cHrHaI
1} - = = BpIXOJIHOH CHrHa
Curnan oOpaTHOro 3HaKa

a) crabuau3anus

Jbkmghd&dh#®gu_ kb]JgZeu h[jZlgh]h agZdZ ijb fh®_ebjh\Zgl
klZ[bebaZpbhb

< azZ”™"ZqZo klZ[bebaZpbb m]Jeh\u_ kdhjhklb b i
g_ij_julguc agZdhi_j_f _gguc b “hklzZlhgqgh \ukhdhqgZk
gZklhlu ~hklb]zzN k b [he_ lhwlhfm eh ' gu_ Zdk_e
kb]lJgZeu \ aZ”"ZqZo klZFbebadplg aglZzgbl _evgu ih kjZ\g.
ithe _agufb Zdk_e_jZpbhggufb kb]JgZeZfblhjb&mghldd hle v dat
eh ' gu_ kb]JgZelkle"mlaz ihe_aguf kb]JgZehf qgm\kl\bl _ev
e_lgbdz ijblmiey_Iky Ih wlbf ijbgbg&afZ 4 _iZdu\glbld
oZjzZdl _jZ i_j_]ljmahd b m]Jeh\uo kdhjhkl_c¢c wnn_dl eh gu
agZdzZz wd\b\Ze_gl_g wnn_dlm nZah\h]h k”*\b]Z dhlhjt
\hkijbgbfZ |ky e Igbdhf gb ijb dZdbo aZdhgZo mijZ\e _gb

DZgZe dj>gy¥Y kemqgZy dh]*"Z eh gu_ [hdh\u_ i_j_]jme
dhfi_gkbjmxlky k ihfhsvx [hdh\uo i_j_f_s _gbc dZ[bgu h
kbJgZeh\ h[jZlgh]hJinagZhZgh ih jbkmgdm Ney JZaguo
\ukhdhqgZklhlguo nbl@vbhi ihjy~dh\
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Kh\f_klgh_ \ebygb_ eh'guo i_j_]Jjmahd b kb]gZeh\
fh gh hp_gblv k ihfhsvx "~Zgguo Ijb\_~ gguo gZ |jbl
ihdZzau\zZxl baf_g_gb_ hp_ghd dzZqg_kI\Z fh”_ebjh\Zgby ih
dj_gm gZ jZaebqgu_ m]eda™ \ aZ\bkbfhgdklhlu nbewljh\

]h b]Jh ihjy~dh\ ijb _~“bgbgghf dhwnnbkbl gQnbekbjeZ gby

Y o3, Tpaz/c
—— 1°" nopaaok
8 oW
-==-2"" nopagokK i Y
6
4
2

(BY , paz/c

JbkmghEhsgu_ kb]gZeu h[jZlghlh agZdZ ijb ~"\b" _gbb |
aZ\bkbfhklb hl qZklhlu nbevljZ

ljb fZeuo gZklhlZo kj_aZ nbevljh\ mom~r_gb_dZqg_Kk
fZg_\jh\ ih dj_gm ijhbkoh”~bl ]JeZ\g-wfZ h¢jZghifo fdadh\uo
i _j_limahd K m\_ebqg_gb_f qgZklhlu nbevljZ m]Jeu gZ
ke _~h\zZl_evgh eh'gu_ [hdh\u_ i_j_Jjmadb mf_gvrzZxlky
m]J]eh\u_ kdhjhklb h[jZlgh]h agZdZ m\_ebgb\zZxlky Ijb
ihjy*"dZo~ 1-2jZ" Kk eh gu_ m]Jeh\u_ kdhjhklb ~hklb]zZxI f
dZq_klI\h fh”_ebjh\zZgby i _j f s _gbc ih dj_gm \ wlihf kemc

< jlbdZevguc dEZmas  kb]JgZeu h[jZlgh]lh agzdz
hkgh\guf \b~Ahf bkdZ gbc ghjfZevguo i_j ]Jjmahd \ aZz
kb]J]gZeu ihy\leyxlky dzZd ijb gZjzklZgbb i_j_]Jjmadb [Zd
i _j_]jmadb

ljb \hkijhba\_~ _gbb i_j_~g_]lh njhglzZz i_j_]jmadb |
Zdk e jZpbhggu_ kb]JgZeu hsmsZxlky keZ[h | d b~ ml
kb]J]gZehf b bo \hkijbylb_ ijblmiey_Iky ~_ckl\b_f ihe_ag
Bgl gkb\ghklv eh"guo hsms_gbc \ fhf_gl k[jhkZ i_j ]jmad

23



| d hgb [hevr_ih \_ebgbg_b g_ fZkdbjmxlky ihe_ aguf
wlibf \ebygb_ eh ' guo kb]JgZeh\ gzZ dzZq_kl\h fh” _ebjh\.
azZz™"ZqZo ;:1 \ p_ehf hij_~ ey |Iky bo \_ebgbgZfb \ fhf_ gl

MR MR

~

15| 2°" nopagok \\P

3.5 1°" nopagok

1L N _
BY , paz/c

(BY , pajx/c

Jbkmghd&Kh\Wwdmigh_ \ebygb eh guo [hdh\luo i_j ]Jjmahc
h[jZlghdlgZdZ gZ dzZq_kI\h \hkijhba\_"~ _gby ~\b" _gby

<_ebgbgZ eh guo kb]JgZeh\ ijb fh*_ebjh\Zgbbnk[jhkZ
na aZ\bkbl hl highr_gby ”"ebl _evghlkib \ij_jf JgmaadblmoZgt
i_j_oh”ghlh ijhp_kkzZ <4, nb2dl)B*gh ba jbkmgdZz K m\
"ebl _evghklb i _j Ljmaabh gkb\ghklv eh ' guo kb]JgZeh\
m\_ebqb\Z_I|ky b ijb lag$24.,.gbgp nbevlijh ihjy*dZ I§
0.1%,z, ey nbevlhjh ihjy*dzZ ~hklb]z | fZzdkbfZevguo agZq
g _agZqbl _evgh kgb Z Tikyt,zbbigb gkb\ghklv eh " guo kb]g
\uoh”bl gZ mklZgh\b\rbcky \ukhdbc mjh\_gv

An

y 03 |
-~ | BU ¢pumsTp 2-ro mopsaka »
(¢=0.7) T >
1 - To— i i
] e L i
: \
1 BY ¢unstp \ i s,
omopsma | B
05+ (¢=0.7) _ t :,’
[ € "sam :’l
e - 1
sam  : 3am ' '
0 : i > . ‘ .
T= 0 5 10 15
0 05 1 1.5 i T/tsaT

JbkmghdBaft g gb_ hlghkbl _evghc \_ebgbgu kb]JgZeZ h[
aZ\bkbfhklb hl "ebl_evghklb i _j ]jmadb

GZ jbkmgd_ ]jZznbg_kdb ij _~klzZ\e g djbl_jbc ~ey
fh~ _ebjh\Zgby fZg_\jh\ "edl>®kghkimhdhqgZklhigh]h nbev
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Ih ihjyrdZ k qzZkihgZfbjz® k ~ey jZaguo \_ebqgbg ghjf.
I _j_]jmahd b jZaguo kh[klI\_gguo qZklhl dhjhldhi_jbh”b
(%=1)Z" K4=2)Z" Kk ljb\_~ ggu_ wdki_jbf_glZevgu_ ~Z
ithemqg_gu k ~“\mfy ehilqZdEZjfbfb ijb \uiheg _gbb azZ”Zqgb r
\lhjhc djm]

MR
1 s MR B

A {
Any=0.1

Brbicokoe Boicokoe

0.15_

> 02 I3

03,

o= 1 pan/c ®o= 2 pan/c

Cpennee
; Cpennee

A

Huskoe
Huskoe

4 \

COBtI: pan/c o : gy , pa}_'[/';C

0.1 1

Jbkmghd<ebhtygb_ kb]JgZeZ h[jZlgh]h agZdZ gZ dZqg_kl\h
ghjfZevghc i_j _]jmadb

DZd \b”rgh ba ij_"klZ\e _gguo gZ jbkmgd _ NZgguo
ih agZdm eh guo Zdk_ e jZpbhgguo kb]JgZeh\ gZ dZg_ |
k[jhkZ i_j _]jmadb azZ\bkbl hl "bgZfbg_kdbo ozZjzdl_jbklb
fhr _ebjm _fuo i_j_ ]Jjmahd K mf_gvr_gb f gZklhlu dhjhl

"\b' _gby kZfhe 1Z \ebygb_ eh guo kb]JgZeh\ gZ dZqg_k
azZ”g_]lh njhglZ i_j_]jmadb hkeZ[ey |ky > eh \ |hf ¢
kh[klI\_gguo qZklhl dhjhldhi_jbh”*bg_kdh]h 2~\b" _gby ki
klZgh\blky [he_  gbadhqgZklhlguf | d kZzfhe | g_
\ukhdhqgqzZklhlgu_ dhfihg_glu ~_ckl\bc e_IgbdZ Ihwlhfm
gZklhl kj_aZ nbevljZ mjh\_gv \hkijhba\l\_* gguo i_j ]jma
eh ' guo kb]JgzZeh\ kgb zZ Iky \f_klI_k mf_gvr_gb_f kh[k
kZfhe |Z

AZdexq_gb _
Bf xsb_ky \ ebl_jZImj_ djbl_jbb dzZq_klI\Z \dexo
1j_"eZ]Z_ fu@AQ g_ fh]lml Julv bkihevah\Zgu “ey hp_g

\hkijhba\l\_* gby Zdk_e jZpbhgguo kb]JgZeh\ '\ azZ"Z
ZfiebIm~zZfb i _j f s gbc jZa\hjhlu \uoh” gZ aZ”"Zggmx
kZfhe 1Z ba keh gh]h ijhkljZzgklI\_ggh]h iheh  _gby b | i
GZ hkgh\_ ih”oh”Z ij_~eh  _ggh]h \ P:=B jZajZ[h
dZzq_kI\Z hkgh\Zggu_ gZ gm\kl\bl_evghklb e_Igbdz d e
kb]JgZezf h[jZlgh]h agZdZ iha\heyxsb_ hp_gblv dZqg_Kkl
kb]JgZeh\ ih dj_gm b ghjfZevghc i_j ]Jjmadb dZd gZb[he_
Zdk e jZpbhgguo kb]JgZeh\ ijb \uiheg_gbb ex[uo azZz”*"Zq ;
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lj_~f_Ihf bkke_"~h\Zgby yley_ Iky dhgdmj_glhkihkingdtkkjlZzgglim
\ha”mrguf km~Zf |h]h ~_ dezZkkzZ < jZ[hl_ JZkbfhdlggybqdkdbmZ
oZjZdl_jbklbdb \hamrgluml4 m~320neobB-737NG \uiheg_gh bo kjZ\g_gb
F_Ih~hf wdki_jlguo hp_ghd hij_~_e_gu ijh[e _bfkitbe vajpiZ b4\ L m
<uiheg_g hjb_glbjh\hgguc jZkq_I| klhbfhklpZ&kfgh]hggZk Z Z2#&hye |h\
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Z\bzZdhfiZzgbyo Jhkkbb

Dexg_\u_ keh\hamrgh_ km~gh ebabg] Z\bZpbhggzZy ijl
dhgdmj_glhkihkh[ghklv hl_qgq_klI\_ggZy Z\bZpbhggZy | _ogbdZz
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PROSPECTS FOR REPLACING FOREIGN-MADE MEDIUM-RANGE
AIRCRAFT WITH DOMESTIC TU-214 IN RUSSIAN AIRLINES

Achkasova E. A.
Afanasyeva A. V.
Boyko R. S.
Boyko O. G., Candidate of Technical Sciences

Reshetnev Siberian State University of Science and Technology
(Krasnoyarsk)

Abstracts. The relevance of this study is determined by the current political and economic
situation, which requires the replacement of foreign-made aircraft with domestic aircraft. Tu-214
aircraft is proposed as an option to replace foreign-made aircraft. The object of study in the article is
the characteristics of Tu-214. The subject of the study is the competitiveness of the Tu-214
compared to foreign aircraft of the same class. The article discusses the operational and technical
characteristics of aircraft - Tu-214, A-320neo and B-737NG, and their comparison. The problems
and prospects for using the Tu-214 were identified using the method of expert assessments. An
approximate calculation of the cost of a flight hour for these aircraft was performed. Conclusions
were drawn about the readiness of the Russian aircraft industry for mass production of the Tu-214.
Measures were proposed to ensure prospects for the use of the Tu-214 aircraft in Russian airlines.

Keywords: aircraft, leasing, aviation industry competitiveness, domestic aviation equipment

<\_"_gb_

\bZpby \ Jhkkbb \k_]*Z y\eyeZkv hljZkevx dhlhjZ
bgl _]jbjh\Zzgz \ fbjh\hc jughd ;he__ ]1h~Z gZrb Z\bzdl
\hafh ' ghklb e _IZlv aZ ]jZgbpm [jZlv \ ebabg] kZfhe lu
$LUEXV \uihegylv bo | _ogbg _kdh_ h[kem b\Zgb_ LH ‘
bghkljZggufb iZjlg_jZfb b ihemqZlv ZdimZevgmx | _ogbq_

< hI\_ I gZ \\_~ gb_azZiZz*"guo kZgdpbc Jhkkby hklzZ\]|
ebabgdzfhe Ilu ljbgyluc aZdhg h j_]bkljZpbb bghkljZc
jhkkbckdhf j_ _klj_ ihal\hebe wdkiemZlbjh\ZIv bo \gmljb
imlv \h \g _rgbc fbj

AZ fbgm\r__ \j fy hljZzkev qZklbqgh Z~Zilbjh\ZeZkv d
1Zjd aZjm[_"guo \ha”“mrguo km”~h\ <K ijh*he Z | wdkien
kljZgu gZc”™ _gu \hafh ghklb ey \uiheg _gby bo | _ogbqg_ |
b ihdmidb aZiZzkguo qZkl_c¢c q_j_a klhjhggb_]Jhkm~Zjk
ke "mxsb_ g kdhevdh e | jhkkbckdZy Z\bZpby [m~*
bghkljZgguc nehl dhlhjuc bf__ |1 gZ k_]Jh~gyrgbc »_gv

Gh m _ k_]Jh~gy hkljh klhbl \hijhk h \hah[gh\e gb!
Z\bZijhfzZ b k_jbcghf ijhba\h”kl\_ kh[kI\_gguo \ha”“mrgua
bghkljZgguf < wlhc k\yab \' jZ[hl_  jZkkfZIljb\Z Ik
bkihevah\Zgby kZfhe_lZdhlmjuc ijhba\h”*blky gZ DZa.
Z\bzZaz\h™_ K I =hj[mgh\zZ > @
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>ey
fZkrlZ[m kZgdpbc
hl _qg_kI\_ggmx

< |Z[ebp_
Ibih\ <K

Hkh[h ke ~m_|I

jZkoh” |hieb\Zl4ntLm d] q > @

11Z"~"Zgkdhc Z\bZpbb Jhkkbb

| ogbdm

1h” kiZe [_Kij

ljbhjbl _Ighc aZz*"Zq_c¢ hljZkeb klZe mk
Z\bZpbhggmx
JZkkfZ1jb\Z Tky2%&K Lm

ij_"klZ\e_gu oZjZdl_jbklbdb dhgdmijbjm>
h[jZlblv \gbfZgb _

< gbke_  hkgh

gZ gZbl[hevt

LZ[ebpZOzizdl jbklibdb kj_~g fZ]bkljZevguo kZfhe_

0Zjzdl_jbklbdZ <K A320 neo B737-800 NG Lr214
IZkkZ bjh\f_klbfhklv 164 176 210
Wdbiz® 2 2 3

FZkkZ imklh]h <K d] ~42 100 41413 59 000
FZdk \ae lgZy fZzkkzZ d] 78 000 79 010 110 750
FZdk dhff_jg_kdbc \_k 16 600 20 540 25 200
>Zevghklv ijb fZdk dhff 6 850 5 400 6200
df
FZdk kdhjhkdv df 890 876 850
>\b]ZIl_eb PW1100G-JM CFM 56-7B27 K-
JZkoh” Thieb\Z ijb fzd 2100 2 480 3700
dj ck _jkdhc aZ]jmad_ d
Li_ [m_fZy “ebgZ <II f 2 090 2 400 2 500
P_gZ gh\hlh <K feg 110,6 106,1 ~47

>ey ihkljh_gby ijh]jghaz f_Ih*hf wdki_jlgego dip_ g
bkke_"h\Zgb_ fg_gbc ki_pbZebklh\ hljZkeb >l@ <
\ukimibeb jZ[hlgbdb dhfiZgbc ©K BG@BGBJBG=2 b
Jhkkby?2 dhlhju_ bf_xI “hklZlhqguc hiul jZ[hluKk hl_qg_kI\

>ey \uiheg _gby bkke "h\Zgby J[ueb khklzZ\e gu \
hfjZahf qglh[u wdki_jl fh] *ZIlv h*ghagZqguc hl\_| ©~2Z2

1. Kgblz _| eb <u glh <K hl_qgq_kI\_ggh]Rh214jhba\l

yley |ky dhgdmj glhkihkh[guf gZ jugd_ Z\bZi_j \hahd"

2. Kgblz | _eb

<u

dIrh

<Wf_ |

bkihevah\Zgby \ Z\bZdhfiZgbyo Jhkkbb"

3. Kgblz _|_ eb

<u

glh

i jki_dlb\u

kms_ k-lemm[hl

fZkkh\h

tljrd]tin_

kj "g _fZ]bkljZevgh_ <K jhkkbckdh]h ijhhajkirkd\B\gHb[he
JhTh\h_ d wdkiemZlZpbb dzd Zevl jgZIb\Z bghkljZgguf <

4. DzZd <u kgblz_1I_ \hafh g eb fZkkh\uc i_j oh” Z
wdkiemZlZpbx <KgEmgmlj_gg_f jugd_"
5. DZd <u kqgblz _|I_ fh I eb k_[_klhbfhklv |

h[kem b\Zgby- <K[uimv gb _ ih kjZ\g_gbx k LH bghkljZggu
6. DZd <u kqgblz _|I_ kms_ klI\m_| eb \hafh ghklv
eh]bklbg_kdbo \hijhkh\ Z 1zd _ \hijhkh\ Dbfihulhazf_
ijh*"he ZIlv ~“ebl_evgmx wdkiemZ|Zpbx32@\db,0B-<KL* d\Zd $
kh\j _f gguo mkeh\byo"
7. KgblZz | eb <u -<K AlklZlhqgh
kjZz\g_gbb k bghkljZzggufb <K wlh]h " _

i fhglhijblhAguf
deZkkz"
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8. Kgblz_I_eb <u qglh kms_klI\mxsb_ p_glju ih LHDb.
AhklZlhggmx kl_i_gv ]Jhlh\ghklb b g_h[oh”b¥hijhA[ ) nmyYdwZ
LHbJ <k2141

J amevlZlu h[jZ[hldb fg_gbc ihdZaZeb ke _"mxs_

lj_h[eZ”~Zxs__ qbkeh dkibglim\iheh bl_evgh
i _j\uc b \lhjhc \hijhku kgblZy <dKgdmj_glhkihkh[guf
I _jki_dlb\guf *ey fZkkh\h]h bkihevah\Zgby gZ dhhkeblckdk
Lm itheghklvx khhI\_ITkI\m _ | \k_f fbjh\uf [Ij_[ h\uZkdlodyh x b f
kil i _gv gZ~_"ghklb ~hklzZlhggh dhfnhjl_g b kihkeMr g []jZ
IZkkZ bjh\ b ]JjmaZz

wdki_jlh\ hi\_gzZy gZ |Ij_Ibc \hijhk kqgb
Zevl_jgZlb\gh]h kj_~g_fZ]bkljZevgh]h <K Zpbib\h]hjhd_wc
Lm gZ “"Zgguc fhf_gl \ Jhkkbb g | HklZe®2fu_ mihfygm

;he__ iheh\bgu wdki_jlh\ kgblzZ | qlh gzZ\hghthlj_g@g _f

fZkkh\uc i_j _oh” gZ wdkiemZlZpbx <K Lm

<k _ wdki_jlu \ hI\_I_gZ iyluc hijhk hnkdZ akKlelb fdh Ihh
ogbq_kdh]h h[kem -b\Zgfdhy Lmulv gb _ ih kjZ\g_gbx
[ _ klhbfhklvx LH bghkljZgguo <K

< \hijhk_ j_r_gby eh]bklbg_kdbo azZ”~Zq k ohklz\
fZl _jbZeh\ b aZiZkguo gZkl_c "ey wdkiemalibjmdbkkhkd ¢
\ gZklhys_  \j_fy bghkljZgguo <K fg _gby jZ&Zllbebk:
wdki_jlh\ m\_j gurbégvhwlm ijh[e_fm ~h dhgpZ g _\hafh gh
gZklv m\_jy | glh \_khfzZy ”~hey \hijhkh\ mZdlp\ghgZ
khljm~gbqgZxl DblZc Bg”by H:W Ma[ dEKIRyg bhfpnf&
wdhghfbq_ _kdh]h ozZjzdl_jZz 1Zd dzZd gZ \k _ siZ]palZlebl di
ithklZ\sbdb mklZgZ\eb\Zxl [hevimx gZp_gdmo Klhlblfhdklv
\hajhkeZ \jZaZ gZ hI® _evgu_ ba”_eby “h jZdh Dglzf
k _]1h~gyrgbc ~_gv \ Jhkkbckdbo D; \_“mlkyhj\Z[gHdu ih
jZaebgguo nbevljh\ b we f glh\ dhgkljm]dplgbh[dyjukefZ Iv:e
kZfhklhyl _evgh_ ijhba\h”kl\h wlbo we_ f_gdhgw dihikkidbb
bkihevam_fhc \ ijhp_kk_LH i_j _kfhlj_g b kbidkdbdBf s
dhfizgbyfb g_ mkimizZzy \ dZq_kI\_ Fgh]bZdigZkbZdkZz
"MblzZl _ev b rZkkb k_]Jhrgy fhlml j_fhglbjjin\ki vikye gihcg Z |
aZf_gu M\Db]Zl_ey k_cqZk gZoh”ylky \ ijhjz[kldlij4\d&c Ik
"blzl _e ¢ gZ j_fhgl aZz jm[_~ <j_f _ggh bkiHbVvamztd qZ
Ahghjh\ "ey i _j _klZgh\db ijb]h*guo we f _gfheklkzZfhe 1Z

HIf Ibf qlh wdki_jlh\ kgblzxi kZfh&lZIhagh
j_fhglhijb]lh~guf \ kjZ\g_gbb k bghkljZzgguflbZ<K Ih]Jh ~_ d

GZ \hkvfhc \hijhk h kl_i_gb ]Jhlh\ghklb p_gllm\ ih
LHbJ \ Jhkkbb ~ey ijbgylby b hkms_ klhen gbyhead[dH k <
wdki_jl \ukdZaZeky iheh bl _evgh klhbl hlklhkblgyguglh
k 1h~gy azZzgbfzZ |lky | _ogbg_kdbf h[kem b\Kgkfl Z2&\ggu ]h
wdki_jlu jZ[hlZy \ p_glj_ LHbJ Kki_pbZebamjrmhXxaghbby
lhevdh aZjm[_"ghc | _ogbdb ~bgh]eZkdghgh Zre[th kigh \ Z edbg
wlh | _f glh ijhp_kk \hkklZgh\e _gby hj]Zgbla@pbc

I_
k
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i _j_h[hjm~h\Zgb_ i_j h[mg_gb_ i_jkhgZeZ k _gHlpbphbjh
gZ h[kem b\Zgb_ ~Zggh]lh IbiZz <K kha”"2dphjZikibiZlb e
\hkklZzgh\e _gb_ \ 1 g kha”Zgb_ |_ogbqg_’kidhl&ZIKdgimnf
keh'guc b Ijm~h_fdbc ijhp_kk qglh Jh\hjbp _Hglljuf igllbhHgdrk
g_ ]hlh\u h[kem #14lv Lm

?"bgh]leZkguc hljbpZl_evguc hl\_| gZ ihkeh\gdilkdb\hij
Z\bZpbhgghc ijhfure_gghklb \uimkdzlv "hklZIKaggd dhe
NZ | ithgylv qglh g_h[oh”~bfh \he_ _\h_ j r_ghf mih\[dhkm?”.
Lj_ [mxlky nbgZgkh\u_\eh  _gby \ jZa\blb_ hjlh ggky\ ggh]l

>Ze ey ijh\_~ gby kjZ\g _gby \uiheg g hjb_glb]
K[ klhbfhklb e _Igh]l]h qzZzkz jzZkkfzZljb\Z_ fuo <K : kh]eZk
=m[_gdh b ~j WdhghfbdZ \ha"mridhYbjgZgyapnijlZ

K _[_klhbfhklv e _Igh]Jh qZkZ Keq hij_"*_eyeZkv ih nhji

Keq JZkodZkan (1)

1" Jgkadjyfu_ jZkoh?Mugnddk&\_ggu_ jZkoh”u

< ijyfu_ J{ZRdexq_gdkoh”u gZ }{Rfj¥gahqgu_ fZl_jbZe
JZka ZfhjlbaZpbhggu_ hlgbke_gby ih ieZg_jm k h[h
MblZl _eyfbzdigkiooh™”u gZ | _ogbq_kdh_ h[kgmZlkohdl ik Zk
aZjZ[hlghc iezZl_ e _lgh]lh kh&kah2u glko khpbZevgh _ kljZc
JZkp Zwjhihjlh\u_ k[hjy d@klmgZ\b]Zpbhggu_zkhjugBZko
ijyfu_e lgu_ jZkoh?u JZko

< jZkg_|_ dhk\ _gguo JZikgmtd\ gu gZa_ fgu_ jZkoh?"
ZwjhihjlZzo b ij_"~klZ\bl_evklI\Zo Z\bzdhfiZgbin b\Zkphx u
I ZkkZ bjh\ ih ijh~"Z"_ hnhjfe_gbx i_j \Hdkld_bgjZ dleZ¥g W
b Zz~rfbgbkljZlb\gu_ jZkoh”u < jZkqgzlZo ijbgylhh\ hl ijyf

J amevlZliu hjb_glbjh\hgguo jZkqg_Ih\ klIhlZflhXIb
Ijb\_ "~ gu \ I[Z[ebp _

LZ[ebpzJZkq | k_[_klhbfhklb e _lgh]lh qZkZ ~ey kjZ\gb\Z

. . Hjb_glbjh\hqgZy kihbfhklv e _lgh]h
©zjzdl_jbkibd B737-800 A320ne0 L ra14
JZka 178 684 151 305 266 585
1Z ko 139 624 150 190 60 662
IZ ko 639 669 657
JZ ko 1395 1395 1860
JZkp 363 363 484
IZ ke 71 166 67 793 90 458
JZ kx| 7 890 9 258 9725
JZ ko 435 740 415 261 469 170
JZ kg 174 296 166 104 187 668
Keg 610 036 581 365 656 838
KIhbfhklv gZ hA~
iZka\bngd 3466 3545 3128

30



DZd \b”gh ba j_ameviZlh\ jZkq_|Z kZfmx [hevrm
e lghlh gZkzZ bf-_ | <&ZIBa737- b gb™ _ \KkK-320meo.

KZfhe I-Lmbf__| gZb[hevrmx k_[_klhbfhklv e _lgh]
kjz\g_gbx k azjm[_"gufb dhgdmj glZfb \-azj\mkhhalh_hyg
bf | [hevrbc jZkoh” lhieb\Z HI_q_kI\_ggu_ ~\b]Zl_eb

\hkvfb”_kyluo |h*Zo ijhreh]h \kb&vpgdh mkimizxI-30 b *
CFM-56- % \ k\hbo jZ[hgbo ihdZaZl|l_eyo [b2dr_ kae.ngZy
fzkkz gh f_gvr_ klhbfhklv b d Ihfm ~_ hg bf__| \hafh
[hevr__ dhebqg_klI\h iZkkZ bjh\ Ljb diefZpgZrowdiiEjlZc Hibeh|
b [hjlbg _g-j Liy_[mxI| [hevr_ jZkoh”™h\ gZ aZjZ[hlgmx ie
khklz\zZ \ kjzZ\g _gbb kBw3bizZ BAB20neokhklhysbfb ba ~\mc¢
g _eh\ _d
<uiheg_ggu_ jZkg_lu b ZgZeba j_ameviZlh\ wdk

AhdZau\lZx!l i_jki_dIib\ghklvikKglhmbf Zki_dlZf

Lm gzZ”~_"gh_ [_ahiZkgh_ b j_fhglhijb]l]h*gh_ <K

kilhbfhklv ]Jhlh\h]h- <K alg@dgbl _evgh gb " qg_f klhl
bghkljZgguo <K

<K Em kihkh[gh \uihegylv ihe _lu [hevrhc ijhly"
|1Zdb_ dzZd Fh&kdrB\hklhd qlh yley Iky g_h[oh”bfhklvx
fZzkrlZ[ghc kljZgu dzZd Jhkkby

\hafh ghklv i_j _\hablv [hevr_ iZkkZ bjh\ b ]Jjmah\

h[_ki_qgq_gghklv azZiqzZklyfb b jZkoh”gufb fZIl_jb.
kljZgu

gZebgb_ | _ogbg _kdhc ihA™ _j db hl ijhba\h?bl_ey <I

gZebgb_ mqg_[guo azZ\ "~ gbc 7"ey ih”~]hlh\db h
| _jkhgZeZz

Ba hljbpZl_evguo Zki_dlh\ \ jZ[hl_hlf_q_gu IZdb_ dZ
\ukhdZy klhbfhklv e_Igh]h qzZkZ
mkIlZj _\rb_ "\b]Zl _eb kh agZqbl_evgh [hevrbf jZkol

azZljZlu gZ kh™_j"Zgb_Ij_o ge_gh\ wdbiz Zz
AZdexq_gb _
< jZ[hl_ ihdZazgh qlh \hamfgh_bkmAghk _ jlvmagu _

I_jki_dIb\u fZkkh\h]h bkihevah\zZgby \ Z\bzZdhfiZgby
\uiheg_gbb ke _"mxsbo mkeh\bc

1. P_e \h_ nbgZgkbjh\Zgb_ gZ jZa\blb_ dhgkljmc
Zwjhihjlh\ b hjl]ZgbaZpbc ih LHDbJ

2. GZjZsb\zgb_ fhsghkl_c Z\bzZazZ\h”h\ ih \uimkdm _
(m\_ebqg_gb_ rlzlZ khljm~gbdh\ Z\bZaZzZ\h”h\ h[_ki_q.
g_h[oh”bfh]lh h[hjm~Ah\Zgby

3. KharZgb_ gh\uo bkiulZl_evguo eZ[hjZlhjbc Kk
h[hjm~h\Zgb _f

4. Ih™]lhlh\dZ ki_pbZebklh\ Z\bZpbhgghc hljZkeb g:
h[jZah\Zgby
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5. P_e \Zy jZajzZ[hldzZz Z\IhfZlbabjh\Zgguo kbkl_f ~
ijhp_kkZfb LH Kha”Zgb_we _dljhgguo ieZlnhjf ey ijh\_
| ogbg_kdhc "hdmf_glZpbb \ we _dljhgguc nhjfzZl

6. M\ _ebq_gb_ ijhba\h”*klI\Z aZiZkguo gZkl_c
dhfie_dimxsbo ba” _ebc jZkoh”guo fZl _jbZeh\

7. Kha~rzZgb_kh\j_ f gghc kbkl_ fu 28] "ey <K Lm

Mgblu\Zy \_"msb_ky jZ[hlu ih k_jbcghfm ijba\h”k
fhgh kdzZazZlv qlh wdkiemZIEdpbly Kdhj  \j f gghc f_jh
[eb Zcrb- e | >Ze_ _ ijb mkeh\bb fZkkh\hc ihklzZ\db Z\b.

\ha“mrgh_ km~AgmEml mkimiZlv _fm k wdhghfbq_kdhc
\\b*m \ukhdh]h jZkoh”Z I|hieb\Z Gh 7~ey ihe_Ih\ gZ ~Ze
dhgdmj_glh\ g_ [m”_|

Klhbl hif_Iblv qglh \ bxg_ -fbogihkfy N FboZbe
Fbrmklbg \ oh”_ jZ[hg_c ih_a~db gZ DZaZgkdbc Z\bZphb
ij_"ijbylby ©Lmihe _\2 khh[sbe qlh 1jZ\bl_evklI\h ijbg
\u™_eblv fej jm[ 9Z jZkrbj_gb_ \uimkdZ KgZftke\4dh\
[mM"m| gZijZ\e _gu ba Nhg”"Z gZpbhgZeVv4.h]h [eZ]hkhklhy(g
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SOLVING THE PROBLEM OF STRENGTH DESIGN OF THE WING OF A
MILITARY TRANSPORT AIRCRAFT

Barantsev S. MCandidate of Technical Sciences

Military 7UDLQLQJ DQG 5HVHDUFK &8HQWHU RI WKH $LU
SURIHVVRU 1 ( =KXNRYVN\ DQG < $ *DJDI
(Voronezh)

Abstract. Most of the aircraft fleet of the military transport aviation of the Russian
Aerospace Forces is obsolete and needs to be upd#edirticle considers the issue of strength
design of an aircraft wing by the criterion of creating an equally stressed loading of structural
elements of the wing.

Keywords: structural elements of the wing, spar, stringer, stability, reduction.

ljb ih”Alhlh\d_ Z\bZpbhgguo ki_pbZeb\Whlah\_gd kd Z krdbloc
dmjkZo h[mg_gby \uihegyxlky dmjkh\ulubimiighfge g&xh
ijh_dlguo izZjzf _Ijh\ ieZg_jZ e 1Zl _evgh]h wWdZiZgaZh\b
Lj_[h\Zgby d ijh_dlbjh\Zgbx hkgh\Zgulg£vighk”¥Z oo &Xgjthd b
aZdexqgZxlky \ j_r_gbb azZz”Zgb ih kha*dmglblx ¢Zthlc ehhgk]l
ZiiZjzZ\z dhlihjzZzy ijb fbgbfZevghf \_k_ \ijbkthkHygbb
wdkiemZlZpbhggu_ gZ]jmadb g_ jZajmphylgZ &vighoaZdyyg
jZaf_ju b nhiffm dlbjh\Zgb_ aZdexqZ _|ky \ \uiheg_gbb k
jZkqzlh\  gZ ijhgghklv “zkldhklv b mkilhagly\tdkkbwo
khijhlb\ey fhklv dhgkljmdpbb \g_rghbf \haNZadKI\byf
Ij_"hl\jZsZxsbo we f glu dhgkljmdpbb hli[hgvroomkl
I j_f s gbc ihA 2~ ckl\b_f gZ]jmahd

HAgbf ba hkgh\guo Z]j_]Zlh\ e _|ZIl _evghkly AjurklzlZz
Klj_fe_gb_ dhgkljmdlhjh\ m\_ebqblv ijhgwghfidikkm jfued
kZfhe 1z klzgh\blky h~ghc ba i_j\hhg_j_"oglibojrdZyby
e _|Zl _evghlh Ziizjzlz GZ wlZi_ wkdlboaqghijimb aj\i " dllljyh
hij_ ~ e gb_ h[ebdZ e 1Zl _evgh]lh Ziigjxiidd gZphjmjbgbh” g!
ANZgguo hij_~ e _gb_  _]1h ijh_dlguo iZj4&fl4dih& clbiZ]h”"
Zwjh”*bgzZfbg_kdhc b \_kh\hc dhfihgh\¢db]Zldhgbkljmaemll g2
gZ]jmahd "~ _ckl\mxsbo gZ khklZ\gu_ q2kldmkY¥fdh2kliZys|h
\j fy khdjZszZxlky kjhdb ijh_dlbjh\Zgby b_[h\ZgbwygAxI|kh
dZqg_klI\m ihklZgh\dZ b j r _gb_""ZggddnZéZgbfy\ley I|ky

P_ev \uiheg_gghc KNHatdgh ZelhjblfzZz ijh_dlbjh\Zghb
kzfhe 1Z \ khhiI\_Ikl\bb k djbdZjiby T j#dgb mkeh\bc gZ]jm"
_]h dhgkljmdIib\guo we _f_glh\

>ey "“hklb”  _gby ihklZ\e _gghc p_eb g_h[oh”bfh j_rl
azZ”"Zqgb

< hij_"~_eblv dhgkljdEh\gix ko _fm djueZ

< knhjfbjh\Zlv bkoh”~gu_ ~Zggu_ hij_"*_eyxsb_ _]1h ]
1 ZjzZf _lju

< hij_"~_eblv gZ]jmadb " _ckl\mxsb_ gZ djueh b ihklj
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< \uihegblv ijb\_~ gb_ djueZ d dhjh[gZlhfm\blwy gbx
ijhgqghklghc jZkg_|I \_jog _c iZg_eb gZ mklhtdgphgghklZ c
f ITh~ hf j_"mdpbhgguo dhwnnbpb _ glh\

< jZajZ[hlzlv Ze]lhjblf iha\l\heyxsbc \uihegblvw bgZeb:
gZ _]1h hkgh\_ ijhba\_klb ihbkd hilbfZevguo JjiMm\f_Ijbc
dhgkljmdlib\guo we_f _glh\ ihykh\ ehg _jhgh\ kljbg]_
hirb\db

;hevrZy qZklv kZfhe_Ilgh]h -ilZZd&Xihhlghhgh Z\bZpbb <L
Jhkkbb [uezZ ihkljh_gZ \h \j_f _gZ KKKJhbdbebb\fhjZevgh
mklzj ez HgZ gm ~Z |ky \ h[gh\le _gbb ijbdhjhldbiheg.
kjhdb WIZi ijh_dlbjh\Zgby kZfhe 1Z y\ey Ilkly hfd gdvzZzal\
hrb[dZ \ ijh]Jghabjh\Zgbb _Jh o0zZjzdl_jbklibd ijb\h"bl
klZzj _gbx Ihevdh qglh kha”*Zggh]h h[jZapZ khleZkgh
kzfhe |h\ Mg _[gbd “ey \mah\ KF ?]_ ) < p_\Fibrbjg G
lh~ j_~ K?F_jZ3-x ba™ i_j_ jZ[ B "WwiZrbghkljh_gb_

k

Dhgkljmdlb\gh djueh ij_~klzZ\ey | kh[hc Ihgdhkl_g
ih~rdj_ie_ggmx dZzZjdzZzkhf ba ihykh\ ehg _jhgh\ kl_gh
iIjh~hevguc gZ[hj b g_j\xj ihi_j_qguc glZhlyjkljkljpebdk dph
ijhgqghklv e 1Zl _evguo ZiiZjZlh\ Mg [gbd 7"ey \ma
;heoh\blbgh\ b ) F <«<hB:GbP@ mdh\kdh]h k +

>ey ijh_dlbjm_fh]l]h kZfhe |1Z J[ueZ \u[jZgZ "~\mq
dhgkljmdHkrk\Wmehh\Zy ko fZ djuezZz > @ |Ijbf_j "Zggh]h djue
gZ jbkmgd __

Jbkmghd\moehg jhggh_ djueh

< dzZq_kI\_ hkgh\gh]h djbl_jby ijh_dlbjh\Zgby [m"_
djbl_jbc kha”zZghyZjphghggh]lh gZ]jm  _gby dhgkljmdlb\guo
djueZz

>ey hij_~ e gby gZ]jmadb "~ _ckl\mxs_c¢c gZ djueh g
ithi_j_qguo kbe b ba]b[Zxsbo fhf_glh\ ih \k_f k_q_gbyf d]
bgnhjfZpby g_h[oh”bfZ “ey \uiheg_gby jZkq_|Z djueZ
mklhcgb\hklv> @
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JZajZ[hlZgguc Ze]lhjblf ij_~klZ\e_g gZ jbkmgd_ > e
ehdZevghc az”~Zqb [ueb bkihevah\Zgu \hafh YyadljzlZ[
Microsoft Eo &l.

>Zgguc Zelhjblf iha\hey | gZ wlzZi_ ijh_dlbjh\Zgby
dhlhju_ [m"ml ~_ckl\h\Zlv gZ djueh hij_"_eblvqfZidhbZe!
o0ZjZdl_jbklbdb dhgkljmdlb\gh kbeh\hc ko_fu djueZz

JZkq _lu Jueb ijhba\_* gu ih nhjfmeZzZf ij_"~klZ\e gguf

Yo, G
A6(2) W(2 a(3 —22—>7l } (1)

DJ

GZ]jmadm hij_~ ey f ih nhjfnmjd wW]JBEf gbcdhgkheb dju
\ur ey o0ZjZdl_jguo k_qg_gbc k ihklhyggit r2]hfms__
agZq_@b,a,..Nn(0zxk\h[h~*guc dhg_p dhgkhebedZz

lLDJdN—~ 2
;o (2)

Lh]*"Z ihi_j_qgZ) bbA]b[Zxsbc fiwf gll_dms_f k_q_ghbt
n hij_ " eyxlky 1Zd

a

- do  Gn
Qq (do G G - &) =5 S (3)

-

M

Q Q°
> 5« 4)

-

¢ 'T(Q, Q, Q, ... Q)

GZ mqZkIdZoliéé—gl—“éZznt z, ijb ihkljh_gbb wibjm

g_h[oh”~bfh mq_klv gZebgb_ khkj_~hlhg_gguo kbe ly  klb
>Ze _ hij_~ _ebf j_"mpbjh\Zggmx iehsZ”v \ _jog_c b

jZkq_lgh]lh kFq.gbey djueZ j_"mpbjh\Zgb_ ijh\h”blky ih
d ihykzf ehg _jhgh\

BT ©
]A_ie.jZaj V e
D \ hfeZklb k™ Zlby

D \ h[eZklb jzZkly  gby mqgblu\Z |ky hkeZ[e _gb _
aZde idb
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<uqbke _ggu_ agZqg _gby ba]b[Zxs_]h fhf _glZ \hagbd.
djuezZz k\_* gu \UZ[ebpm

LZ[ebpZAgZq_gb_fhf _glh\ \ k _gq _gbyo djueZ

q_gf 0 1 2 3 4 5 6 7 8 9
dG |

K_a_
M G 0 54 | 156 | 32,1 | 56,5| 90,5 | 135,7 1939 2124  267,1

ljb ihkljh_gbb wixju 0 g_h[oh~bfh mqg_klv gZebqgb_ k
kbeu ly  _klb hl "\b]JZl ey \ k_g _fgbbzkij ~ e _gb_ ba]lb[ZX
fhf_glZ ih dhgkheb djueZ ijb\_~ gh gZ jbkmgd_
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JbkmghdVixj¥l "ey djueZ

Hij_ ~ ey f iehszZ”v ihykh\ ehg bhght*mpbjh\Zggmx
iehsZ”v kljbg]_jh\ b h[rb\dad

Fio Foo . ([)F

i (6)

c( ) RoD~ £ i~ (F)i
f P Mg npe <My ()

1"~ cf“’, tlhesbgZ h[rbiddbrbjbgZ jZkq Igh]h k_q _gby
feing; *tiehsZ”v k_q_gby h~Aghlh kljbg] _jZ b dhebq_klI
>ey i _j\h]h ijb[eb  _gby Ilhesbgm h[rb\db gZoh”~bf ba r

c( ) ~ R £z (F)I
fh[r hir G ! (8)

]~ 7° 0,5..055 *\ h[eZklb k> Zlbyo.,6 ... =\ h[eZklb
jZkly  _gby
AgZg b rZ] kljbglojhgZoh”bf

(0~ Rg EN

e i 9)

N

1~ Mh‘[”r_' Amdpbhgguc dhwnnbpb_gl h[rb\db ih hig
kljbg]_
M:][r (0,7...1) +\ h[eZklb jZzkly  _gby

M, 19é—bufvzk.',‘ +\ h[eZklb k> ZIlby kh]eZkgh fh” _eb DZ]j
]

HilbfbaZpby \uihegy Iky ih ke_"mxsbf gZijZ\e_gbyf
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1. Baf_g_gbx gbkezZ dhgkljmdib\guo we_f_glh\
2. Baf_g _gbx ] _hf _Ijbg_kdbo jZaf_jh\ dhgkljmdlb\guo
3. AZf _g_fZl jbZeZ dhgkljmdlb\guo we f glh\ djueZ

LZ[ebpZJZkq Ilgu_ agZqg_gby ] hf Ijbq_kdbo iZjZf _Ijh\ w

Ehg _jhgu Kljbg]_ju b h[rb\dZz
KlZev 20=KG : >xjZev 2 L
4=1750F1ZE=19 1z 1 FIZ=069 "1Zn=9
Tie FlZ 1| dj FIZ
Fie « 1,8 10° ? frpr 3 10° f*
Fie | 2 10° f° frir k 1,8 10° f*
/i 4,3 10° f Ihir | 1,5 10" f
b 87,4 10° f Inir K 9,7 10° f
/i 3,7 10° f frii | 2,9 10° 2
b 75,7 10° f frii k 4,1 10° f*
! k 4,2 10° f Ixij 7,75 10° f
b « 84 10° f byij 6 10° f
Mf_gvrZ f ] _hf_ljbx ehg  _jhgh\ b kljbg]_jh\
lie FIZ k1 dj FIZ
Fie 1,4 10° f* f° frir 2,4 10° f°
Fie | 1,87 10° f* frir k 1,5 10° f°
/ 3,8 10° f Ihir i 21 10° f
b 77,6 10° f Inir K 1,3 10° f
/ 3,47 10° f fili 4,2 10° °
b 69,4 10° f frij 59 10° f?
/ k 3,72 10° f Ixij 7,75 10° f
b « 74,4 10° f bi; 6 10M- f
AZf gZ fZl _jbZeZ ehg  _jhgh\ kljbg]_jh\ b h[rb
KlZev €GK >xjZev 3 L
1=1400F1ZE=19 1z 1 FIZ=072 M1z Q
Tie FIZ ki dj FIZ
Fie k 2,3 10° f? fhrr | 3,76 10” °
Fie | 25 10° ° frir k 2,3 10° f*
/i 4,6 10° f Ihir | 3,3 10° f
b 103,3 10° f Inir K 2 10° f
/i 4 10° f frij | 6,52 10° f°
b 89,5 10° f frii K 9,12 10° f*
/ k 4,4 10° f Ixij 3 10° f
b « 99,2 10° f b 35 10° f
Mf _gvrZ f dhebq_kI\h kljibg§ _jh\ ~h
lie FlZ ki dj FIZ
Fie 1,8 10° f° frpr 3 10" °
Fie | 2 10° f? fnir k 1,8 10° f°
/ 4,3 10° f Inir i 2,6 10° f
b | 87,4 10° f Inir « 1,6 10° f
/ 3,7 10° f frli 52 10° f°
b | 75,7 10° f frij 7,3 10° ?
/ k 4,2 10° f lxij 7,75 10° f
b « 84 10° f bi; 6 10°f
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:gZeba |Z[ebpu ihalhey_ | hij_~ _eblv hilbfZevguc
ijhqghklghf b wdhghfbg_kdhf iezg_ “ey ih~[hjZ dhgkljm
djueZ >Il@®mqg_ggu_ ~Zggu_ h jzZaf jZzo b fZl _jbze d
we f glh\ djueZ iha\heyxl hkms_klI\blv hij_~ e gb_ gZij)
h[jZlgmx aZ”~Zgm ih hij_~ e gbx g_kms_c¢ kihxhZglykld
]_hf_Ijbb <uiheg_ggu_ jZkg_lu iha\hebeb h[hkgh\Z
ijh_dlgu_ iZjzf_lju djueZz

AZdexq_gb_

< jZfdZo ijh\_"* _gghc jZ[hlu jZajzZ[hlZg Ze]lhjblf b hk
ijh]ljZzffgZy |j_ZebaZpby 7~ey \uiheg_gby ijhgghklgh]h
jZkq _Ih\ h*ghc ba dhgkbpgmdim\klo f djueZ ihalheyxsb
wkdbagh]h ijh_dlbjh\Zgby \uihegblv hilbfbaZpbhgguc it
] _hf_ljbg_kdbo iZjzf_Ijh\ dhgkljmdlib\guo we_ f_glh\ dju
ijh]ljZzffgu_ kj_"~kI\Z the_agu h[mqgZxsbfky ijb \uiheg_gbb
b ~“biehfgh]h ijh_dlZ <uihegy_ fZy hilbfbaZpby iha\hey
lhevdh hij_~ e _gb_ ijhgghklguo b ~_kldhklguo ozZjzdl_j
khdjZlblv kjhdb b klhbfhklv wkdbagh]h ijh_dlbjh\Zgby

' B;EBH=J:NBQ?KDBC KIBKHD

1. =ehlh\ : Be]lhjblf jZkq_IlZ ihi_j_qguo kbe b balb[Zxsbo
klj _eh\b~gh]h djueZz . B =ehlh\ Y H Khibg K F ;ZjZgp_\
F_""mgZjh~ghc-gjZdbmch _kdhc dhgn_j _gpbb ©:dimZevgu_ \hijhku g.:
\ kn_j_ jZa\blby Z\bZpbb& ©<h_ggZy Zdz”" _fby +J_ Kkfiznfjebl[db ; ez
281k K.

2. Q _jguo K Bkihevah\zgb_  Zel]lhjblfZ ijhqgghklgh]h ijh_dlbj
dhgkljmdHk\Wmgehh\hc dhfihgh\db djuez K : Q_jguo I | :klZoh\ K

L abku "“hdez”h\ F_~ ’\ngjh’}gZhoblbq;Zkrﬂdmgh dhgn_j _gpbb Z\bZpk
ndeevI_IZ mqgj_""_gby h[jZah\Zgby ©<h_ggZy Zdz™ #Hfbyfdykim]Je
20181 K

3. Jhf_gkdbc Rij:~_e_gb_ jzkqg_Ilguo izZjzf_Ijh\ ijb ijh_dlbjh\Z

IngkthIgh]h kzZfheddB]  =Z]Zjbgkdb 201d.Kdhyglkd | _abkh\ ~hdez”
/19 F_""mgZjh~ghc fheh”_"ghc gZmqgghc dhgn_j_gpbb Fhkdh\l
bgklblml gZpbhgZevguc bkke_ "h\Zl_evkdbc mgeDN:GBSGTR K

4. ;Zjl_g_\ F Ijh_dlbjh\Zgb_ \ _jog_c¢c b gb'g_c iZg_e_c djueZz
hkgh\_ijhgghklgh]h EgZeb&%Zl g \ F < ;h]~Zgh\ < dgb]_ ;/9,,
gl_gby K[hjgbd | _abkh\ jz[hl ;/9,, F_""mgZjh~"ghc fheh”z gl
dhgn_j gpbb Fhkd\Z -29. tEDN: NIDONQ

5. ;ZjzZgp_\ KIljk_dlbjh\Zgb_ maeh\ b Z]j_]ZIh\ ljZgkihjlgh]h
hkghlijhgghklguo jZkghllg\guc m@Zmiguc p_glj-¥Yha’ggiguo kbe
©<h_g\dma"mrgzy zZdz”~ _fby bf_gb ijhn_kkhjz G ? @mdh\kdh]h b
<hjhg_" I_jki_dIlb\u jZa\blby Z\bZpbhgguo dhfie_dkh\ ]JlbhkméZzZjkl\
kbeh\uo mklzgh\hd >1_dkl@ \ Il L K F ;Z{ZgpZWmgK k& M
fZzl _jbzezf 9,, F_""mgZjhitpghatl gdimgn ©:dzZz”~_fbg_kdb_ @ mdh\kdh
(20 ghy]Jjy ] <hjhg_~ <MGP <<K ©O<<:8. F K
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<U;HJ HILBF:EVGUO L?0GHEH=BC J?FHGL: |I:G?E?C
DJUE:

;hdhj _\ X X
< j_sZ]bg F

<MGP <<K ©<\lhagghrgZy Zdz”*_fby bf ijh@nkd&hyKdG]R b
X : =Z]Zjbgz?
1 <hjhg_-

:gghlZpbyx klZlv_ jZkkfhlj_gu jZaebqgu_ \b”u | djueZ iZg
\ha“mrgh]h km~gzZ < jZ[hl_ ijb\_"_gilbjiZlebgud[&hljhhh\ j _fhglZ
iZg_e_c djueZ \ha“mrgh]l]h km~rgz JzZkkthZj ddd[bjgbjfm&ggh]lh f_1Ih
j_fhglzZz iZzg_e_c djueZ \hamrgh]h km~gZz

Dexq_\u_ keh\Ea“mrgh_ km~gh j_fhgl de _khazZbhgy itnlggh_
\g [Zah\uc Zwjh~"jhf

CHOOSING THE OPTIMAL TECHNOLOGIES FOR REPAIRING
WING PANELS

Bokarev Yu. Yu.
Vereshchagin M. A.

OLOLWDU\ 7UDLQLQJ DQG 5HVHDUFK &HQMPH LD RV NIX |
SURIHVVRU 1 ( =KXNRYVN\ DQG < $ *DJDI
(Voronezh)

Abstract. The article discusses various types of repair of aircraft wing panels. The paper
provides a brief overview of the optimal methods of repairing aircraft wing panels. The advantages
of the combined method of repairing aircraft wing panels are considered.

Keywords: aircraft, repair, glue-rivet connection, off-base airfield.

< gZklhys__ \j_fy ijh*he bl_evghklv ihe_1Z \ha”“mrgl|
ihemqg _gby bf ih\j_ "~ gbc o0Zjzdl _jbam_|ky "b\mqg_klvx ]
\ha”_ckl\bb [h_\uo kj_"kI\ gZ \ha“mrgh_ km~gh djhf_ hJi
b kbeh\hc gZ[h) OZzZjzZdl_j wdkiemZlZpbhgguo Wb\db\uo il
b kbeh\uo we_f_glh\ ieZg_jZ aZ\bkbl-lhbgdledkbagdkidbg
hkh[_gghkl_c¢c ih\j_ "~ ggh]h maeZ h[s_c dhfihgh\db 1
ijhgghklb b hkh[_gghkl_c¢c wdkiemZlZpbhggh]h b ihjz z
kj_~kI\ ihjz" _gby hkdhedh\ kgzZjy*h\ jZd_| m~Zjghc
ih\j "~ gbc hl ihjZz"'Zxsbo nzZdlhjh\ \ha“mrgh]h km~gZ \h
dhgkljmdpbb ieZg_jZ ij_"~klZ\e_g gZ jbkmgd_ > @
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l1+thkdhehggh_ " chkifmgZkgh " ckihbBZjght beb
ijh[b\gh_ckl\b +tazZz b]zl _evgh_~_ ckl\b_
Jbkmghdhjz Zxsb_ nzZdlhju \ha”_ckl\mxsb_ ih dhgkljmd
\ha“mrgh]h kKkktggdgbd KWWSV ZZZ HOLEUDU\ UX LW

1

DZd \b”gh ba jbkmgdZz kzfuf jZkijhkljZg_gguf
nZdlhjhf kj_~kI\ ihjdh_gbwygkljmdpbb ieZg_ jZ \ha”“mrgh]
yley |Iky hkdhehggh_ * _ckl\b_ < ijhp_kk_ wdkiemZIZpb!
km~rgZ ih”\_j]Z _|ky jZaebqggh]h jh~Z ih\j_ "~ gbwuf pZj
hkezZ[e_gb_ azZde_ ihd \fylbgu Z Izd" _ [h_\u_ ih\j_ "~ gt
lj [m _fhc ijhgghklb f |IZeebq _kdbo de_iZguo dhgkljm
ihklZzgh\dZ azde_ihd k g _[hevrbf rzZ]hf Z IzZzd _ ijbf_g_
r\h\[2] WIh \uvau\Z | [hevrhc jZkoh” aZde_ihd kgb Z | ij
ijhp_kkZ mly ey | dhgkljmdpbx b hkeZ[ey | k_q_c
we f glh\ [hevrbf dhebg_kI\hf hI\_jklbc

< dhgkljmdpbb \ha“mrgh]h km~gZ rbjhdh ijbf_gyxlky
Zexfbgb \u_  kieZ\u f oZgbq _kdb_ k\hcklI\Z dhlhju
| jfbg_kdhc h[jZ[hldhc <ke_ "kl\b_ ki_pbnbg_kdbo
\ukhdhijhgguo Zexfbgb \uo kiez\h\ Z 1Zd _ ihlhfm qglh
\ha"mrgh]h km~gz ij_"klzZ\eyxl \_kvfzZ keh gu_ b \uk
dhgkljmdpbb Aim]lb_ f_Ih”u ihemqg_gby g_jZat_fguo
gZijbf_|j jZaebqgu_ \b”u k\Zjdb iZcdb b kde b\Zgby
ithal\heyxl ihemqgblv iheghp_ggh]l]h k lhgdb aj_ gkl Ij_ [}
kh ~“bg _gby we f glh\ dhgkljmdpbb \ha“mrgh]h km~gZ
ihemqg _gby g jZat _fguo kh_~bg _gbc Zp_|Ibe _ghdbkehjh~g
k\ZjdZ \uaulZ | p_euc jy®» aZljm”~g _gbc

ljb k\Zjd_ "~ 1Ze_ ¢ ba Zexfbgb _\uo kieZ\h\ ijhr_~rbo
khhi\_ITklI\mxsmx | _jfbgq_kdmx h[jZ[hldm ijhbkoh”bl agZql
ijhgghklb fzIl_jbzez ~_1Zeb \ ahg_ k\Zjgh]lh r% ~hk
ijhgghklb hkgh\ghlh fzZI_jbzZzez g_ ih”\_j  _ggh]h ~_ckl\bx
Z kljmdImjz fzIl_jbzez \ f_kl_ k\Zjdb ihemqgzZ_I|ky k g
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mklhcqgb\hklvx ljb bkihevah\Zgbb Ney kh_ ~"bg_
Zp _|Ibe _ghdbkehjhrghc k\Zjdb \ ahg_ k\Zjgh]h r\Z
dhjh[e_gb_ fZl_jbZeZ b Ij_sbgu

Bkke_ _"h\Zgby ihdzZazZeb ihegmx g_ijb]lh~rghklv ijb j
\ha“mrgh]h km~gZ iZcdb I\_jrufb ijbihyfb 1Zd dzZd \ke
| _ fi_jZlmjgh]lh j_"bfz ijb dhlhjhf \_~ _|ky iZcdZ |_jy_Iky
ijhqghklv h[rb\dBZ bal b]Z b kbevgh]h " _nhjfbjh\Zghb
agZgbl _evghc iehsz”b j_fhglbjm_fh]lh Z]j_]1ZI1Z

1ZcdZ Zexfbgb \uo kiez\h\ fy]dbfb ijbihyfb ijhbk

kjZz\gbl_evgh gbadbo | _fi_jZImjZo b ihwlhfm khHeke i jk
ijbf_g _gby __ ijb j_fhgl_ \ha”BrgHMy&dind&Zfb fy]J]db_ ijbi
dZd ijZ\beh h[eZ~Zx]| gbadhc dhjjhabhgghc klhcddhklvx
ihfhsvx iZyguc rh\ k I_qg_gb_f \j f gb [ukljh I _jy I ijhqg

j_r_gb_ \hijhkzZz h \hafh ghklb ijbf_g_gby fy]l]dbo ijb
baukdzZgby dhjjmalblthggib\uo ijbih_\ b IsZl_evgh]lh bkke
iZygguo bfb kh_"bg_gbc

ljb ijbf_g _gbb aZdezihqgh]h kh_~bg _gby \hagbdZzZ
] jf _IbazZzpptK gzZzre_"Zsbf mg_Ihf \ukhdhl_ogheh]bqg_kdh]
aZde ihggh]h kh_~bg _gby g_ bkdexg_gh gZjmr_gby
kKihkh[klI\m_1 ml_qd_ \ha"moZ b "b~dhklb GZjmr_gb_
aZde ihgghf r\_ qZs_ \k_]h ijthdkoljbkEmsba de iZgu
kh ~"bg _gbyf kdehgghklb d \uimgb\Zgbx kde _iZgguo ebl|
AZde ihgqgu_ r\u \ dhgkljmdpbb ih jZ[hlhkihkh]jotadBoijb
Z 1Zzd _ ih wdhghfbgghklb mkimizxl de_ _\uf[b &\Zjguf 1Z

LZ[ebpzZz Dhgkljmdlib\gh h~ghlbigu_ klZevgu_ ~\mlZ\jh\L
gZ]jmadZo

We f _glu [Zehd De_iZgl K\Zjg4 De_ _\Z
JZaf_ju \ ff
kil _gdb 7 7 21100
]hjbahglZevguo ebklh\ iheh 4,5150 5150 3150
m]hedh\ 2512511,5 - 2512511,5
Fhf gl khijhlb\e kfby \ 30 30 30
K _q_ghkf\ 9,5 8 8

lih]b[ ¥f ijb kiZIbg_kdhc gZ]jmag

1500d="ebgZ ijhe_|Z8qEfddb 2,24 1,85 1,98

lj_~ e \ughkeb\hklb ijbdbaffio[_ \

gZ [A2& pbdeh\ 4,5 55 10

< ihehklb de_iZzgh]l]h kh_"bg_gby ~ IZe ¢ ba Zexfbcg
kieZ\h\ g_ bf xsbo aZsblguo ihdjulbc \hafh gh
we_dljhobfbq_kdhc dhjjhabb hl dZibeeyjghc \eZ]b ijhgbc

ljb kh\j_f_gghf mjh\g_ jZa\blby | _ogbdb de_idzZ \ k\
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~C g_"hklzldZfb g_ fh I iheghklvx m”h\e_ I\hjylv w
| ogbqg_kdbf Ij [h\Zgbyf IThwlhfm \ Z\bZpbhgghc | _ogbd
[he_ _ kh\ _jr _gguc \b” g _jZat_fgh]h kh_"~bg_gby ~ 1Ze c
kh _~“bg _gbc WIZ hi_jZpby kh\f_sZ | g _kdhevdh | _oghe
oheh”ghc de_idb k bkihevah\Zgb f de_y glh \ j _amevlz
de_idb b kde_b\Zgby b bkdexqgzZxlky fghl]b_ \Z'gu_ g_"hk

ljhp_kk ihemqg_gby ”~Zgguo Kkh_"bg _gbc ih k\hbf
| ogheh]bq_kdhfm ijhp_kkm \h fgh]hf hlebgzZxlky \ er
h[ugguo aZde ihgguo b de_\uo kh_"bg_gbc [IMeVZyguo
ijhgghklv kjZIbg_kdbo gZ]jmadZo |I[Z[ebpZ b ijb
Jjbkmghd < k\hx hqg_j_"v de__aZde_ihqgh_ kh_"bg_ ¢
] jf _Ibgghklvx h[ez~Z | f_gvrbf \_khf ih kjzZ\g_gbx |
f g __ ]lhjxgv ih kjZ\g_gbx k de_ _\ufb

LZ[ebpZ JajmrZxsZy gZ]jnmdadib \kj -&*"\b]_ gZoe klhggu
kh "bg _gbc kieZ\Z :F]

Khg_1Zg Kh_"bg_gb_
lhesbg ] _ ]
ff De_iZg| <bglh\y De__azZde _i| De__\bglh De__k\Zj
De _c¢c WIP
1+1 255 335 475 560 530
1,5+1,5 330 500 650 725 850
242 510 675 700 875 1040
1+2 260 335 480 560 560
DZmgmdh\uc de_c
1+1 255 335 490 570
1,5+1,5 380 500 660 740
242 510 675 765 880
1+2 260 335 500 565
< ebqgbgZ gZoe kldb o ff >bzZf |j aZde_ihd ba kiezZ\Z 3
ff

LZ[ebpZ JZajmrZxsZy gZ]ljmadZ Jk%4)b] kjh&ajZaph\ be
kil _dehl_dklhefttdZz ff \uiheg _gguo \gZoe_ klé®m gZ de__ =

Kh_~bg_ghb J_"bf kde_b\Zgby J \d=
De_ _aZde_ ih| <u”™_j°'dZ kh_"~bg_gby ~h de_idb \ “
NZ\e _gby
<u™_j'dZ kh_"bg_gby "h de_idb ij
NZ\e _gbb \' I _g_gb_ q
De__\h_ <u”™_j'dZ kh_~bg_gby ijb dhglzdlg
l_q_gb_ q

< ijhp_kk_ wdkiemZlZpbb gZ de_ _aZde ihggu_ kh_
jZaebggu_ gZ]jmadb gh \ k\yab k I_f qlh f_""m j _fhgl
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gZoh”blky de_c¢c dhlhjuc iehlgh kh_“~bgy | ih \k_c iehs:
N 1Zeb b |I_f kzfuf \hkijbgbfzZz | [hevrmx qZklv gZijy _
jZal]jm Zy aZde idb b kihkh[klI\my memqgr_gbx bo jZ[hlhKi

Mf gvr_gb_ gZijy _gby m ]jZgbp aZzZde _ idb ih\urz
kh_ ~"bg _gby Ilhwlhfm i _j jzZkij_~ e _gb_ gZijy _gbc g_h
ijb pbdebqg_kdbo gZ]jmadZo | b KingtZd y ith\ur_gbx
jZ[hlhkihkh[ghklb aZde_ihd bo dhebqg_klI\h fh™ | [ulv aZ
de__azZzde _ihgghf r\_  qglh khhI\_IkI\ _ggh ijb\h”~bl d
dhgkljmdpbb b d mf_gvr_gbx Ijm~h_fdhklb ba]Jhlh\e_gby
ba de_y mklhcgb\Z d obfbg_kdhfm \ha”_ ckl\bx ijb aZz
kh_"bg_gbb ohjhrh aZsbsz | \gmlj_ggb_ ih\_joghklb kh
hl \ha”_ckl\by dhjjhabb b klZgh\blky ] _jf _Ibqguf

>ey hf_ki_qgq_gby ] _jf _Ibgghklb de__aZde_ihqgu
ij_"eZ]lZ _|Iky bkihevah\Zlv rZc[u WIb rZc[u ba]hlZ\eb\
de_\uo ie_ghd k lhesbghc “h ff LZd _ \f _klh de
aZdeZ”gu_ ]heh\db aZde ihd fh gh gZghkblv de_c lhgdbf
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o 40
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1+h[rb\dZ ba Zexfbgb_\h]h &keezZaZde xtihqgh_ kh_"bg_gb_
3taZde _ihggh_ kh_"bg _gb_k |Ij_fy beb [he__ jy*Zfb aZd

Jbkmghdjhgghklv de__aZde ihqguo kh_"~bg _gbc ijb \b]

gZ]jmadZo
De_ _aZde_ ihggh_ kh_~bg_gb_\ ijhp_kk_ wdkiemZIZ]
h[_ki_qb\Z_| J[he__ "ebl_evgmx jZ[hlhkihkh[ghklv hlj
ba” _eby Z 1Zzd _ memqrZ_I| jZ[hlm de__\h]h r\Z \ kem

hljul\Z |jbf_g _gb_ de__aZde ihqgh]h kh_~bg_gby iha\
mijhklblv ijhp_kk ba]lhlh\e _gby ijb kde _iu\Zgb_ “ebggu
we_f _glh\ Ilhgdhebklh\hc h[rb\db ~Z"_ ijb hg_gv Ijm~gh
Kde_cdZ lhgdhc h[rb\db iha\lhey_ | ijhk\_jeb\ZIv hI\_jklby
wlhf g_  ijbf_gy_Ilky kljm[pbg b ~jm]bo keh guo

ijbkihkh[e _gbc < de__aZde ihqgghf kh_~"bg _gbb azZde id
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hkgh\gufb kbeh\ufb we f _glZfb gh b \uihegyxl|l jhev ijb
hij _kkh\db de_y \ ijhp_kk_ __ hI\_j "~ _gby >Zggu_ |
wnn_dlb\gu ijb j _fhgl_g_ lhevdh f_|IZeebq_kdbo dhg
dhgkljmdpbc ba]hlhl\e _gguo ba g f |IZeebq_kdbo we f
kh_~"bg_gbb f_IZeeh\ k g_f_|Zeebqg_kdbfb fZl_jbZeZfb

ljb ijh\_~_gbb wdki_jbf_glh\ \_kvfZz keh gh h[_ki_
kh_~“bg _gb_ " |Ze c khklhysbo ba g f |IZeebqg_ kdl
bkihevah\zZgb f Ilhevdh de_ idb keh ghklv azZdexqZ_ Iky
fh*me_c¢c mijm]lhklb fZIl _jbZeZ ba dhlhjh]h ba]lhlh\e_
khijyl]Zz _fhlh fzZl _jbZeZz G f IZeebq_kdb_ fZl _jbZeu Kk
hi\_jklbc b ih” Jheh\dZfb aZzde_ idb ihwlhfm fh™ | [ulv ~_
kh ~"bg _gby khkhef¥bg gby "~ IZe ¢ ba g f IZeebq_ _kdb
ij_"eZ]lZ _Iky bkihevah\Zlv de_c¢ i_j_~ de_idhc hkh[_g
aZde ihd \ djZ _\uo ahgZo gZoe_ kldb de__\uo kh_"bg _gb

< hlebgb_ hl de_ \uo b de _iZguo de__aZde ihqggu_
ba g _f IZeebq_kdbo fZl_jbZeh\ h[ez”"Zx| [he__ \ukhdh
jZ[hl_ dZd gkK*"kb]alZ[ebpZ l1Zd b gZ jZ\ghf_jguc b g_
hlju\ ijbg_f ijhgghklgu_ ihdZaZl _eb kh_"bg _gbc kms_Kk
j_"bfZ kde _b\Zgby Ba ZgZebaZ gZmqgguo bkke ~h\Zgb
ith\j_"~Z fhklb b j_fhglzZz klzgh\blky ykgh qglh \ ijhp_kk
ileZg jZ azZ™Zxlky ~_kldb_ ]jZzgbgqgu_ mkeh\by ih fZkk_ |
hlj _fhglbjh\Zgghc dhgkljmdpbb 1Ijb wlhf mkeh gyxlky
ijhp_kku h[hjm~h\Zgb _ hkgzkldz jzkl_| \j_fy j _fhg
lj [h\Zgby d d\ZebnbdZpbb Dbkihegbl ey ;h_ \u_ A
kms_ kI\_ggu_ dhjj_dlb\u \ kljmdImjm b f_Ih”~u j _fhglZ Ij
N ckl\bc nZdlbg_kdb_ Ijm~hazljZlu gZ j _fhgl [h_\hc | _ o
Zwjh~jhfzZ dzZd ijzZz\beh kms_klI\_ggh ij_\urZxl Ijm~haZlj.
j_fhglZ ijb \uiheg_gbb bo gZ Zwjh”*jhfZo ihklhyggh]h [Zal

K ~“jm]hc klhjhgu h”gbf ba j rZxsbo |j _[h\Zgbc ij
j _fhgl_\ mkeh\byo \ ~ gby [h_\uo 2~ ckl\bc y\ey |
g_h[oh”~bfhc ijhgghklb b gzZ~_ "ghklb j _fhglgh]h kh
fbgbfZevghc Ijm~h_fdhklb

ljb ZgZeba_ | _ogheh]bg_kdbo ijhp_kkh\ \hkklZgh\
dhgkljmdpbc gZadZgndlguha*ki\Zo ih j_fhglm \ha”“mrgh]h
[h_\ufb ih\j_ "~ gbyfb fh gh \u”®_eblv jy® ijbkmsbo bf g_~

g mgblu\Zz_ITky qlh kihkh[u h[t_fu b \J_fy j_fhglZ \
kl i _gb azZ\bkyl hl nhjfu jzZaf_jh\ b f_klhiheh  _gby ih\j_~
A ckl\mx$§ we f glZo dhgkljmdpbenrgdhpbzgyhggh

khklhygb g jZkkfzZljb\Z Iky

g hij_ " eyxlky hklZzlhqgZy ijhgghklv b
hlj fhglbjh\Zgghc dhgkljmdpbb
g \g "Njyxlky wdki_jbf_glZevgu_ jZajZ[hldb | _oc¢

ijhp _kkh\ b h[hjm~*"h\Zgby \hkklZgh\e _gby ih\; "~ gguo dI
< jZkkfhlj _gguo kemqgZyo j fhglZ [uebe jZabjjZgu gddb
\b~u ih\j_ "~ gbc h[rb\db \ha”mrgh]h\kim*"gZxI&glhgu [Zah\h
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JZam\zZ_\ > <

<MGP <<K ©O<\thhaggtrgZy ZdzZ”_fby bf ijh@nk&hyKdG]R b
X : =Z]Zjbgz?
1 <hjhg_~

:gghlzZpby klzlv_ jZkkfhlj_g h”bg ba \hafh'guo ih*oh”h\ d j_
bfblZpbhggh]h fh _ebjh\Zgby "bgzZfbdb ihe_1Z kZfhe Ih\ ijb j_r_gb

azZ"Zq ibehlbjh\Zgby |j [mxsbo k[ZeZgkbjh\Zggh]h ih kbeZf b
khklhygby AzZ~"ZqZ ZdlmZevgZ "~ey kemqgZy ijbf_g_gbygdhdiwxl_jg
ijh]ljzffghh” _ebjmxs_f dhfieMatlkb&Simulink LZzdb_ fh”_eb [j_[mXx

hij_ ~ e gby b ©aZzZfhjhadb?® agZq_gbc \k_o k\hbao \ggdj_ ggl
khhi\_Tkl\mxs_ f bamqZ_fhc azZ”Zq_ ibehlbjh\Zgby gZqZgvghf w
lj_~eh” _gguc ih”"oh” hkgh\Zg gZ ijbf_g _gbb ba\_klgudID- | _hjbb
j_]meylhjh\

Dexqg_\u_ kehkzZfhe | fhr _ebjh\Zgb_ ibehlZ guc klI_g* [Z
j_lmeylhj
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ON THE ISSUE OF BALANCING THE AIRCRAFT DURING SIMULATION
MODELING OF VARIOUS PILOTING TASKS

Vereshchikov D. V.Candidate of Technical Sciences
Dvornikov V. V.
Razuvaev D. V.

OLOLWDU\ 7UDLQLQJ DQG 5HVHDUFK &H QMPH LD RV MK |
SURIHVVRU 1 ( =KXNRYVN\ DQG < $ *DJD!
(Voronezh)

Abstract. The article considers one of the possible approaches to solving the problem of
simulation modeling of aircraft flight dynamics when solving various piloting objectives that
require a balanced initial state in terms of forces and moments. The problem is relevant for the case
of using computer models created in the software modeling complex Matlab &Simulink. Such
models require the determination and "freezing" of the values of all their internal variables at the
initial stage of modeling corresponding to the studied piloting task. The proposed approach is based
on the use of PID controllers known in control theory.

Keywords: airplane, simulation, aerobatic stand, balancing, regulator.

ljb j_r_gbb fgh]l]bo azZ”~Zq \ h[eZklb "bgZélydibkyihe_
g_h[oh”bfhklv k[ZeZgkbjh\Zlv kZfhe | Aeijhkhdkhgtf_Idhg
fZkkhc p_gljh\dhc iheh  _gb f f oZgbeibpblglldenZkikibihe
gZ azZz”"Zgguo \ukhl_ b kdhjhklb qgbkeboF"Zge¥ydhklefifmavk
dhfZg~gufb juqzZ]Zfb mijZ\e _gbl\ jjmghkuybb "ey \uiheg _
jZalhgh\ |hjfh™ _gbc beb bguo aZ*"Zq@ibeBejhkdDghw2Z fh°
hkms_ kl\eylvky iml_f ihemgZIimjghlh fhBbdbbKkididhghyZ" g
ibehlZ ghf kl _g”~_ beb iml_f fh® _ebjh\Zgby gZ W<F > @

ljb gZebgbb ibehlZ ghlh kIl _g~Z k bflyglZdhijaidpz]dhfz
mijZ\e _gby \  wdki_jbf_gl_ mqgZkl\m_I1j e _jlgbebanhxspLll
Khhi\_lTkl\mxsb_ mijZ\eyxsb_ \ha”_ckl\bfy 12gdhhm$ZjdX glZ
yley |ky Ih glh m~Z _Iky gZImjgh jhZ%dbxdbdZky Ifimgbjh\Zg
hi_jZlhjkdb_ ~ ckl\by e_IlgbdZz Z &meVhdAlZI| vedidgih jbfi g
klZgh\blky ~hklh\_jguf ih djZcg_c f_jby k mihg\dy xsalpog
\ha” ckl\bc G _"hklzZldhf ihemgZIimjghjheyhtkye dph\fggt dzZ"
j_ZebaZpby h~ghc b lhc ~_ azZ”"ZqgblebigZlekygbhyl im™Uu~rmshb
>Z"  h~bg b Ihl ~_ e _Ilqbd hi_jZlIhjh]gdjKIghkhk[gde#Zpgkbjh\.
kzfhe | Z[khexlgh h”bgZdh\h > @ Zaa\Z]H YelkgWoy [Hevr
dhebq_klI\h nZdlhjh\ bf xsbo kemqgZkgidg¢jBZhZdlg j| 1 Zj&glk
lhlh glh dzZ ~"Zy dhgdj_IgZy j _Zebadghblyw idpahhettbime »
NZevg_cr_lh ZgZebazZ | _Zdpbx kZfhe |ZklZteklbgh&nohlyg
Ahklih\ _jghlh j_amevlzlZ fh™ _ebjh\Zgh\y kdb hYok¢bZh [hgvrh
dhebqg_klI\h wdki_jbf_glh\ b \uihegbluxbl[kdkZhbkibqgq kd

< Ihf kemqzZz_ _keb fZg_jZ ibehlbjh\ZglhiypZevghikbl
0ZjZdl_jZ k Ilhgdb aj_gby bkdhfuo j_&mgévylzZtey flite 2dkh)h
kZfhe 1z _1h fh”_eb p_e_khh[jZagh ijbfjg¥kbagpkbu

47



j_]meylhju k\hcklI\Z dhlhjuo ohjhrh bamgkighukl|jRb]hgdh
ithemqgbe ijhihjpbhygZrevghgpbdeghjZevguc |_]RI®y k|
] _Imeylhj > @ aZdhg nmgdpbhgbjh\Wegbymadkkbhghjd™ bf |

dx

K
2t

y ki X X 4 53 X X yadt. (1)

< ijb\_"~ gghf \ujZ" _gbb

k,, k,, k, *rdhwnnbpb_glu mkbe_gby

x,X,,, xl_dms__ b aZ*Zggh_ agZqg_gb_ j_]Jmebjm_fh]h
kdhjhklv m]eu dj_gZ b 1Zg]J]Zz Z g9gZdehgZ |jZ _dlhjbb d
mdehg_gb_ hl ebgbb aZz*Zggh]lh imlb b I i

y *agZq_gb_j ]Jmebjmxs_]h iZjzZf |jZ m]Jeu hldeh
ih\_joghkl ¢ 1ly]Z ~\b]Zl e ¢ \ _ebqgbgu i _j f s gby df
mijZ\e _gby b | i

kk x x,,~ *ijhihjpbhgZevguc qge_g j_]meylhjZ h[_ki_qg
agZg_gby j_Imebjmxs_Jhy iZijjbAhliZs ]h kbkl_fm d khklh
X X, 1jb dhlhjhf ebd\b”bjm_I|ky jZkkh]JeZkh\zZgb_ f_"7n
aZ"Zgguf agZqg_gbyfb j Imebjm _fh]lh iZjzZf _|jZ

kZZ—)t( + “bnn_j _gpbZevguc qe_g |j_]meylhjZz memqt
] ]Jmebjh\Zgby ~ finbjmy dhe [Zgby agZq _gbyxmijZ\ey f

kysx x,,.dt £bgl_]jZevguc ge_g j_]meylhjZz mkljzZgy_|I
hrb[dm j_ ]Jmebjh\Zgby ijb gZebqgbb ihklhyggh *» ckl\mxs ]

[khexlgu_ agZq_gby b agZdb dhwnnbpb_glh\ mkhb
[ZeZgkbjh\db kZfhe 1Z ke _~m_| ih~"[bjZlv wfibjbg_kdb b
nbabdb hibku\Z_ fh]h ijhp_kkZ

< Ihf kemqZ_ _keb gZijbf_j g_h[oh~bfh k[ZeZgkbjh
hldehg_gby jmeyg\wkhlaz*Zgghc \ukhh ,iPdD-JZ]meylhj
fh™ 1 \u]Jey”™ Iv ke_"mxsbf h[jZahf

G. k®, G G,,» koG k.°: G G, (2)
17 kS 1o, M 4 dhwnnbpb_gl mkbe_gby ijhihjpbhgZevc
- f v

ihdZaul\Zxsbc gZ dZdhc m]he ~“he g [ulv hldehg_g jme\
"ey |h]lh glhfu mkljzZzgblv jZkkh]ezkh\zZgb_ f_""m |_d
\ukhlzfb \ f

G a]jZ/\O

kg 'O, t dhwnnbpb_gl mkbe_gby “bnn_j gpbZe\

Syt
ihdZaul\Zxsbc gZ kdhevdh "he” g [ulv hldehg g 4mev \u
dhfi_gkZpbb m\_ebq _gbydjpBa\tfidghc
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<G aljznro

o1 g
ihdZaulZxsbc gZ kdhevdh "he’ g [ulv hldehg g /Nenev \u
mkljZg _gby bgl _]jZezZ hl jZzkkMmezlkididgby b aZz~Zgghc \u
\ f

< |hf kemqgZ_ _keb bkdhfuf izZzjzf_I|jhf y\ey Iky g_
jme _\hc ih\ _joghkllZ \ _ebqgbgZ i _j f s gby dhfZg”gh]
mijZ\e _ghy |lh \ \ujZz  _gb_ Ij_h[jZam_|ky d ke_"mxs_fm

+ dhwnnbpb_gl mkbe _gby bgl _]jZevgtl

oG kg 3 G G, adt, (3)

\ dhlihjrf, xS, k.° tdhwnnbpb_glu mkbe_gby k\yaulZxshb_

(0]
I _j_f s gb jugZ]Z mijzZ\e _gby 1Zg]Z hf k jZkkh]eZkh\.
|Jhba\h’\ghc \ukhlu b bgl_]jZehf hl jZkkh]eZkh\Zglby ih
bf Iv \ \b m qglh 1ijb gZebqgqbb kbkl _fu memqr_gby
mijZ\ey_ fhklb zZ\IhfzZlZ ijh*hevgh]h mijZ\e_gblyjhlédb Z"Zil
kbkl_f_mijZ\e_gby kzZfhe Ihf k\yav f_""m i_j f_ s _gb_f c
o. b hldehg gb_& jlheyl [ulv g_ ijhihjpbhgZevghc < IZdh
"g hij_" e _gby [ZeZgkbjh\hggh]h m]eZ hildehg _gby jmey
aZdhg jZ[th kbkl _fu mijZ\e_gby ke_"mxs_]h gZijbf_j
N fin jZ 1ZglZ Z
O_ky k%2Z

z)

] ks tdhwnnbpb_gl mkbe_gby kbkl_fu jmggh]lh rIimj\Zev

k> tdhwnnbpb_gl mkbe gby ~ fin_jzZ 1Zg]Zz 'z

ljb fh~_ebjh\Zgbb k bkihd&xh\¥gbyfhjZz ke _"m_1| az”"
bkoh”~gu_ agZg _gby dbg fZlbqgq _kdbo iZjzf _Ijh\ "\b" _gby
fhr_ebjh\Zgby [ebadbfb d I_f dhlhju_ h 'b~Z Iky ihemc
kemqgZ_ i_j_oh”guc ijhp_ kk fh™ I klzlv g_mklhcqgb\u
fhr _ebjh\ZghyZz2 d\Zlguf

GZquvguc I_j_oh”~guc ijhp_kk k\lyaZgguc k \uoh”h;
fhr _ebjh\Zgbb gZ [ZeZgkbjh\hggu_ beb bkoh”gu_ ki
Ij_[m_I g_dhlhjh]lh \j_f _gb >ebl_evghklv wlh]h ijhp_kkZ
dhwnnbpb PP\ ImeylhjZ b kh[kI\_gguo “"bgZfbqg_kdbo k\t
m|JZ\e gby Ihke_aZzZ\_jr_gby ijhp_kkZ g[Z e Zigklloj hA tvo d
j_r_gbx hkgh\ghc aZ’\qu bkke "~h\Zgby \uihegylv ~Zqt
|heZ]Zy glh agZq_gby \k_o \gmlj_ggbo 1ZjZf _ljh\ fh”_e€
khhi\_IklI\mxl| [ZeZgkbjh\hgqguf gZ azZz~Zgghf j_"bf_ ihe_ |Z

ljZdlbdZ ihdZau\zZz | glh 7~ey [ZeZgkbjh\db fh”"_e
bkoh~ghf j_ "bf_ ihe 1Z “hklZIhdphj ijmfeygwnlv j Imeylhj [
bgl ]jZevgh]h ge_gZ Bgl ]jZevguc qe_g g_h[oh”~bf \ |h
f klh ihklhyggh_  \hafms_gb _ Zlfhkn_jgZy Imj[me _gl¢
lhieb\Z g_kbff_IjbggZy dhgnb]lmjZpby kZfhe_|Z b 1 i

G

<
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fZzl _fZIlbg_kdhc fh”_eb b ijb wlhf bkoh”y ba kmsghkl
azZ"Zgqb gZebgb_1Zdh]h \hafms_gby kh\ _jr _ggh g _h[oh”l

< dzZq_kI\_ ijbf_jzZ mki_rgh]h ijbf_g_gby ij_"ez]z _ft
jbkmgdij "klZ\e _gu j_amevilZlu fh _ebjh\Zgby "bgZfbdb i
bf xs_]1h fZkkm d] iehszZ”~v djueZ d\ f
Zwjh"bgzZfbq_kdmx ohj*m f KzZfhe_| y\ley Iky klIZlb
Hjl]Zghf ijh*hevgh]h mijZ\e _gby y\ey |ky p_evghih\hjhl¢
Kbkl _fZ mijz\e_gby kZfhe |hf \ ijh*hevghf dZgZe_ \oc
1Z2g]Z2 2 k azZdhghfwmZ[hlaz, :ZeZgkbjh\dz \ ijyfhebg

]hjbahglZevghf ihe_ | _ hkms_kl\ey |ky iml_f i _j f s gby
kZzfhe |Ihf JMK k p_evx ~“hklb" _gby \ukhlu f b kdhjlt
aZdhgm GZqZevgh_iheh  _gb_ kZfhe 1Z ih \ukhl_ kh
mijhs _gby j_r_gby azZ”Zqgb kdhjhklv kZfhe |Z kqgblZ
KlZ[bebazlhj gZ k fh™ _ebjh\Zgby azZgbfZ | [ZeZgkDbjf
khhi\_IkI\mxs® |jb wlhf m]he Z1Zdb kZfhe 1Z khklZ\ey
itheh” _gb_ JMK ih |ZgdZem #f GZ k fh”_ebjh\Zgby i
lh]h dzd \k_ \gmlj_ggb_  i_j_f _ggu_ fh”_eb ijbg:

kKhhi\_Ikl\mxsb_ [ZeZgkbjh\hqguf [ueZ \uiheg gZ ©7ZqZ
\ _ebgbgmff hl [ZeZgkbjh\hggh]h -iheff° QHEyihke_ "mxs _f
\j f _gghf bgl_j\Ze_ gZ[ex™"Z _ |ky baf_g _gb_ dbg_fZlbqg
"\b' gby kzZfhe 1Z qlh b y\ey Iky dhg_qghc p_evx fh"_e

IJMK ff
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Jbkmghd ameviZlu fh~_ebjh\Zgby ~bgZfbdb ihe 1Z k

LZzdbf h[jZahf ijbPIQgjglmeylhjZ "ey j ZebaZpbb bfblZz
fhr _ebjh\Zgby jZaebgguo p_e \uo azZB& k[ibeh ykih\X\Zlmyg u o
kbezf b fhf _glZf khklhygbc ihal\hey llguhem@aevEZlud\ZqgZ}
agZq_gbc dbg _fzZlbg_kdbo izZzjzf |jh\z*"\b" _gby kZfhe |
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Zlhfguo izZjh\ | _fi_jzZImjzZ ieZafu ieZafhljhg

ERROR ESTIMATION IN SCINTILLATION MEASUREMENTS OF THE
QUANTITY AND COMPOSITION OF COMPLEX WEAR PARTICLES

Galkov A. V., Candidate of Technical Sciences

Moscow State Technical University of Civil Aviation, Irkuts&righ
(Irkutsk)

Abstract. For a more accurate technical diagnosis it is necessary to distinguish between the
presence of simple and complex particles in an oil sample during scintillation measurements. To do
it, the error of signals indicating the presence of complex particles in an oil sample, whaeethey
absent, is assessed.

Keywords: scintillation measurements, oil sol, wear particles, choice of criterion for
simultaneous registration of pulse signals, rate of atomic vapor removal, plasma temperature,
plasmatron.
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ljb ijh\_~ gbb kpbglbeeypbhgguo baf_j gbklkyh\Z fZ
bklhggbd \ha[m ™~ _gby ki_dljh\ \ jZkiue_gghf \bb"ahe®Zie
bf x| dhg_qgu_ jZaf_ju khbaf_jbfu_ k jZaf_jZfb baghkgt

Baghkgu_ qgZklbpu fh]lml khklhylv lhevdh ba h~gl
we f glzZz b Julv keh gufb Ih _klv \dexqZlv fhé&_[y h
obfbg_kdbo we f glh\ ?keb bfimevkgu_ kbdb¥ed igbh\ey
gZ [he_ g _f \ "\mo dZgZeZo |h wih y\elyghhyfZpb]ghhklhb
gZebgbb keh'ghc qzZklbpu <f klI_ k |I_f ~Zgdkc]™MzZzdl
yley Iky k\b” | _evkl\hf gZebgby keh 'ghc ddkkdpd_ kGIZ ij
ke "mxsb_ kemqZb

i \ dzie_ fzZkeyghc ijh[fu fhlml gZoh”blvky J[he_ _
jZaebgguo obfbg_kdbo we f glh\ Ijb ihiZ&Z gkib] g\Z a higlm
"Zgguo qZklbp fh I j_1bkljbjh\ZIvky gZ g_kdhightdpmn dZ
g hagzZqZ | gZebgby keh ' ghc baghkghc gZklbpu

i \ ' ahg_ ZgZebaz \ klhozZklbg_kdhf ihjy*d_mfia]iml h
[he_ _ gqZklbp jZaguo obfbg_kdbo we f _glh\ dhlhWjdlyv |Zd
h~rgh\j f gguc bfimevk gZ g _kdhevdbo dZgZeZo

i \ ahg_ Zgdpkaalkl\m _ | lhevdh h~gzZ qgZklbpz dt
kb]lJgZe ih g kdhevdbf dZgZezZf khhl\ _Ikl\mxsbc keh ghc

< jhylgh qlh j _ZebaZpby “\mo i_j\uo ihabpihc k\
eh ghf kb]JgZe gZebgby keh guo baghkguolg2ghkdv\xijh]
bkdexgblv kemqgZb eh ghc Ij _\h]b g \hafh ' gh gh ¥%h ' gh b
Kgb gb_ \ebygby \ualZggh]lh i_j\uf kemqzZ f \h fgt
dhgkljmdpbb jZkiuebl ey fZkezZ k ihfhsvxy dhlhjh]h
ij \jZzsZ lky \ f_edh ~“bki_jkbhggu_ qgZklbpufpgdaf jhf f_g_

< jhylghklv h~gh\j f ggh]h gZoh ~ gby \ ahg@_ Zgz
ijhkluo baghkguo gZklbp aZ\bkbl hl

i dhgp_gljZpbb obfbg_kdbo we f glh\ \ ijh][_ fZkeZ

i h[t_fZ \\h~bfh]h ijh[u fZzkezZ \ ieZafhljhg \ _"bgbp

i hl kdhjhklb \ughkzZ iZjh\ Zlhfh\ f_|IZeebq_kdhc ijl
ZgZebaZz

Kdhjhklv \ughkZ Zlhfguo iZjh\ _klv nmgdpby 0O _fi_jZ
] hf Ijbg_kdbo jzaf jh\ ~ n_dlhkdhiZz Z agZgbl y\e
ihklhygghc LZd _ dhgklZglhc y\ey Iky h[t_f \Wh"*kgfh]h \
\ ieZzafm fZzkezZ dhlhjh_ khklZ\ey | ~h fde fbg > @

Hg \b~rgh qglh g _h[oh”bfh mf_gvrblv \_ebgbgm dhg
ijhfu fZkeZ \ ieZafm glh kgbabl agZg_gb_c\ _jhy
br glbnbdZpbb keh ' guo baghkguo gZklbp

Kgbablv ih]j_rghklv '\ hij_~ e _gbb khklZ\Z qZ
mf_gvr_gb_f dhgp_gljZpbbippe~h[gdle\ gbb \ bkoh” gmx i
g_hljz[hlZggh]h fZzkezZz MklIZgh\e_gguc \_jogbc ije "am b;
khklZ\ey | hdheh ] 1> @

GZ "bZljzff_ jbk [ ij_~klZ\e_gu \ dZq_klI
kh\iz"Zxsb_ bfimevku ih dZgzZezZf ~_e _am b fZj]J]Zgpm
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bfimevku ]h\hjyl h gZebgbb \ ijh[_ fZkeZ kekegigZ gZ
flgh\ _ggh]h bkiZj_gby \ ieZaf_qZklbpu bagbkZ [kéklhy:
obfbg_kdbo we_f _glh\ \ dzZqg_kI\_ djbl_jby h~gh\j_f
bkihevah\zZlvky kh\iz® gb_ih \J_ f gb \hagbdghmoglby bf
[he  dZgZeZo [ jbglh Jh\hjbl h gZebgbb keh gNo gZkll
gZklbpz > @

< kemqZ_g_ flgh\ _ggh]h bkiZj gby obfbg lkdbm we _
khkihbl qgzZklbpz \ dzZqg_kI\_ djbl_jby gZebghm” keh gl
ithyl\e _gb_ gZ "jm]bo dZgZeZo h*"gh]h beb g_kdiké&kxdh kh)

dZgzZe

Cr nhgieZafuCr WV“»wakWN/\%NWANV
WWMV\M/\/\WW

d
ZgZe { t

nhg ieZafu

dZgZe
g t,

Vi [
Jbkmghdehdsko fZ kpbglbeeypbhggh]h ki_dljhf_|jZ gZ

Hp _gdZ h[t fZ eh ' ghc b~ _glbnbdZpbb gZebqgby k
ijh\h*"bezkv gZ ijh[Zo fZkeZ ijb]lhlh\e_gguo pdkb®8ZXb".
" e_aZ jZaebgghc djmighklb b dhgp_gljZpbb KdkbgHlEc |
f_ "b ih dZ ~hc Jjmii_ wlZehgh\ khklzZ\befdffdf_ e_dldf[ueh
ij_"klZ\e_gh \h \k_o ijh[Zo gZklbpZfb jZzaf_jhdif fdébLZd
ijb]hlh\e_gu ijh[u fZkeZ \ dhlhjuo hlkmdkl\bagalkgkeh
gZklbpu

J _amevlZlu ZgZebaZ ihemq_gguo wlZehghyel hdjpdap
g_ flgh\_ggh]h bkiZj gby qgZklbp ij_"~klZ\e_guu \ IZ][e€
ithdZau\lZxl qglh m\_ebq_gb_ dhgp_gljZpbb qZklbp \ |
m\ _ebqg _gbx dhebqg kI\Z j ]Jbkljbjm_fuo keh ' guo baghkgu

HrgZdh ~Z" _ ijb g_[eZ]hijbylguo mkeh\byo jzZaf_j
fdf dhgp_gl&Zpby ]| dhebqg_kl\h j_]bkljbjmNcfad15pZklbp
N KN N kfijhp_glgh_ highr_gb_ gbkezZ ke
kh\iZ\rbo bfimevkh\ d bo h[s_fm gbkem khklZ\ey |
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LZ[ebpZ AZ\bkbfhklv dhebq_kI\Z kemqgZcgh kh\iZ\rbo b
h[s_]h gbkeZz \ ijh[_ fZkeZ ijb hlkmlkl\bb keh guo baghkg

Djmighkl Dhebqg_kl\h ke
f_"guo Cre, Ceu, Ncy, Nre, kh\iZz\rbo
qZklbp f ] 1 ]| k 3 k 3 bfimevkh\ hl
h[s _]h gbkeZ
20 2 1 403 189 0,8
4 2 737 414 1,2
6 3 1082 560 1,9
8 4 1344 664 2,3
10 2 1 520 186 0,8
4 2 1329 357 1,3
6 3 1954 577 2,2
8 4 2816 719 2,8
10 5 3729 1009 4,4
5 2 1 1562 279 1,2
4 2 3344 537 2,4
6 3 4214 586 2,9
8 4 5213 795 4,7
10 5 7150 1058 5,5
ljb kgb  _gbb dhgp _gljZpbb f b b ~_ e _az \ i
aZj ]bkljbjh\Zgguo keh ' guo qgZklbp ijb jzaf_j_ jZ\gl
dhgp _glj4dpbb ] Cc ]I dhebg_klI\h kh\iZzZ"Zxsbo bfime

ij_\urz _| LZdbf h[jZahf ba ihemq_gguo |j_amevl
agZq_gb_ih]j_rghklb eh ghc b glbnbdZpbb keh guo gzl

B;EBH=J:NBQ?KDBC KIBKHD

1. >bZ]ghklbdZ maeh\ Z\bhZpbhggbgguo ~"\b]Zl e _c hfulZz
kfZzahqguf fzZkehf ih j_amevlZlZf ZgZebaZzZ ijh[u kful\Z k "bZ]
nbevljhwe f glZ < = >jhdh\ < < >jhdh\ < < Fmjus_gdh
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kpbglbeeypbhggh]h f Ih~"Z ZgZebaZ ljb[h*"bZ]ghklbdb ~\b]ZIl _e _c

= < ; _j_kl_\bq Lzjfz_\ XIFZkkhZlekubckdhc -¢gZoogdgh kdhc
dhgn_j gpBjdmlkd B<<:BM
4. Lzjfz_\ :D  \hijhkm ijbf_g_gby kpbglbeeypbhggh]h

ljb[h~*"bZ]ghklbdb gZ Mb]DIl el dkl@ Lzjfz \ : < =Zedh)\
ljm~hX <k _jhkkbckdhc-igZadlgghkdhc dhgn_j gpbb ©:dlmZevgu_ ]
jZa\blby Z\bZpbhgghc | _ogbdb b f_Ihrh\ _ 2 wBkderhkzd Z (Bojld md kd b
nbebZe F=LM =: -10. K
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M>D
L?HJ?F: H IH=HGGHC IEHLGHKLB PBJDMEYPBB

>Zgbe _gdh G < dZg” | _og gZmd
Dbj _gg \: = dZg™ | _og gZmd

Bjdmlkdbc nbebZe F=LM =;
] Bjdmlkd

gghlZpbyu[jZg h[t_dl bkke_~h\Bgpyh[fZah\Zgby <H ]Zah
"brdbo _kl_kI\_gguo b I_ogh]_gguo kj_“ygb¥olZ ilpip[egdZ\kdjk \th]h
ijhA"mdlzZz bkke_"m_fh]lh \boj_h[jZahi\Zg¢bg gbZghh]l]hgghc iehlgh
pbjdmeypbb Hij_~_ e _gZ \azbfhk\yav ih]hegylpdhbeltblgjh Khc dpmdcb |
l1Zg] _gpbZevghc kdhjhklb kj_~u gZ _z \g_ ljg”ehihguolghijlbfZz b
fZI_fZlbg_kdZy \aZbfhk\yav ih]J]hgghc ielhlgihdjb\pdjdmeégipbkj_"u
l1Zg] _gpbZevghc kdhjhklb gZ _z \g_rg_c iAe\ gogkhekIdklilpy‘klhj fu
h[eZklb bo ijbf_g_gby

Dexqg_\u_ keh\]ZahImj[bggu _ "blzZIl_eb \bojb \ha"mohe
\boj_h[jZzah\Zgb_ ih]JhggZy iehlghklv pbjdmeypbb

CIRCULATION DENSITY THEOREM

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

Moscow State Technical University of Civil Aviation, Irkuts&rigih
(Irkutsk)

Abstract. The object of research is vortex formation (VE) of gas (liquid) natural and
anthropogenic media. An assessment of the state and problems of the vortex product of the
investigated vortex formation is given. The definition of the linear density of circulation is given.
The interrelation of the linear density of circulation of the vortex tube and tangential velocigy of th
medium on its external surface is determined. The theorem and mathematical interrelation of the
linear density of circulation of a vortex tube of the medium and tangential velocity of the medium
on its outer surface are proposed. Corollaries of the theorem and their applications are presented.

Keywords: gas turbine engines, air intake vortices, vortexxnfation, linear circulation
density.

<\_"_gb_
Bkke_ "~h\zZgb__kl_kI\_gghc \boj_\hc Zdjidhghbklb
| ogh] _gghc kj_~ > @ bo Nbah ougaZtbkdh[kdlgd kI

\boj_\uo Ijm[hd k yjdh \ujZ _gguf ©oh[\hljHbdAexgh
hjb_glbjh\Zgghc pbebg”®jbg_kdhc ih\_joghlkdhhebhbk
mklZgh\blv jy”~ ijhlb\hj_gbc g _ j_ rzggupZikhhcf Qghbf
highkyl

jZ[hgbc ijhp_kk \boj_\hc Ijm[db dzZddAdbf}b\gfbo
hkh[_gghklb
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ihl]hggZy iehlghklv pbjdmeypbb b _zkhbabq_ kdZy

\aZbfhk\yav ih]l]hgghc iehlghklbys gbjpdmeémelylpb c
kdhjhklb

hij_~ e _gb_ih]Jhgghc iehlghklb pbjdmeypbb =

aZdhghf_jghklv ihlJ]hgghc iehlghklb pebjtkiebypbb b

JbkmghdYjdh \ujZ gguc | _ogh]_ g®kdch\dgh s
https://upload.wikimedia.org/wikipedia/commons/th8i3a/C17_Reverse_Thru
st.JPG/1599px-C17_Reverse_Thrust.JPG

JZaj_r_gb_ hif_g_gguo ijhlb\hj_qgbc [j _J[m _|
bkke_ _"h\Zgby ijh*mdlZ \boj_h[jZah\ZgZyghh[jERabb_ ]k
fzl_fZlbq_kdbf h[hkgh\Zgb_f aZzZdj_ iekzglyfab_hjj4dhcljz
wnn_dlb\ghklb Zdlb\ghklb \boj_\hc Ijnhjditk] kc ig&@kfbgo
kj_ ~“u d g_c ijbfudZxs_c¢c b \ _z hdj_klghklb

L _ hj fZ h \aZbfhk\yab ih]l]hgghc iehlghkNbogbjthmeyp
[jm[db b 1Zg] _gpbZevghc kdhjhklb kj_%u]ljgZZgbr \g _rg_
Hij_ ~ e _gb_ Il:hj_ fu
ljb mklZgh\b\r_fky m]eh\hf \jZs gbb kiéhihgh&Zykj
iehlghklv pbjdmdy\wmh \hc Ijm[db hij_ ~ ey fZy hlgh
gZijy _gby pbjdmeypbb kdhjhklb = pd jdenbeylp djbzd gzj Z
lZg] _gpbzZevghc kdhjhklb \g réy g¥Z igkEhdhZghc ]jZgbp
\boj_\hc Ijm[db
>hdzZazl_evkl\h |I_hj_fu
>hims_gby Kj_~Z kiehrgZy g_ih™"\b gdyk btZZeaNgZ
"brdhklv <boj_\Zy Ijmhddhkt _ggZy ih\_joghklv djm
pbebg”jZ jZhbmkZ
>Zgh
\bojv ebg _cguc Zdlb\gudb”~=_ \boj \hc Ijm[db jbk
ih\_joghklv \boj_\hc Ijm[db £lhgdhklqgkdZy plZeghb c
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gZijy _gb_  \bojy hij_~_e_gh pbjdmeypb _c k
jZ\ghf_jgh jZkij_~ ezgghc ih dhglmjm \boj \hc Ijm][d

"ebgZ \bojpoiv [ _kdhg_ggh ~ebgguc \“hev _]h i
hkb \jZs gby

fzl_fZIlbqgq_kdh _ h[_ki_g_gbaZdhgt -Koh\ZjZ
mklZgZ\eb\Zxsbc \aZbfhk\yav pbjdmeygdhBdg] kagphlZlehbg hkc
kdhjhklkx bg"mpbjm_fhc \bojzf \ ijhbal\hevgh \udjZggh
\boj_\hc Ijnbjaglz _z ]jZgbp_

r+jZ"bmk \boj_\hc Ipmdé_gb_ex[hc Ihgdb _z kI_
ijh~"hevghc hkb _z \jJZs _gby

| £t*ebgZ dhgIlmjZ pbjdmeypbb

JbkmghNjz4f gl \boj \hc Ijm[db

>hdzZaZzZl_evkI\h | _hj _fu ihkljhbf gZ Ilgihb hifh phig ghce _
iehlghklb pbjdmeypbb h[hagZqgqZ fhcJ]j_g _kdhc [md\hc
Ilhl]hggZy iehlghklv pbjdmelygpbpbjdmeypbb kdhjhkl
ijboh”~ysZy gZ "“bgbpm “ebgu dhdlingr pbjdmeypbb
ljb ihklhygkI\ jZzAbmKk2Ahc Ijm[db ih "ebg_ihegh]h
~z djm]Z hij_"~_ey_ Iky ba\_klguf \ujz _gb_f
=2 5.

Lh]~*Z ih hij_~ e _gbx ih]lJhgghc iehlghkl@pZphjdmieypt

J

<hkihevam _ fky hij_ ~ e _gb_f pbjdmeypbb kdhjhklb
Pbjdmeypby kdhjhk[tlIZ ¥ dlhjZ 1Zg] _gpbZevdhc kdl
ih dijm]Jh\hfm azZzfdgmlhfm dhglmjm ifm&khgZ\ry@fZy nhj

=L ik @H
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Lh]*Z ~ey djm]lh\h]lh azZfdgmlh]lh dhglahphkptjcEm e
ijbf | \bA

= ky®.

KA ezZ\ ih”klZgh\dm gZc” _gguo \ _ebgbdhdghejz _
iehlghklb pbjdmeypbb kdhjhklb ihemqbf

= WZS(
2 r ASr

Ke_ "kl\by I_hj_fu

1. Ilhl]hggZy iehlghklv pbydnkaypedyggZy \ _ebqbgZ [Z
fhmex |lZg]l_gpbZevgh& kdgZjhkibjoghklb \boj_ \hc Ijm[dl

2. Jhkl ihl]hgghc iehlghklb pb\dojeyipbbjm[db kgb Z
wnn_dl ijhgbpZ_fhklb _z ih\_joghklbjhl dZ Zhkc _thg__ K1\
mijm]l]hc GZ ih\_joghklb \boj_\hc Ijm][é& hk\lpmdgkhllblq)
\_dlhj ghjfZevghc kighQhklb

3. Mf_gvr_gb_ Z[khexlgh]h agZqgq_gby ihl]hgghc
pbjdmeypbgpb”  djblbg_kdh]h agZqg_gby khijh\h 2Z Iky
] jf _Ibgghklb aZiheg_ _gb_f ihehklb gbadrglinf NAEledgby
m\_ebqg_gb_f ~bzf_1jZ \boj_\hc Ijm[dbojk \h]jh olyhhjfZz \b
\bojv jZafulhc bgl_gkb\ghklb qglh k\NbbkljyfgghA galyadh
jZkiheh  _gguf gzZ” a_fezc

4. Djblbg_kdh_ agZq_gb_ ih]Jhgghc iehlgkh&lbmpljdi
hij_~ eblv bkihevamy f_|h”u kh\j_f ZDHgkhyh fh*_ebjh\

k

w

J

AZdexq_gb _

L hj fz h ih]Jhgghc iehlghklb pbjdmeypblby b
ij_"eh _ggu_ Z\lhjzfb klZlvb iha\heyxkbgyv Hhghdbaj
hkgh\guo ijhib\hj_gbc ijhp_kkZ bkkejZ2ahXgbohy\boh hid"
hfez”"Z | ijZdlbg_kdhc agZgbfhklvx \ bkn hjilbhdpvghe ¢
\ukhlu \ha”mohaZ[hjgbdh\ kbeh\uo mkbzZgkmhtd\ \gaZ™m
ih\_joghklvx Zwjh”jhfZ dhlhjzy aZ\bkhllhhlagd]g!|kpd yl
ihl]hgghc iehlghklb pbjdmeypbb *Zgghdtbkbeh\hc mklZgh

' B;EBH=J:NBQ?KDBC KIBKHD

1. ;_ehp_jdh\kdbcHKju¥Ygh_ b [_ahljulgh_ h[l_dZgb_ lhgdbo
br Zevghc b~dhklvx K F ;_ehp_jbjrh\kl-‘dchZ:chZ G k
2. >Zgbe _gdh G _hgby \boj_ i_j_"~ \ha"mohaZzZ[hjgbdzZfb kzZf

jZ[hl_ ]ZahImj[bgguo *\b]ZIl_e_c gZ }\th'b"qhgdh @ £ Djb\_ev K
lZohfh\ Bj=LMba” ~hi Bjdmlkd

3. Dmrbg <K jg F _jlhzZlhfba”Zzl -283-0408%626 1

4. GZeb\dbg Kf_¥qb F GZde k

5. GZeb\dbg MjzZzdZgu [mjb b kf_jgb E =b~jhf_ | _tkba”Zl
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Kbkl f F <<B: bf ijhn G ? @mdh\kdh]h
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M>D

WDKI?IJBF?GL:EVGU? BKKE?>H<:GBY G?KL:PBHG:JGU
WIH>BG:FBQ?KDBO O0:J:DL?JBKLBD < :>L JHKKBB
<HAFH@GHKLB B I1?JKI?DLB<U

Dhebgvdh D : dZg™ | _og gZmd
Djueh\Z:Y

P _gljZevguc Zwjh]b~jh*"bgZfbqg_kdbc bgklbIml bf_gb i
G ? @mdh\kdh]h
] @mdh\kdbc

:gghlZpby klzZlIv_ ijb\_~_g h[ahj wdki_jbf_glZevghc [Zau Jhl
g _klZpbhgZjgh]lh wdki_jbf glZz \ :>L Z 1Zd"_ ijh\_~_ gZkdile&kkbn
mklzZgh\hd 1j_~klZ\e_gu j_amevlZlu iZl_glghc Zdlb\ghklb \ Jhkk
ijh\_~ gby g _klZpbhgZjgh]l]h wdki_jbf _glz \ :>L Ijh\_"~ g ZgZel
kh\j_f_gguo b i_jki_dlb\guo E: b hij_~_e_gZ ihlj_[gZybd[eZklI\
iZjzf_ljh\  dhlhju_ g_h[oh”bfh h[_ki_gblv \ :>L ”“ey ijh\_~_gby
g_klZpbhgZjguo Zwjh”bgZfbg_kdbo o0zZjzZdl_jbklbd KN _eZgu \u
gZijZ\e _gbyo jZa\blby wdki_jbf _glZevghc [Zau Jhkkbhth g*£jgbkke *
Zwjh”~"bgzZfbq_kdbo ozjzdl_jbklbd E:

Dexqg_\u_ keh\g klZpbhgZjgu _ Zwjh~bgzZfbq_kdb _ 0ZjZ
wdki_jbf_glZevgu_ bkke_"h\zZgby \ ZwjhdhgedbdkukdWhWZsldm[evguo
g _klZpbhgZjguo Zwjh~"bgzZfbg_kdbo ijhba\h”~guo

KlZlvy gZibkzgz \ jzfdZo jZ[hl \uihegy fuo ih J]hkmo02ikl\ _ggl
00006-23-00h 118.01.2013

EXPERIMENTAL RESEARCH OF UNSTEADY AERODYNAMIC
CHARACTERISTICS IN RUSSIA WIND TUNNEL: PERFORMANCE
CAPABILITIES AND OPPORTUNITIES

Kolinko K. A., Candidate of Technical Sciences
Krylova Ya. A.

The Central AeroHydrodynamic Institute named after Prof. Kttikovsky
(Zhukovsky)

Abstract. An overview of the Russian experimental base on unsteady experiments in wind
tunnels, as well as a classification of dynamic rigs is provided. The present patent activity results in
Russia and the USSR in the field of conducting an unsteady experiment in wind tunnels are
presented. An analysis of the flight modes of modern and promising aircraft was carried out and the
required range of kinematic parameters was determined that must be provided in the wind tunnel to
conduct studies of their unsteady aerodynamic characteristics. Conclusions about further directions
for the development of the Russian experimental base for the study of unsteady aerodynamic
characteristics of aircraft are drawn.

Keywords: unsteady aerodynamic characteristics, experimental studies in a wind tunnel,
complexes of rotational and unsteady aerodynamic derivatives.
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<\_"_gb_

G_klZpbhgZjgu_ Zwjh”"bgZfbqg_kdb_ ozZjzZd| kEkheabz *
g_h[oh~bfh ijbgbfzlv \h \gbfzZgb_ ijb {brgAfiblkdbazh&glZz
k\yaZgguo k ZgZebahf mklhcgb\hklb b nhfZ\elyjhf\Wkgbb
\hafmszggh]h ~\b" _gby \ Ihf gbke_ \bygzZdzZqlhohikzZeb\Z
ijh_dlibjh\Zgbb kbkl_f mijz\e_gby \ |jZkabhpg ggilZfjZfb4h\
ihezlZz Z 1Zd _ ey ihemgZlmjgh]h fhhlZghdZighby YZo ibe
Bkke "h\Zgby g_klZpbhgZjguo Zwjh”bpKiihg ldddl oedd
ZiizZjzZlh\  ~Ze_  E: g_ h]jZgbgb\Z _ Ikyblhévidh kZfte
\jZsZl _evguo b g _klZpbhgZjguo ijghadih*eua jKd [IbdZevc
klZjlhf b \ha\jZsZ fuo dhkfbq_kdbo AdzZgBEIrnewjjZkyg 1Z b
"bgZfbdb ihe8l.l1Z >

GZ k_]h*rgyrgbc " _gv Dbkihevamxlky I|jb ¢&blykh[Z
g _klZpbhgZjguo :>0 E: jZkg_lguc e _tgu@ bkiphZgbyb>
wdki_jbf_glzZ \ :>L

Kh\j f ggu_ \ugbkebl _evgu_f _|h”u g _lkefykpy gZ
jZa\blb_ '\ ihke_"~gb_ ~ _kylbe _Ilby | f g hklgxlky\k_
fZeh~hklmigufb 7~ey jZkq 1Z g _klZpbhgZpyufao:>E-alyh dlk
[hevrh]lh \j_f _gb jZkqg_Ilh\ b keh ghklf_ \@egwbd 4 phinatkenhh\

E _lgu_ bkiulZzgby [_a khfg_gby kZfué bdikklen\”h§zg bfy
g_klZpbhgZjguo :>0 iheghjZaf_jgh]h E: \hJjhkeh&byd |_
HrgZdh bo ijh\_~ gb_ \hafh gh ebrv giZ kibayZzeg/gh & kldh]
bkijZz\blv \uy\le _ggu_ g_"hklzZldb dhfihghidh niLZd g \F
ijh\_~ gb_ bkke_ _"~h\Zgbc gZ djblbg_llkhdbjdkdhbZHgh he fh™
ijb\_klb d ihl_j dzd E: 1Zd b wdbiEkgZz®jgb_Iljh]hevgh]h
g_h[oh~bfuf dhebq_klI\hf ~Zlgbdh\ b biadj4dbmjevgtey :
h]_ki_qg_gby g _h[oh”bfhc Ihgghklb bafguabzQCy "k g bhhopdh
ljm~h_fdh b ~hjh]lh G _Iljb\bZevghc aZ"Zgemqy\ely_ |kyhl&dl
dhjj_dlguo ey b” _glbnbdZpbb g _klZpbbgzZjguo |j>0m "MZ
nbeb]jZggh]h ibehlbjh\Zgby E: k fghlhdjZygufb ih\lh

lhwlhfm wdki_jbf_glZevgh_  bkke_ _~h\Zgb gulo :bL \]
g_klZpbhgZjguo ijhba\h”*guo fh”_e ¢ E: K blgKiftoev akit\iZa
mklZgh\hd kI _g”h\ y\ley |ky \ gZklhys* r \\uffyo ggZbYheguf
kihkh[hf hij_~ e _gby :>0

Wdki_jbf_glZevgh_ hij_~ e _gb_ \jZsZl| evgdjgum g_ Kk
Zwjh~"bgZfbgq_kdbo o0zZjzdl_jbklbd fh~_e_c¢c E: \ :>L

ljb ijh\_~ gbb ~bgZfbqg_kdh]h wdki_jbhigkiZlbchlkdiqb
bkiulZgbc bkke_"m_fZy Zwjh”bgzZfbq_¥Xdzx FhZdeb\ghk: |
i_j_f_ s _gby \ ihlhd_ :>L ijb wihf baflbjgxkidho db@|jZZ Ilju _
"Mb® gby Z 1Zd_ Zwjh”"bgZfbq_kdb_ckbdenxisbfhfgglg ~ 1j
ithke_"mxs_c fzZl_fZlbg_kdhc h[jZ[hld_evh£iln\g hggu'o gy alky
g_h[oh”bfu_ g_klZpbhgZjgu_ :>0 fh” _ebbgklidwlkyfhfZleb.
Zwjh"bgzZfbdb E: "“ey azZ”Zq "~bgzZfbdb ikéglZazjkddkhki
mijZ\e_gby
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< kv ki_dlj kms_klI\mxsbo wdki_jbf_glZevigpkodZghygtzdb
fh'gh dezZzkkbnbpbjh\Zlv ih |j_f hkgh\gug fidéadZdZ\fb dgby
fhr _eb '\ ihlhd_ :>L dhe [Z]l _evgh _ khaimgglZldv gh
\jZsZl _evgh_ ijhba\hevgh_  kihkh[eb RiulhjjzZggbph fhth " gb
\ugm *_ggh_ b k\h[h*gh_ b "bZiZahdh \iZpAf_mhauidlZdk
kdhev'  _gby qgB&kkemMjF

Wdki_jbf _glZevgu_ bkke "h\Zgby f _Ih~"hfe (&gt ¢
fhr e c E: "ey hij_"_e _gby g _klZpbhygZkgupZ:2bgijhdg” kd
mklZgh\dZo P:=B Kb[GB: b PGBB@r B&<1; ;: Il D-103,
H<} KEMD KD:>- H<IH<I M M3, > M b <203,
kil _g”™_ Zi_jbh*bg_kdh]h aZdhgZ baf_g kbg"m]éaf |Z gl
A finbjh\Zgby fhf _glZ dj_gZ

MklZgh\dZ \ugm ~ _gguo ]Zjfhgbg_ _kdbo cm]dkiluo d

;. P:=B jbkmghd -Z @ kem bl "ey bkke_"h\Zgby fh”
Mb™ _gbb ih 1Zg]Zz m dj_gm b jukdZghx \ZIZodh Zahjdo m]«
dhe _[Zgbyo k ZfiebimBhagZklhlhc =p b k Zfiebimfho
gZklhlhc =p MklzZzgh\dZ khklhbl ba ieZlnhjhc Hkélbcdb
fZehc -@HZaghc jZfu k ih”rbigbdh\uf maehf djdbe ghb)
\gmljbfh”_evguo | _gah\_kh\ b we dlggi\b]jdhe elyZg\btZkbfZe
Zfieblm*helhtdZ dZgZedb k e _glhqggufb i_j "ZgzZgl b |y
dhe [Zgbc k [hevrhc Zfdeblgmjh€ gghc i _j ~Zqb kh rdb\hf

JbkmghdvklZgh\db \ugm * _gguo ]Zjfhgbg_kdbo dhe [Z
Z H<Il ; ;: [ 110203

GZ mklZgh\d_ \ugm ~ _gguo ]Zjfhgbqg_ledlgo a edikel h[iZghH
11 D- P:=B jbkmghd, [@ >ijh\h*ylky bkke_"h\Zgby fh’
Zfieblm”~hc ebg_cguo dhe_ [ZfglbcqZklhlhc=p \ "bZiZahg_
m]Jeh\ ZIZdb HKh f b m]Jeh\ kdhev _gby * f MklZgh\d
hkgh\Zgby klhcdb k ih"\b 'ghc rlZzg]lhc we_dljh?M\b]ZI_
kbkl_fu dZgZehd k gZijy _ggufb klZevgufb e_glZfb

>ey bkke_"h\Zgbc fh*_e_c ijb mklZgh\b\r_fky ‘jZs_ gl

=p k m]ehf aZdebg _gby fh”_eb hlghkbl_evgh 7~ | Z\«
mklZgh\dZ MNW<=B jbkmghd Z khklhysZy ba maeZ aZzZd
klhcdb N j Z\db \g_rg_J]h p_igh]h ijb\h*zZ k we_dI
a\_a“hqgghc i_j *"Zq_c > @ MklZzgh\dZ kh\f_klguo eh
dhe_[Zgbc ijb F K:EMD jbkmghd [ khklhyezZ ba \
ijb\h~zZ dhjimkzZ k gZijZ\eyxsbf we_f_glhf rlzZg] rZj
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dj _ie_gby fh” _eb b I _gah\_kh\ > @ Ijb |_o ~_ izZjzf_Ij
kms kI\h\ZeZ mklZgh\dZ k\h[h”guo dhe [Zgbc b [hevr
m]eh\uo I _j_f_s gbc fhr _eb gZ [hevrbo m]eZo KD:> jbkn

JbkmghttbgZfbq_kdb_ mklZgh\db P:=B[ KEMWMNM<\ KD:>
] H<I N HL08

MklZgh\dZ \ugm ~ _gguo ~\b" _gbc fh” _e ¢ k g _kdhe
k\h[h~"u H<Il P:=B jbkmghd khlklhbl tbkgh\Zgby ih”\b gh
ieZlnhjfu k we_dljhf_oZgbqg_kdbf ijb\h~hf k r_klvx Kkl _i_
kbkl _fu |l _gahf_Iljbjh\Zgguo klh_d gZ dhlhjuo azdj_iey_ I}

MklZgh\dZ- H<IP:=B jbkmghd N kem bl “ey bkke
fhr_e _c ijb F b khklhbl ba ihA™_j"b\Zxs_]h mkljhcklI\Z
BDF k "ZlgbdzZfb h[hjhlh\ b djmlys _]h fhf _glZ

MklZgh\dZ \ugm ™~ _gguo dhe [Z]l _evguo P\FB ghlte H<
"ha\mdh\uo kdhjhklyo ihlhdZ bkihevam_Iky 7“ey igh\_*
klZpbhgZjguo mkeh\byo b dhe_[Zgbyo fh”_eb IbiZz ©e_
1Zg]Z m ijb djm]h\hf h[*m\_ k-ZffieblmZkthlhc =p \
"bZiZahg_ m]eh\ ZIZdb “ f > @

< Kb[GB: kms_klI\mxl ~\zZ kl_g”Z \ugm " kygidgwoo ]
hArghkl _i_gguo dhe_[Zgbc ijb *ha\mdh\uM kd hjjiinikinygph dh | h4l Z
b <A hkgh\ZgZ gZ wg_j]_Ibqg_kdhf f_byh\zZgby fHf» glim
> @ Kl_gn >khklhbl ba \g_rg _]h ijb\h~zZ | _dahXx_kh\
bfimevkh\ b ki_pbZevgh]hij fhjgZghedkZ ey b kem bl
bkke "h\Zgby fh® e ¢ k gZklhlhc m}ehRpo\ db&iZAhlgc m]e
Zlzdb- hi*h f b m]eh\ kdhev'  _gby * f LZd "~ \ KbfGB: k
Zi_jbh~"bg_kdh]h aZdhgZ baf_g _gby m]ezZ 1Z9g]Z Z khkl
ieZlnhjfu ih*™ _j"b\Zxs_]h mkljhckl\Zz \a\h~gh]h ijb\h"Z
nbdkZpbb fh” _eb k » fin_jhf dhe_[Zgbc we _dljhfZ]gblZ |

JbkmghtdbgZfbq _kdb_ kl_g”u \ugm ~ _gguo dhe [Zgbc
PGBBfzZr ZzZ-208MBklhggbhd KWWSV HOLEUDU\ UX LWHP
KI_g” PGBBfZr ey hij_~_e_gby ~ _finbjh\Zgkihgfbglz dj

https://elibrary.ru/download/elibrary 20386276 _43982234df
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< PGBBfZr kms_klI\m_1| kl_g”~ ~ey hij_AZgbgb¥yht™ Jgihdb]j
dj_gZ jbkmghd [ khklhysbc ba we ddljimd\b]Alhldyh]t
mklzZzgzZ\eb\Z _|ky hkv k maehf dj_ie \ghyh frdhjebkZ kkk
ithArbigbdh\ufb maeZzZfb dj_ie_gby hkb k K *gje]hidhihgu
ithkz*hqguf f_klhf dj_ie_gby d ih"\_kd_ :>L > @

F_Ih” k\h[hAguo h”*ghkl_i_gguo dhe_[Zogybdk&Zd\bRg+HBijb
PGBBfZr BLIF KH J:G b KI[=M Kk bkihevats\Zgb f
"bgZfbg_kdbo k| 4968\2> @ -MD KD KDF mklZgh\db
k\h[h*guo dhe [Zgbc -ijb k\Zg&a\mdh\uo kdhjhklyo m k
k\h[h”"guo dhe_[Zgbc k ih”rbigbhdZfb a&\u db\yw ajlkdkh\hklyo
mklZgh\db k\h[h”"guo dhe_ [Zgbc gZ idh\hi¢ghggha\midh\ulo
kdhjhklyo LZd _ \ P:=B kms_klI\m_| mkiZgdudZr Zj gl j hofk |
kharZggZy 9Z [Za_ jZqg__ jZajZ[hlZdhdgoomktrghpklhd ddhb
dhe_[Zgbc ih [ZgllBThp M@ b ih dj_-H&[1KD

MklZgh\dZ k\h[h*guo m]eh\uo “\b _gbc k Ij_okl_i_
jbkmghd[l, Z @ khklhbl ba ih* _j b\Zxs_]h mkljhcklI\Z
dzZzjr"Zggh]h 1j_okl _i_ggh]h rZjgbjz k ih”rbigbdh\ufb ma
fhr_eb Ijb ijh\_~ _gbb wdki_jbf_glzZ fh™_ev jZkiheZ]Z Ik
ith\hjhlZ rZjgbjz ih dj_idiEdg]1Z ml20 ih jukdZgbx *

MklZgh\dZ k\h[h~guo h~ghkl_ i gguo dhe_ [Zgbc gZ
KDF P:=B jbkmghd [ ithalhey | ijh\h”~blv bkke "h\Z

k Zfieblm~hc dhe [Zgbc “h f b qgZklhlhckB®hklhbl=pa V
ih " j"b\Zxs _]h mkljhckl\Zz \a\h”gh]h "Z\o&gbafrdijnt]bjo
rZjgbjh\ jZaebqgghc ~ _kldhklb qglh iRA\heyZklIhZpvdiime [Zc
fh™ _eb, 24].

MklZgh\dZ k\h[h”guo h~”ghkl_i_gguo dhe_ [Zgbc Kk
dZq_gby BLIF KH J:G ijb k\_ kodhhjm@hhhoaoihlhdZ jbkmgho
khklhbl ba ih**_j ' b\Zxs_]Jh mkljhckl\Z ig_\fhpbebg”"j
AN 1 Z\db k Zjj_Ibjhf b \bedb k maehf dhe_[Zgbc \dexq
ih~"rbigbhdZ dZq _gby b hkv ~ey dj _ie_gby fh® _eb E: >
k\h[h*"guo dhe_ [Zgbc ijh\h*bebkv wdki_jbf_glZevgu_
k\_tob ]bi_ja\mdh\uo kdhjhklyo hI*_ey fh]lh hl jZd _Ilhgh
[ehdZ kbkl _fu zZ\Zjbcgh]h kiZzk_gby wdbiZz Z > @

JbkmghttbgZfbq_kdb_ mklZgh\db k\h[h*guo dhe [Zgbc
P:=B k Ij_okl_i_gguf rZBgbhlggbd
https://elibrary.ru/download/elibrary 22374422 397094%df [ K BLES,
B k1 h q g btts://elibrary.ru/download/elibrary 47487003 _6853%.pdf
\ mklZzgh\dZ BLIF KBkUOhGgbd
https://elibrary.ru/download/elibrary 27537732 _588883&1f7
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MklZgh\dZ k\h[h”"guo dhe_ [Zgbc KI[=M ijb “~ha\md
ihlhdzZ -> @ khklhbl ba ijh\hehqghc ih”"\_kdb o\hklh\hc
ijm bg f_oZgbafzZz baf_g gbykim]ledb zbZzdtdZeu k "~ _ e gb
g _ih"\b'gh azZzdj_ie_gghc gZ ijh\hehgguo jZkly dZo

MklZgh\dZ k\h[h”"guo h”ghkl_ i _gguo dhe_ [Zgbc gZ
PGBBfZr ijbf _gyeZkv ”"ey bkke_ ~h\Zgby ~ finbjmxsbo
\ha\jZsZ_ fuo dhkfbq_kdbo zZiizjZbhk\ijlma\@ddgk\uo kdhjhkl
> @ Lzd _ \ PGBBfzZr ijbf_gy |ky sz h”bg \b”" bkiulZ
ljZgka\mdh\uo kdhjhklk®hihgizc ihe | > @

K\h~rgZy |Z[ebpZz k o0Zjzdl_jbklbdzZfb ~_ ckl\mxsbo
mklZgh\hd kl_g~h\ Jhkkbb ij _~klZ\e_gZ gb  _

Liebpz OZjzZdl_jbklbdb ~ _ckl\mxsbo "bgZfbg_kdbo mklZ
Jhkkbb "ey bkke ~h\Zgby g klZpbhgZjguo :>0 fh"_e ¢ E

e
N S| Gzalzg| Lbi "\b'_gh Fzdkjj| >bZizal >bziza| >bZizZa
e kl _g~Z| qgbkeh kl_i| fh~_eb| . 1jZ~ dgbk_e gbkSk

<ugm * _ggu_ dhe _[Zgby fh™_eb E: \ ihlhd_ :>
0 H<t M]eh\u_ -dlyg¢ 1,2 “ A h ~h
I 11 D-103 Ebg_cgu_-luy 1,2 -« A h ~h
o H<#03 | Kh\f_klgu -bdy 2,5 -« A A

MM%03 | MklZghky \jZ 1,2 “ ~h ~h

O > M203 M]leh\u_ -dly¢ 1,15 -« « «
Py D\ZabkImi-
i + b mlez 1Zd 1,17 -« « «
m.| F_o baf
O N fhf_glZz <jZs_gb_ 0,1 « « «
o A fin dj_|

K\h[h”"gu_ dhe [Zgby fhihlbd E:>L
m K D F128 kI k\ 1 -« « «
o + kI k\ 1 « A A
L~
o + kI k\ 0,12 -« « «
0 v
m -
ON + kKl k\ 1 -« « *
o
==
« Il + ki k\ 1,15 -« N h N h

Kl _i_gv \Z ghklb wdki_jbf_glZevguo bkke_"~h\Zgbc
>0 fh”_e_c¢c E: \ :>L ohjhrh beexkljbjm_Iky ]jZnbdhf
1Zl_glh\ ihemqg_gguf ih mdZaZgghc | _fZlbd_ \ Jhkkbb

ih ]h~ru kf jbkmghd
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JbkmghdBahfj 1Zl _evkdzZy Zdlb\ghklv \ Jhkkbb \ h[eZklb
g_klZpbhgZjguo Zwjh*"bgZfbg_kdbo oZjZdl_jbklbd fh”_

Fh gh hif_Iblv qglh \ kh\_Ikdbc i_jbh” \b”_ g mkll
jZajZ[hlhd \ hl[eZklb g _klZpbhgZjguo wdki_jbf _glZevg
k\yaZgguc k jZa\blb_f b mkeh g gb_f Z\bZpbhgghc | _og
©jzZkiz~"Z2 KKKJ b j_adhf mom”r_gbb wdhghfbqg_kdhc kbl
]h~ru ijhreh]lh klhe_Iby f_Ih~"bdZ g_klZpbhgZjguo wd
bkke_ "h\Zgbc ijZzdibg_kdb g_ jZa\b\ZebkdhgkZzZkbjmh\Zzdy
[mjguc jhkl \ h[eZklb ijh\_~ gby g_klZpbhgZjgh]h wdki_jl

Hij ~ e gb_ h[eZklb dbg_fZlbg_kdbo izZjzZf_Ijh\ ~ey
bkke ~h\Zgby g _klZpbhgZjguo :>0 kh\j_f gguo E: \ :>L

>ey hp_gdb bf _xsboky \hafh'ghkl ¢ \ h[eZklb
g _klZpbhgZjguo bkke ~h\Zgbc fh” e ¢ E: \ :>L Kk
"bgZfbqg_kdbo mklZgh\hd b NZevg _crbo gZijZ\e _
wdki_jbf_glZevghc [Zau g_h[oh”~bfh hij_" eblv o0Z4Zdl_j
kh\j f gguo b i_jki_dlb\guo E:

cueb jZkkfhlj _guleolghg _kdb_ oZjzZdl_jbklbdb b ijh\_~
0ZjZdl_jguo j_"bfh\ ihe_ |Z jZaebqguo deZkkh\ fo ddprd\ I
1iZ "Zgkdbo kzZfhe Ih\ iZkkZ bjkdbo b ]Jjmah\uo [ _kibe
ZiiZjzZlh\ kZfhe_ Ighc ko _fu ~Ze_ _ ;IE: b dhkfbg_kd
ZiiZjzZlh\ \ha\jZsZ fuaglbkpddel c

DZ ~“hfm j_"bfm ihe |Z ey dZ "h]h deZkkZ b \b""Z I
k\hb m]Jeu ZI1Zdb q%hkekZd HZHebpm J_ "bfu \ae 1Z b i
dj ck_jkdbc j_"bf jZzkkfZljb\Zebkv 7~ey kZfhe |h\ IljZgkih
mqg_Fgjh gbjh\hgguo fghlhp_e _\hc Z\bZpbb Z IzZzd _ "ey
E: kZfhe _Ighc ko _fu jZkkfzZljb\Zebkv djblbgq_kdb_ j b
g fZg_\j _gguo kZfhe_ Ih\ Jueb hij_~ e _gu m]eu Zlzd
khhi\_lkl\mxsb_ j_"bfzf k\Zeb\Zgby b rlhihjz >ey |
dhkfbq_kdbo ZiiZzjzlh\ [ueb hij_~ e _gu khhlI\_lklI\mxshb_
\ugbke_gu gbkeZ KljmoZey gZ ij_"ihkzZ*hqghf mqzZkld_
fZeuo “ha\mdh\uo kdhjhkl_c igkbkbZ epZdZkkfZljb\Zebkv
kKlZjlh\hf j_"bf_ ~h F ijb ithe_I_\ iehlguo kehyo ZIfhkn
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LZ[ebpZJ_ *bfu ihe |Z E: jZaebgguo deZkkh\

Dezkk b \bA | Jiﬁeb_fluz M]]'};AZ'Z Qbkez FZ9 gbkez Kijnsh
\ae lguc 0-22 0-0,2 0,065-0,212
1IZkkZ bjkd dj_ck jkd 13,6 0,2-0,92 (max 2,1) 0,29-0,149
dibibg kd ~h 0-0,1 0,133-0,437
5 \ae_lguc 0-23 0-0,2 0,127-0,201
= —imah\u | dj ck_jkd 14 0,2-0,8 0,330,106
o dibibqg_ kd ~h 0-0,1 0,262-0,413
£ Fghlhp_e \a_le _lg uc 0-20 0-0,2 0,052-0,148
N P =2 -dj_ck_jkd 13 0,15-0,3 0,07-0,135
N POY  ibibg ko ~h 0-0,1 0,107-0,305
\ae lguc 0-22 0-0,1 0,071-0,094
Mg _[gh | dj _ck jkd 12 0,2-0,43 0,031-0,045
li_gbjh\hq¢ djblbg kd __ Ah 0-0,1 0,147-0,193
diblbg_kd __ ~h 0-0,1 0,051-0,165
1E: + 0-15 0-0,21 0,002-0,017
X 5
2 Jzd -lu 0,014-0,12
oN|  ghkbi_eb * 0-90 0-16 (0,584)
2N
x=| <ha\jZsZ_{
SN dhkfbg_kd + 0-25 0-1,7 0,077-0,079 (0,648
ziizjZlu

lh j _amevlzZI|Zf ZgZebaZ j_"bfh\ ihe 1Z kh\j f gguo
E: bijh\_* gghfm h[ahjm kms_klI\mxsbo ~bgZfbqg_kdbo
ihkljh_gu k\h~gu_ "bZ]jzZffu jbkmghd \ dhhj*bgZlZo

TpaHCIIOPTHEIE M MACCAKMPCKIE CAMOTIETHI a =
(PeXIMEI B37TeTa M TIOCAZKH, KPeTICepCKIit PeXing)

100 PaKeTOHOCHTETH 71 MHOTOpPAa30BEIe
M IMUIOTHPYeMble KOCMIIeCKie Kopad:mit

CRM-128

Kpema

r Cnuﬁo:.un-lu- xoneSams CD. PAH
1

Sh

20pid "\ Ceobomute xonedurnt
HUIHMM CTIaN

a)  epiiag 0)

HIIMM CTISTY

Jbkmghdd[eZklb j_"bfh\ ihe_1Z kh\j_f_gguo b i_jki_dIb\
hlezklb \hafh guo j_"bfh\ ijh\_~ gby “bgzZfbqg_kdh]h wdk
Ney j_r_gby az”~Zq g_klZpbhgZjghc Zwjh”*bgZfb

Ba jbkmgdz \bAgh qlh \hafh ghklb krh&kkBmxs
wdki_jbf_glZevghc [Zau \h fghlhf ihdjju\Zdxh\hfaZkIZ
kh\j f gguo b i_jki_dlb\guo E: I|jZgkihhjgdbobkiZfle Ih\ g
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i "bfZo dj _ck_jkdh]lh ihe 1Z | 'bfZodBagZiZ Ibhghkdad e c
fghlhjzah\uo dhkfbq_kdbo kbkl_f HIkmlZEwguovdkkl Zgh\t
ihal\heyxsbo ijh\h~blv bkke ~h\Zgwy ijb gbk&Zo g

iha\hey | ijh\hAblv bkke_~h\Zgby g _klZpgifdpzjgkatbo |
0Zjzdl_jbkibd i_jki_dib\guo k\_ joa\mwh\k&fREz "Xgkdzd"
fh gh hif_Iblv keZ[h_ i_j djulb_ h[egKlbfhkjZjdhlnghkbl e _

b \ha\jZzsZ_fuo dhkfbq_kdbo ZiiZjZIh\Nhkm _KimRkd fedhZ D a
[hevrbo |Ij_[m_fuo m]Jeh\ . ijb [hevrbkeZoa¥midhVueov oo gbke
Sh ;hevrbgkl\h "bgZfbg_kdbo mklZgh\heupZgdkeZojiKIfmoZ
dhlihju_ khhI\_IklI\mxl| dj_ck_jkdbf j_ "dkiHjlidieo IKZfjize |h\
j_"bfzZf \uoh”~Z ba ZIfhkn_ju-dhkKbb pZda |

AZdexqg_gb _

JZa\b\Z_fu_ \ Jhkkbb gZ ijhly  _gbbdkifhBf kgllbeegl w
bkke ~h\zZgby g _klZpbhgZjguo :>0 \ :>L Bggdxbkyb \hk
ZdlmZevgufb f _|h~"Zfb ihemqg_gby g klZpbhagZiygao*bygQfEd|
ithe |Z b jZajzZ[hldb kbkl_f mijZ\e_gbym dhlhjmki_dghlh
dhgdmjbjmxl k jZkg_lgufb f_Ih~"Zfb b g@lhHQuf wdki_jbf_

Bf xsb_ky \ Jhkkbb wdki_jbf_glZevgu_xmkjZ\gH\db iheé
bkiulZgby \ h[eZklb dbg_fzZlbg_kdbo iZj3h_Ijh\p_.ehf
ithdju\Zy ihlj _[ghklb \hagbdZxsb_ ijb WwdKieggZhkZpbb
jZajZ[hld_ i_jki_dlb\guo hl_q_kI\_gguo HeZKKlaebqlglu
1iZ "Zgkdbo IljZgkihjlguo kZfhe |h\ "h @uldbkazflpegbhjh\hc
1E: jZdglhkbl e c¢c b dhkfbg_kdbo kimkdZ_ fuo ZiiZjZlh\

D g _*hklzldzf bf_xs_cky wdki_jbf_glZevghc [Zau fh
glh Ijb bkiulZgbyo f Th~hf \ugm ™~ _gguo dhe [ZgbD
jZkijhkljZg_gghf \ Jhkkbb bkke_ _~h\Zgby ijh\h”~yl \ rbjhdkl
gh ijb agZq_gbyM fqlokvre ljb bkiulZgbyo f _Ih~hf k\h]
dhe _[Zgbc dhlhjuc iha\lhey | \_kliIb'bkidZgd yhijdh*bfhklb
bkdZz  _gby o\hklh\hc gqzZklb fh”_eb bkke_ "mxlky dhfihgl
deZkkzZ E: b \ h[eZklb m]eh\ . b [ebadbf d [ZeZgkbjh\t
hif _Iblv qglh ijb k\_joa\mdh\uo j_ "bfZo bkiulZgbc ~hklb
agZq_gby ShbikeXhey | ~bgkl\ _ggZy "bgZfbg_kdZy mklZg
dhe_[Zgbc k mijm]bf rZjgbjhf P:=B |j_[mxsZy ag¥qbl_e
o\hklh\hc gZklb fh~ _e ¢ ~ey \hafh ghklb dhe_ [ZdHdb hlgh
MdZazZggh_ g_ iha\hey_ | ijh\h”*blv bkke_"h\Zgby K\ _ joal
j_"bfZo dj_ck_jkdh]h ihe 1z Z 1Zd _ kimkdZ_ fuogdhkfbq
j_"bfZo \oh”~Z \ ZIfhkn_jm

< dZg_kI\_ i _jki_dlb\guo gZijZ\e_ghbfjgdXehyhwdKiau
\ gZklb g_h[oh”bfh]h jZkrbj gby hl[eZkllyg_ §ZWed andbfa
1ZjZf _ljh\ fh gh \u”_eblv

< kha”Zgb_ mklZgh\hd \ugm ™~ _gguo dheregWdgbc\fh® e
Ihf gbke_ k [hdh\hc ~_j Z\dhc

< kha”Zgb_ mklZgh\hd k\h[h”guo dhe_[Zgbi¢gmiht_e
rZjgbj_ Mely k [hdh\hc ~_j Z\dhc
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HIJ?>?E?GB? ‘WJH>BG:FBQ?DBO DHWNNBPB?GLH<
IE:G?J: ;?KIBEHLGH=H E?L:L?EVGH=H :Il:JANSYS

Dheh™ 6 p
FZe jhghd<
JhfZzg dghdG

;,_ehjmkkdZy J]hkm”ZjkI\ _ggZy ZdzZ”_fby Z\bZpk
(] Fbgkd J _kim[ebdZ ; eZjmkyv

:gghlZpbp_evx ~Zggh]lh bkke_~h\Zgby y\ey_Ilky Dhfdi{h edb_ IF
[_kibehlgh]h e _IzZI_evgh]lh ZiizjzlZz ©Kmi_jdZ&olKiWorks\Zijh4gdzZff _
jZkg_|I  Zwjh~"bgzZfbqg_kdbo o0zZjzdl_jbklbd ihdZaZl_Ansygs iekZg jZ
bkihevah\Zgb f GERXmeegmq_gu agZq_gby ih~t Yfighr Kibew eh[h\h]h
khijhlb\e gy dhlhju_ bkihevah\Zgu ”"ey jzZkq_ |Z Zwjh~"bgzZfbq_kd
(Ka Ka :wjh”bgZfbg_kdb_ dhwnnbpb_glu \ qZklghklb ijhajxe jbar
djueZz glh iha\hey | ~h[blvky |j_[m_fuo e_Ilguo k\hcktbbieZg_ |
fh" _ebjh\Zgby

lj_"eh  _ggZy f_Ih~bdZ iha\hey | hij_~ eblv Zwjh?*bgzZfbqg_kdb_
ex[h]lh e_I1zZI_evgh]lh ZzZiizjzlZz ih _]lh |I_ogbq_kdbf o0zZjzZd!l_jbklbd?Z
Zwjh~"bgzZfbqg_kdhc Ijm[u iml_f fh”_ebjh\Zgby

Dexq_\u_ kehA®jh~bgZfbq_kdb_ dhwnnbpb _glu ih~"t _fgZy Kk
khijhlb\e _gb _ [ kibehlguc e _|Zl _evguc ZiizZjzl SofitWorkd)jh\Zghb
fh" _ebjh\Z ANSYS.

DETERMINATION OF AERODYNAMIC COEFFICIENTS OF AN
UNMANNED AERIAL VEHICLE IN ANSYS

Kolodenets N. A.
Maleronok V. V.
Romanenok S. N.

Belarusian State Academy of Aviation
(Minsk, Republic of Belarus)

Abstract. The purpose of the research is to build an accurate 8@ehof the Supercam
C350 unmanned aerial vehicle in SolidWorks, as well t@ascalculate the aerodynamic
characteristics of the airframe in the Ansys envirenmUsing the CFX module, the values of lift
force (Y;) and drag force X;) were obtained, which were used to calculate thedgeasmic
coefficients (Ka, Ka). Aerodynamic coefficients characterize the quabftythe wing profile,
which makes it possible to achieve the required flgioiperties of the airframe at the modeling
stage.

The proposed method makes it possible to determine the aerodynamic parameters of the
airframe based on its technical characteristics without the use of a wind tunnel through modeling

Keywords: aerodynamic coefficients, lift, drag, unmanned aerial vehicle, modeling in
SolidWorks, modeling in ANSYS.
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<\_"_gb_

Fh”_ebjh\Zgb_ ihfh]zZz_1 ijh_dlguf hjl]ZgbazZpbyf kh
jZajzZ[hldb khklhysbc \ ba]hlh\ejlgllhbbhf}Z emhWbkiulZgbc
ih\lhjghf balhlh\e_gbb h[jZaph\ Z IZd _ bkdexqgblv “hjh]
AhjzZ[hldb ba”_eby Fh”_ebjmxsb_ ijh]jZffu bkihevam_Ilky
ijh_dlguo jZajZ[hlhd gZ jZggbo klZ*"byo qlh kgb Z 1| klhl
jy» _ kemqZ_\ bkiulZgby h[jZaph\ yl\eyxlky g ~_eZl_e
g_\hafh gufb

< J1Z[hl_ bkihevah\Zgu gbke _ggu_ f _Ih”™u fZI
fhr _ebjh\Zgby j _Zebah\Zggu_ \ $QV\V &); hkgh\Zg
hkj _~gzgguo ih J _cghev®km mKZIhgkgdbc GZ\v _

Bkoh?gu_ A"Zg3pdfhd _ebjh\Zgb_  Kmi3j@zf K

< dzZq_kI\_ h[t_dlZz fh”*_ebjh\Zgby \u[jZg [_kibehlgt
ZiiZjZI;E: Kmi_jdzZ850K+ wlh g _[hevrhc ;E: dhlhjuc fh
bkihevah\zZlvky 7ey \uiheg kdbhgZagzd&Z gk Zwjhnhlhkt_ fd
fhgblhjbg]hf hdjm Zxs_c¢ kj_"~u Z 1Zd _ ~ey jZa\_"~db f_Kk
p_eyo >Zgguc  E: hjez™Z | | ogbqg_kdbfb 0Zj.
ij_~klZ\e _ggufb \ |Z[ebp _

LZ[ebpZL _e&gbqg _kdb_ 0Zjzdl jbklbdb ;E[l6XSHUKDP

1ZjZf_|Ij _~bgbpu baf_j d AgZq_gb_
JZafZo djuez f 3,2
<j_fy ihe |1Z q 4,5
Kdhjhklv df q 65-120
>Zevghklv » ckl\by \bé&f hdZ¢ ~h -100
JZ"bmk * ckl\by jZ"bhebgbh ~h -100
FZzdk ~Zevghklv ihe |1Z df g f g
FZdk \ae Iguc \_k d] 11,5
JZ[hqZy \ukhlZ ihe 1Z f 1500-5000

Hkh[_gghklb dhgkljmdpbb \dexqZxl \ k_[y bkihev
fZzl _jbZeh\ "~ey kha”Zgby djueZ b nxa_ey Z Z lzd°
we_dljbg_kdh]h *\b]zZl_ey ey ijb\h"Z \bglZ

>ey kha”nZgby Ihgfghltc eb' Kmi_jdzf K bkihevah\
khq_IZgb_ ijh]jzff 6RAUGCHKUNEVhboh bfh hif_Iblv qlh *Z
ijh]jzffgu_ ijh"mdlu kZfh~hklZlhggu \ hlghr_gbb j_r_gb
jh~rZ h~rgzZdh ~ey “hklb _gby m~h[kI\Z jZ[hlu Z\lhju bkif
khqg_|Zgb_ ijh]jzffguo ijh”~mdlh\

ljhp_kk fh”_ebjh\Zgby \dexqZ_| \ k_[y kha”*Zgb_
ZiiZjZ1Z b bo k[hjdm \ _*bgmx fh”_ev

>ey kha”*Zgby Ihgghc I|j_of_jghc fh”_eb ieZg_jZ [u
j_ZevgZy fh~r_ev \ dZq_klI\_ hkgh\u ljb kBd™Zghblijhnbey
e _1Zl_evghlh ZiizjzlzZ 1lj_[m_Ilky bfihjlbjh\ZIv q_jl_" \ ijh]
dhjj_dlgh hlfzkrlZ[bjh\ZIlv _]h kh]lezZkgh j_Zevguf jZaf_
ZiiZjZ(Z[ebp)z
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>Ze  \uiheg_gh ihkljh_gb_ g _j\xj dhlhju_  k
]hjbahglZevghc ijh_dpbb e 1ZIl _evgh]lh ZzZiizjzlZ "bckh_*
©Ehnl2 jbkmghd

BagZqZevgh |j_of _jgZy fh”_ev kha”*zZgZ \ ijh]jzff_ .
ihemg_gby g _h[oh~bfuo”*¢e¥aihkilh _gby ZgZeh]bgghc fh
6ROLGZRUNYV ihkdhevdm ijh]jzffz $XWRFDG jZkihe
bgkljmf_glZjb_f ey \uiheg_gby ~Zgghc ijhp_"mju ihkljh_

Z [

Jbkmghdjhpg_kk ihkljh_gby b dhfihgh\db g_j\xj djueZ ;E:
K 2 AutoCad, B k1 h q g bttlbs://www.parkflyer.ru/ru/blogs/view_entry/15404/
Zkha”Zgby g_j\xju;i¢48kiZ " _e_gb_,gh)Rjyxsbo
]JhjbahglZevgmx ijh_dpbx nxa_ey Z

>Ze _ \uihedfghlbjh\Zgb_ iheghjZaf_jghc fh”_eb
ZgZehlodgkljh_gb_ g_j\xj \ ijh]jzffghf h[_ki_qsghdd 6 RO
dZzthkgh\gu_ \ugbke_gby [m*ml| hkms_kl\eylvky \ jZfdZo
khojZg _gb_f jzaE: jjbkmghd

[sm[e]8]T]e

k:

JbkmghdlZkij ~ e _gb_, gh\Nxjjyxsbo JhjbahglZevgmx ijh_d
nxa_ ey Z \ ijh]gsolidWorks
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H[t _"bg_gb_ \k_o jZg__ kha”Zgguo dhfihignlgfh\ \i
ijbf _g_gby dhfZzg~u ©;h[urdZ hkgh\Zgb_ ih k_q_gbyf2 jbl

snende»

Jbkm@hdjhp kk ihkljh_gby e \hc dhgkh eSplitWpkeh  _gbb

>Ze _ \ ijbehAulgbadijhba\ ~ igkljh_githeghjzaf jgh]h
ijhnbey dbey b ih\lhj gb_ ~ _ckl\bc ZgZeh]bgqgh hibK
nhjfbjh\Zgby dhgkh&S®olijucel®d jbkmgdb

Jbkmghdhk#tjh _gb_ dbe Jbkmghdhkih_gb_ dbe
ijbeh” _gAuboCad Ijbeh” g®diidWorks

Jbkmghdjhg_kk aZ\_jr_gby ihkljh_gbyEs \hc qZklb
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l[j_bfms_kI\Z-fh™_ebjh\Zgby \dexqgzZxl \hafh ghklv i
khhi\_lklI\by jzaf_jh\ b nhjfu ~ _IZe_c¢ Z 1Zd _ \hafh"
\bjIlmZevgh]lh ijhlhlbiZz dhlhjuc fh  _| Julv bkihevah\zZg *
jZaebqguo dhgkljmdpbhgguo j r_ghbc

JZkq_| Zwjh”~bgzZfhld gkdjned.pbb

>ey jZkqg_ |z Zwjh”"bgZfbg_kdbo o0ZzZjzdl_jB¥&Ibd k
bkihevah\Vzhgihzffgh_ h[_ki_q_gbfh Qe K )Ijhp_kk jZzkq_1Z
\dexqZ | \ k_[y khanNBgbeb 'zZiizjzIz gZkljhcdm iZjZ
fhr _ebjh\Zgby b aZimkd jZkq_1Z

>ey bgbpbzZpbb jzZkg_ _Ih\ \ ijh]jzff_ $QV\V \uihegy
bfihjlZz ] _hf _ljbb ba 6ROLGZRUNV \ kj_m fh”_ebjh\Zgby

Azl _f \ [Jehd_ OHVK \uihegy _ I|ky ihkljh_gb_ g _ klIj
| _ljZw~jbg_kdhc-dleg f gglshtdb 8§ fe wekfagfhevqg_gb_f
\[ebab kI,_fghd_kylvx kljmdIimjbjh\Zggufb ijbafZlbqg_kdbfl
h[s _c lhesbght jbkmghd

ljb wihf jzaf_j i_j\h]lh kehy we_ f_glh\ ijbgyl kh]leZkg
< khhiI\_Ikl\bb k ~Zgguf bklhgqgbdhf "ey mqg_I|Z o0ZjZ
ih]l]jZzgbggh]h kehy ijb j r gbb azZz”~Zq \g_rg_c “ha\mdh
e 1Zl _evguo Ziizjzlh\ jzaf_jghklv we_f _glh\ i_j\h]h kehy
h=10'0 ]*"b +7ebgZ ohj”u djueZ Ihke_ _“mxsb_ kehb i
ijbjZs_gb_f bo \ukhlu gZ hl \ukhlu ij_*u”“ms _[}Jh kehy

— :
0,00 i 2000,00 ( )//// z
) % ORI o

500,00 150000

JbkmghdBfikjlbjh\ZggZy fh”r _ev KBOI _jdZf K
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[

Jbkmgh&K _1#Z khhl\_Ikl\mxsZy g _h[oh”bfuf aZz"Zgguf iZ
j_r _gby aZ*"Zdbgkheb ieZpih¥Zgbqgh]h kehy \ kj_ " _

>Ze _\uiheg_gh azZz”Zgb_ ]jZgbgguo mkeh\bc "*ey jZI
aZ\bkbfhklb hl Ibiz az”*Zgb fh]lml [ulv aZ*Zgu jZaebqgg!
mkeh\bc gZzZijbf_j az~zZgb_ | _fi_jZImju beb kdhpkidbb ihll

| ez > @

1+t\oh~gZy ]jZgbip[d_dz& fh_ | _glZgbpu k gme _\uf "Z\e_gb _f
4 t\uoh”gZy ]jZgbpZz

JbkmghdJZkig lgZy h[eZklv k aZ”~Zggufb ]jZgbggufb m
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>ey j_r_gby jZkkfzZljb\Z_fhc azZz~Zqb fh™_ev ihf_klbeb
jbkmghd GZ ih\_joghRlaztMzAZelbkv mkeh\by g _ijhl_c
ijbebizgbykhklZ\eyxsb_ \_dlhjz kdhjhklb ]ZaZ jZ\@d gm
\oh”"ghc ]jZdp~Z\Zebkv agdlgjhghlp \ "bziZzahg_ hl Ah
kh klZlbg_kdhc | _fi_jZImjhc D b ghjfZevguf ZIlfhkn_

1Z Z gZ \uoh”ghd dZ2Z79b\Zebkv mkeh\by \uoh”Z k iZ
\oh”~ghc ]jZgbpu

GZ J]jZgbpzZaz~zZ\Zebkv ]jZgbqgu_ jAkehpkbyh Hgmex
ba[ulhggh]h ~Z\e _gby ijb wlhf q_j a wlb ]jZgbpu ijhb
\oh\toh” \ha"moZ \ jZkq_Ilgmx h[eZklv

Fh” _ev Imj[me_glghklb \h \k ka0 jzZkgy |ZklZgh\b\r_cl|
Imj[me_glghklb mqgblu\ZxszZy k' bfz_fhklv b dhg\_dpt
bgl_gkb\ghklvx

Ihke wlh]h [ue aZims_g ijhp_kk jZkg_1Z < ijhp_kk_
j_rZ | mjz\g_gby hibku\Zxsb_nbabq_kdb_ y\e gby b
o0ZjZdl _jbklbdb [Zdb_ dzd | _fi_jzlmjz ~Z\e_gb_ kdhjhk
jZzkq_1Z j_amevlZlu fh gh \bamZebabjh\ZIv \ J[ehd_
<bamzZebazZpby fh | [ulv \uiheg_gZ \ \b”~_]jZnbdh\ A~
lj _of _jguo fh” _e ¢ qlh ihalhey | ihemqgblv [he_ _ gZ]ey"
ijhbkoh”ysbo ijhpjbkinzghd

JbkmghdEbgbb IhdZ kdhjhkl_c¢ hljZ Zxsb_ gZijZ\e_gb_
ijbaz”"Zgguo iZjzZf_ljZo

LzZzdbf h[jZzahf ijhp_kk jZzkg_lZ \ $QV\V \dexqzZ_1 \
wlzZih\ gZgbgzZy hl ih”~]lhlh\db ]_hf_Ijbb b kha”Zgby k.
nbabg_kdbo k\hckl\ b azZimkdZmeg¥kfjlulZjZzkq 1Z fh]ml
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ithemq _gu \ \bA”_ qgbke _gguo agZq _gbc beb \bamZebaZpt
ithegh hp _gblv ih\_~ gb_ kbkl fu \ jZaebgguo mkeh\byo

J ameviZlu b bo h[km JZkgb | Zwjh*bgZfbqg_kd
oZjZdl_jbklbd ;E:

ljb h[l_dZgbb kZfhe 1Z ihlhdhf \ha”moZ gZ _]h ih\_j
JZKij_~ e _ggu_ kbeu "Z\e glbkmigthjd gby

Haenenne

Voo

Hanpsxexue /
Tperus

LenTtp nasnexus

Jbkmghd<hagbdgh\ _gb_ Zwjh”~bgZfbq _kdbo kbe gZ

>ey jZkq_1Z e _lguo oZjzZdl _jbklbd ieZzg_jZ m{9kgh jZ
A\ khklZ\eyxsb_ ih” t_fymxdiklhgimy i _ji_g~bdmeyjgZ \_
\ha“mrghc kd¥jhbkllkbem eh[h\h]h khithldbdhgby gZijZ\e g
ih \_dlhjm kdhjhklb g_\hafmsVggihhhbkhgtzdzZ\e gby ihe |

(khlezkgh KlZjbdh\m X G Mg _[gh_  ihkh[b_ Hkgh\t
e 1Zl _evghlh Ziizjzlz
< lhjbahglZevghf ihe_ | ih”~t_fgZy kbeZ mjzZ\gh\ _rb\.

glh h[_ki_gb\zZ_1 ihklhygkl\h \ukhlu the_|Z Z kbeZ ehl[h
mjZ\gh\_rb\Z Iky kbehc ly]b ~\b]Zl _e_c¢c qlh g_h[oh”bf}
ihklhygklI\Z kdhjhklb

>ey jZkY  bBybkihevammljkiAg _gby ba nhjfme

Ls; (1)

Xa=c, —s, (2)
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]I~ ! £ iehlghklv \hamoZ dhlhjZy ijb fZeuo kdhjhkly«
ihklhygghc® d] f

V. t\ha"mrgZy kdhjhklv g _\hafms _ggh]h ihlhdZ \ha”m

S+tiehsz”v djuez f

Kazdhwnnbpb_gl ih*t_fghc kbeu

Kaetdhwnnbpb_ gl kbeu eh[h\h]h khijhlb\e_gby

Ba nhjfme b fh gh k~ _ezZlv \u\h” qglh ih~t_fg.
eh[h\h]h khijhlb\&hagjmklzZxl ijb m\_ebg_gbb iehlghklb
kdhjhklb b iehsZ”b djueZz

<k _hklZevgu_ nZdlhju \ebyxsb_gZ wlb Zwjh”bg
mqgblu\Zxlky qg_j_a Zwjh”bgZfbq_kdb_ dhwnnbpb_glu
baf _gyxlky \ hkgh\ghf ijb baf_g_gbb m]Jeahjfddlphlnbaed\bk
djueZ

< j_amevIZh”™ ebjh\Zgby J]hjbahglZevgh]hAnsyse [|Z
mklZgh\e _gu agZq_gby ih"™_ fgb & mkgdedu b kbeu eh[h
khijhlb\e_ @by jZaguo kdhjhkIwo5i6le _1Z

298,00

248,00

198,00

Ih*t_fgZy WKbheX

148,00

05,00 /

17,00 19,00 21,00 23,00 25,00 27,00 29,00 31,00 33,00

KdhjhMvf k
JbkmghdAZWkbfhklv ih~t_fghc kbeu hl kdhjhklb ihe _

lh ba\_klguf \ _ebqg®gZf htkgh\Zgbb nhjfme Ijhi
jZkgq_l Zwjh~bgZfbg_kdbo dlKw kg bpZ[egbip\z
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LZ[ebpZJ _amevlZl jZkq_1Z Zwjh?*bgZfbqg_kdbo dhwnn

1ZjZf 1] Y, X5 vV
27 baf_j_{ G G | df g K Cy Cx
97.04 | 686 | 65 18,06 | 0,1825 | 0,0129
129,85 9,02 | 75 20,83 | 0,1834 | 0,0127
AgZq_gb_| 18816 12,79 | 90 25.00 | 0.1846 | 0,0125
257.49| 17.20 | 105 20.17 | 0,1856 | 0,0124
337.76| 22.24 | 120 3333 | 0.1864 | 00123
Ki Agb_| 0,1845 | 0,0126

AZdexq _gb

3D-fh™ _ebjh\Zgb_ b jZkq_l| Zwjh~bgZfbqg_kdhckylhgklj
\Z gufb bgkljmf_glZfb \ jZajzZ[hld_ [_kibehlgiusdj2&h\zI_e
Hgb ihalheyxl kharz\Zlv lhggu_ fh”_eb b bhij_»
dhgkljmdpbhggu _ j_r_gby glh fh | Ijb\_klb d
ijhba\h~bl_evghklb b wnn_dlb\ghklb ZiiZjZIh\ Ibly jki_c
| ogheh]bc \ wlhc h[eZklb \dexqzZx|l bkithevepghphghb
bgl ee dlIZ ”"ey Z\IhfZlbg_kdhc hilbfbaZpbbZ\dhgkdymd,j
ihe Ihf

LZd Ij_~klZ\e _ggZy f IThAbdZ hij ~ e _gby ZW
oZjzZdl _jbklbd fh | Julv ijbf_g gZ d ex[hfm 1ieZg_ jm
ZiiZjzZlZz H”MgZdh ~Zevg _crb_ gZmqggu_ bkke "h\Zgby [
\_ jbnbdZpbx ihemq_gguo j_amevlZlh\ iml_f gZlmjgh]h
Zwjh~"bgZfbqg_kdhc Ijm[_ k bkihevah\Zgbflh~*g2ib qELZgyghc
fhr _eb bkihevah\Zgghc ijb fhANSMS h\Zgbb \

' B;EBH=J:NBQ?KDBC KIBKHD

1. Supercam S350 >We dljhgguc j _kmjR@3. WRL:
https://supercam.aero/catalog/supercam-s3521Z h[jZs_gby
2. DXF fh”_ebAutoCAD >We dljhgguc |j_krA0X3@ UREKE

https://www.parkflyer.ru/ru/blogs/view_entry/15404*2Z1Z h[jZs _gby

3. Dhjg_\ K Lg [h\Zgby d jZkg_Ilguf k_IdzZf "~ey j_r_gby aZ’
"ha\mdh\hc Zwjh~bgzZfbdb e _IZl_evguo ZiiZjZIlh\ K < Dhjg_\ E
F:B < K EDNAPTZSEX.

4. AZfhehpdboHHj_ » e _gb_ Zwjh"bgzZfbg_kdbo o0ZjzZdl_jbklbd ¢
Z\bZpbhgguo kj_~kI\ ihjz  _gby \ k\yad_k e 1Zl _evguf Ziizjzl
dhfie_ddosys CFX H : AZfhehpdbo : : Bkimeh\ : < <heqghd

L < k209.

5. JZkq_Il Zwjh*bgZfbqg_kdbo ozZjzdbkjithlelhalhdjgbzfkijh]jZffgh]
dhfie_ dANSYS CFX >We dljhgguc j2KuhjWRA: https://sapr.ru/article/22024
NZ1Z h[jZs_gby

6. ;ZImjbg HJZkq_| | _q_gbc "b~Adhkl_c¢c b ]Zah\ k ihfhsvx mg
ijh]jzffgh]lh dhfie_dkzZ QZklv JZ[HUEnt\ Hhl§ZfZImjbg B B Fhjh:
< G FZI\__\ KZtxhzKBZ} ]hk ZwihdAhkf mg Kk
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M>[629.7.036

WDKI?IJBF?GL:EVGH? BKKE?>H<:GB? BGL?GKB<GHKI
KGB@?GBY RMF: G: G:B;:HE?? ;E:=HIJBYLGUO >EY
Q?EH<?D: KEURBFUO A<MD:O0O HKGH<:GGH? G: WNN?

=?G?J:LHJ: =:JLF:G:

Dhg”jzZlv_\Z F
Dmag _ph\ K G dZzg” | _og gZmd

Bjdmlkdbc nbebZe F=LM =;

] Bjdmlkd
cgghlZpby klZlv_ ij _~klZ\e _gu wdki_jbf _glZevgzijZikkggth\Zg
gZ kgb _gb_ bgl_gkb\ghklb rmfZz Bkke_"h\Zgby ijihf\heeerbg¥ZIg& ]
hkgh\Zgghf gZ wnn_dl_ =ZjlfZgZ k jZaebqgufb ~bZfijh)\Zfb &khi_e
jZkq_ | ] _hf_ljbgq_kdbo izjzf_Ijh\ ]JZahkljmcgh]h baemqgZl_ey ey ¢
"ey q_eh\_dzZ a\mdh\ub jgakhlkivIZzIZf bkke_"~h\Zgby ij_"~klZ\e_gu

Zm~bh]jzZffu ki_dlj a\mdZ qZklhlgu_ ozZjzdl_jbklbdb dghkjdhkikqgblz
1ZjZf_1jZf 1Zahkljmcgh]h. baemqgZl_ey

Dexq_\u_ kehWahkljmcguc baemqgZl_ev wnn_dl =ZjlfzZzgZz
lihfdhklb Zm~bh]jzffz ki_dlj a\mdzZ qZzZklhlgu_ ozZjzdl_jbklbdb

EXPERIMENTAL STUDY OF NOISE REDUCTION INTENSITY AT THE
MOST FAVORABLE FOR HUMAN AUDIBLE SOUNDS BASED ON THE
GARTMAN GENERATOR EFFECT

Kondratieva M. A.
Kuznetsov S. N., Candidate of Technical Sciences

Moscow State Technical University of Civil Aviation, Irkuts&righ
(Irkutsk)

Abstract. The paper presents experimental studies aimed at reducing noise intensity. The
research was carried out on a gas-jet radiator (based on the Hartmann effect) wiémtdiffe
diameters of the radiator nozzles. The geometric parameters of the gas-jet emitter were calculated
for the most favourable sound frequencies for a person. According to the results of the study sound
audiograms (sound spectrum, frequency characteristics) are presented according to the calculated
geometrical parameters of the gas-jet emitter.

Keywords: gas-jet emitter, Hartmann effect, noise, volume level, audiogram, sound
spectrum, frequency characteristics.

<\_"_gb_

lheghklvx bkdexqgblv rmfh\h_ \ha” ckl\b_ j_ Zdlb\gh]
g _eh\ _g_kdbc hj]J]Zgbaf gZ kh\j_f gghf wlZi_ jZa\blby
ljbf _g _gb_ jZaebgguo dhgkljmdIlb\guo we_ f _glh\ ijb\h"]
mf_gvr_gbx rmfZ gZ g_kdhevdh _“bgbp beb » _kylhd *_pbhb
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NjZgpmakdheZjbg]heh] :evnj_ " LhfZlbk mklZgh\be

[eZ]hijbylgu_

bfimevku gZ
f ~h

"ey gq_eh\ _dZ keurbwdh ‘alkhddhmklhcqgb\t
g Z kilth I z7oh d=p « =p ijb "eBdl \heg
f kdhjhkllb a\md™2’& > @ GZ qZklhlZo [

=p mevljZza\md qg_eh\ _di_j klIzZz\l jZaelbgZlv a\md

Hij " e _

balJhlh\e gg
Jjbkmghd
K p_evx

gb_ bgl _gkb\ghklb kgb  gby rmfzZ hkms
hf ]Zahkljmcghf baemqgZl e hkgh\Zgghf g

hij ~ e _gby ]J]jZgbgguo mkeh\bc ijh\_* gby w

bkke "h\zZgbc [ue ijh\_~ g jZkg_I| "himklbfh]h "X\ gby ¢

mkeh\bb ql

h i _j iz~ gZ kj_a_ khieZz "~he _g [ulv gb"
khleZzkgh Wgpbdehi_~bb ih XZrbghkljh_gbx ;;

0’21<Eé < 0,528,

mqgblu\Zehkv qglh ghjfZevgh_ZIfhkn_jgh_~Z
dlk kf Flz zZ | _fi_jZImjztg2BKmoZ

JZkq_I| ijh\h~beky “ey \_jog_]h b gb g_lh ij_~_eh\ i_j

"bZiZahg _
ljb wlhf

Pa ff jl ki
ljb \_jog_
ljb gb g_

= _hf_ljb
"ey qZklhl

f ij_"%_ & 0,528:;

2 5L 4;A6<L j;g LrazsF1Z

fij Ade=0.21;
£

| A84=
206L 465 4:5 LrawyiZz

g _kdb_ izZjzf _lju ]Zahkljmcgh]h baemqgZl_ e
=d =d =p

1 — kopnye, 2 — conu1o, 3 — BKJIABII, 4 — PE30HATOP.
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JbkmghdZahkljmcguc baemqgZl _ev Zdmklbg_kdbo dhe |
=ZjlfzgZz

>bZf 1] khieZ ]_9djZEhWjZ]ljZgbgguo mkeh\bc jZkkqgblu
bkihevah\Zgb_f nhjfmeu kh]JeZkgh Wgpbdehi_2~bb)ih fZrb

WZzZXr

Bosl @

.S,

Net=5000 =p
@L

NefE8000=p
@L

WzZXI WzZX

r .
L saytOINssII
Bos wrrr y

WZXI WzZXr .
L L rayut®iNyii
Boe rr

N e 20000 =p
szer wzer 4T UOITN Ui
@ Boas trrrr ra{u N

lhlj _[guc jZkoh” \Ha~"gZozkj a_  kdieZj ~ eyeky ba
khhlighr_gby kh]eZkgh Wgpbdehi_"bb ih fZrbghkljh_gbx

3 rawtiE sarth’ .
@L E5 &OF
Bkoh”y ba ijb\_~_ggh]h \ujzZz" _gbyQjZkoh” \ha"moZ
3L @azwakE situ;

1jbJ FIZ dlk kf

ijbd, ff

3L:sédyawtsdzvx BtaL tdxl 7 TED LsyzIl” UAOD
ijbd, ff
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3L:rafrrazwsdzvx E sattsati TED Lyt I” UAO

ijbd, ff
3L:rabrawtsdzvx BEt9AL r&ti’ TED Lstdat TUAOD
1 bJy FIZ dlk kf

ijbd, ff

3L:séd5azwwaxE siétu; L wafllTED Luwvi’ UAO
ijbd, ff

3L:raYrazwuaxE situ; L tavi TED Lsvvi’ UAOD
ijbd, ff

3L:rdtrazwitaxeE sartk r&vi’ TED Ltxavi UAO
Highkbl _evguc "RZiZehigahg j Jmebjh\db baffg gby
\ujZ  _gguc \ ijhp_glZo hij_" eyeky \ujZ _gb_f kh]eZk¢
ih fZrbghkljh_gbx ;;/

4 L zaw2, F ru; ‘U

1" J JgJdztbafulhggh_ ~Z\e gb __
N eyl dlk3kf
R=8,85(1,845-0,93) = 8%
Neyl,=4.66d]k kf
R=8,85(4,66-0,93) = 24%
JZkklhygh hl khieZ ~h gZqZeZ i_j\hc h[eZklb g_m
jZkkgblul\Zehkv ih nhjfme_ kh]JeZkgh Wgpbdehi_~bb il
XXL):

=L @s ErarvaF réu?

ey d1k3Kf  ff

ALsé&s Erivssratlsask ru®; L savOIL ssavi

N ey, dlkZldf  ff

ALray Erivssratlsas rgu’, L rgtOIL yatl

Ne Yy d]k3ldf  ff

ALraiws Erivssratlsask rqu’, L rasOIL uall

N eyl d] kit ff

AL s&s Erivssratlvaw ¥ r@u®; L sauOiL syall

N ey, d]k>:df  ff

ALray Erivssrat lvavy r@u®; L sa®iL ssil

N eyl dlk3df  ff

ALraiws Erdvssrat lvavy r@u’; L rayOIiL valyi

>ebgZ i_j\hc yd4g_d&dp » eyxsZy ~bzZiZzahg qzZklhl ]_
hij_~ eyezkv ih wfibjbq_kdhc nhjfme_  kh]eZkgh W

fZrbghkljh _gbx ;;/
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AL ssa@¥srat IsF réu

N ey F 1 Zd, ff
ALstl s¥sratlsasFrul saszObEil
N ey Flzd, ff
AL sstlraysratl sasF rul saszOIl Liaw
ey Flzd, ff
ALsstlradsratl sasFraul rautOi L lifat
N ey F 1 Zd, ff
AL sl sésrat |l vavyF rdul tavOTtvil
N ey Flzd, ff
ALsAlréaysratl vavf rdul sawObil
N ey Flzd, ff
ALsAlréMsrat lvivfF rdul raxwOT LiXaw
JZkklhygb f "~m khiehf blj*herghllgjhdh” blvky \ ij_ "_
(kh]jeZzkgh Wgpbdehi_7~bb ih fZrbghkljh_gbx ;;/

A P H PxndA F 5; X

ey d k2 Idf ff
11,8>1>0,66 (11,8£11,4)=11,83%>0,2ff

N ey, d]k2ldf  ff
7,5>1>0,66 (7,5+7,2)=75>>0,2 ff

N ey d]k>lf  ff
3,2>1>0,66 (3,2+3,1)=3,23 >0,1 ff

N ey d ] k> ldf ff
24 >1 > 0,66 (24£17,3)=24 4 > 6,7 ff

N ey, d]k2ldf  ff
15>1>0,66 (15+11)= 15> >2,64 ff

N ey, d]k2ldf  ff
6,5>1 >0,66 (6,5+4,7)=6,53 >  ff
Fhsghklv hi~rz\Z fZy baemqZl_e_ f hij_~ eyeZkv ih

Wgpbdehi_~bb ih fZrbghkljh_gbx ;;/

96 L t{w@¥srat IsF rfu

ey F 1 Zd, Kk f
9oL t{wl:sa8¥sratlsass rguL uvv‘O
e, F 1 Zd, Kk f

9oL t{wl:ray¥sratlsasF rduL suz‘'O
A ey, F 1 Zd, K f
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9s L t{wl:raf¥sratl sasF rgulL txw'O

ey, F 1 Zd, K f

9L t{wl:sa8¥sratlvaw¥F rdulL xzz‘O
ey, F 1 Zd, K f

9L t{wl:ray¥sratlvaw¥F rulL ty{ O
ey, F 1 Zd, K f

9L ut{w:raf¥sratlsask rguL ws'O
JZkqg_| fhsgwkllg h[oh”~bfhc ~ey ih*" _j Zgby \ha”“mrgl|
ijh\h~*beky ih nhjfme_ kh]JeZkgh Wgpbdehi_"~bb ih fZrbgh

9L @wtwisrat IoE sarulisrat IoE séuy*d8=p sis;? 1z,
ey F 1 Zd, kf
94zL s&switwisratl raszs E s&rsuéit | raszs E s@PoRiseés;?
L xvruO
A ey, F 1 zd, k f
9L ra8wtwisrat l raszs E s&msuat |l raszs E s@PoRIskés;?
Ltw{uO
A ey, F 1 zd, k f
94L rdmwtwisratl raszs E s&rsuéit | raszs E s%PoRiseés;?
LvyxO
ey F 1 Zd, kf

94L s&swtwisrat I ravwy E slasuwat | ravwy E $a¢WPusis;?

~

Ltuwux‘O

A ey, F 1 zd, k f
94L rdSwitwisrat l ravwy E slhsudnt | ravwy E &t wusiés;?
L {wur‘O
ey F 1 Zd, kf
94L rdimwtwisrat l ravwy E slasuwdut | ravwy E &% WPusiés;?
L syws‘O

Dhwnnbpb_gl ithe _agh]lh ~_ckl\by JZahkljmcgh]h
jZkkgblu\Zeky ih nhjfme_ > @

¥srat |4F réu

R L w& — . —— —~ .
s Esraty >s Esrat |g*26-F s@is? {

A ey, Flz

ysratl sask rdu i .
'S Esratl ras2s E reizslsrattaé=p sés?L wauw
A ey, Flz

¥sratlvavy réu
s Esrat | rAvwsyE naw ysrat4aé=p sias?

R Lwk

B Lwk Lta”
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JZkqg lgu_ agZqg_gby k\_ "~ gu \ |Z[ebpm

LZ[ebpZlZjZf |ju ]Zahkljmcgh]h baemqgZl ey

¢ dC: |i ff sc],k PC! ZTk PZ f :p ?é R: 1 Q Wa, W_; ’
1 [0) 0,
h | F1Z] 3| F1z qaz| | T <I]o<T )%
1 (11 |0,2- |1,846|0,181| 0,97 |0,096|5000 (178 | 8 | 11,4| 11, | 344| 6403 | 5,3
11,8 9 8 5
7 0,2- |1,846/0,181| 0,97| 0,096| 8000 |72 |8 |7,2 | 7,5 | 138| 2593 | 5,3
7,5 9 5
3 0,1- |1,846/ 0,181| 0,97 | 0,096| 20000({13,2| 8 | 3,1 | 3,2 | 25 | 476 | 5,3
3,2 9 5
2|11 |6,7- (4,66 |0,457| 0,97 |0,096| 5000 [354 | 24| 17,3| 24 | 688 | 2353 | 2,8
24 9 6
7 2,6- (4,66 | 0,457| 0,97 |0,096| 8000 (144 | 24|11 | 15 | 279| 9530 | 2,8
15 9
3 1,2- /4,66 | 0,457| 0,97 | 0,096 | 20000/26,4| 24| 4,7 | 6,5 | 51| 1751 | 2,8
6,5 9

Kp_evx ijh\_* gby wdki_jbf_glZevgh]h bkke_"h\Zgt
jZkq_lguo iZjzf_ljh\ Zdmklbqg_kdh]h ]J]Zahkljmcgh]h baemt
hljZa_p ]1_g_jZlhjz k Ij_fy IbiZzfb gZkZ”~hd khieZ hlebqZx
"bzf_ljhf kj_aZdkhiféeadn, ffd= ff jbkmghd

BaemqgZl _ev mklZgZ\eb\Zeky \ \ha“moh\h”* ff
wdki_jbf_glZevghc mklZgh\db jbkmghd

JbkmghdvVdki_jbf _glZevgZy mklZgh\dZz
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>ey hij_"*_ e _gby jZkoh”Z \ha”moZ qg_j_a mklZgh
ijhfure_gguc jZkohWrZOV ljb ~bZf_Ij_ Ijm[hijh\h”Z \
flgh\_gguc fZdkbfZevguc jZkoh” \ha~nfo@Zkhk)Zjegedhjirf
baemqgZl ey ~bZf Ijhf ff jZkoh” *kgEkzZ\ljea khfez >
nbdkZpbb j_amevliZlh\ bkihevah\ZeZkv -Bjdqll|gZhjaoW |
dhlhjZy ih pbnjh\hfm bgl_jn_ckm hijZrb\Z_| jZkoh”hf
bgnhjfZpbx gZ i_jkhgZevguc dhfivxl_j

< ijhp_kk_ wdki_jbf_glZ nbdkbjh\Zebkv agZq_gby jZ
jZaguo ~bZf ljh\ k_g_gbc khi_e b ijh\h*beZkv a\mdha.:
\_ebaglbdl ijb *bzZf_Ij_ j_ahdgZIhfZ ijb wlhf mgblu\Zehkv g
kh\j f gguo JZah]_g _jZlhjZo k p_evx ih\ur_gby bo fhsghl
khhighr_dyR1,6d,6].

< wdki_jbf _glZevguo bkke ~h\Zgbyo IjbgbfZebk
khhighr _gby

ey khdeZzZ ff d;/dg I !

ey khdeZ ff dj/dy |
"ey khogz ff d;/ dyg | ! glh khhiI\_TklI\m _| ijb
khhighr_gbx

Wdki_jbf_glZevgu_ agZqg_gby k\_* gu \ I[Z[ebpm

LZ[ebpZ>Zggu_ wdki_jbf_glZ

de, ff h, ff l, ff dp, Ff Q, f¥qz
11 11 21 140
11 0 21 140
11
0 11 21 140
3 8 21 140
7 7 21 138
7 7 2 21 138
0 7 21 138
3 3 21 137
3 3 1 21 137
0 3 21 137
'gZeba a\mdhazildkb ifb "ey =p b jZaebgguo
jZkklhyghbglo 1Z[ebpZ ihdZaZzZe ijZdlbg_kdb hlkmlkl\b_ k

wlh k\yaZgh k gbadbf jZkoh®hf \RadZkoZ \urzZ\Z _fuf
eZ[hjZlhjghc mklZgh\dhc ijb jZkqQlghf fagzZi gBbdgzZdh
j_]lmebjh\dhc rlhdzZ j(Rtg¥rdkkdhydb ifb agZq hgbyd b

I ff ijhbahreh kgb  _gb_ rmfZ ijb[ebab[ emMpkmghd ljb
wlihf kgb™ _gb_ mjh\gy a\mdZ ijhbkoh”beh gZ gZklhlZo hl

87



1+ki_dlj a\mdZ ih ~bzf_Ijm  ff ijb j@koh#® _qWkakihddlj a\mdZ k
ijbf_g_gb_f khiez ~WZf_IjHfb ff jZkoh” \h@”mofZ qZk

Jbkmghdm™bh]jZffZ rmfz kdkhielif zki dlj a\mdZ
[+qZklhlgZy 0Zjzdl _jbklbdZ

gZeba a\mdhaZibdkb ffb ~ey =p b jZaebqgguo
jZkklhyghyb | [Z[ebpZ ihdZau\Zz | gZb[hevr__ kgb~
ijhbkoh”bl gz jZklklhyghb ff jbkmghd b qARUhrlZo

=p \ kj_"g fgZ\ _ebgbgm hl >[ b [he__ jbkmghd
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Vimrsns  SI6T M2 4277 dB.

1+ki_dlj a\mdzZ ih “bZf_Ijm ff ijb jDkoh’f qhk kiadl]
a\mdz k kdiehff b jZkklhyhghfffl ff ijb jZkoh”_ \Ba*mPFzZk
+ki_dlj a\mdz kikhiéhb jZkklhyhgbffl ff ijb jZkoh”_ \@=d38noZ
f° qZk kixdlj a\mdz kickhiéhb jZkklhyhgbffl ff ijb jZkoh”_
\ha”n@z f qzk

Jbkmghdm™bh]jZffZ rmfz kdkhiefif zki_dlj a\mdZ
[£qZklhlgZy 0Zjzdl _jbklbdZ

gZeba a\mdhazZilwkb fjb ~ey =p b jZaebgguo
jZkklhyglhyd 1Z[ebpZ ithdZau\Zz | qglh gZb[hevr__ kgl
ijhbkoh~bl gZ jZkklhyfdbbl ff jbkmghd Kgb  _gb_ r

ijhbahreh ijZdlbg_kdb gz \k_f "BzZ\Z2ghgdg_dZkdahV\_ebqgbgm
>[ jbkmghd |
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Yaepmame: |1 [203] 4

[aB
H

ln

L
(B
+-18
124
1%
B
Lo
L4

Edadaar

Hz
Kypcop: 20400 Mz, -118.5 dB

Macrora: L= HPRSHz(FeE-I)R= 177 Hz(F2 423)

[

1 +ki_dlj a\mdZ ih "bzZf_Ijm ff ijb jRDkohf qbhla kiadlj a\mdZ k
khie rdf ff b jZkklhyhgbff fl ff ijb jZkoh”r_ \Q@a"m#Zk kixdl]
a\mdzZ k kdviehff b jZkklhywgb ffl ff ijb jZkoh”_ \@a"md 2 Zk
tki_dlj a\mdzZ kdkhiéhb jZkk?!hyhgbﬂfI ff ijb jZkoh”_ \®@=dB8MmoZ
f> qZk

Jbkmghdm™bh]jZffZ rmfZ kdkhiefif Zkt_dlj a\mdZ
[+qZklhlgZy 0ZjZdl_jbklbdZ

GZ jbkmgd _ Ij_~"klZ\e_gZ Zm~bh]jZftZ rmfZ k jZaeb
khi_e ih gZbemqgr_fm j_amevliZIim wdki_jbf_glZ
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[

1+ki_dlj a\mdZ ih ~bzZf _Ijm ff ijb jDkoh’f qAk kiadlj a\mdZ k
khie hif ff b jZzkklhyhgbffl ff ijb jZkoh”_ \@a"mP®ZZk
3+ki_dlj a\mdZ kdkhigfhth jZkklhylgb ff1 ff ijb jZkoh”_\ha”“mo

Q f qzk kizdlj a\mdZz kdkhiehfb jZkklhygbffl ff ijb jZkoh” _
\ha”n@z f qzk

Jbkmghdm™Mbh]jZffZ rmfZ k jZaebqggufb "bZf 1jZfb khi_e
d. ffde ff ih emqgr_fm j amevlZim wdki dhfagmadzz =
[ tgZklhlgZy o0ZjzZdl_jbklbdZ

AZdexq_gb _
GZ hkgh\_ wdki_jbf _glZevguo bkke_ "h\Zgbc mklZgh\
rmfZ ih ] _hf_ljbgq_kdbf iZjzZf _1jZf 1Zahkljmcgh]h baemqgZz

Ney qZklhl =pf = pf =p ijhbkoh”bl ijZzdlbqg_kdb \F
"bzZiZahg_ qgZklhl 1jb wlhf gZbemqrbc j_amevizZl ihd.
] g jZlhj k ~"bzZf _ljhd. khfifed gzZkljhcadzZfbff | ff ijb

jZkoh® _  f qZk
'B;EBH=J:NBQ?KDBC KIBKHD

1. JZlgbdh\ ::gZeba bkke_ "~h\Zgbc \ h[eZklb ih~"Z\e _gby rmf
km~gZ < JZlgbdh\ B F O_\jhghbg dimZevgu_ ijh[e_fu j
| _ogbdb b f_Ih~h\ _  wdkiemzZIZ[hggbd Ijm~h\ ;9 <k_jhkkbckdhc ¢
ijZdlbg_kdhc dhgn_j_gpbb kim~_glh\ b ZkibjzZglh\ ihk\yes Idpghc ij.
dhgkljmdlhjkdh]h [xjh ©L+eihidy\®Bjdmlkdh]h nbebZez Ffe=LM =:
Bjdmlkdh]h Z\bZpbhggh]h | _ogbg_kdh]h dhee_~"Z Bjdmlkd + 7
+ Bjdmlkd Bjdmlkdbc nbebZe n_" jZevgh]h Jhkm”ZjklI\ g
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h[jzah\zZl_evgh]l]h mqj_""~_gby \ukr_]Jh h[jZah\Zgby ©Fhkdh\kdk
| _ogbqg_kdbc mgb\_jkbl_| ]jZ " "ZgkdhK Z\62ZZ pEINFWEHZNt

2. Ju[bgkdZy Wnn_dlb\ghklv f_Ih~"h\ kgb " _gby rmfZ Imj[me_glg

Ju[bgkdzZzy J < ;mev[h\bg < B Duqgdbg < _klgbph I_jfkec
bkke_"h\Zl_evkdh]h ihebl_ogbqg_kdh]h mgb\_jkbl_1Z :wjhdhkfbq_k
K -119. £DOI 10.15593/2224-9982/2017.48.16EDN YLGCZV.

3. Fh~'1Z[Z KZ™ Lllyggheh]by kgb  _gby Z\bZpbhggh]h rmfzZ hl[a
Kz~ _1lyg Fhnb” =hj'b ;Zg”eb :wjhgZ\lbdZ b Zwjhdhkfbq_kdZzZy |
1-10.

4. Rm\zZjdh\ =Rrmf Z\bZpbhggh]h j_Zdlb\gh]h "\b]Zl_ey = F
:dimZevgu_ ijh[e_fu jZa\blby Z\bZpbhgghc | _ogbdb b f20PR"h\ _
K[hjgbd Ijm~h\ ;9 <k_jhkkbcktiZzd|lggZzmdgb dhgn_j_gpbb KkIm”"_¢
Zkibjzglh\ ihk\ys _gghc ijz280-ghl\BEgbkhgkljmdlhjkdh]h [xjh ©Lmihe
e Iby Bjdmlkdh]h nbebZezZ -E=LbW Bjdmlkdh]h Z\bZpbhggh]lh |_oc¢
dhee_~"Z Bjdmlkd t N dZ[jy BydZmidchf Bjdmlkdbc nbeb
n_~ jZevgh]lh Jhkm~ZjkI\_ggh]h [x~  _Igh]lh h[jZah\Zl _evgh]h m
h[jZzah\Zgby ©Fhkdh\kdbc Jhkm~Zjkl\_gguc | _ogbqgq_kdbc mghb\

Z\bZpbb? -78 tEDN GJCRJJ.

5 ;_jlfZge MevljZza\md b _]1h ijbf_g gb_ \ gZmd_ b /i_ogbd_
Ba~Zl_evkl\h bghkljZgghc ebl_jZImju Fhkd\Z K

6. ;hjbkh\ X DwgkljmdlbVYguh|[ gghklb ]JZahkljmcguo baemqZl_e
;hjbkh\ :dmklbg_kdbc "mjgZe -47h f « K
M>D

KJ:<GBL?EVGUC :G:EBA J:KQ?L: G>K WE?F?GLH< DJL
K I1THFHSVX ;:EHQGHC L?HJBB B K BKIHEVAH<:GB?F
IIJHQGHKLGH=H :G:EBA: DHBD:K

E s gdh : <
Fhbk \Z B K dZg” | _og gZmd
ljb[uldh\ : < dZg” |_og gZmd

<MGP <<K ©O<\thhaggtrgZy ZdzZ”_fby bf ijh@nk&hyKdG]R b
X : =Z]1ZjbgZz®
1 <hjhg_~

gghlZpby klzZlv_ jZkkfzZljb\ZxIky \hijhku ZgZebazZ wdki_jbf_ gl
bwdkij-jkkkq_|Z I\_j~hl_evguo fh~_e_c ijb hij_"-&_ wgljdbgZ\Yryglylhh
khklhygby G>K dhgkljmdpbb \ebygb_ |IbiZ djuezZ ijyfh_ beb klj_¢
lzd"_ \uyle_gb_ b mq_l ~hihegbl_evguo gZijy _gbc \ebyxshb
dhgkljmdpbb GZ fh”_evghf ijbf_j ihdZau\Z _Iky mlhqdZpbguwdki
jZkij_"~_e_gby b mq_IZ ~hihegbl_evguo gZijy _gbc \ k_aghdbyo ij)
djueZ ijb ihi_j_qghf ba]lb[_

Dexg_\u_ keh®Zijy _g@hnhjfbjh\Zggh_  khklhygb _ jZkq |
ijhgghklghc ZgZeba
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COMPARATIVE ANALYSIS OF THE CALCULATION
OF THE SSS OF WING ELEMENTS USING BEAM THEORY AND
USING STRENGTH ANALYSIS DHF1:K-3D

Leshchenko A. V.
Moiseeva |. S., Candidate of Technical Sciences
Pribytkov A. V., Candidate of Technical Sciences

OLOLWDU\ 7UDLQLQJ DQG 5HVHDUFK &HQMPH LD RV NIX |
SURIHVVRU 1 ( =KXNRYVN\ DQG < $ *DJD!
(Voronezh)

Abstract. The article deals with the analysis of experimental data and express calculation of
solid-state models in determining the stress-strain state (SSS) of the structure, the influence of the
wing type (straight or swept) on its SSS, as well as the identification and accounting of additional
stresses affecting the reliability of the structure. The model example shows the refinement of the
experimental pattern of distribution and accounting for additional stresses in the cross sections of
the straight and swept wings during transverse bending.

Keywords: stress-strain state, calculation, wing, strength analysis

KIj _eh\b”gu_ b ijyfu_ djuevy \dexqgZx|l \ k_[y h”*gb b
ehg jhgu iZg_eb g _j\xju b \uiheg_gu ih h~rgbf b I _f = _
JZaebqgb_ \ dhgkljmdpbb wlbo Ibih\ djuev_\ ijhy\ley Iky \
\"Zeb hl az™_edb we_ f _glu klj_eh\b”guo djuev_\ gZ]jm"
khhi\_Tkl\mxsb_we f glu ijyfuo

Hl ba]b[Zxs _]h fhf glZ \ k_q gbyo djueZ \hagbdZ
gZijy _gby < ijyfhf djue_ hgb jZkij_~_e _gu jZ\ghf_jgh ih
Z \ dhjg_\hc qgZklb klj_eh\b~gh]h djueZ hgb i_j_jZki
ijhbkoh”bl ihlhfm -agdhkljaeh\brghklb djueZ ijh"hevgu_
i1Zg _eb jZkiheh  _ggu_ \[ebab aZ~g _c¢ kl _gdb hdZau\zZxll

\ke_"klI\b_ wlh]h [he__ ~ _kldbfb igj f*wec fkilglggdm IlheZ]
glh an~_kv kijzZ\_"eb\ aZdhg iehkdbo k_g _gbc h[gZ]jm b\
| o ° I j_f s gbyo hlghkbl evgu_ "~ nhjfZpbb Z K

gZijy _gby \ we_ f _glZo jZkiheh  _gguo m aZ”~g_c kl_gdb
we f glZo iZg_eb gZoh”ysboky \[ebab i j g ¢ kl_gc
ijh"hevgu_ we_ f glu jZkiheh  _ggu_ m azZ”g_c¢ kl_gdt
gZoh”ysb iky mg_¢Zaljm Zxlky

ljb ijh_dlbjh\Zgbb [ _ahdhlgkhjondpbb b hij_~_e_
jZpbhgZevguo iZjzf _Ijh\ we_ f _glh\ k_gq_gby djueZ g_h]|
\ebygb_ IbiZz djuezZz gZ -¢dZnkjfbgoh fh_ khklhygb (
dhgkljmdpbb

AZ"ZgqZ bkke AhdZgbindlv gz fh”_evghf ijbf_j_ b m
wdki_jbf _glZevgh dzZjlbgm jZkij_~ e _gby b mqg_IZ ~hiheg
\ k_q_gbyo ijyfhl]h b klj_eh\b”rgh]h djueZ ijb ihi_j _qghf
ith "\ _jleb p_gljZevgmx kbeh\mx qZklv fhgh[ekgghthdhgl
ko_fu ijyfh]lh b klj_eh\b”~gh]h djueZz
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>ey wdki_jbf_glZevgh]h bkke_ _"h\Zgby [ueb ba]hl
ijyfhlh b klj_eh\b”rgh]h djuev_\ jbkmghd h[_ki_qb\Zz
0ZjZdl_jbklbdb balb[guo b djmlbevguo "~ _kldhkl_c Z
] _hf _Ijbg_kdb_ nhjfu ihi_j _ggh]l]h k_q_gby we_f_glh\

z [
Jbkmghd kkhgu ijyfhlh Z b klj_eh\brghlh [ dju

GZ jbkmgd_ ij "klZ\e g h[sbc \b~ d_Rkhgh\ i
klj_eh\bAghlh [ djueZ D_kkhgu khKHhhyglZprajZjhéhgvgjhgh
ihi_j qghlh gZ[hjZ g_j\xj b h[rb\db g\ gog Dhgtkljghdpb:
d_kkhgh\ \ ihi_j qghf kiyfhgiibevgbd Ijh~hevgu_ b ihi_]
we f glu dZjdZkZ Z 1Zd"_ h[rb\dZ \uihklglhgki®a\Z exfligb

JbkmghdvVdki_jbf _glZevgZy mklZgh\dZ

MklZgh\dZ jbkmghd ij_~klzZ\ey | kh[hc fZkkb\gmx
bfblbjmy ~ _kldh_ azdj_ie_gb_ [helZfb dj_iylky d_kkh
dhgpZo d_kkhgh\ bf_xlky klZevgu_ ieZklbgu d dhlhjuf
gZ]jm  _gby ihi_j qghc kbehc < _ebqgkb&uijbredljhetbhm Ik
ih ihdzazgbyf "bgzfhf_1jz

Wdki_jbf_glZevgh_ hij_~_e _gb_ gZijy _gbc hkgh\Zg
highkbl_evghc *_nhjfZpbb \ lThqdZo gZde_cdb |I_gah”Zlqgk
hirb\dm b kl _gdb ehg _jhgh\ d_kkhgh\ >ey ihemqgbgby ¢
ijbf_g_g9Z baf_jbl_evgZy k_Iv jbkmghd gZ [Za_ bgl_ec
dhfiZgBBILAB dhlhjzZzy \dexqgZ_| \ k_][y

94



< baf _jbl _evgu_ | _gahj_abklhju gZde_ _ggu_gZ h[t_
aZdexqg_ggu_ \ fhklh\mx ko _fm k |j _fy | _gahj_abklhjZfk
ieZklbgm \uiheg _ggmx ba |lh]l]h ~_ fZl _jbZeZ qlh b d_kk
| fi_jZImjgh]lh jZkrbj _gby

< fh*meb Ij_"klZ\eyxsb_ kh[hc :PI k mkbebl_e f
< fh*meb Ij_h[jZzah\Zl _eb bgl_jn_ckZ
< i_jkhgZevguc dhfivxl_ j k mklZgh\e _gguf gZ g _f

h[_ki_q_gBTLAB.

ljbgpbi jZ[hlu baf jbl _evghc k Ib ke ~“mxsbc Ijb
d kkhgZ khkj_~hlhg_gghc kbehc | _gahj_abklhj gZde
A nhjfbjm _lky ijb wlhf f_gy_Iky _]1h khijhlb\e_gb_
jZa[ZeZgkbjh\dzZz fhklZ dhlhjzy \ \b~_ jZaghklb ihl_gpl
fhmev 1 ZgZeh]h\uc kb]JgZe mkbeb\Z |ky b ij
pbnjh\hc Z ~Ze_ _ ih rbg_ JK thklmizZz |1 gZ ij_h[jZah\Z
k g ]h gz dhfivxl_j ]~_ agZqg_gby \ _ebgbg hlghkbl e\
lhqdZo gZde_cdb I _gahj_abklhjh\ ij_~klZ\e_gu \ \b”™_ ]jZi

ZET 7070 .

/
/
RS-485 " i, i

/ ‘ f
Zrmonm s

ZET 7010

Llamyuk cum

OooswaveHue|  HasHaverue
7 Tomame

J

Mocmobas cxema

Jbkmgh&Ko xfZ baf_jbl _evghc k_Ib gZ [Za_ bgl_ee_dimZzZ
B k1 h q g bitts://zetlab.com

G>K d_kkhgh\ bkke ~h\Zehkv ijb \g_ rkj f"glhlgmgghbb
kbehc jZ\ghc ijbe6’ _gghc \ dhgp_\hf k_q_gbb ih
lib dZ ~hf mjh\g_ gZ]jmadb k ihfhsvx kba_ jodyedg@hehc
| _gahjha Idb [ueb hij ~ e gu agZq kbl dvebgqgbigh”héyiyh
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A nhjfZpbb \*hev kljhbl_evghc hddb klijtvtbimsvhibhc hkb ih” n
90gd kljhbl_evgh®&ayB, GhjfZevgu_ b dzZkZl_evgu_ gZij
ijyfhf b klj_eh\b”rghf d_kkhg_ jZkkqgbdghcebkiwjbb [Bbh”"y
\_ebgbg hlghkbl_evghc ijh*hevghc ~"[méjidpbb hblalgghkd
ihklhygguo fZl jbZeZ fh mey Xg]Z b {h2kmey' &"obl Z
gZijy _gbc \ ihi_j gguo k_g _gbyo d_kKdhgdh\bjygh]h OjueZ
ithemqg_ggh_ ba wdki_jbf_glZevguo 'hZggubkmgtkiZ\e g

GZ hkgh\Zgbb ihemg_gguo j_ameviZlIlmbhsigh WN\héxlv

+\ d_kkhg_ ijyfh]lh djuezZ ijb klmi_gqzZlhf gZ]jm _gl
kbehc gZ \ _jog c iZg_eb \hagbdZxl Ihevdh ghjfZev
dzZkzZl _evgu_ gZijy _gby hlkmlkl\mxl]

+ ghjfZevgu_ gZijy _gby \ d_kkhg_ ijyfh]lh djueZz
jZ\ghf_jgh ih rbjbg_ ihi_j_qgh]h k_qgq_gby Z ih jZaf:
ijhihjpbhgZevgh baf_g gbx ba]b[Zxs _]h fhf_glZ
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Jbkmghd zZkij ~ e gb_ gZijy _gbc \ d_kkhgZo ijyfh]t
klj _eh\b~gh]h [ djueZz

< \ d_kkhg_ klj_eh\brgh]lh djuez \ k_qgkighd e dZylb
gZijy _gbc kh\izrzZ | k dZjlbghc jzZKijgbce\ gbyklghgjy ijyfh]
djuez Z \ dhjg_\hf k_qg_gbb gZ[ex"ZkZkyevigy\® @gbijyd gb
\_ebgbgzZ dhlhjuo m\_ebqgb\zZ |ky hlfm jehg Jhhgmadfg wlt
ghjfZevgu_ gZijy _gby jZkij_~ e gu ilghk jghgbX ebdByZz
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gZijy _gbc \[ebab i_j_"*g_]h ehg _jhggyfhg§vdjueq_ fZ\\[ebal
azZz"g_]h ehg  _jhgZ [hevr_ijbf _jgh gZ

WIzZ ihM\_j"~Z 1 glh ih f_j_ ijb[eb ygbydhthkgqg\gfim
Kk g gbx gZ dZjlbgm jzZkij_~ e _gby gaigyn x g plce K nihgd Zikd i\ Z
balb[gZy " _kldhklv ehg  _jhgh\ Ihi]b[dg&lckbefZgd baqgbgZx
i _j_jZkij_~_eylvky agZq_gb_ wlbo kbeh\uag _mzZdhgh\jhg_
mf_gvrZ_lky Z \ aaf\gefbgb\Z_ Iky <ke_ ~kl\b_ i_j_jZki
ihi_j qghc kbeadjg\ \hf k g _gbb ihy\ley Iky ihlhd &ZkZl e
ijb\h~ysbc d ihy\le gbx dZkZIl _evguo giZijyjZkipc™ éjbgbb
ihi_j qghc kbeu b ba]lb[Zxs_]h fhf_gla]jmadkohtbjl gz ]I
ehg jhgZ b "h]jmadZ azZ"g_]h <KkKeevdu\bgavjhnlhgdlyjd i j_ ~
ehg _jhg_ klj_eh\b”gh]h djueZ f_gwrevghif Zilyddmg f [hevr

>ey kjZ\g _gby ihemqg_gguo j_amevighh bj[hklZ\egdley
dZjlbgu jZkij_~ e _gby b mq_|Z "hihegbt ‘egwo gaipyijyfh]l
klj_eh\b”~gh]h djueZ ijb ihi_j_qgghf Z&]bKv bhkided’agdy ijh]jZ
DhfiZd® WIZ ijh]jzffZ iha\hey | kha”rz\ZIvH|_etgwgu fhiA_pb
dhgkljmdpbc b bf__|I \ k\h_f khklZ\_ bihbddd@MdgEN, [b[e
ihalheyxsmx \uihegylvj@k&ijukR _j~hl_evguo h[t_dlh\ b \ban
j_amevI|I2WIZ [b[ebhl_dZ iha\hey | dhfie_dkgh ihhzZgaddbab
jZkg _lghc fh™ _eb ijb jZaebgguo \haé&j ckibyo koZkb thogdbh[kI\ ¢
gZklhl mklhcgb\hklb b I _ieh\h]h gjebhligtiyghdZzpgdzgz f _ITh»
dhg _qguo we f glh\ FDW Kmlv f_Ih2&[bafhbdxd¥Z [Ny evg
fhr _eb gZ dhg_qggh_ gbkeh ih*"h[eaklZde wd bf lylinnke k*mx:
j_r_gbb kbkl fu ebg _cguo Ze] [jZbqgq_kdbo mjZ\g _gbc

< khklz\ [b[ebhl_BBM:\IFh~yl bgkljmf_glu ih~ ]hlh\db ~ |
k[hjhd d jZkgzlm azZ”~Zgby ]jZgbggatdmkzZhVbd b \gH@hjngg
] _g_jZlhju dhgeqgfhglghc k_Idb dzZd k ihklhyggufgufzZzd b
rZlhf b ihklijhp_kkhj > @

>ey kha”Zgby-wbhgfggllwh]lh ij_"~klZ\e _gby h[EEMIZ \
ij_"mkfhlj_gZ nmgdpby ]-lg_lipbhjbDWiah\_ dhlhjhc ijhbk
khhi\_Ikl\mxs__ jZa[b_gb_ h[t_dlIZ k?&k&bZzgbafZ2gdldly jZkq._
fh~r _ev bf_ | keh ' gu_ g _jZ\ghf_jgu_ J_lohNgbglhkdbh  Ii Julv
ijh\_~ gh 1Zd gZau\Z_fh_ z~Zilb\gh]hjZg[b[wbh_ amewl ZI| ijhp
[ue [he__ dzZq_kI\_gguf JkgldZIZ\ID&Ibg_kdb k mqg_Ihf a
ihevah\zZl _e f fZdkbfZevgh]h dhwnnhgpvighZ k]\msbgbgm r:
jZa[b_gby > @

< ijh]jzZff_ Dh3DZkueb kha”Zgu I\_j~hl_evgu_ fh”"_eb
ijyfhlh b klj_eh\b”gh]h djuez JzZafjjudhjhhjKZgihgby we f _
d kkhgh\ khhiI\_IklI\h\Zeb jzaf_ jzf b ]hhjK_qgilgby aqueh f gl
d _kkhgh\ \ wdki_jbf_glZevghc mklZidhit\deb doelkjzgdo bZ]jma
ijbdeZ”gmx [b[ebhl|FENMijR]FZffu DhtBDkb ijbf _gbeb ke "mxsb
1 ZjZf _lju jZa[b_gby

< fZdkbfZevgZy "ebgZ klhjhgu we _f _glZ ff

< fZdkbfZevguc dhwnnbpb_gl k]ms_gby gZ ih\_joghkl

< dhwnnbpb_gl jZaj_~_gby \ h[t_f_
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< dhebqg_klI\h dhg_qguo we_f_glh\

< dhebqg_klI\h maeh\

GZ ke_"mxs_f wlzZi_ az”Zeb fZI_jbZe weHKglh\ d kkhg
azZdj _ie_gb_  kidzy azZ” _edZz \ khhi\_IklI\bb kh Xo _fhc
wdki_jbf _glZzevghc mklZgh\d_ D_kkhagu\gX$kiwmeheb jZighc

G b ijbeh” _gghc d dhgpjmoc gbj\hjlkmDkli\m |

GZ hkgh\_ agZq_gbc dhfihg_-glhanhgZijgiZggh]h khklhygt
1ZjZf_ljh\  ijhqghklb fZl_jbzZez ijhba\lybblkywd\bgb&eglgu
gZijy _gbc ih djbl_jbx ijhgghklb F_Ih~f_dhlg\ gfguio” we
l[j_of _jgh]h jzZkqg_1Z ihwlhfm ijhklu_\Zdgdol jbbgzZ hkghg_ ghb
hi* evguo dhfihg gl | _gahjh\ gZijy _dbfc X _nhjizgdae ggh_
ijbf _g _gb_ Bkoh”y ba wlhl]h \ dzZbgghklbdjblf jlkhybig ijbg
djbl_jbc Fba_kZ Djbl _jbc Fba_kZ iR jbO LWy j]kb
nhjfhbaf g gby hij_* ey | fhf_ gl bkgkihXgbyhgllkksZ\g gb
\_ebgbgu wd\b\Ze glgh]h gZijy _gby k klij_~f2lhfibdedm
Wd\b\Ze glgh_ gZijy ms@ _gldhlhjhc Ihgd_ | _eZ jZkkqgblu
nhjfme _

2 2 2

Vi Vv y v v LV
vonMisezV '

GZ jbkmgdZo b ij_"klzZ\e _gh jZkij_~ e _gb_ gZij
k g _gbyo I\ _j~hl_evghc fh”_eb d_kkhgh\ khhiI\ _ Ik
klj_eh\b”rgh]h djueZ ihemqg_ggAPM¥FEMI[EbhE30.

y _
I\

Hazpyxenve 250 H

VVVVV

Hazpyxerue 500 H

Jbkmghd Zkij ~ e gb_gZijy _gbc \ ihi_j _gguo k_q_
fhr _eb d_kkhgZ ijyfh]lh djueZz
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Jbkmghd Zkij ~ e _gb_ gZijy _gbc \ ihi_j _gguo k_q_
fhr _edb kkhkdgZ eh\b”rgh]lh djueZz

:gZeba j_ameviZlh\ jZkg_Ih\ \ [b[ebhl_d_-30J0F )(C
I\_j~hl_evguo fhr_e_c d_kkhgh\ ijyfh]lh b kljikr&\ieéghlh
k" eZlv ke_"mxsb_ \u\h”u

< "Zgguc jZkq_ | gZ]ey”gh ihdZau\lzZ | \kx dZjlbgm
\ _ ebqbg gZijy _gbc ih we f glZf djueZz

< "Zgguc jZkg_Il iha\hey_ | hij_~ eblv \_ebgbgm
wd\b\Ze glgh]lh gZijy _gby gZijy _gby ih F_abkkno \ jz
djueZz

< ~"Zgguc f _|Ihc g_ iha\hey | hij_~ _eblv gZijZ\e_
gZijy _gbc b dzZd ke _"kl\b_ dZjlbgm bo jZkij_~ _e_gby i

< N"Zgguc f_Ih™ g_ ihalhey | hij_"_ eylhghkdiljyévghy
kljhbl _evghc hkb jzZkkfzljb\zZ fhl]h d_kkhgZz hlghkbl _
kbkl _fu dhhjrbgzl

gZeba j_amevlzZlh\ jZkq_1Z wdki_jbf_glZejygako "Z;¢
jZkq_1z I\_j~hl_evguo fh”_e_c¢ \ ijbdezZARMREMbjbebh|_d
kimi_gqgZlhf gZ]jm  _gbb dhgkhe ¢ khkjihahhreg dglkrc &b bt
\u\h~h Ihf qlh ~Zggu_ f _|h”u kjZ\gb\Zlv g_evg¥kdZtd dZz
I\ _j~hl _evguo fh™ _e ¢ iha\lhey | hij_~ _eylyekhgwuaodh b\ _e
wd\b\Ze glguo gZijy _gbc Z wdki_jbf _glZewgebqgibigke ~
ghjfZevguo b dzZkZl_evguo gZijy _gbc H”gZWilhedyxwlbc
Aim] Ajm]zZ K ihfhsvx jzZzkq_l1Z fh”_e®APMFEM[dhhdhd
ijhba\_klb jzZzkg_ | we_ f glh\ d_kkhgh\ gZ ijhgqghklv
wdki_jbf_glZevguo bkke_~h\Zgbc [he__ Jemyhdh>KjhZ
we f glh\ djueZ jZaebqgghc klj_eh\b”ghklb nmijb™ ey
gZijZ\e _gb_ "~ nhjfZpbc b gZijy _gbc hij_‘MmelbiMybev
we_f _glh\ \ \hkijbylbb kbeh\uo nzdlhjh\ ~“eywdhjjZ dldjh\
jZpbhgZevghc nhjfu b jZaf_jh\
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' B;EBH=J:NBQ?KDBC KIBKHD

1. Dhkixd F JZkqg_I| h[_gZcdb jhebdZ k Ohfidfk gb_f ijbdeZ”~ghc
[b[ebhl_db $30 )(0 F ? Dhklxd > = ; ehpdkkdhe gdpbtdgZevc
Zdz”~_fbb kljhbl_evklI\Z b Zjobl_dImju K-10%k. EDN: YWLOGL.

2. E_]dh\zZ BBkihevah\Zgb_ dhfivxl_jgh]h ijhqghklgh]JdhdEgZeb:
hklZlhgghc ijhgghklb dhgkljmdpbc B FZEvjph\Z &Zmeh)
lh*ZjgzZy [_ahiZzkghklv ijh[e_fu b i_jki_dlb\Ww K46. EDN:
YOSPYT

M>D

HKH;?GGHKLB L?OGHEH=BQ?KDH=H IJHP?KK: K<:JD|
IHE?<UO MKEH<BYO

Emdh™ _\ A
Jhl]h\ G < dZg” wdhg gZmd

<MGP <<K ©<\hagghrgZy ZdzZ”_fby bf ijh@nk&hyKdG]R b
X : =Z]Zjbgz?
1 <hjhg_-

:gghlZpby klZlv_ jZkkfhlj_gu jZaebggu_ \b~"ufljdygkfih]jhz\ ijb
:jdlbg_kdhc ahg_ < jZ[hl_ ijb\_~_g AdKbdBeviglachjbfkj_~g_c f_ky:
kdhjhklb \_1jZz \ <hklhgghc qgZklb JhkkR&k&khhblj: jdubdp bfms_kl\:
IblZzgh\uo kiez\h\ b ijb\_~_gu j_ameVviZeugwdkikkkef "ch\Zgbc ijb k\.
IblZgh\uo kiezZ\h\ ihemqg_ggu_ gZ hldjuluo iehszZ”~dZo

Dexq_\u_ keh\Ba“mrgh_ km”gh IblZgh\uc kiez\ Zjlhgh”m
Jhkkbckdzy :jdlbdZz

FEATURES OF THE WELDING PROCESS IN THE FIELD

Lukozhev Z. A.
Rogov N. V., Candidate of Economic Sciences

OLOLWDU\ 7UDLQLQJ DQG 5HVHDUFK &H QMPH D RV HIXK |
BURIHVVRU 1 ( =KXNRYVNVYorigth)< $ *DJIDULQ

Abstract. The article discusses various types of transport used in the Arctic zone. The paper
provides a brief overview of the maximum and average monthly wind speed in the Eastern part of
the Russian Arctic. The advantages of titanium alloys are considered and the results of experimental
studies in the welding of titanium alloys obtained in open areas are presented.

Keywords: aircraft, titanium alloy, argon arc welding, Russian Arctic.

P_ev jZ[hia\tir _gb_ wnn_dlb\ghklb b dZq_kI\ZbkdaZjguc
ijb j_fhgl_\hamrgh]h km~gzZ \ :jdlbmgké&dbYoyohe \uo
AZ"ZqZfb bkke_ _"h\Zgby yl\eyxlky
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1. :gZeba ih]Jh?*guo mkeh\bc \ :jdibg_kdhf j Jbhg_

2. Bkke_"h\ZIv | _ogheh]bg_kdb_ hkh[~gght&lb\kRhzjlglto
kh_"bg _gbc ihemqg_gguo \ :jdibg_kd/Moo ihe \uo mkeh\b

3. Knhjfbjh\zZlv I_hj_Ibqgq_kdb_ ozZjzdl_jhkiibd B\ @jdrb_ &1k
wdki_jbf_glZevgh h[hkgh\ZIlv bo \ :jdlinkelkhdbgoihe \u

4. JZajzZ[hlZlv |_ogheh]bx b ijbkihkh[e_dghg”fMmeghjhfh
km~rgZ k\Zjdhc \ :jdlbg_kdbo ihe \uo mkeh\byo

< kzZfhf p_glj_ :jdlbdb jZaf klbeky K _d hgu&ge 2 h\bd pm
g _]h jzZkihezZ]zxlky | _jjblhjbb fzZIl _jbdh\jbdb\ hghZ\jZ&bb
L _jjblhjby :jdlbdb ijbgZ”e_"bl g _kdha¥dbfJHkkmhidZjKIR:
Dzgz~_ Ghj\_]bb >Zgbb R\_pbb Nbgey@'bb._ hjbBkjdz
liZgbpu Jhkkbb y\ey Iky kZfhc ijhlyyzgghqllh kjokba\e
lehsZ”v kmohimlghc qzZklb Jhkkbakd At 02ljukbdfib Gz
k ]h"gyrgbc ~gv d kmohimlghc | _jjblhalnigu:jdhikkbicdlld

_jZpbb kh]eZkgh MdZam |j_ab”_jgd@bdiXe@H20ket ha20N _~
hlghkylky | _jjblhjbb FmjfZgkdhc h[eZtkdih)m]Z\\\Ihgmn@.mMZevg
h[jZah\Zgbc memkh\ b ]Jhjh*"kdbo bkd@n]h\ jbkmghd

Jbkmgh&Ko #fZ Z~fbgbkljZlb\gh]h * e gby kmohimlghc qZ
ahgu JBklhgghbd
https://lwww.rosnedra.gov.ru/data/Fast/Files/2021&bHU8bcc7b844220954744c014
9a86f4.pdf

DZd \b~gh ba jbkmgdZz | _jjblhjby lkbaxghf41Zklylgo b
hrgm |j_Iv |_jjblhjbb Jhkkbb Ijb lehnm _&hVhljujjbiljlbjZz\g_gu
jZchgzf DjZcg_]h K_\;jj@dbqg_kdhf j_]bhg_ 1ijhoh”yl K
Jhkm~Zjki\_ggZy ]jZgbpZ Jhkkbb b Knl\/ Jghbhfbj_kghh[loh"b
ihklhyggh dhgljhebjh\Zlv K ]h"™"Zkygdlq@ejlg kljkbZgpbb
gbo g_ lhevdh \ _mlky j ]Jmeyjgu_ fgZ[d&dxhelpbyqg Igdb b
\uihegy |ky Zdmklbq _kdh_ ke ~ gbZ\ZXsihbeh’gdZflpZaegu
\h~ZK6_\_jgh]lh E_~hhdlh4pgz > @
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< :jdlbd_ \_"mlky bgl_gkb\guc ihbkd b jZRjE]NhIdDbcgh\
ihe_aguo bkdhiZz_fuo Z 1Zd _ kljhylky djmuguh[bghljZ klj@
< ihk_edZo b ]Jhjh~"Zo “b\ml b Ijm~ylkybfeklgu dhdhjab
jZ[hlZxl \Zolh\uf f _Ih~hf >ey h[_ki_ \qghgbybiehdk”"glbevghk
g_h[oh”~bfzZ ~2hklz\dzZ Jjmah\ b [Ih\Zjh\XkijilhRK ~gh\dhgh
"hklzZ\eyxlky jZaebqgufb \b"Zfb IljZglkwglezf Xhldvfimflyuf
" e_agh”hjh guf b \h~Arguf GZ jbkmgd_ _eijagkthjba _gZy |
fhjkdZy bgnjzkljmdIimju :jdlbdb b Kb[bjb > @

JbkmghdzZzablb_ ~ e _agh”hjh ghc b fhjkdhc bgnjzZkljmd]
Kb[bjBklhggbd KWWSV HOLEUDU\ UX LWHP

GZ | _jjblhjbb aziz”~ghc b p_gljZevghc ipne cgZjdl
"_e_agh”~hjh gzy k_Iv dhlhjzy h[_ki_qgb\zZ_| \hadmh]h:
][jmah\ < \hklhgghc qzZklb :jdibdb ~_elvaghlkhmhklIg iy |k
thwlhfm 2hklZ\dm Jjmah\ hkms_ kl\eyx!| fAjkdfihffbdvgu
\ha“mrguf I|jZgkihjlhf ‘\Ilhfh[bevguc b Kkhhkldhlef |jZqg
k _ahgghklv F_klghklv \ <hklhgghc gZkllb Jhk¥WdaZkdhncl :|
kh[hc aZ[hehq_ggmx jZ\gbgm k [hevrbfhdheblg jkigd |\
ithdjulmx Img”~jh\hc jZklbl _evghklvx DebfZlbg_kdab_m
f _klghklb \ebyxl gz Z\lIhfh[bevguc IljZgkihjl dhlhjuf g_
ijh_oZlv \_kghc b hk_gvx Z fhjkdZy gZ\b]Zpby \ hkgh\gr
ih hdly[jv ‘\bZpbhgguc ljZgkihjl ijhba\h”~Dbl djm
]Jimahi_j_\hadb thwlhfm hg bf__ |1 [hevrh_ agZqg_gb_
:jdibg_kdh]h j_]bhgZz

Hl]jhfgmx jhev \ nhjfbjh\Zgbb kmjh\h]h qdélxfzlZz
Jhkkbckdhc :jdlibdb b]ljZxl k_\_jgu_ fhdypuludhdfafdnf Yh
| _g_gb_ f_kyp_\ Lhevdh k bxey ih_bHIVgjvf ihfelumaj d
fhjy hk\h[h *Zxlky hlh ev~Z DebfZl Wmjkhhl biafibddbk b
fghlhh[jZza_g Kmjh\hklv debfzlz az\BkpH\ h&x_ NUdnd nZ
| _fi_jZImju Hp gdZ hdjm ' Zxs_c¢c qg_eh\_dZbaky_7tky C
dhfnhjlghklvx b hij_~_ey_|ky [bhdebfalibffbkdigtjlbfg’y
bg" dkhf ©kmjh\hklb2 ih ;h*fZgm > @
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5 L:sFriavk H:s E rtayt8;a @)

"t £l _fi_jZImjZ \ha~vhakdiighklv \ _1jZ f k
Ba nhjfmeu \brgh qglh kdhjhklv \_1jZ aZf_Igh \e
kmjh\hklb b khhiI\_IkI\_ggh gZ jZ[hlhkihkh[ghklv bg _
ih*lhlz\eb\Zxs_]h beb \hkklZzgZ\eb\Zxs _]h \ha”“mrgh_ km-"
Dhwnnbpb_gl " _kldhklb ih]h”uhih_%jgdyevikly ih nhjfme _

6L 6Ft84& (2)
1" 6 I _fi_jZImjzZ \ha*vhskdlighklv \_|jZz f k
DZd \b”"gh ba nhjfmeu m\ _ebq_gb_ kdhjhklb \_IjZ
| _fi_jZlmju > @ 1j_[ulZgb_ b ijhba\h”~kl\h jZ[hl gZ hl

mf_gvrZxl dhfnhjlgu_ mkeh\by Kk m\_ebq_gb_f3\ I1jZ
ij_~klZ\e _gZ kj_"gyy f_kyqgZy b fZzdkbfZevgZy kdhjhklv
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JbkmghdZdkbfZevgZy b kj_~gyy f_kyqgZy kdhjhklv

Ba klZlbklbg_kdbo “Zgguo \b~gh Rkt jickd k b\f Zl¢ X ¢"ZZy
\ e Igbc i_jbh”~ \j_ f gb hqg_gv [hevrZzyflk "“hblbyZhf
ki ~"g_ f kyqgzy kdhjhklv \_1jZ gZ[ex"~Z _Iky dhlexgr_ghk ]t
]h Z gZijZ\e_gb_ \_ljz f_gy_Iky ijb wihf fZdkafZgvghc -
gZ[ex"Z _|lky \ e_Igbc i_jbh”® < | _ieuc i_jbh” ijah[ezA
\hklhgqghlh b \hklhqgh]h gZijZ\e _ gal:ZwZZg‘hpkbfggalq:Zie gby

Klj_fbl _evgh_ jZa\blb_ Z\bZpbb \ ihkegZawmehkv\j\fy
m\ _ebq_gbb jhklZl IZgdgdkdbo o0ZjZdl_jbklibd \ha“mrguo
ijb\_eh d kha”Zgbx gh\uo fZl _jbZeh\ |lZghquZ&lgkhkldb\hlb
Lblzgh\u_ kieZ\u kihkh[gu \u”~_j b\Zlv_gbadh j_ mmeatbd |
hfez”"Zxl kms_kI\_gguf wdkiemZlZpbhgdb&”m kgujd hk m gz
ijbf_gy_Ilky [he_ _ fZjhd IblZgh\upbkj2ZAhe du \haZ\bkbfl
hl nbabqg_kdbo k\hckI\ gz Ijb ]jmiiu “Zjhihhbggu_ b \ul
\ukhdhieZklbggu_ kieZ\u

LblZzgh\u_ kieZ\u h[ezZ”"Zx| ke_~mxsbfb ij_bfms_kI\Zf

1. Klhcdhklv d ~_nhjfzpbb \ukhdZy | _jfbgq_kdZy ijhg
iehlghklv
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2. <ukhdzZy gbadhl_fi_jZImjgZy klhcdhklv f_o0Zghbq
khojZgyxlky \ mkeh\byo gpdbofbdmhkfK b k\ jogbadbo
hifbgmk fK I _fi_jZImj

3. DhjjhabhggZy klhcdhklv

4. Kh\f_klbfhklv kh fgh]lbfb f_IZeebq_kdbfb we_f_
ihfhsb obfbg _kdbo j Zdpbc

5. GbadzZy | _iehijh\h~ghklv

6. FZeuc fh mev mijm]hklb

G_kfhljy gZ jy”~ ij_bfms_kI\ IblZgh\uo dkie@&\hl\Z pilplp
\ha“mrgh]h km”~gZ \ mkeh\byo DjZclgadgihd&ZlVv {fZ dhditul A _1Z
< <hklhqghc qZklb Jhkkbckdhc :jdlbdb \dadnigda\b elhm”
h[kem b\zZxlky ijb [_aZg]Zjghc wdkiemZlZpbb ijb ~Zg
[ aZg]Zjghc wdkiemZIlZpbb \hajzklZ | ihyle _gb>ey® n_
mkljZg _gby ~ n_dlh\ ~ |Ze ¢ ba IblZgh\h|BakijeXXgbygZ
\ha"mrgh]h km~gzZ ijbf_gyxl Zjlhgh”m]h\mxmk\Zgiv ?]|
A n_dl Ih ijb "Zevg_cr_c wdkiemZIZpbb \hapmbrgthdho km-
jZajmr_gb_~ 1Zeb ba IblZgh\h]h kieZ\Z Hkh[Zggbhkihh jZ
IblZgh\h]h kieZ\Z aZdexqZxlky \ ke _"mxs _f

1. <ukhdzZy gm\kl\bl_evghklv IblZgh\h]h kiez\z d
gZijy _gbc K ihy\le _gb _f ij_~ evghc dhgp_gljZgevibagZij
IblZzgh\h]h kiezZz\zZ \ wihf f_kl_ flJgh\ _ggh jZajmrZ Iky

2. HIkmlkI\b_ mklZehklgh]h jZajmr_gby fZadghipgoagZ
N IZe c

3. Fgh  _kI\h Ibih\ kljmdImj IblZgh\uo kiezZ\h\ < \ul
dhgkljmdpbhgghf IblZgh\hf kieZ\_|biZz <L "pdalpmirh gb_
| em b ih ]jZgbpZf a j g > @

< keh'guo ~ |Zeyo ba IblZzgh\uo kieZ\h\ f oZgbg_
k\Zjgu_  ihwlhfm j_fhgl ~ _|1Ze _c¢ ijhba\h?yleZd]hlggpgdm]h\
emg_\hc k\Zjdhc < :jdlbd_ \ha“mrgu_ kkhy'dgZawdK]2m@@Z It
agZqgbl _evguc h[t_f k\Zjhqguo jZ[hl \uihegy hlkzZ "djyZ hl
< | _jazZljm~gy_| ijbf_g_gb_ Zjlhgh?2mZh§lZ¢gnk\Zgtdp paah\
azZsblu k\Zjhqghc \Zggu jbkmghd lhjulu xN_1jZ
h[jZah\Zgbx ~ n_dlh\ \ k\Zjguo kh_"~bg _gbyd&ghbylh_ N\ j_
dZq_klI\h k\Zjguo kh_"bg_ghbc

Jbkmgihtckebygb \ [jZ gZ ]Zah\mx aZsblm
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JZajZ[hlZggu_ \ _IljhaZsblgu_ khhjm  _gbygbjmdama \ ij
1Z[Zjblh\ \ _ljhaZsblguo ijbkihkh[e_ gba jihwlbfm\eyxdky
ith\ur_gb_ dZq_kI\Z k\Zjguo kh_~bg_gbZgbml kAZprkkeh M
kh_"bg_gby ihemqg_gghlh ijb k\zZjd_ IgZ \ijbjih kih [pZ ajiZy |
kKihkh[klI\mxs_]h memqgr_gbx k\Zjdb ijb @_fihigdg Z* lljdek\Z jod_
IblZgh\uo kiezZ\h\ \ke_~kl\b_ ihju\h\ \gljZ\ghbk pddylgZ]j_
b ihke_"mxs__ hoezZ " _gb_ k\Zjghlh EV ieZklbq\hlagybd |
mijm]b_ gZijy _gby b ~ _nhjfZpbb WIlb knh4i&b gi ey x gkoyy
agZqbl _evgufb 1Zdbf h[jZahf 1ijb \hagphdgA]ljokahdgba”
fh™ | baf_gylvky \iehlv *h jZajmr_gbyZIGKIh&k ghdBgbbZgg!
[ueb ijhZgZebabjh\Zgu ~ n_dlu ihemqgbdgagh\upb kikez\h\
balJhlh\e _gguo gZ hljuluo iehsZ”~dZo hb\ hikgh\ehfgh_ mldl
[ueb ihemq -@Z lya klZ[bevghc kdhjhklb aZsblghc kljmb
ij_~klZ\e_gZ jZajzZ[hlzZzggzZy f_Ih"bdZ hyEYblyngbdIbkdkrek I'b
azZsblu ijb k\Zjd_ gZ hljulhc iehsz"d_

Jbkmghd _1h~bdZ ijh\_~ gby bkke ~h\Zghy

>ey wdki_jbf _glZevghc qZklb [ueZ jZajZ[hlZgZ mklZ
\oh”yl ihkl ~ey k\Zjdb g _ieZ\ysbfky we_dljh*hf \ kj_~_
Zilhgh”m]h\Zy k\zZjdZ Zwjh”bgZfbq_kdZy Ijm[Z k baf_g
b Z\bZpbhggu_ ~ _|IZeb ba IbMdki_ jBZkg Zlewnhguf kihkh]
mklZgh\le_gZ aZ\bkbfhklv kdhjhklb azZsblghc kljmb hl b
khiez jbkmghd
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Jbkmghdaft g gb_ kdhjhklb aZsblghc kljmb Zj]lhg

ljb fh”_ebjh\Zgbb [ueZ mklZgh\e_gZ aZ\bkbfhklv kd
kljmb Zjlhdkd@lmhklb \ _[jZ IThemq_ggu_ ijb fh”_ebjh\Zgbb
wdki_jbf _glZevgh kjZ\g _gu b j_amevlZlu ihdZaZeb bo fZ

LZdbf h[jZahf ijh\_~ ggu_ bkke_ "h\Zegzyvik&\dheyxgl kb
glh ~ey dzq_klI\Z k\Zjgh]lh kh_"bg_gBe_ cjbb&\ApdZg2Z D
Zwjh~jhfguo klhygdZo \ \_Ilj_gmx ih]h”~rkihevelohl¥bf
jZajZ[hlZggh_ khieh ~ey bkl _q_gby aZsblgh]h ]ZaZ
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:gghlZpbiKlzZlvy ihk\ys_gZ ZgZebam ijbf_gy_fuo \ Z\bZkljh_g
hjlZzgbq_kdh]h b g_hj]l]Zgbg_kdh]h ijhbkoh ™~ _gby ey ba]Jhlh\e _gby
liZ "Zgkdbo b \h_gguo <K JZkkfhlj _gu hkgh\gu_ b ki_pbZev
0ZjZd!l_jbklbdzf hkl_de_gby b I_ogheh]lgb"lxdZijeh bgad hg'kNuZ fZ1_jbZe
gZ hkgh\_ ZdjbeZlguo ihebdZj[hgZlguo ihebf_jguo kl_dhe "ey be
dZ[bg dZd “ey iZkkZ bjkdhc 1Zd b "ey \h_gghc Z\bZpbhgghc | _og

Dexq_\u_ keh)Zgbqg_kdb_ b g_hj]Zgbg_kdb_ fZl _jbZeu hkl_d
hr"ghkehcgu_ b fghl]hkehcguehfEVujbKlewWeZ b beexfbgZlhju

APPLICATION OF MODERN MATERIALS FOR THE PRODUCTION OF
GLAZING OF AIRCRAFT COCKPITS

Natsubidze S. A., Candidate of Technical Sciences

Moscow State Technical University of Civil Aviation, Irkuts&righ
(Irkutsk)

Abstract. The article is devoted to the analysis of materials of organic and inorganic origin
used in aircraft construction for glazing of modern civil and military aircraft. Basic and special
requirements to glazing characteristics and production technology are considered. New materials on
the basis of acrylate, polycarbonate polymer glasses for manufacturing glazing of cockyots for
passenger and military aircraft are presented.

Keywords: organic and inorganic materials, glazing of aircraft cabins, single and multilayer
materials, windshields and windows.
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<\_"_gb_

ljhba\h~kl\h hkl_de_gby dZ[bg kh\j_f _gguo <K hk|
kKhhi\_Ikl\bb k Ij_[h\Zgbyfb :\bZpbhgguo ©EZhhe\e k|l _deZ
hdgz2 hl WIibh Ij_[h\Zgby ij_"mkfzZljb\Zxl qlh dhg
eh[h\uo k|l _dhe b bkdkfbgZlhjpX \ha"mrguo IkKH" Ko
] jf_Ibg_kdbfb dzZ[bgzfb ~he gZ hkgh\u\Zlvky gZ nzdlt
\ukhlghc wdkiemZlZpb_c¢ <K \dexqZy \ha”_ckl\b_ ijl
pbdebqg_kdbo gZ]jmahd \ke_ ~kl\b_ i_bp_ ilZ%Z jZNH\jas_gb)
oZjZd|l_jbxfbodk\hckI\ _ggufb ijbf_gy_ fhfm fZl _jbZem

Eh[h\u_ kl_deZ b beex¥flbgDhjpulv kihkh[gu \u”™_j b\:
gZ]jmadb hl fzZdkbfZevghlh i_j iz~Z "~Z\e _gby \ dZ[b
\ha” _ckl\b_f djblbgq_kdh]h Zwjh~bgZfbqg_kdh]h ~Z\e gby
ex[h]h _~bgbqgh]lh jZajmr_gby

|1Zg_eb eh[h\uo kl_dhe i_j_ "~ jZ[hgbfb f_klZfb ibehlh
gZdehg _gu gZ m]he f beb [he <Kbjgkihetghguhkddbf
hijZzahf qlhJu \ kemqgZ_ ihl_jb \b2~bfhklb qgq_j_a ex[m
hklZevgu_ h”gZ beb g _kdhevdh iZg_ e ¢ hklZ\Zebk\
ithevah\zZgby ibehlhf k _]h jZ[hg_]lh f_klZ qglh[u h[_ki_q
ijh"he” _gb_ihe_1Z b ihkzZ~dZ

lhke  “bgbggh]h jZajmr_gby dhlhjh_ aZf q_gh wdkt
mf_gvr_gb_ i_j_ izZz"Z ~Z\e_gby \ dZ[bg_ \ khhlI\_Ikl\bb
wdkiemZlZpbhggufb h]jZgbg_gbyfb hl fZdkbfmfzZz ~h \_eb
[ ahizkgh ijh~he ZIlv ihe_| ijb ~Z\e_gbb \ dZ[bg_ k
"Z\e _gbx gZ \ukhl_g_[he__ f

dimZevghkijv *ezZ]Z _fhc klzZIlvb h[mkeh\le_gZ g_hJ[«
his _]h ZgZebaz ijbf_gy fuo \ Z\bZkljh_gbb fZl _jbZeh\
g_hjl]Zgbq_kdh]h ijhbkoh ~_gby ”~ey ba]lhlh\e_gby hkl_d
1iZ "Zgkdbo b \h_gguo gK\uddazdbBAegZ hkgh\_ ZdjbeZlgLt
ihebdZj[hgZlguo ihebf jguo kl _dhe ~ey ba]Jhlh\e _gby hkl

>ey hkl_de_gby<K¥X[gdklhys _ \j fy bkihevamxl| fzZI
hjl]Zzgbq_kdh]h b g_hj]l]Zgbg_kdh]h ijhbkoh ~ _gby

> |[Zeb hkl_de _igbpasiK*yblkay h*"ghkehxgludgh]hkehcguo
fZl _jbAeZ hkgh\_ hj]Zgbg_kdbo b kbebdZlguo kl_dhe

GZ hkgh\_ hjl]Zgbg_kdbo kIl _dhe ba]hlzZ\eb\zZxl ~_ |
k"\b guo gqZkl_c nhgZzZjy ]_jf_Ibg_kdbo dZ[bfgdth Iggbo <
beexfbgzZlhjh\ iZzkkZ bjkdbo b KEKgkihjlguo

Ba fghlhkehcguo kbebdZlguo kl_dhe ba
we dljhh[h]j_\Z2hflh\ukl dezZK Z 1Zd _ kl_deZ kh ki_pbZe
ihdjulbyfb >ey balhlhf\eh]dplkgehcgh]h hkl_de _gby ijbf
kde b\Zxsb _ ie_glhiéb\bgbe[mlbjZevgZy ithebmj_1Zgh
wlbe g\bgbeZp |ZlgzZy

Hjlkl _dehije*mdl ihebf_jbaZpbb keh guo wnbjh\ 2Zd
f I1Zdjbeh\hc dbkehl k “h[Z\dhc ieZklbnbdZlhjh\ Bkoh”g
_]Jh ihemqg_gby y\eyxlky g_nlv b 1Z83hg_nl_ijh mdlu
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< gZklhys\| fy hkgh\gufzZl_jbZehf 7ey hkl_de_gby
hl_q_klI\_ggkig\ey Ikhyb _glbjh\Zggh_ hjlkl20kZ:thkgh\ _
ihebf_Ibef_1ZdjbeZlgh]h1ROKdeZ KgH c | _fi_jZImjhc .*h f
Djhf_ Ih]h “ey hkl_de_gby kh\j_f gguo <K fh]lml ijbf_g
fZjdbjlgbq_kdbo kkhdéd2kgh Hjb_glbjh\Zggh_ hj]l]Zgbqg_k
LKD Bfi_jby

+ KHE ebg _cgh]h kljhhpgbki gb\Z | gzZ”~ "gmx jZ[h
bgl j\Ze_ | _fi_ jZIm}ml fK

+tKE g_ kh”_j bl ieZklbnbdZlhjZ b h[_ki_gbhZml\gzZ"_
bgl j\Ze- hth f K

+ hjb_glbjh\Zggh_ XkMddbebh h[eZ~Z | ih\ur_ggufb nbab
f oZgbqg_kdbfb k\hcklI\Zfb ihgb _gghc ojmidhklvx b ih\u
\yadhklvx

+ 2- b 55 + bf x|l ebg_cgh_ kljh_gb_ b ih\ur_
| _iehklhcdhklvjZpihzllv \ bgl_j\Ze_ | _fi_jZhmj FIK Z L
55 £7h 3800 f K

+ KHE b KL Ijbf _gy Iky "~ey ba]lhlh\e _gby beexf]
g_] _jf_Ibg_kdbo b ]_jf_Ibg_kdbo dZ[bg <K

+>HJ ijbf_gy_Iky *ey hkl_de_gby ] _jf_Ibg_kdodk dZ]Jk
ijb 1_fi_jzZImi_ Hh fK

Hjlkl _dehwth fZl jbZe dhlhjuc ohjhrh ih~"Z 1ky h
jZkibeb\Zgbx rebnh\Zgbx Kk\ jeZlg@hx jijhdgZ]j_ \Zgbb 1
fh gh ijbrzZ\ZIv jZaebqgu_ nhjfu ijb wlhf ijZzdlbqg_kdb
hilbg_kdb_ k\hckiI\Z jbk

JbkmdhdBalhlh\e _gb_ eblh]h hjl]Zgbg_kdh]h hkl_de

Hjl]Zgbg_kdh_ kIl _deh bf__| ke_"mxsb_ | _ogbqg_kdb_ ¢
tdhwnnbpb_ gl ijhimkdZgby%\ |Z +

tiehlghklv £ ] kf

tmjh\_gv | _iehmklhcdbYhklb *
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£l fi_jZImjZ wdkiemizgHZphb zf K

1 _fi_jZImjZ \hkiezZf_g «fBYyfK

HrgZdh hj]j]Zzgbqg_kdb_ kl_dezZ bf_xI g_dhlhju_ g_"hk
g _"hklZlhggZy mklhcqgb\hklv d f _oZgbg_kdbf \ha”_ ckl\b
fhlml h[jZah\u\Zlvky [|j_sbgu kdheu pZjZibgu Djhf_
hfez~Z | Thjxgb Kjvkm | \ ijhp_kk_ wdkiemZlZpbb ihklhyg
_]h I _ogbqgq_kdh]h khklhygby b moh”zZ az gbf khleZk
hjl]Zzgbq_kdh_ kl _deh LKD Bfi_jby

KbebdZlgh_ kIl _deh \ Z\bZkljh_gbveyijlbfaldiyhiky gby
fghlhkehcghh de gldhyhjhba]l]hlh\ey |Iky iml_f kde_ _b\Zgby
kh[hc ieZklbg ba kbebdzZlghléZzkghdekZjbie dk &OHODU (QC
2008).

< Z\bZkljh_gbb ijbf_gyxlky ke fghkiske h\cdy'wbd k| d

tljbie _dk hj]Zgbqglkddkekcgh hj]kl _deh ihemqg _ggh_
A\mo ebklh\ hjl]Zzgbg_kdh]h kl_dezZ k ihfhsvx weZklb
iheb\bgbe[mlbjZevghc ie_gdb Ijbf_gyxl Iljbie_dk lhesbc
\ur_ k ijhajZgghc ijhkehcdhtey kklffde gby ] jf Ibg_kdbc
<K Ljbie_dk fh | Julv bghwe\edljhih~h]j_\hf hl azZf_jaZ
hlihl_\Zgby Hj]l]Zgbqgq_kdbc Ijbie_dk \uimkdZzZ _|kyLl6e ~mx
HEKE HE- H-200 [2].

+ ljbie_dk kbebdZlgigh]hkedic fZl _jbZe ithemqg_gg
kde b\Zgb f ~“\mo kbebdZlguo kIl _dhe k ihfhsvx iheb
ile_gdb [mlI\Zj Ilhesbghc « ff <gmlj_ggbc kehc Ijbi
lheklh]h kIl _dezZ Z gZjmbgugEhkehclikgdh]h >ey ij_"hojZg
ihl _jb ijhajZgghklb kbebdZlguc ljbie _dk bf_ | we
ljbf gy |ky "ey ba]lhlh\e _gby eh[h\uo Kkl _dhe ]jZz ~"Zgl
\h_gguo <K > @

Libie_dk bf__ I \iZz _hms_kl\¢p_th[jZah\u\Zlv ihlhd hkdh
ijb m~Zjghf jZajmr_gbb fZl_ jbZe¢lr kbrewbufon m~ZjZo kl_de
jZkkuizZ Iy dmkhqdb Z mbo m\Z Ijhf_"mlhgghf keh_
ihebf_jghc ie_gdb beb "bArdh]hjgKihegbl_ey

Jbkm@hdh\j “~ gby eh[h\uo kl_dhe <K

Fghlhkehcgu_ kbebdZlgu_ kIl _dezZz h[ez”Zx]
Ahklhbgk\Zfb > @
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t\ukhdZy ijhgghBl/ \+ « jZa ijhgjZgbqg_kdh]h kl_deZz

t\ukhdb_ | _iehbaheypbhggu_ b a\mdhbaheypbhggu _

t\ukhdbc dhwnnbpb_gl ijhimkdZgby k\_1Z

D g _"hklzldzf fh gh hig_Kklb

t Ijm~ghklv h[jZ[hlA8 dZd |jbie_dk fgh]l]hkehcguc fZ
ke "h\zZl _evgh _klv Ijm~ghklb | _oghek]lbbdhéd aklelh\euag !
nhijf

tjZajmr_gb_ ljbie_dkzZ fh _I ijb\h”blv d kb _jlZidha]j
dZd kI _deh ihdjul\Z _Iky k_Ilvx f_edbo |Ij_sbg kf jbk

D kh\j_ f gghfm hkl _de_gbx dZ[bg 1jZ "Zgkdbo b
1] _~tyleyxlky ke _~"mxsb_ hkgh\gu_ |j _[h\Zgby

<\ukhdZy ijhgghklv

<hilbg_kdZy ijhajZqghklv

<\ukhdh_ k\ _ThijhimkdZgb _

<Zglb[ebdh\u_ k\hckl\Z

<aZsblZ hl \ha”_ckl\by kheg _qgqghc jZ*bZpbb b *"jm]b

<Zglbh[e_~ _gbl_evgu_ k\hckl\Z h[_ki_gqb\Zxsb _
we _dljhh[h]j_\

Wlb [Ij_[h\Zgby ihdZaulZxl qlh hkl_de_gb ghe<K y\
hilbg_kdhc kbkl_fhc Z \ukhdb_ ijhgghklgu_ oZjzdl_
khklZ\eyxs ]h gZklv kbeh\hc ko fu dhgklkmdpBhk| dh\bmu
hfeZklv gZmdb b | _ogbdb b ihalheyxl \®bkdbd elbyfb
dhgkljmdpbhgghc hilbdb2 BDH

>ey h[_ki_q_gby \ukhdbo hilbg_kdbo k\hckl\gbyoZpbt
Z 1Zd [ _ahizZkghklb wdbiZz" ¢ <K ijb klhe\dgihé ¢gbhth K il
ihlj [ghklvx kgb  _gby _]h fZkkh\uo oZjzd|_jb&|]BEfhbdkth[o
gh\uo ba” _ebc e _]Jdh]h b ijhggh]h hkl _de gby

<k _jhkkbckdbc bgklblml Z\bZpbhgguo fZl_jbZekh\ <B
BgklbImlhf iezZklfZzkk jZajzZ[hlZe gh\uc hilbdgkheblighaj)Zc
ithebdzZj[hgZIl fZjdblBM7,0 [4].

Bkke ~h\Zgby ihdzZazZeb qglh m~rZjgZy \ylddhklv
ithebdzZj[hgzIlz \ » _kyldb jZa \ur_ q-f M hZ]KEZ dkeéd Z:¢lvg Z
| fi_jZImjZ wdkiemZlZpbb fh | khklZ\eylMmf*ih[eZ"EKI |
\ukhdhc klhcdhklvx d jZaebqguf ZIfhkn_jgufklybdeZgpif
hilbg_kdb _ b f ozZzgbqg_kdb_ 0ZjZdl _jbklbdb ihke
\ha”_ckl\bc LZdh_ kl_deh ey Z\bZpbb \uvZju blEpl gh Il
b agZgbl _evgu_ Zwjh”"bgZfbq_kdb_ gZ]jmadkk HBkkhhefbah\
k\hcklI\Zfb aZsbsZ | \h_ggh_ <K hl ihjZz ' Zxsbo we_ f_glh\

;eZlh*Zjy ki_pbZevghfm ihdjulbx ZdjbeH\RZ kI _gleh
fmlg_ | g_ h[je_~ g \Z | b h[_ki_gb\Z_| opghempudb”b
ihlh~"guo mkeh\byo :glb[ebdh\h_ ihdjulb_ ih\urd | wr
[ ahiZkghklv jZ[hlu ibehlzZz Djhf_ Ih]h Zdjibegb\zZ |kl _
hikmlkl\b_ \bamZevguo bkdZ _gbc b \[¢Z[hgbkbInkZpblk
A"hklzZlhggh g_Ildbf jbk
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Jbkm@hd hfie_dl hkl_de_gby kXf#heeh[hKAhkemdhauj_d
b hldbrgZy qgZklv nhgZjy \uiheg_ggu_ ba fhgheblgh]h

>ey ih”M\_j°"~ gby 1Zdbo \ukhdbo o0Zjzdl_jbklbd \
©L _ogheh]by2 b I:H ©DhfiZgbhy ©Kmohobkiwl&lghyh\dh|hlhgjw _
ihdZaZeb agZgbl_evgu_ ij_bfms_<«K\gZZ htkkgt&_ dfinggheblgh
ithebdZj[hg&jZ\g _gbb k kbebdZIlguf Wkl _de gb f

tkgb  _gb_ \_kZ hkl_de_gby \ jZaZz

tih\ur_gb_ "bgZfbg_kdhc ijhgqghklb klhcdhklb d m~Z
\ jZaZ

thlkmlkl\b_ hkdhedh\ ijb "bgZfbq_kdhf m~Zj_

<k _wlh ~hklb]Z_ |kyZgZkkgbly dj _fgbchj]l]Zgbg_kdbo :
ihdjulbc gZ hjlj]zZzgbg_kdh_ kIl _deh b ihebdzZj[hgZl Zwjha
beb fZ]g_ljhgguf kihkh[hf

Ki_pbZevgh_ ihtfdwdhbdhfihabpby gZ hkgh\_ kieZ\Z hdk
b heh\zZz Z 1Zd _ ahehlzZ ieWydZlhigdZyZagzZqZ |ky "ey
wdbiZz 'Z <K b _]Jh h[hjm”~h\Zgby hl \ha”_ckl\by we_
mevljZnbhe _ Ih\h]h baemqg_gbc kheg_qgqgh]h ki_dljZz 1|_ieZ
wdjZgbjm _| kh[kI\_ggh_ we_dljhfZ]gblgh_ baemq_gb_
g_J]Zlb\guo nzZdlhjh\

GZg_k_ghbdjulby gZ hkl_de_gb_ hkn&ikp\edavghc
mklzgh\d_ ]*_ \\Zdmmfghc kj_"~_ jZ\ghf_jgh ihdju\ZxI ih

LhesbgZz dzZ ~“h]h kehy bkgbkey_ Iky ~_kylufb b |
gZghf_I|jZ WIh iha\heyxl kha”rzZ\zZIlv "ey k\_lhnbevlyh\ jZa
f 1Zeehhilbq_kdb_ dhgkljmdpbb k qgbkehf keh_\ [he__
dZ "h]h kehy « gZghf_I|jZz >\_ khilgb keh_\ IZdhc I
ANZxl ihdjulb_ gZ ih\_joghklb hkl _de_gby[4l.« gZghf_Ijh\

<ukhdZy m~ZjgZy ijhgghklv b f gvrbc \_k ih kjfZ\g g
ba kbebdzZlgh]l]h kl_dezZ iha\lheyxl ih\ukblv [_ahiZkg!
IZkkZ bjh\ <K
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AZdexq_gb_

JZajzZ[hlZggu_ b j_Zebam_fu_ \ Z\bgguh fgbbjihdeq ke
hkl_de_gby dZ[bg <K gZ hkgh\_ ZdgEédguguidebfepgwq[kl_dh
azZz”"Zggufb hnkoedhg_kdbfb b nmgdpbhgZevgufb k\lhukihldBth h|
ijhgghklvx gZ”_"ghklvx b debfzZlbq _ddh ¢ ey hizddkikd vixjkdhc |
"ey \h_gghc Z\bZpbhgghc | _ogbdbgBmhighbeyh/kila*"ggumx [Za
"ey hk\h_gby ijhba\h”klI\Z gh\h]lh Z\bgmppwhggh]h hkl_d
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;hjb”rvdh: K

<MGP <<K ©O<\thaggtrgZy ZdzZ”_fby bf ijh@nk&hyKdG]R b
X : =Z]1ZjbgZz®
1 <hjhg_~

:gghlZpby klzZlIv_ jzkkfhlj_gz f_Ih~bdzZ \_jhylghklgh]lh jZkq_IZ
iZzjzf_ljh\ we _f_glh\ dhgkljmdpbb e _IZl _evguo ZiizZjZlh\ <gdZq_ Kkl
jZkq_ | maezZ kh_"~bg _gby fhlhjzfu k nxa_ey _f Ijbf_g _gb_ \_jh
iha\hey | hilbfbabjh\zIlv izjzf lju we_ f _glh\ dhgkljmdpbb e _|ZI
h[_ki_qgblv Ij_[m_fmx gZ~_"ghklv

Dexqg_\u_ kehAZl _jfbgbjh\Zgguc b \_jhylghklguc jZkq_l [
jZkij_~_e_gby gzijy _gb_ azizk ijhgghklb gzZ”~_"ghklv
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APPLICATION OF PROBABILISTIC METHOD IN CALCULATIONS FOR
THE STRENGTH OF AIRCRAFT STRUCTURE ELEMENTS
DEVICES ON THE EXAMPLE OF THE CONNECTION BETWEEN THE
ENGINE MOUNT AND THE FUSELAGE

Nekrasov A. V., Candidate of Technical Sciences
Boridko S. A.

OLOLWDU\ 7UDLQLQJ DQG 5HVHDUFK &HQMPH LD RV NIX |
SURIHVVRU 1 ( =KXNRYVN\ DQG < $ *DJD!
(Voronezh)

Abstract. The article discusses the method of probabilistic calculation of geometric
parameters of aircraft design elements. As an example, a calculation was made of the connection
between the engine mount and the fuselage. The use of probabilistic calculation makes it possible to
optimize the parameters of aircraft design elements and ensure the required reliability.

Keywords: determined and probability calculation, distribution parameters, tension, safety
margin, reliability.

<\_"_gb_

IhrZ\eyxs__ [hevrbgkl\h jZkqg_Ih\ gid jjbhaahdkdwf
| ogbqg_kdbf gZijZ\e _gbyf " h yjiZKlhgys Jhuihegy IKky
bkdexqbl _eggh | _jfbgbklbqg_kdhc hkgh\_ ljb  wlhf ij

oZjZdl_jbklb\dixkI\Zz fzIl_jbzZeh\ ]_hf_Iljbg_kdb_ izZjzf_Iji
kbeh\u_ \ha”_ ckl\by gZ dhgkljmdpbx kqblZxlky azZ”Zggl
HrgZdh k\hcklI\zZz fzZl_jbzZeh\ b jzZaf_ju \k_]*"Z bf_xI g_
hlghkbl _evgh kj _~g _]h bo agZq gby Z \g rgb_ gZ]jme
azZjZg__ ij_"m]z~"Zlv b hgb IZzd _ g_ y\eyxlky dhgklzZglZzZf

GZijbf_j gZ ijhkljZzgklI\_ggmx n_jfm djeyee ghdl e\bdh|!
ZiizZjzZlZz \ h[s_f kemqzZ_ ~_ckl\mxl| fzkkhiywlb kjpedd|bligu -
fhf gl Z 1zd"_ Zwjh"bgZfbq_kdZy gZ]ymadZalghkxabZdqhel
Djhf_ Ih]h gZ kl_j'gb n_jfu i_j_"~Zxlky yl]jjapdctiygtl
g _mjzZ\gh\ _r _gguo fZkk ~\b]ZIl ey bl\bglZzkg<lguamieyldjma
"ey dhgkljmdlib\guo we_f _glh\ maezZyjn i¢f gohhdpdZ qZk
IjbgbfZxl g_kdhevdh [hevrbfb q_f “"eychkdZleaesrglZo AZREZ\Z _
ijb wlhf dhwnnbpb_gl aZiZkZ ijhgghldgoh[mZ\brkngs _kI\

lhwlhfm jZkqg_| dhgkljmdpbc e_IZl _evguo ZiiZjZlh
kh~ _j"Zsbo kemqgZcgu_ izZjzZf_lju g_h[oh”bfh ijh\hVWblv g
| hjbb \ _jhylghkl ¢ < _jhylghklguc ih*oh” d jZkg_Im dhg
ijh_dIbjh\Zlv bo k aZz~Zgguf mjh\g_f gZ~_"ghklb b ke_*
wnn_dlb\gu_ ijh_dlgu_ j_r_gby

F Ih~"bdzZ jZzkg _1Z

?keb kemqgZcgu_ \_ebqgbgu \g_rgb _, kbrefthVubqg nkdlh;
jZaf _ju ij_~ _evgu_ gZijy _gby jZkij_~_ e _gu ih ghjfZey
oZjzZdl _jbklbdb gz~ “ghklb fh]lml [ulv ihemqg_gu ba ke_ *
gZau\l\Z _fh]lh mjzZ\g_gb2]f k\yab >
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s (1)

] z £ d\Zglbev ghjfZevgh]h jzZkij_~ e _gby 1ijb az”Zg
\_jhylghklb [_ahldZaghH; m@i{hbu fZI_fZlbg_kd&hb~Zgb
ij_~ _evghlh gZzZijymygbyZl fZlbq_kkdhb"Zgb_ ~ ckl\mxs ]
gZijy _9gBy xkj_"g_d\Z~jZlbgq_kdh_ hldehg_gb_ij_~ _evgh
Syxkj_"~g _d\zZ~jZlbqgq_kdh_ hldehg _gb_ 7~ ckl\mxs_]h gZijy"

GZ hkgh\_ mjZ\g_gby fhlml [ulv j_r_gu "\Z \b*"Z a:

ti_j\Zy gZoh ~ _gb_ ] _hf_Iljbgq_kdbo jZaf_jh\ k_q_gbc
\_jhylghklahldZaghc jZ[hlu

t\lhjZy gZoh ~ _gthwnnbpb _glZ azZizZzkZ ijhqghklb ijb
\_jhylghklb [_ahldZaghc jZ[hlu

JZkkfhljbf Zelhjblf j_r_gby i_j\hc aZz*Zqgb gZ ijbf_j_
jZkg _1Z lhesbgu ijh@mbhed kh_~bg _gby kl j g _c fhlhjgh
nxa_ey _f 1pk

<g_rgyy kPedjZ\gh\_rb\Z _Iky ijh*hevghc \gmNj_gg_c
> ckl\mxsb_\ wlhf k_g_gbb ihQ b hglb[ZXbsemu fh\ idnlu
mkeh\bx jZ\gh\_kby y\eyxlky ebrgbfb Fgh]J]hgbke ggu_ b
glh jZzkg_I| fh gh ijh\h?blv lhevdh gZ jZmapjulihitkjk*gbfbx
gZijy _gbyf > @

P

_ Vo, 2
kj ZXG( \ ()

] k £+ dhwnnbpb_gl mgblu\Zxsbc \ebygb_ dhgp _gljZpbt
hil* evguo lhgdZoxktdghgdymdlb\guc iZjZf ljWpak ~ e
ijhgghklb fZl _jbZeZ ijhmrbgu

JbkmghdjhmrbgZ hkgh\gu_ iZjZf lju gZ]jmadZ
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Wdki_jbf _glZevgh ey dkwmempgb ghlXujZz  gb_ > @

b
k 0,565 0,46X 0,d | (3)

X d

]7y,bd tdhgkljmdib\gu_ iZjZf lju ijhmrbgu jbk
< dzq_kI\_ ~hihegbl_evgh]lh mkeh\by ij ~iheh bf qlh
GZ\_g

S EG

] Ei dhwnnbpb_gl mgblu\Zxsbc jZzafjhk agZq_gbc

Hg \b~gh qlh ba mjZ\g_gby fh™ | Julv gZc”®_g lhe
VAVARRY \k_ hklZevgu_ "he 'gu [ulv klyazZgu Kk gbf
dhwnnbpb _glh\ gZijbf_j

x= DG (4)

I Di dhwnnbpb_gl hij_~ ey fuc jZajZ[hlgbdhf

< [hevrbgkl\_  kemqgZ \ ijhkljZgkl\_ggu_ n_jfu dj_ie_
yleyxlky klZlbg_kdb g_hij_~ _ebfufb \hkvfbkl _j g _\uf
ih\ur_gby °~ _kldhklb b "b\mg_klIb [jB WIlhf ¥\eeZ Iky
jZ\gh” _ckl\mxs_c¢c kbe kh klhjhgu g _kdhevdbo kIl _j'g_c
lj_~iheh bf glh \ ma_e \oh”bl "\Z kl_j gy

P P P. (5)

1 2

< khhlI\_Tkl\bb kh k\hcklI\Zfb fZI _fZlbg_kdh]h B)b~rZgt
ke "mxsbf h[jZahf

m, m, m,. (6)

P P1 P2

>ey gZoh *_gby kj_"g_d\zZ"jZIbq_% dm}g dmpllle ke ngdpZc g
\_ebgypdg (X, % «X)=f(x bkihevam_ Iky f Ih® ebg_ZjbaZpbb >

s, | —| « S, (7)

1" S = kj_"*g_d\zZ*jZIbg_kdh_ hldehg_gb_ kemgZcghc \_
fZl_fZlbg_kdh_ h " br"Zgbx. \_ebqgbgu
< gZr_f keffxgwlh lh]"rZ ijbgbfz_1 \b~
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2

a g 0 af o
Ss <« » Sp21 < gz gl sz' (8)
& P mpP1 s W<E2 mP2 2y

ljb aZ*Zgghf khhilghr_gbb jZaf_jh\ ijhmrbgu agZf_gZl
F 2 7
<ujZ _gb_ "ey fZl _fZlbq_kdh]h h b~rZgby ijbgbfzZ | \b

m_ m, fK? .
>ey hij_~_e_gby fZI_fZlbqg_kdmjhnimgdyhgbykemqgZcg
\_ebqbgw=fx") ijb n fh gh \hkihevah\Zlvky k\hcl|

fZzl _fZIlbg_kdh]h h'brZgby > @
m x° m xiz S. (9)
< gZr_f kemqZ_ lke_ _"axsbc j_amevlZl

m. 2Dkl £ G (10)

E

Ki ~g_d\Z*jZlbgq_kdh_ hidehg_gb_

2

s; % S 4 kps. (12)
w m G 1/4
<h \\_ " gdyybagZg gbyo \ujZz"  _gb_ "ey kj_"g\ ]h g:
ijhmrbg ijbgbfzZ | ijhklhc \b~
v, —. (12)
F

21h fZ1_fZlbgq_kdh_ h brZgb_

m = (13)

Kji ~g _d\z*jzlbgq_kdh_hldehg _gb_

2

2 a f 0 ) W f
v « _ » Sp «
P mp Vs wE

s 2 g Sh s (14)

mF y, ©F "1 ow 1

S

-

117



lh~rklZ\b\ \ 0), (11), (12 b4 bkoh”gu_ iZjzZf _lju fh ¢
ithemqgblv gbke ggu_ agZq _gby oZjZdl _jbklbd jZKkij
aZibku\zZ |Iky mjz\g_gb_ k\yab b j rZ |Iky highkbl _evg

J ZebaZpby f_Ih"Z

Qbke _gguc jZkg_ | b kjzZ\g_gb_ ~ 1 _jfbgbjh\Zgguo
1 ZjZf_ljh\ ijhmrbgu \uihe@fddo wkdbagh]h ijh_dlZ e_]dhf
MLK < dZg_KkI\_ ijhlhlbizZ ijbjgydbpndhufpghzfhe 1- YDk
g f pdbf ihjrg_\uf ~"\b]Zl e f 5( $ cevl_jgZlb\hc _
kem blv hl_g_kI\_gguc Imj[h\bglh\hc K\b]JZ*g&dh<DaZzZf g
MDb]zZl _ey h[mkeZ\eb\Z | g_h[oh”bfhklv \g_k _gby \ dhg
jy*"Z baf_g\dbh¢ gbke_ ijh_dlbjh\Zgby gh\hc dhgkljmdpbb

GZ jbk Ij_~klZ\e _gZ jZajZ[hlZggZy dhgkljmdpby ma
<D K n_jf_ggh]h IbiZz IjhkljZgkl\_ggZy kbeh\Zy n_jfZz
" _kldbo kl_j ' g_c

Jbkmghd 1 H[sbc \b”A n_jfu gZ\_kdb K\b]ZIl ey <D

N jfZz y\ey Iky "\Z ~u klzZzlbgq_kdb g_hij_~ ebfhc "ey
___ kl_j'gyo ba kms_klI\mxsbo f [4hAbfjZz@kQfIh™ kbe? -
dZq_KkI\_ bkoh”guo ~Zgguo bkihevamxlky ] hf ljbg_kdb
|Z[ebpZ agZgggbyuo gZ]jmahd

KIZIbg_kdb hij_~ ebfZy hkgh\gZy kbkl_fZ ihemqg_gZ |
©ebrgbo kl _j'g_c? b

< jZ[hl_ ijbgylu ke_"mxsb_ jZkg_lgu_ kemqgZb \a
\uiheg_gb_ fZg_\jZ ©]hjdZ?2 ijyfhebg_cguc ]JhjbahglZevgi
D "\b]zZl _ex ijbeh” _gu kbeu b fhf_dghu jEbe" lgkb\mxsZy
fZkkh\uoPKbe_Zdlb\guc fhf_gl Ml \bglZ
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LZ[ebpZ i>ebgu kl_j'g c b gZijZ\eyxsb_dhkbgn

KI j g ljh_dpbb gZ hkl|l>ebdZf GZijZ\eyxsb_ dhkbg
X y z X y z
b 0,60416 0 0,321 | 0,684142 0,883 0 0,469
b 0,60416 | 0,321 0 0,684142 0,883 0,469 0
b 0,36263 | 0,321 0 0,484294 0,748 0,662 0
b 0,36263 0 0,321 | 0,484294 0,748 0 0,662

J amevlZlu jZkg_1Z mkbebc \ kl_j 'gyo n_jfu ijb\_"_ gl
LZ[ebpZ i Bkoh”gu_ ~Zggu_ ey ijh\_~ _gby \ _jhylghl

1ZjZf _|1]j AgZq | ljbf_qZgb _
lj_~ _evgh_ gZijymyg¢ 1400 Kji_"g__ agZg_gb_ ij_" _eZ ijhq
FIZ O=K: (KijZz\hggbd ih khijhlt

fZ1_jbZeh\ = K IbkzZj_gdh : |
FZI\__\ HI\ j_ A~ =K IbRZj hy
i j_jZ[ b ~hDbx\ GZmd ~mfd

736 K)
Kj_"~g_d\z”~jZlbq_kd 60 Dhwnnbpb_ gl \ZjbZpbb Ney
hildehg gb _ ij_n 0ZjZdl _jbklbd klZe_c¢ b kieZWhb-
gZijy' oy FlIZ 10% (F_lh~heh]lby \u[hjz fZI_j
mijhggyxsbo | _ogheh]bc \ fZr
mq_[gbd ? Ahldibgba” i_j_ jZ[

F B> ONHJMF2 BGNJ: 30Kk). <
jZkq _1Zo ijdgyT %.

Mkbe®y G -33239 | Ijbgylu "\ey gt?fb[he]_h_ng]an\a%?l
mae _ j_"bf_ ©]hjdz?

MkbeR_ G 2646 kI _jgb b

Kj_"rg_d\z~jZlbqg_kd| 3323 | Ijb hlkmlkl\bb wdki_jbf_glZz

hildehg Sub G klZlbklbg_kdbo ~"Zgguo dhwnnb

Ki A ZAi7 K > ijbgbfZz_Iky dzd ”"ey ij_"_evgu

hljaeﬁﬁdsz;zb JG bg_kd 65 FEF10% (Dmag_ph\l:ebnzZgh\ H F

< B <_jhylghklgu_ ozjzdl_jbkl
Z\bZpbhgguo fZl_jbZeh\ b jzZaf_
Kijz\hgqgbd Ih~ j_~ KH HBZ

FZrbghkljh_gb_ B+
>himkiAlgZ bkdhfuc j| 002 | IjbgbfZ_Iky kj_"g__ agZq_gb_|
Gjhmrbgu jZaf_ju ij_kkh\Zgguo ijhnbe_c

\Z\bZkljh_gbb

Dhwnnbpb_gl khhl 1
jZaf_jh\ ijhmrBgu

Dhwnnbpb_gl dhgp 0,8 ljby/x=1 bb/a=2 [4].
gZijy _dkc
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> | _jfbgbjh\Zggh_agZqg_gb_ lhesbg) ijhmrbgu ba

P P \/|33239 2644 ;
G  — 3,696710° f
2D K 271 1400 16 0,8
J amevlZlu \uqbke _gbc Ilhesbgu ~ey jZaebqguo agZ

[ ahldZaghc jZ[h{l4 ihj_"~klZ\e_gu \ IZfelypdhwnnbib glZ

ih nhjfme _ b ijb I _  \ ij_~iheh _gbb qlh azZiZk ijhc
dhgp_gljZpbyf gZijy _gbc hlkmlkl\m |
LZ[ebpZ i AZ\bkbfhklv lhesbgu ijhmrbgu hl \_jhylghl
JZ[hlu
H 0,5 0,99 0,995 0,999 0,9999 [0,99999
Z(H) 0 2,326 2,575 3,09 3,719 4,265
G ff ijb=0,8) | 3,695 4,29 4,36 45 4,67 4,83
a ff ijb=1) 3,31 3,84 3,9 4,02 4,18 4,32

<u\hu

1. > | _jfbgbjh\Zggu_ jZkgq_lu 7~Zxl j_ameviZlu khh
\_jhylghklb [_ahldZad¢h0,bZ[hlu

2. Iljbf_g_gb_ \_jhylghklgh]h jZkq_1Z bf__| p_evx

gZ”_ "ghklb ba\_klghc dhgkljmdpbb dhlhjzZzy azZl_f kjZ\gb
gZ”_ "ghklvx beb \uiheg _gb_ dhgkljmdlb\gh]h jZkqg_IZ
k g gby dhgkljmdpbb ijb mkeh\bb h[_ki_qg _gby aZ”Zgq
gZijbf_j \_jhyldhklb khhiI\_Ikl\m_| I&esbgfd

3. < _jhylghklguc jZkq_| fh | [ulv bkihevah\Zg "ey
dhwnnbpb_glh\ aZiZzkZ ijhgghklb ih aZ~Zgghc \_jhylghklk
W lh hkh[ _ggh ZdImZevgh ijb hlkmlkl\bb ~hklZlhqgc
wdki_jbf_glZevguo ~Zgguo LZdhc \u\h™ k¢ _ameVIBbBh\kj-
ithemqg_ggub=ijb jZkkgblZggh]hkHl. b

4. I'h kl_i_gb \ebyglyijgihrbgu iZjzZf_lju jZkij_"_e
kemgZcguo \ _ebqgbg jZkiheZ]Zxlky \ ihjy*d_ m[u\Zgby ag
h[jZah&iS5,, £

' B;EBH=J:NBQ?KDBC KIBKHD

1. DZimp GzZz~_"ghklv b ijh_dlbjh\Zgb_ kbkl_f D DzZimj E
Fbj

2. GzZN_"ghklv f_ozZgbg_kdbo qgqzZkl_c¢c dhgkljmdpbb e :1Zl _evg
Dmag_ph\ Ahehlht ©hey]lbgB FLbIh\ F FZrbghkljh_gb_ k

3. DZg ®JZkq_| kzZfhe_|1Z gz iphgdrakivi 4 jZ[/ K "BGi DEg

K\_j2~eh\ FEZrbghkljh_gb _ k

4. 1Zrdh\Z B Ijh[e_fu klZIbg_kdb hij_~_ebfruo?kblidrdh\zZz < <
g™jb_gdh ? :ZaZjh\z Bggh\Zpbhggu_ ijhp_kku \ glEdand_ b
klZzl_c¢ F_""mgZjhrghigZgdmpggdkdhc dhgn_j_gpbb \ g QZklv I

ijhk\_s_gb_  76-7K+EDN VQBKNR.
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M >[B29.7.015

QBKE?GG:Y J?:EBA:PBY F:L?F:LBQ?KDBO FH>?E?C
MKLIJHCKL< :<LHF:LBDB E?L:L?EVGH=H :II:J:L: B
<UQBKEBL?EVGUC WDKI?JBF?GL G: KL:>BB

1J:DLBQ?KDH=H IJH?DLBJH<:GBY

| Ijh\ | '<dZg” | _og gZmd
e _dk_\ <
Dm”_jdh?> dZg” | _og gZmd

'Mnbfkdbc mgb\ _jkbl | gZmdb b | _ogheh]bec

] MnZz
>H ©L_ogh”bgZfbdza
] Fhkd\Z

:gghlZpbyza\blb_ zZiiZzjZlguo kj_~kI\ W<F ijb\_eh d baf_g_g!
kljzl_]1bb bkke_~h\Zgby keh 'guo |_ogbqg_kdbo kbkl_f b \mqgzklgt
jZa\blbx gbke_gguo f _Ih~"h\ JZa\blb_ dhfivxl _jguo | _ogheh]bc
hli_gzZlhd gz fZg_jm bkke_~h\Zgbc < klzZlv_ gZ ligbjhg\IlgfAlibldhuo
ihdzazZzgh qglh ijb bkihevah\Zgbb klzg”Zjlgh]lh fzZI_fzZlbg_kdh]h
\ulh”~g__ mkeh gylv fZlI_fZlbg_kdh_ hibkzZgb_ \\h~y "bhaf_jl™"gpbZe
\iheg_ fh gh [ueh [u h[hclbkv Ze] [jZbg_kdbfb mjZ\g_gbyfb

Dexq_\u_ kehWZgZeba K:J ]b~rjhmkbebl _ev "bgZfbqg_kd
\ugbkebl _evguc wdki_jbf_gl h[jZlgZy k\yav

NUMERICAL IMPLEMENTATION OF MATHEMATICAL MODELS OF
AIRCRAFT AUTOMATION DEVICES AND COMPUTATIONAL
EXPERIMENT AT THE STAGE OF PRACTICAL DESIGN

Petrov P. \}, Candidate of Technical Sciences
Alekseyev V. E-
Kuderko D. A%, Candidate of Technical Sciences

'Ufa University of Science and Technology
(Ufa)
“Center Technodinamika
(Moscow)

Abstract. The development of computer hardware has led to a change in tactics and
strategies for the study of complex technical systems and, in particular, to a significant development
of numerical methods. The development of computer technology also leaves an imprint on the
manner of research. In the article, using the example of some problems of hydraulic automation, it
is shown that when using standard mathematical software, it is sometimes more profitable to
complicate the mathematical description by introducing differential equations where it would be
quite possible to do with algebraic equations.

Keywords: analysis, CAP, hydraulic booster, dynamic model, computational experiment,
feedback.
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<\_"_gb_

ljb ZgZeba_K:J "ey mijhs_gby jZkgzlh\ klZjZxlky ij_
1 ZjZf_1jZfb b ihgbablv ihjy*hd “bnn_j _gpbZevgh]h mjzZ\g
\eby | gZ mklhcgb\hklv |h 1ZdZy kbkl_fZ y\ey Iky ]Jjm[hc
. :9g”jhgh\Z >ey qgZklhlguo b hkh[_ggh dhjg_ \uo f_
ijb_fe_ fuf kqblzZz_Iky \ZjbZgl dh]~Z kbkl_fZ ithemqgZ_Ilky
ihjyrdz > @

>bnn_j_gpbZevgh _ mjZ\g_gb_ \ dhlhjhf 1] _g_1]
1 ZjZf_ljhf h[jZsZ Iky \ Ze] [jZbq_kdh_1Zd qglh kbkl _fzZ |
kh\hdmighklvx “bnn_j gpbZevguo b Ze] [jZbq_kdbo mjZ
"h[Z\eylvky Ze] [jZbg_kdb_ \ujZ  _gby beb mjzZ\g _gb
jZaebqgufb ijbgbgZfb gZijbf | baf _g gb_f ih\_~ gb
]b[jbrguf ih\_~ gb f > @ ?keb 7~ey jZkkfZljb\Z fhc aZ
bgr"b\b"mZzZevgZy ijh]jzZffZz f _Ih~hf dhg_qguo jZaghkl _c¢
Ij_iylkl\b_f 1Zd dzZd \ ~Zgghf kemqgzZ_ \k_ “bnn_j gpb
Zijhdkbfbjmxlky Ze] [jZbg_kdbfb Kh\k_f A~jm]Zy kblmZp
bkihevah\zZgbb klzZzg”~Zjlgh]lh fzl_fZlbqg_kdh]h h[_ki_q_gd
Ze]l [jZbg_kdbo b “bnn_j gpbZevguo mjZ\g _gbc | _
j_rzZl_eyfb qglh ijb\h~Abl d g_h[oh”bfhklb bkdexq_gby
\ujZz" _gbc imlzf \dexqg_gby bo \ khklZ\ ~“bnn_j gpbZe\
Ilhke_ _"gyy hi_jZpby y\ey |ky g_klZg”*Zjlghc b dZd ijz
g _h[oh~bfhklb Jjhfha~dbo ij_h[jZah\Zgbc

< dim] h[km ~Z fuo \hijhkh\ \\h*blky g_kdhevdh iZjZ
glh _keb ~z° 1zZf 1~ _ij_9g_[j_ _gb_fzZeuf izZjzZf _ljhf \ihe
hldZau\zZlvky hl ~bnn_j gpbZevgh]h hibkZgby" HdZau\
kemqgZ_ \ wlh mkeh g _gb_ fZl _fZlbg_kdh]h hibkZgby ijb\t
mijhs _gbx ijhp_"mju khklZ\e _gby b j_ r _gby aZ”Zqgb

lhklZgh\dZ aZz~Zqb b j _amevliZlu \ugbkebl _evgh]h wd

JZkkfhljbf Jb”jhmkbebl_ev k mijm]hc h[jZlghc Kk\y
KmgZjgbgm J ; ljh _dlbjh\Zgb _ ]b~rjhf _oZgbg_ kdb
Z\bZpbhgguo ~\b]Zl _e_ ¢ Mqg_[gh_ ihkh[b_ h[eZ"Zxsbc
bah[jZ gguc gZ jbkmgd _

JbkmghdjbgpbibZevgZy ko_fZ Jbrjhmkbebl_ey k mijm]hc
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<hh[s_ ]h\hjy wlh IbibggZy ~\mo fZkkh\Zy kbkl _fZ
jugqzZ]Z k mijm]bf kh_"~bg_gb_f ihkj K'klbhfMjfhjmhbgibkZgg Z)
gZijbf_j \ > @ Gh _keb fZzkkhc juqz]Z ij_g_[j_qv I|h _
hibkzlv Ze] [jZbqg_kdbf mjZ\g _gb_f JZkgzlgmx ko _ fm 1
\b~r_  ihke _~h\Zl _evguo iheh  _gbc \ugbkebl _evgh]h juqZz
jbkmgd _

< bkoh~ghf iheh  _gbb juqZ] gZoh”~blky \ khklhygbb
N ckli\b _f kbe gZqZevghc aZkybdK lihgr bogv ]b*jhpbebg”jZz
|1Zzd"_ gZoh~blky \ jzZ\gh\_kbb ih® ~ ckl\b_f kbe ~Z\e_
ijm bguw. Ihke ijbeh” _gby \ha”Ocjuiglzy @lgh\ _ggh \ kbe
hlkmlkl\by bg_jpbb ih\hjZzgb\zZ _Iky ih qZkh\hc Kklj_€
fZzdkbfZzevgh kf_szggh_ iheh  _gb_  Ijb ih\hjhl_ juqZ]Z
rbjbgZ s _eb iehkdh]h dezZiZzgZ b dzd ke "kl\b_ mf_g
\_ jog_c¢c mijzZ\ey fhc ihehklb ]Jb”*jhpbebg”jZ Ihjr_gv gZ
\\_jo ih\hjZgb\Zy ijb wihf \ugbkebl_evguc juqZ] ijhlb\ gz
g_dhlhjuc fhf_gl \j_f_gb juqZ] ijbgbfZ_I ijhf_"mlhqgqgh_ i
dhlhjh]h khklz\ey Iky I _dmsbc [ZeZgk fhf_glh\

JbkmghdZpgZzdl jgu_iheh  _gby \ugbkebl _evgh]h juc

lheZ]Zy Ijb hfugguo "hims_gbyo \ugbkebl_ev
[ _ aug_jpbhgguf JZkkfhljbf bk oZjzZdl_jgu_
\ugbkebl _evghlh jugz]Z ihke_ ijbeh”  _gby kimXpgqgZlh]h \}I

Bkoh”gh_ khklhygb_ ~h ijbeh  _gby \ha”_ckl\by Ijm
gZgqZevghc aZly dhc

c,x,,L, c¢x,L (1)
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lhke_ ijbeh” _gby kImi_gqZlh]h \oh~gh]l& jW@Z] ckl\
flgh\_ggh azZgbfz | fzdkbfZevgh kf_szggh_iheh  _gb_
dhg p i_j f szZ |lky gZ \&gbabg@d\uc g&.x ;ZeZgk kbe ijb
wlhf bf__| \b”

c, (x ' X "X, )L

2 20 D 2m

2 Cl( XlO ' XJm) LJ (2)

LZd dZd ijb kf_s _gbb juqZ]Z rbjbgZ s _eb iehk
m\ _ebqb\Z |ky b ~Z\e gb_\ \ _jog_c mijZ\ey fhc ihet
mf_gvrZ llky ihjr _gv gZgbgzZ | ~\b]JZlvky \\ _jo aZly]b\Zz
klj _fykv i_j_\_klb jugZ] \ bkoh”gh_ iheh  _gb_ ijbgpbi
h[jZlghc k\yab LZd dZd juqgZ] kgblZ |ky [_aug_jp
ijhf_"mlhqgh]h iheh  _gby 1Zd _ fh ' gh aZzZibkZlv mjZ\g
fhf _glh\ kbe

CZ(XZO l XD l X2m l XZ) L2 Cl( XlO I Xln I )(1I a Lf’ (3)

" '& '&xl_dms__ kf_s _gb_ djZcgbo Ihg_d juqz]Zz
Dhg _qggh_iheh  _gb_|_hj Ibg_kdb “he gh kh\izZz"ZIv k
kemqgZ_[ZeZgk fhf_glh\ kbe bf_e [u \b~"
2 Cl( XZO ' Zm) Ll (4)

CZ(XZO

<ugblzZy ij _~u“msb_ mjzZ\g _gby ba ihke_ _"mxsbo fh"
ihe _aguo \ujZ _gbc "ey fZdkbfZevguo i_j f s gbc b |_
rbjbgu s_eb

4 Ll X , (5)

c,L,L, §
' C1L12 CZLZ2
1Nk, ﬁ;:tdhwnnbpb_glu ijhihjpbhgZevghklb
k C1L12
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<ujZ _gb_ "ey rbjbgu s_eb fh'gh azZzibkzZlv \ Ajm]hf \b

X () x, k'X, k' Z, (6)

0 r D oc

] k k=t k. k=t + khhI\_IkI\_ggh dhwnnbpb_glu m
L L

juqzZ]Z b h[jzlghc k\yab
>bgZfbq_kdZy fh™ _ev hibku\ZxsZy jZ[hlm f_oZgbafZz

d_Z

dt

d d

T 2ok kN arz kx, k2B, (7)
dt m dt

dp E /2 /2
— —[PbX (O, (P, 'P Pf[=(p 'PI
dt Vv U

]*_ rbjbgZ s_eb hij_~_ ey Iky ih \ujzZz" _gbx

Lbih\u_ i_j oh”gu_ ijhp_kku 7~ey gme _\uo gZqgZev
bkoh”guo "Zgguo ihdZaZgu gZ jbk Ohjhrh \brghZ qlh r
g_ \ha\jZszZ |ky d bkoh~ghc b wlh aZzdhghf _jgh 1Zd dZc
\ ebgbgm "~he gZ J[ulv mjzZ\gh\ r gZ kbehc ~"Z\e gb
hij ~ ey |ky rbjbghc s _eb

Jbkmghd_ jzoh~gu_ ijhp_kku Jbrjhmkbebl_ey k mijm]hc h
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| _i_jv jZkkfhljbf "bgzZfbdm ]b~jhmkbebl_ ey g_ ij
juqz]z Tjb wlhf iheh bf qlhm\knkjZRkEhgq _gZ gZ e _\hf c
jugqz]Z b M\b]Z _Iky \*hev kkith iy ke bgu

m—= ("X, '"x) ¢ x' 2D k— F

L 2 2 dx V Fz dp
Po(x, 'x,—%,|]—(p, 'P Pf|—(p, B 'P F—2 =2 —  (8)
L, U dt E dt

2 dz

rnl 2 (p3 pO I p) F Ci(l )S I Z) l&z; Fcz

A~ kv fh gh hlfglblvhi~rz\Zy dzZq_klI\h \\h”y ~“bnn_j_
mjZ\g_gb_ \f_klh Ze] [jZbqgq_kdh]h fu kms_kI\ _ggh mkhbe
\'i_j\hf kemqgzZ_ijbrehkv [md\Zevgh ©ke iblv2 \ujZ" _gb _
lh \ kbkl_ f_ mdZaZgh ebrv gZgZevgh_gZijZ\e _gb _
lez\gh_ kbkl _fZ khklhbl Thevdh ba “bnn_j gpbZevgu
j_rZ lky klzg~zZjlgufb kj_"kI\Zfb

GZ jbkmgd _ ithdZaZgh baf _g gb_ rbjbgu s _eb "e)
jugzZ]Z <b~gh qglh CepaKkKgklk ih kbkl _b0.02 d] jZkqgz!l ih
kbkl_ f_ i_j_oh~gu_ ijhp_kku ijZdlbg_kdb kh\iz~Zx
fZkkZo ihy\eyxlky dhe [Zgby

JbkmghdBaftg gb_ rbjbgu s _eb ]Jbrjhmkbebl ey \ gZqgZe
i _j_oh~gh]lh ijhp _kkZ

>jm]hc ijbf_j ihAh[ghc 1Zdlbdb ihdz' f gz
ijhihjpbhgZevgh]h ]b”rjhmkbebl_ey bah[jZ'_gghlh gZ jbk
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Jbkmgh&Ko xfZ ijhihjpbhgZevgh]h Jb*jhmkbebl ey

BaJulhggh_ gZ i_j\uc \aley™ dhebqg_kl\h ~jhkk _e
g _h[oh”bfhklvx ~j _gbjh\Zgby ihehkl_c¢c b j_ Jmebjh\Zc
"\b® _gby ihjrgy A~ _kv bf__| f_klh "\Z y\gh \ujZ _gguo

Vi i gZ” ihjrg_VM,bt ih™ ihjrg_fVbi kjZ\gbl _evgh g _[hevr.
f "~jhkk_evgzZy dzf_jzZz h[tzfhf dhlhjhc h[uqgh ij_g [j_]Z
Ze] [jZbg_kdh_ mjz\g_gb_ "ey jzZa\_I\e_gby ihlhdzZ b
lj _Ibc "jhkk_eb

oo o e

KblmzZpby a”_kv gZfghlh ly e _ f\ij_ ~u*ms_f |
9 t1jZgkp_g”~_glgh_ 41Zdej gb “Z\eugbsz[ a k_jvzaguo
mijhs _gbc y\gh g_ \ujz Z |Iky Djhf_ ITh]l]h g_h[oh”bfh L
gZijZ\e_gb_ ihlhdh\ \ “bgzZfbd_ ih kjzZi\ggywlbkykh klZlbqg_ k

kemqgZ f
<ujmgblv fh™ | Ihl ~_ ijbzf azZf _gu Ze] [jZbq_kdh
A"bnn_j _gpbZevguf ljb wlhf fh” _ev [m~ ] khklhyly
Abnn_j _gpbZevguo mjzZ\g _gbc b e _]Jdh j_ rZ Iky klZg"Zjlg
d? d
m— pF oy % ¥ k— F
dt dt
2 2 V dp
Pf.[—(p, P Pf /—(p, P P I=(p p) ——
U U E dt
; ; (10)
2 2 V, F
Pl =(p p)  Ph=p  B(x, ¥ [-p R 2N
U X U E dt
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GZ jbkmgd_ ithdZaZgu Ibibggu_ i_j_oh”gu_ ijhp_kl
j_amevlZIl_ bgl_]jbjh\Zgby kbkl_fu

Jbkmghd jtzoh~gu_ ijhp_kku ijhihjpbhgZevgh]h Jb”jhm

<u\h”u

LZzdbf h[jZzahf jzZa\blb_ klzZg~Zjlgh]lh fzl _fZlbqg_kdh
ijb\h~bl d g_kdhevdh iZjZz"hdkZevghfm j_ameviZlm hild
mijhs _gby fzZIl _fZlbg_kdh]h hibkZgby ijbf _g_gb_ [h
Abnn_j gpbZevgh]l]h mjzZ\g _gby \azZf g Ze] [jZbg_kdh]h
kKihkh[kI\m _| mijhs_gbx b h[e_]q_gbx ihemq_gby j_r_gby

B;EBH=J:NBQ?KDBC KIBKHD

1. 1_Ijh\ 1 <Qbke_ggh_ bkke_"~h\Zgb_ g_ebg_cguo ]b"jhf_oZ
kzZfhezlZz I < I _Ijh\ < : P _ebs_\ > X Dm~_jdh < k
]hkm~ZjklI\ _ggh]h Z\bZpbhggh]h | _ogbq_kdh]h mgb\_jkb92-63. L
+DOI 10.54708/19926502_2023_2721002EDN FLTSAA.

2. 1_ljh\ 1 <Qbke_ggh_ fh”~_ebjh\Zgb_ jZ[hlu kbkl_f Z\Ilh-
mijZ\e _gby Z\bZpbhggh]h ]JZahlmj[bggh]h ~\b]Zl ey gZ mklZgh\
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F:L?F:LBQ?KDB? FH>?EB WE?DLJH=B>J:<EBQ?KDH=|
JME?<H=H IJB<H>: B J?AMEVL:LU <UQBKEBL?EVGH-:-
WDKI?IJBF?GL:

| Ijh\ I *<dzZg” | _og gZmd
=jZzq_\ :* H
Dm”_jdh?>dZg” | _og gZmd

'Mnbfkdbc mgb\_jkbl | gZmdb b | _ogheh]bc

] MnZ
>H @ _ogh”~bgZfbdz
] Fhkd\Z
:gghlZpbWe dljh]b”jZ\ebq_kdbc jme _\hc ijb\h™ h[_ki_qb\Z |
iez\gh _ mijZ\e _gb _ kZfhe Ihf < kKlZIlv_ jZkkfhlj_g ijb
we_dljh]b”jZz\ebq_kdh]h jme_\h]h ijb\h”Z b \uiheg_g jZkqgbb klZIb«
oZjZd!l_jbklbd ijb\h~rz \ fzZIl _fZlbg_kdhf iZzd_ | ODWKFDG I|hdzZaZz
ahehlgbhdzZz iheh  _gby ihjrgy Ibih\u_ i_j oh”gu_ ijhp_kku b h[h]

"bgzZfbg_kdh]lh khklhygby OZzZjzdl_jbklbdb ihemq_ggu_ ih j_ame
wdki_jbf_glZz iha\heyl hij_~ _eblv mjh\_gv Z~ _d\Zlghklb fh”_e _c k
[he__ hilbfZevgu_ dhgkljmdlb\gu_ b wdkiemzZIlZpbhggu_ iZjzZf_lju
Dexqg_\u_ kel dljh]b”jZ\ebg_kdbc jme _\hc ijb\h~ fZI _fZlbqg
klZlbgq_kdZy fh"_ev ebg_cgZhw™beawZfbhggKkdZy kdb_ ozZjzdl_jbklbdb

MATHEMATICAL MODELS OF ELECTROHYDRAULIC STEERING
DRIVE AND RESULTS OF COMPUTATIONAL EXPERIMENT

Petrov P. \}, Candidate of Technical Sciences
Grachev A. O.
Kuderko D. A%, Candidate of Technical Sciences

'Ufa University of Science and Technologies
(Ufa)
2JSC "Technodinamika"
(Moscow)

Abstract. The electrohydraulic steering drive provides more precise and smooth control of
the aircraft. The principle of operation of the electrohydraulic steering drive is considered. The
calculation of static and dynamic mathematical models in the Mathcad program is performed. The
obtained graphs of the position of the spool, the position of the piston, typical transients and
generalized diagrams of the dynamic state are shown.

Keywords: electrohydraulic steering drive, mathematical model, static model, linear
dynamic model, dynamic characteristics.
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JZkkfzljb\Z _Iky fZI_fzZlbqg_kdZy fh” ed\g wkedhdh hjbé |XNh]
ijb\h~"Z hkgh\guo Zwjh”~bgZfbg_kdbo V&) gjmyhkZflte mMhiz
gZklghklb jmey gZijZ\e _gby jmey \wkiHhjZzb 5n@@y bgl _

JbkmghdjbgpbibZevgZy ko fZ we_dljh]b”rjZ\lekifb\kdtz]h jm

We dljh]b”*jzZz\ebq _kdbc ijb\h”™ ij ~"gZagZq_g "ey mij
ih\ _joghklvx Zwjh”bgZfbgq_ _kdb g _mklhcgb\uo b fZehmkl
Hkh[_gghklvx jZ[hlu IZdbo ijb\h*h\ y\ey |ky \aZbfgh_ g:
ijb\h~Z ijb jz[hl_ qglh \ i_j\mx hqg_j_"~v \\_~ _| d idébk_ggt
ijb\h~Z b d kgb™ _gbx _]h j_kmjkZ

JZkkfZljb\Z_fuc we _dljh]b”jZ\ebqg_kdbc jme_\hc ijb\
kh[hc we _dljh]b”*jZ\ebq_kdmx ke ~ysmx kbkl_fm \
bkihegbl evguc f _oZgbaf \ \b”A_ ]Jb”*jhpbebg”jZ mdjd\ey |
ahehlgbdh\uf jZzkij_~_ebl_e_f

< ijb\h™_ bkihevah\Zg we dljh]b”*jZ\ebg _kdbc mkbebl
©khiaalzkehgtdZhlgbd? k f_oZgbqg_kdhc h[jZlghc klyavx i
ahehlgbdz

ljb kbgl a_ hkgh\guo dhgkljmdlb\guo i
we_dljh]b*jZ\ebgq_kdh]h mkbebl_ey g _h[oh”bfh h[_ki_qbl

1) fbgbfZevgu_ ]Z[Zjblu b fZkkm ijb\h"Z

2) g _ebg _cghklv kdhjhklghc oZjzdl_jbklbdb g_ [he

3) fbgbfZevgmx fhsghklv thlj _[ey_fmx jZkij_"_ek
mijZ\e_gby ij_"\Zjbl_evguf dZkdZ*hf mkbebl_ey

| _j\Zy az”~ZqZ jZ[hlu azZdexqZ_lky \ khklZ\e_ gbt
klZlbg_kdhc b "bgZfbg_kdhc fh”_e_c ijb\h”*Z b \ ijh\_"_g¢g
wdki_jbf_glZ k p_evx hij_~ e _gby oZjzZdl_jbklbd Ihgghk
kbeh\h]h ijb\h~Z <f_klI_ k hkgh\ghc azZ”~Zq_c [m~_I
ihkljh_gby mijhs_gghc fh” _eb Ij_~"gZagZq_gght "ey
wdki_jbf_glz
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KIZlIbg_kdZy fh*_ev we_dljh]b”*jZ\ebq_kdh]h jme _\h]h
ljbgbfZy hJuqgu_ \ wlbo kemgZyo “hims_gby mkeh\b
aZdhg =mdzZ ]Jb”jZ\ebqg_kdb_ ihl_jb bf_xI f_klh Ihevdh
s _eyo izZjzZf_kjhkpg “hlhg_gu khklz\bf fZl_fZlbg_kdmx fh"
MjZ\g_gb_ we_dljh]b”*jZ\ebg_kdh]h mkbebl_ey W=M

"x, 'x, koo Kye Y, (1)

3 0 w]lm GU oc

N oox) 1_J_f_s gb_ ahehlg A "gh_ 1he g
] i ] f b hehlgbd%, Wkdh”~gh_ iheh _gb

3

ahehlgbdZz W=Mlhd mijZ\e_gby khhi\_TklI\mxsbc gZ
i_j_djulbx hdhg ]b*jhmkhebdheynbpb_gl mkbe_gby W
ihabpbhgghc h[jZlghc i k\ylldx mijZ\e_gpbydhwnnbpb_gl
h[jZlghc k\yabi_j_f_s_gb_ ihjrgy bkihegbl_evgh]h Jb*jhpt

MjZ\g_gby [ZeZgkh\ jZkoh”Z \ ]b*jZ\ebqg_kdhf mkbebl

byg X "Py T Pa AN P P
T Y S VN

1" _b,, rbjbgZ hdgZ ahehlgbdhph]h_eblgbgZ baf_g_gt
NZ\e_gby aZ gidkhkhébgbgZ baf_g_gby ~Z\e_gby.,\ ihehk
\_ebgbgZz baf_g_gby ~Z\e_gbB, p, ih2hklgb_ \ keb\gh
ihehkld iehszZ”v k_q_gby "bde_jzZ f_""m ihehklyfb =P

MjZ\g _gb_[ZeZgkZ kbe gZ ihjrg_ bkihegbl _evgh]h ]b

(2)

S.'Pn SR R Fo Yy (3)

1"_ s, wnn_dlb\gZy iehsZ & sFPshkiMnn_dlb\gZy

A

iehsZ”v ihekkPRor,,, \g_rg__ mkbeb_ gZr]hdg =r__

mkbeb_ gZ rlhd_ =P
MjZ\g_gb_ [ZeZgkZ kbe gZ ahehlgbd_

'Y, C F "p, b, S (4)

ZOoL przZoL 0zZoL zoL’

1"s,,., wnn_dlb\gZy iehsZ”v @aheghlglkd&hklv ijm bgu

GZ jbkmgd_ Ij_"klZ\e_gu j_amevlZlu jZkg#d)h\ ih
hkgh\guo klZlbg_kdbo izjzf _Ijh\ <b”gh qlh ~Z\e _gb_
1jZdlbg_kdb g_ hlebqgzZ _ I|ky hl "Z\e _gby ghkihkidioafizeshugb
agZq_gbyo IhdZ mijZz\e_gby k*\b]Z _Iky gZ \_ebgqbgm
lhdz > hklzZzzlky ihklhygguf LZdZy kbImXlp/blyf hflmke h
fZehc “zkldhklvx ijm bgu b fZehc ij_~\Zjbl_evghc aZly
gZkhkzZ b ihjrgy ijb fZeuo IhdZo hklzZxlky ihklhyggufb
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Jbkmghd _ amevl|Zlu jZkq_1Z ih klZlbg_kdhc fh” _e
Z iheh  _gb_ ahehlgbdzZz [ iheh _gb_ ihjrgy

FzIl _fZlbqg_kdZy fh”_ev W=KI
JZ[hIm b ijhp_kku ijhl_dZxsb_\ ke hy¢s ffhibghhijt
1j_~"klZ\blv kbkl_fhc ~bnn_j gpbZevgud ohhEipngbcoh”yl
mjzZ\g_gby “\b"_gby aZkehgdb ahehiglblhZ ibjroky hlelgeoH \ Fe] |
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1" m kmffZjgzy fZkkZ mqgblu\ZxsZy \_k ihjrgy b ijbkh_*I
gZ]jmadmypfiheh‘_gb_ ihjrgy kbeh\h]h J]b”*jhpbebg”jZ

wnn_dlb\gZy iehsZ”~v ihjrgy kbeh\h]h ﬂ;b%‘sjhimmehbgghz_ f
ahehlgbd®, pf "Z\e_gby \ ihehklyo ahehlgbdh\h]h jZkij_"
p.p, "~Z\e_gby \ ihehklyo ]b*jhpbeb@Z)B_dgllZ_ gZ \oh”_
kbeh\hc ijb\h~ v IEmffZjguc h[t_f "b~dhklb i“];b\k\/h"_ f

ijbkh_"bg _gguc h[t_f “b~rdhklb \ de_jZoS;]l&"jhrp’bmé)‘g"jZ
hit_fghc mijm]hkilb idBsZ”v ihi_j_qgh]h k_q_gb%zn@hehlgbc

Yo ) dx3
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dt dt
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p
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fZkkZ ahehlgbdh\hc ogzklbdbZzk&¥ ydhjy we_dljhf_oZgbq
ij_h[jZzah\Zl_eyn dheh _gb_ azZkehgdbk, khhI\_IklI\_ggh
dhwnnbpb gl mkbe _gby ih Ihdm b ]JbAjh*"bgZfhmckdB&E]h \
aZkehgam . k., kmffZjgzZy ~_kldhklv WFI kG f
khhi\_IklI\_ggh ~_kldhklv we_dljhf_oZgbqg_kdh]h hch[jZa
k\yab &, k, khhlI\_IkI\_ggh dhwnnbpb_gl \yvadh]h ~_finbj
WFI b ahehlgbddhwnnbpb_gl \yadh]h ~_finbjh\Zgby Jb"jl
f iehsZ”v ebg_cghlh ~jhkk_eyjzZ\leyxsbc Ihdk,_ :
dhwnnbpb_ gl \g_rg_c h[jZlghc k\yab

Fh~ _ev ijb\h*Z \ [_ajZaf_jghc ihklZgh\d_ k h[h[szggl
"bgZfbqg_kdbo o0ZjzZzdl_jbklbd

< j_amevlzl_ \\_"~ gby \' kbkl_fm m4EkfZ[dhc
ij_h[jZah\Zgby > @ ihemgbf gh\mx kbkl_fm mjzZ\g_
A"bgZfbdm W=KI Ilhemq _ggZy kbkl _fZ mjzZ\g _gbc

ij_~“u“ms_f kemqZ_ [m~_| \dexqZlv \ k_ [y mjZ\g _gby
ahehlgbdZ b bkihegbl_evgh]h ihjrgy kbeh\h]h Jb”~jhphb
mjZ\g_gby [ZeZgkh\ jZkoh”Z gh m _ \ [_ajZaf_jghc nhjf_

d’h 18 x-- k.y§ - — dh  _ —8
— = ~h T, ,— X h
dt T.o nl RI. o dt "1 ©
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d2Y3 18 — x, _ _ — dx _ -8
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d’y, 18 — x: _  _ — dy, - . d _a
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ay ~
. i ® (6)
1 h, -8 = . B dt o
= = h-2|p,|"sign B —=
Tgy Yo © ! dt ©
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— dy dp.
T L —=2 Xx.27p, Bb.| sign P T—
®x odt g " dt -

133
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[ ajZzaf_jgZy ]b”*jZ\ebqg _kdzZy \j_ f gb ihjrgyr_v ]Ib"jhpbet
T

[ ajZaf_jgZy h[t_fgZy ihklhyggZy \j_f _gb ihjrgy ]Jb”*jhpbe
J ameviZlu bgl_]jbjh\Zgby ih jZaf_jguf b [_ajZaf_
ithdZaZgu gZ jbk

Jbkmghd_ jtzoh~gu_ ijhp_kku ihjrgy kbeh\h]h Jb*jhpbebg?”
jZaf_jghc b [_ajzZaf_jghc fhr_eyf eh]Zjbnfbg_kdbc f
1+i j_ f s _gb_ ihjrgkdhjkklv ihjrgy

lh j _amevlZIZf \ugbkebl _evgh]h wdki_jbf _glZ [ue i
ithemqg_gguo o0ZjZdl _jbkibd b ihemqg_gu h[h[s_ggu_«c
[ ajZaf_jguo iZjZf 1jZo > @

D ijbf_jm \uy\e_gh \ebygb_gZ "ngfbdrngyibhﬂhflc djb

m\ _ebq_gb _f hlghle_goby[_ajZaf_jghc \jT:ef_gy_bh[oh"gfu

T
agZg_gby dhwnnbpb _glZ azZlmozZgby "~\b" ' _gby aheh
mklhcgb\hklb jzZkIml ijbf_jgh ijhihjpbhgZevgh jbk

]b~rjZ\ebq_kdhc ihklhygghc ~hklb]Z_| agZy_gliggbphgby
mklihcgb\hkib i _j k_dzZxlky kf jbk 1zd qlh ih h[_ kIt
\ebygb._ijhlb\hiheh gh ?kgp sijblh \ wihf kemqZ_7\_ebqgb
A_klZ[bebabjm_I kbkl_fm b 1gZh[Mmjhlebhjp gbhdZau\z_|I
klZ[bebabjmxs__ \ha”_ ckl\b_
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Dexq_\u_ keh\vha“mrgh_ km~gh dhfihabpbhgguc fZl_jbZz
| _fi_jZImjZz

ON THE ISSUE OF REPAIR OF AIRCRAFT STRUCTURES ELEMENT S
MADE OF COMPOSITE MATERIALS

Rogov N. V., Candidate of Economic Sciences
Sychev S. V.

Military Training DQG 5HVHDUFK &HQWHU RI WKH $LU )RUFI
SURIHVVRU 1 ( =KXNRYVN\ DQG < $ *DJD!I
(Voronezh)

Abstract. The paper provides a brief overview of the share of the use of composit&intate
the aircraft industry. The advantages and disadvantdgbe composite material used in the aircraft
industry are considered. The article considers the depeadf the strength of the adhesive joint on
the roughness of the glued surfaces and determines thaddgee of the influence of temperature
and duration of curing on the strength of the adhesive joint.

Keywords: aircraft, composite material, repair, temperature.
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P_ev jZ[hib\tir_gb_ wnn_dlb\ghklb b dZq_kl\Zgtg _\h
ijb j_fhgl_ we_f_glh\ dhgkljmdpbc \hlaéd mdlghihha bkpnbh@g uc
fZl _jbZeh\

AZ"Zqb bkke "h\Zgby

1. Ijh\_klb ZgZeba ijbf_g_gby dhfihabpblZggh]h -
kzZfhe_lhkljh_gbb

2. Bkke_~h\zZlv | _ogheh]bg_kdb_ hkh[_opthkkehiyh\ijjpog
h[jZz[hld_ dhfihabpbhggh]h fZIl _jbZeZ

3.Bkke_ _"h\zZlv azZdhghf_jghklb hI\_j"~ gByg ddby \h
dhfihabpbhggh]h fZI _jbZeZz

4. JZajZ[hlZlv ki_pbZebabjh\Zggh_ h[hgm/bthd ZglbhhghZ | _
we f glh\ Z\bZpbhgguo dhgkljmdpbc hhatinfigallhp kmggua
fZl _jbZeh\

< Jh~*m ih” JThjh~hf | _|_j[mj]lhf khklhyeh&kihebKizulZ¢
ce_dkzZg”njZ Fh Zckdh]h gh lhevdh kirbglyj[lked Z\b2phb
Jhkkbb ih\ukbeky J&a~ m \h fgh]lbo ]hjh*"Zo Jhkkbb
<k _jhkkbckdb_ zZwjhdeightm Z\bZpbhggu_ rdheu K_\Zklhi
=ZlgbgkdZzy ;ezZ]lh”Zjy hldjulbx wlbo_rdhgh”*X R_ghyhp
| 1 _j[mj]_ [ueZ mkljh_gZ i_j\Zy Z\bZigbhmgZ%ligh *heélyeh
jmkkdbo ib&hbAlhjh\ < wlhf °  Jh”m [ueh hldjykh KFlhkdh\k
\ha”mohiezZ\Zgby _]h hkgh\Zl e f [u@ mdhnkd&kb] G Ke_
Hdly[jvkdhc j _\hexpbb h[s_kI\h Jueh i_q4x bF hdhl\hAgd m\x
Z\bZpbhggmx rdhem < i _jbh? ]jZ ~ZgKaelZc KAfdgou djgdg k
[Zahc ih~]hlh\db Z\bZlhjh\

ljh]j _kk \ kha~Zgbb gh\hc b kh\_jr_gkihmx\Zgbb
Z\bZpbhgghc | _ogbdb k\yazg k “hklb _ghb#pbhgdHéeiz
fZl _jbZeh\_~ gby b | _ogheh]bb ijhbalilkl\ZZ bra® elbqg gb
"helh\_gghklb ~ 1Ze ¢ y\ey_ |ky h~rghbBlI\&@ gbbrb®2\* "gt
Z\bZpbhgghc | _ogbdb azZzdez”u\zZ |ky Hh_ _ h~*ghdhibjp¥
ih~A™ j°Zgb_ gZ™_ _"ghklb \ ijhp_kk_ wWdkkemgiZpbVebyjyl j f
Z\bZpbhgghc | _ogbdb

ljhp_kk jZa\blby \ha“mrgh]lh km~*gZ bZa{Zdglb jbam |
\g _"j_gb_f gh\uo fZI _jbZeh\ b | _ogheah]bchfikiaYphhggu
fZl _jbZeu gZreb rbjhdh_ ijbf_g _gb_ \ klZ@ebgggbdih[ed _
bkdexq_gb_f klZeh b Z\bZkljh_gb_ < jkHWmjf_qgidHc
hij_~ e _gb_f dhfihabpbhgguc fZl_jbZekvihgdhfiZl hiyks/Z wfdZ
fbgbfmf ba ™Mem [he = fZl jbZeh\ ijb wlhf ~“he gu \u
ke "mxsb_ mkeh\by > @

i dhfihabpby khklhbl ba ijhggh]h ZifZlghkh b
k\yamxs_]h dhfihg_glh\

i k\hcklI\Zz dhfihg_glh\ “he gu [ulb Zaelbbh\garzZlv k
dhfihabpb _c

i h~"bg ba dhfihg_glh\ ~he g [ulv ih khklIZ\im g _
dhfihabpbb

i kha~ZggZy dhfihabpby g_ \klj_gZ _Iky \ ijbjh" _
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Bkihevah\Zgb_wlbo fZl _jbZeh\ \ Z\Wpplyloggbdhahig kil |
ke "mxsbf k\hciBl\Zf>

i kgb  _gb_\ _kZ

i \ukhdzZy wjhabhggZy b dhjjhabhggZy klhcdhklv

i f "e ggh_ b h]jZgbg_ggh_ jZkijhkljagljgebgmklZehk

i [hevrZy m”~ _evgZy ijhgghklv

i mf_gvr_ggZy gm\kl\bl_evghklv d dhgpgbkzlhjzf gz

i mf_gvr_gb_\j f gb ijb kha“Zgbb keh ' guo ~ _|Ze ¢

i ih\ur_gb_ijhgghklb gz~ _

i \ukhdzZy klhbfhklv
i jZa[jhk

“ghklb b "helh\_qgghklb

[hevrhc

fZl _jbZeZz

i gbadZy hklZlhggZy ijhgghklv ihke_  m~ZjZ b g_hilb
jZkg _1Z gZ ijhgghklv ihke m~ZjZ

Kh\_jr_gkl\h\Zgb_ kdhdkdabpbhggh]h fzZlyfe¥elky
j_amevizZlhf | _ogbq_kdh]h ijh]j_kikdhfiKabjpbhggw_fZl_jbZ
hfez”"Zx| rbjhdbf ki_dljhf obfbg_kdbo b nbabq_kdbo Kk
dzZz ~uf ]Jh~hf kh\_jr_gkl\mxlky :gZeba djzZlidh]bhjEklhjb
ithdZaze qlh az kjzZ\gbl_evgh dhjhlidh_ \j_fy \b fbjh\
ijbf_g_gbhfihabpbhggh]lh f2lhkbZjeh [hevrhc ihimeyjghklb
wlh]h [ueb bg\_klbjh\Zgu J]jhfzZz~rgu_ Kkj_"~kI\Z gZ ij
jZajZ[hldm b kha”Zgb_ gh\h]h h[hjm~*"h\ZgbybZ\UKkddh "¢
deZkkbnbpbjh\Zgguo dZ~jh\ GZ "kbEkhregdyZ ~hey ijbf_g_
dhfihabpbhggh]h fXIkgfheZ Ihkljh _Sbb >

f oZgbq _kdbo aAjfZldad b pdkildgh]h
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<g_"j_ghhfihabpbhggh]lh fzZlkjbdelb m]Je_ieZklbdh\
dhgkljmdpbx kzZfhe_Ih\ gZgdehkv dlh azZf_lIgh ih ijhp_gl
m\ _ebqg _gbx fZkkkgh\ghf fZehgZ]jm  _gguo " 1Ze c I
dhfihabpbhgguc fZdkjhZeam |ky g_ lhevdh \ kZfhe I|hkljl
ZdIb\gh ijbf_gy\ IHhe Ihkljh_gbb jbkmghd > @ WIlh \

gZley~gh ih~I\_j°AZ Tky | _f qlh k dZ'd¢hbY¥ukhasZggglf
kmArghf m\_ebqgb\Z Iky ijbf g _gb_ gh\hipkl\tb\&ygmikh)
dhfihabpbhgghlh fZl_jbZeZ
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\_jlhe_lhkljh_gbb

ljbf_g _gb_ dhfihabpbhggh]h fZl _jbZeZdhgKN\mZdphblyga |
f e _ggh b g _mdehggh m\ _ebgb\Z Iky lihogheh]b¢zZahb
kh\_jr_gkl\h\Zgby bo k\hckl\ H~”gbf vbld]ih _fodlm gb Xé\Z y\ey
mf_gvr_gb_ fZkku dhgkljmdpbb \ha”mkhgmEhpo Wb
dhgkljmdpbb \ha”mrgh]h km~rgZ ihemqZxX\ ghwZjgu@
H[gZjm  _gguc ~ _n_dl ij_"~klZ\ey | m]jhaom wekiemZddghb
\ha"mrghlh km~gzZ ihwlhfm g_h[oh”bdh Wmklj2AhlkkiZ@hhbl
p_ehklghklv ih\j "~ gghlh mqgzZkldzZ pbd bagldhfdhghpmdg gt
fZl _jbzezZz GZb[he__ hizkguf \b”Ahf ilg\jh\"dhodkyjmweplbc b
dhfihabpbhggh]h fzZl _jbzZezZ y\ey IkWwjkdAhgbkhckikki[khm x|

j_adhfm kgb'ijgpgghklb Z 1zZd _ fh]lml [ulv bklhggb&#Zfb |
lj sbg \ we f glZo dhgkljmdpbc \ha”mhgith]ab plorh®gh]hb
fZl _jbzez > @ I|jb \u[hj_ kihkh[h\ jfhfhgbdbIlg\AifohMbke h\]
wdkiemZlZpbb gZ]jmadb AN ckli\mxsb_ nmy@zkili\g fy* ggu

g _h[oh~bfh_ 7ey j fhglZ izZjzf_lju b*kyghhznichdkldzZz b | ~

Hkgh\gufb kihkh[Zfb j fhglZ we f_glinadh gdhii diprbdg}k
ba dhfihabpbhggh]lh fZl _jbzZezZ k gzb\jhe” ghyZkgu¥fbyxhky
kihkh[u k bkihevah\zZgb f de__\ f tBdebdie kdfb®Zgbdie X
kh_~bg _gbc ij_ij_]1Z i_ghihebmj_I|Zgh\iug Hdithfe bavinppz > @
Z\bZkljh _gbb ijbf_g gb_de__\uo kh_Mikg g\bck\yakrbijbo
ijbf _g_gb_f gh\ _crbo de__\ GZb[he_ hfijhkhgfzkiyhlehy[ Iky
ihklZzgh\dZ \g rg_c gZdezZ”"db [tkebkilkehaguZgb f \klz\dl
|Zdh]lh ~_ fzZl _jbZeZ qlh b ih\j_""_ ¢ddcjmfqglbid\gDhgxx
gZdez”~dm |h gZs_ \k_]h bkihevamxh _itbkgl gbpc\gBo6ek ki
Bkke_ _"h\Zgby ihdZazZeb qlh Aekhldhckiijbggbklb ijb j_fhe
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\g rg_c gZdezZ”~dhc g_h[oh”bfh fZdkbfZewghwe kih gthf_
dhgkljmdpbb 1Zd dzZd ih\_joghklv fle' I [lKld g \iygfh zZlv i
\k_¢c __ lhesbg_ hij_~_ e _ggmx |_fi_jdlgnjkdhdjbh[fZlZlg _
dhfihabpbhggh]h fzZirgphvdhz bkihevamxlky Z[jZab\gu_
A _jgbklhklv nj_a ih~[bjz_Iky \ az\bklbdhrcklb_jhbhNZImklb
ih\_joghklb ;ueb ijh\_"~ gu bkke_"hWgblyg@iZRbkbdb k| \h]
kh_"bg_gby hl r_jhoh\zZIhklb kde_b\Z_ f1iheshyZogdkle ~m _f
dhfihabpbhggh]h fZl _jbZeZ m}lewiEBZkZbhgdZ DXFM[jZ[hldZ
ijhba\h"bezZkv nj_aZfb k jZaghc a_jdbkdhkldx Ilmk&aph)
ijhba\_eb kde b\Zgb_ \gZoe kI Z @dXliulzigZbkx pl2bjdbdy g
gZ we_dljhf_oZgbqg_kdhc jZajulghc fZigdhg rJWEeh\BHTKIb
ijhba\h~"beb ih lhgdzf ih\_joghklb wWl[4ZephkiullZgnte
aZ\bkbfhklb "ebgu gZoe_ KklIZ hl ijhoghkblnmidd ~ gu
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Jbkmghdb2]jzffZ aZ\bkbfhklb "ebgu gZoe kIZ hl ijhc
dhfihabpbhggh]h fZI_jbZeZz

:gZeba j_amevlZlih\ bkiulZgbc ihdZaul\Z | qglh \ bkke
ijb h[jZ[hld_ dhfihabpbhggh]hjZeZlbggZgZ r jhohR)lhklv
ih\_joghklb g_ hdZaulZ _ | \ebygby gZ ijhgghklv kh_~bg_g

Dhfihabpbhgguc ZA&h[¢@Z~Z | gbadhc | _iehijh\h*ghklv
j_fhgl_k ihklZgh\dhc \g _rg _c¢c gZdeZAdbdel fihjZlkelZ _
hlebgzZ Iky hl | _fi_jZImju ih*"\h"Z | uegz]j YeZlj&lynj <j_fy
ijh]j_\Z de__\h]h kehy azZ\bkbl hl Ihesy dkhdjZde gdgb\j_ f_
ihebf_jbazpbb de__\ oheh”gh]h hI\_j ~ijgbjy \ijdé_ gyk]h
kh_~"bg_gby Kihkh[u ih”\h”*Z | _ieZ "é&lylhijklh_tbgdgby
ij_"klZ\e_gu gZ jbkmgd _

Jbkmghd&Kihkh[u ihA\h~Z | ieZ ~ey j fhglZ dhfihabpbhggh
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Ilhke ZgZebaz \k_o kihkh[h\ ih*\h"Z | _iezZkkdeh \uy
ijhkluf y\ley Iky kihkh[ k ijbf_g_gb_f | _jfbg_kdbkb[ h?_y
hf_ki_qgb\z_| jzZ\ghf_jgmx |_fi_jZImjm gZ]j_\Z ih \k_
j_fhglbjm _fh]h mqgzkldz Z 1zZzd _ y\ey |ky f g gbaZjZlc
Aim]bfb kihkh[Zfb b fh™ | ijbf_gylvky ijb j_flgklljmde bfb gl
\ha”mrgh]h km~gZ ba dhfihabpbhygh]hZ&ah\NhjjlhZ&jh"jhf
Bkke_ _"h\Zgb_ hij_*_e_gby \ebygby | _fi_jZlewjghkbb ijh
hi\_j "~ gby gZ ijhgghklv ijh\_~ gh ijb ke _~"mxsbo “hims_

1. Ih\_joghklb dhfihabpbhggh]hgfdEZybkAeizehkdbfb

2. R_jhoh\Zlhklv g_ mqgblu\Z_Ilky

3. L_fi_jZImjzZz ih\_joghklb dhfihabpbhggh]h fZI_j
| fi_jZImj_ | _jfbgq_kdh]h h”*_yeZ

4. Bkke_"h\Zgb_ ijh\h*behkv \ aZdjulhf ihf_s_gbb

5. Ih\_joghklv dhfihabpbhggh]hof&Z fzZZéky kl_ kI\ g
dhg\_dpb_c¢ [_-elaAdhhhhegbl_evgh]h mkljhckI\Z b \_1jZ

M~ evglueceh\hc ihlhd hij_~ ey Iky \ujZ  _gb_f

o? i
IIL I\é)l_ 8 :&’

I M £ m* _evgZy we _dljbg_kdZy fhsghklv gZ]j_\ZIl_e\
ol _fi_jZImjzZ gZ]j_\ZIl_evgh]ieg weé_ fi gAmjZ hi\_j°~ _gb)
de _yD * lhesbgahfihabpbhggh]lh fzZIl_jbzelZzfi_jZImjZ
gZ]j_\Zl _evgh]h we Ifi glZdhwnnbpb gl | iehijh\h”~gh
dhfihabpbhgghlh 3] ffopgdb®fm fhc ih\_joghklb

L fi_jZImjZ gZ]j_\Zl_evghl]lh we_ f _glZ hij_~_ ey Iky

L 6 E M2

] D £ hlghr_gb_ Ihesbgu gZdeZ”db d Ihesbg_ j_fl
dhfihabpbhgghl]h fZlgsjbZzbZbfZzevgzZy | _fi_jZImjzZ hiI\_j »~
de__\h]h kgbhghwnnbpb _ gl | _iehijh\hA*ghklb gZdezZ”db

L fi_jZImjZ hilbfZevgh]lh hlI\_j°» gby de__\h]h keh
jZ\ghc | _fi_jzZIlmj_ \gmlj_gg_c¢ ih\_joghklb j fhdilbjm _fl
gZdezZ”dhc

:gZeba jZkqg_lh\ ihdZaZe glh ~himklbfuc ~"bZiZ:
| fi_jzZImj hI\_j ~ gby [hevrbgkl\Z de__\ khk&Z\éy |
ijh]j _\Z ih\_joghklb dhfihabpbhgghpdlfizdq kibed azZ\bkbl]
| fi_jZImju ihebf _jbaZpbb de_y b glh kmis jXImjggh
hdjm Zxs _]h \hamoZ Z \ hkgh\ghf hij_~ ey IkykkEhesbg
kh[ex™_gby hij_~_e_gghc \u”_j 'db |I_fi_jZImjujbrijtbkoh"
de__\h]h kh_"bg_gby qlh ijb "Zevg _cr_c ijhfhdé gl _evg
ijb\h~bl d m\_ebq_gbx ijhqghklb ljb fZehc \u”™_j d_
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| fi_jZImj_ ijhbkoh~bl g_"hhl\_j°~ gb_ de__\h]h
dhfihabpbhgghlh fZl_jbzZzez qglh \_~ 1 d kgb kddkkijhqgg
>ey hI\_j°"~ gy h]lh \b”Z de_y g_h[oh”~bfZ k\hy [|_fi
ijh~he bl _evghklv IThemqg_ggu_ ~Zggu_ ihd\hebj&gbmjm "
gZ]j_\Zl _evgh]h we _ f _glZz | jfbgq_kdh]h h~_yeZ hilbf
g _h[oh~bfh]h 7~ey hI\_j ~ gby de__\h]h kh_"bg_gby
fZl_jbzZeXb”™_ gZdezZ”db

LZdbf h[jZahf ijh\_"~ ggu_ bkke_"h\Zgby iha\h
aZdexq_gb_ qlh dzZg_kI\ _ggh_ de__\h_ kh_"bagplth_ w
dhfihabpbhggh]h fz\ _)bZeZgZdez”~db \hafh gh ijb kh[e
hij_ ~ e _gghc | _fi_jZImju b \j_f gb hI\_j°~ gbymKihd 1Zg
\j f _gb hI\_j "~ gby khhiI\_Ikl\m_| dZ *hfrmhibmin eleq yghl |k
\j f gb \u”_j 'db g_ ijb\h”bl d m\_ebq_gbx ijhqghl
kh_~bg_gby ljh\_~ ggu_ bkke_ "h\Zgby iha\hgelybl ihk
hilbfZevgh]h | _ogheh]bg_kdh]h ijhp_kkZ |j fhglgbove f_
\ha”mrgh]h km~gZ ba dhfihabpbhkgghflhs ¥Z| g jbdzeezZ* d b
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M>D

D <HIJHKM H <HAFH@GHKLB IJBF?G?GBY BKDMKKL<?
G?CJHGGUO K?L?C >EY J?R?GBY A:>:Q IJHQGHKLE
<B:PBHGGUOHGKLIJMDPBC

KZ'bg: G dZg”™ | _og gZmd
FzdZj gdh <

ebkh\ : =
<MGP <<K O<\lhagghrgzZy Zdz”~ fby bf ijh@nkd&hyKdG]R b
X : =Z]Zjbgz?
] <hjhg_-

:gghlZpby klZIv_ ihdZazZzgZ \hafh ghklv ijbf_g _gby bkdmkklI\ _
k 1 ¢ Kkihkh[guo ijh]Jghabjh\zZIv_aqaijjffpjh§ddbgh_ khklhygb_  Z\bZpl
dhgkljmdpbc \ |hf gbke_ ijb gZebgbb wdkiemZIZpbhgguwo ih\j_
jZkq_lu fZdkbfzZevguo gZijy _gbc \hagbdzZxsbo \_#hgkljmdmbl k g
JZajzZ[hlZzgZ b h[mq_gZ bkdmkklI\ _ggZy g _cjhggZy &ghvx alih2gmx s
lj_~klzZ\e_gu j_amevlZlu fh®_ebjh\Zgby gZ ijbf_j_ dhgkhevghc [Zec

Dexqg_\u_ kedpkZjy gfhnhjfbjm_fh_ khkdhlygpbbhggZy dhgkljmdp
bkdmkklI\_ggZy g_cjhggZy k_Ilv ijh]lghabjh\Zgb_ dhgkhevgZy [Zed

ON THE ISSUE OF THE POSSIBILITY OF ARTIFICIAL NEURAL
NETWORKS USING TO SOLVE PROBLEMS OF AIRCRAFT
STRUCTURES STRENGTHENED

Sazhin: . N., Candidate of Technical Sciences
Makarenko V. A.
Alisov A. G.

OLOLWDU\ 7UDLQLQJ DQG 5HVHDUFK &HQMPH R R P MWE I
E\ 3URIHVVRU 1 ( =KXNRYVN\ DQG < $ *DJ
(Voronezh)

Abstract. The article shows the possibility of using artificial neural networks capable of
predicting the stress-strain state of aircraft structures, including in the presence of operational
damage. Calculations of the maximum stresses arising in the structure with the presence of damage
have been made. An artificial neural network has been developed and trained to perform the task.
The results of modeling on the example of a cantilever beam are presented.

Keywords: stress-strain state, aviation construction, artificial neural network, forecasting,

cantilever beam.

ljhgghklgu_ k\hckl\Z ex[h]h e_I1ZIl_evgh]h ZiiZzjzlZ E:
\' wdkiemZlZpbb azZ\bkyl hl-kdredgkiyaodkio\gh qZkl_c ieZc
bkihevam fuo \ dhgkljmdpbb fZl jbZeh\ | _ogheh]bb ba]
jZkg_lguo gZ]jmahd Z 1zZzd _ h[t_fZ b kh”_j Zgby ijh\_"~
ijhgqghklv
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< h[s_f kemgZ_gZ]jm _gb_ E: b _JhflgiZigll &j\fdgb u
hij ~ ey |ky fZg_ \j_ggufb gZ]jmadZfb Kkl dlgih by S b f i
j_"bfz ihe 1Z > @ H~”gZdh ijb h*gbo ilphlgoh klvgdH grk b ddg |
E: fh™ | kms_kI\ _ggh f _gylvky gZijbf_dkii¢lmn glZethdpg uo
[h_\uo ih\j "~ gbc H~rgZdh 7"ey hp \gtkl\kil iZ\dblZ Kkdhthd gu
dhgkljmdpbc |j _[h\Zgbyf wdkiemZIlZpbhjgZgHbdijhgghkdb”gZh
ijh\h~blv [hevrh_ dhebqg_kl\h klZlbqg_ kidwo blkidbhgdid g >ke
j_r_gby ~Zgghc ijh[e_fu \ gZklhys  \jgfycjlhlgidievaknXdb
hkgh\guf "hklhbgkl\hf dhlhjuo y\ey Ilkyjbha¥halvgkk[thenrbf
hjt fhf "Zgguo aZ g_agZqbl_evgh_\j fy

Bkoh”y ba wlh]h p_evx jJZ[hlu y\ey Ikkl\ kdggi*&Zgb
gcjhgghc k _Ib BGK k \hafh ghklvx ijh]jghabjghZzgby
A nhjfbjh\Zggh]h khklhygby G>K dhdamstdp gz Jhiinahdkl

>ey “hklb” _gby ihklZ\e _gghc p_eb g _h[ohbdbbflaZj”Zigls |
bkke ~h\Zgby

1. Kha”Zlv mijhs_ggmx fh” _ev bkkleemig\Zgphy jZ&ky gL
agZqg_gbc \ dZgq_kI\_ h[mgZxs_c \u[hBdbKi_ jki_dlb\ghc

2. Hij_~ _eblv g _h[oh”bfmx kljmdImjm BGK

3. Himgblv ihemg_ggmx BGK k ihke "mxXZ le[img_gdlyc «

4. 1jh\_klb ZgZeba jZ[hlu BGK b kjZ\gblv ke jggmlgwv|Z
jZkg _1Z mijhs _gghc fh™ _eb

< dZq_kI\_ h[t dlZ bkke "h\Zgby jZKkfh[ZegdZ dh gk
] _hf Ijbg _kdb_ o0Zjzdl _jbklibdb dhlhjkqg ilgdh£aKguf g4bjing
17 ljbgylh glh [ZedZ \uiheg _gZ ba klZelb glOfL |
khkj ~hlhg_gghc kbeu gZ k\h[h”ghf diZ@apmr_Dblyl [Betib
yley_Iky mkeh\b_ \b"Z

Vi v, (Y, 250F12),

p

1"V~ _ckl\mxsb_ gZijy _gbyv)\ tZjed_e ijhihjpbhgZevghk

fZI jbzez
JZkkfhlj_gZ \hafh ghklv ijh]ghabjh\Zgbhgp>KljzZidds [
b k dhgp_gljZlhjhf gZijy _gbc \ \b” bgl\[Zleltls ih ~e

z [
(@xjZkq_lgZy ko fhza _gw#\ $QV\V
Jbkmghdh™ ev dhgkhevghc [Zedb
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lhemqg_gb_ h[mqgZxsbo \u[hjhd 7“ey BGK ih hp_gd
[Zabjm _|ky gZ jZkgq_lguo j_amevlZlZo ihemq_gguo k ih
dhfie _dkZ dhweqgqfihglgh]h ZédaZssbad”r azZ”"ZqZ | _rZeZk
g _ebg cghc ihklZgh\d_ jbkmghd [ G _dhlhju_ j _amevl
hfmqgZxsbo \u[hjhd ij_~klZ\e _gguo \ \b”_khihklZ\e gb
ijbeh” _gghc gZ k\h[h~ghf dhgp_ "~ _ckl\mxsbf \ k _qg_g
gZijy _gbyf k\_~ gu \ IZ[ebpm

LZ[ebbZ& H[mgZxsZy \u[hjdZ dhgp_gljZlhj gZijy _gbc ¢
0,35f hl aZz™_edb

P, G V., FlZ P, G V., FlZ
5 40,23 30 207,84
10 73,75 35 241,36
15 107,27 40 261,48
20 140,79 45 299,58
25 174,31 50 325,25
LZd _ ihemg_gu h[mqgZxsb_ \u[hjdb %ey jy*"Z "~jm

mkeh\bc \ qZklghklb ijb jZaebgghf iheh  _gbb dhgp_gl]
\“hev [Zedb b _]h iehszZ”b
KIjmdImjgZy ko fZ jZajZ[hlZgghc \ jZ[hl _ BGK ihdZaz:

Jbkmgh&KljmdImjgZy ko fZ BGK

<oh”~ghc kehc k_Ib \dexqgZ_ | Iljb g_aZ\bkbfuo iZjZf
gZ]ljmadb ~bzZf_Ilj hlI\_jklby dhgp_gljZlhjZz gZijy _gbc
hi\_jklby ih 7~ebg_ [Zedb <uoh”ghc kehc khklhbl ba
i_j_ f _gghag¥Zq_gby fZdkbfZevgh]h \hagbdZxs_]h gZijy _c
pbdeh\ h[mq_gby ijbgylh jZ\guf JZajZ[hlZggZy
g_cjhgghc k_Ib bf__1 Ijb kdjuluo kehy kh”~ _j"Zsbo ih 7
dzZz ~"hf ba gbo

H{mqg_gb_ g_cjhgghc k_Ib ijh\h*behkv \ kj_~R[1IHXU
iZzd _1Z 0$7/$% < dZq_kI\_ nmgdpbb h[mqg_gby \ayl
;Zc_kh\kdZy j_]ImeyjbaZpby dhlhjuc ij_"~hl\jzZzsz | i_j
hfuqgh Ij_[m_I| [hevr_ \j_f _gb h”gZdh ijb\h”bl dlZZmbhgZ
"ey keh ' guo beb g [hevrbo gZ[hjh\ "Zgguo > @

J amevlzZl h[mg_gby BGK ihdZaZg*gZdzZbkimgdiZj
jZkq_lgh]lh b ijh]Jghabjm_fh]l]h BGK agZq_gby gZijy _gby
lhqdZ k dhhj2rbgzZlhc ih hkb Z[kpbkk jzZ\ghc jblgq@lldhfm
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ijhlJghabjm_fhfm Ijb \ukhdhf dzZqg_kI\_ h[mg_gby BGK \I
gZijy _gbc BGK b jZkg_Igu_ ba | _klh\h]h gZ[hjZ "he"
khhi\_IkI\mxsb_ bf Ihgdb jZkihezZ]zZIvky \*"hev ijyfhc \uo
dhhjrbgzl ih®” m]ebBlf f >

Z [ \

Z thke bl jZpblekel + bl _jZpbrcke\ + Dbl _jZpbec
JikkmghdJ _amevlZl hfmqgq_gby BGK

Hp gdZ dzZqg_kI\Z h[mg_gby BGK ijhba\_" gZ inm
aZ\bkbfhklb baf_g_gby hrb[db h[mqg_gby hl dhebqg_KkI\Z &
Djbl_jb_f  hp_gdb \ukIlmiz_ | kj_"~g_d\zZ"jZkbq_kd.:
hij ~ ey fzZy \ujzZz _gb_f

" 2
: Y Y o0 min,

H

5 e

i1

] n +tdhebqg_kI\h iZj gZ[hjZz ~"Zgguo jZkq_Ilgh]l]h agZq_
agZq_gby BGK \uoh”~gh_ agZq_gb/_ +tBBKq_Igh_ agZqg_gl
gZijy _gby

Jbkmghdjhpgp_kk h[mqg_gby g _cjhgghc k_Ib
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GZ jbkmgdZo b ithdZaZgu j_amevlZlu jZ[hlu jZa]j:
ijhlghabjh\Zzgbx G>K dhgkhevghc [Zedb ljh\_jdZ
ijhba\h”"bezZkv iml_f ijhba\hevghc ih~"Zgb "~Zgguo gZ
hlebgguo hl "Zgguo h[mqgZxsbo \u[hjhd \ jZaebgguo mkef

Jbkmghdzpgzdl j G>K \ aZ\bkbfhklb hl jZkiheh gk
dhgp _gljzZélZjidy” gbc \ _ebgbgZ gZ]jm _gby G
A"bzZf hlI\ _jklby ff

Z [

(@atebg_cguc jZzaf_j dhgp_gljZlhjZz gZijyebgbocgucffZhft |
dhgp_gljZlhjz gzZijy _gbc ff m~"Ze_gb_ hl az”~_edb

JbkmghdzZizdl j G>K \ aZ\bkbfhklb hl ijbeh® _gghc g:
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:gZeba aZ\bkbfhkl _c ihkljh_gguo gZ hkghhdgédb\zZ[hl
m~h\le _I\hjbl _evgmx koh”"bfhklv k j_amewdkZfpbfqlygkg ghy
hij ~ e gbx G>K \ k_g _gbyo dhgkhevghgZx$§Zedb \ g_ ij
mkeh\byo gZebqgby dhgp _gljZlhjh\ g2)ijy _gbc I1Z[ebpZ

LZ[ebd & KjzZ\gbl_evguc ZgZeba j_amevlZlh\ dhgp_gljZ
Abzf _ljhf ff k m~"Ze_gb_f _]h hl azf_edb gZ

Vansys FI1Z v,, FIZ G, %

P, G

[_a ih\] Kk ih\]j [_a ih\ k ih\j [_a ih\ kKih\j
10 63,70 65,83 63,37 68,81 0,52 4,52
15 95,56 98,74 96,31 101,30 0,31 2,59
20 127,41 131,65 127,21 137,99 0,16 4,59
25 159,26 164,56 159,38 171,24 0,08 3,90
30 191,11 197,48 191,19 207,98 0,04 5,05
35 222,96 230,39 222,70 239,12 0,12 3,65
40 254,82 265,93 254,44 253,14 0,15 5,05
45 286,67 286,92 286,86 275,36 0,07 4,20
50 318,52 318,80 317,69 311,52 0,26 2,34

Bkoh”y ba ihemg _gguo j _amevliZlh\ fh gh ]Jh\hjblv
jZ[hlu ~hklib]Jgmlz ijbf_g gb_ ij_~klZz\e_gghc BGK \hafl
khhi\_Ikl\by dhgkljmdpbb Ij [h\Zgbyf wdkiemZIlZpbhgc
"bgZfbd_baf _g gby \g rg _]h gZ]jm _gbykb@&\uh kol j riud |
] _Zevgh]lh E: \eby | agZgbl _evgh_ dhebqg_kl\h \g _rgbo n
[hevr_Jh h[t _fZ \oh”guo "Zgguo "ey ijbf_g_gby BGK

' B;EBH=J:NBQ?KDBC KIBKHD

1. Gbdblbg B MKIZehklgh_ jZajmr_gb_ b hp_gdZ “he]h\_qgh
Z\prbhgguo dhgkljmdpbc ijb dhf[bgbjh\Zgghf pbdeBqudeI’lh‘dngl}gn
. > Gbdblbg ; : KljZlmeZ FZI _jbZeu ,9 F_""mgZjh~ghc
ijbdez~ghc fzZIl_fzZlbd_ b f_oZgbd_ \ Zwlhdhkqu_kdhct:Zhll_L?_kkEebu $0(
dhgn_j gpbb :emrlz + k _glyl[jy ]hrZ Fhkd\Z Fhkdh\k
bgklblml gZpbhgZevguc bkke ~h\Zl_evkdbc n2GhtEDNBLRIKF. K

2. EZidh H KIZIbg_kdbc jZkg_ | dhgkhevghc [Zedb \uih
62/,':25.6 H : EZidh M < Dehqgdh Kh\j f ggu_ ijh[e_ fuf
K[hjgbd gZmqguo Ijm~h\ < gzZklyo Ih” h[s_c j_"Zdpb_a& : ;
=hf_ev =hf_evkdbc J]hkm~Zjkl\_gguc | _ogbqg_kdbc miglh_jkbl_ | bf
K  -246. tEDN FMCOUM.
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3. Imfygp_\ XIZ%jZ[hldZ \ 0$GLPAKOLQN bkdmkklI\_gghc g_cjh
"ey \hkklzZgh\e _gby bkdZ _gghc nhjfu \lhjbggh]h IhdzZz QZklv

N :JhfZgxd Wg_jl_Ibdz Ba\_klby \ukrbo mqg_[guo abdo”™ gb
h{t_"bg_gbc KG= L -21.4<+DO0OK10.21122/1029-7448-2022-65-1-5-2%.
EDN IIGUSX.

4. Deyqdbg 8Z&3Z[hldZ g_cjhgghc k_Ib "ey hp_gdb bkijz\ghkl
ith j_amevlzZI|Zf \b[jhfhgblhjbg]Zz < G Deygdbg : : KZglZeh)\ I
b kbkl_fu < -6R4. £DOI 10.15827/0236-235X.132.629-634EDN GHYQRO.

5 ;Zmlbg : Fhgblhjbg] khklhygby dhgkljmdpbb k ihfhsvx ZgZe
f klgh]lh gzijy-» gghfbjh\Zggh]h khklhyghby ¢ ;Zmlbg X . K\I
Zgdh\ AZ\h~"kdZy eZ[hjZlhjby >bZ]ghklbdZ fZl_jbZzZdh\DOI: L

10.26896/1028-6861-2019-85-2-42-47.

M>D

IJH?DL =B;JB>GHC KBEH<HC MKL:GH<DB >EY
?KIBEHLGH=H E?L:L?EVGH=H :Il:J:L:

KZnzZj[Zdh\ : F dZggZ'md _og
KZjZgbgz ? <

Bjdmlkdbc nbebZe F=LM =;
] Bjdmlkd

:gghlZpby< klZlv_ jzZkkfhlj_gu ko _fu i_jki_dlb\guo ]b[jb”gLl
mklzZgh\hd 1j_"eh”_g ijh_dl ]b[jbrghc kbeh\hc mklZgh\db \ kh
bfimevkgzy dzZf_jZ k]lhjzgby k ]Zah\hc Imj[bghc ]_glZ4ggZlnjb Zzdd
we_dljhfhlhj k \ha“mrguf \bglhf [|j_~iheZ]Z_Iky qlh ]b[jb*gu_ Kk
fhlml bf _Iv hg_gv gbadbc jZkoh” Ihieb\Z KhhI\_IklI\ _ggh kgbab
\ s kI\ \'\uoehiguo ]ZaZo kgbablky mjh\_gv rmfZ ijb jZ[hl_ kbeh\t

Dexqg_\u_ keh}E[jb*gZy kbeh\Zy mklZgh\dZz we _dljhfhlhj
ZddmfmeylhjgzZy [Z1Zj_y bfimevkgZy dzZf_jZ k]hjZgby

PROJECT OF A HYBRID PROPULSION SYSTEM FOR
UNMANNED AERIAL VEHICLE

Safarbakov A. M., Candidate of Technical Sciences
Saranina E. V.

Moscow State Technical University of Civil Aviation, Irkuts&righ
(Irkutsk)

Abstract. In the article schemes of perspective hybrid propulsion systems are considered.
The design of a hybrid propulsion system including a pulse combustion chamber with a gas turbine,
a generator, a battery and an electric motor with an air propeller is proposed. It is asgatmed
hybrid propulsion systems can have very low fuel consumption. Accordingly, the emission of
harmful substances in exhaust gases will be reduced, and the noise level during the operation of the
propulsion system will be lowered.

Keywords: hybrid propulsion system, electric motor, generator, accumulator battery, pulse
combustion chamber.
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ljh _dlbjh\Zgb_ b kha”*Zgb_ kh\j_f_gguob]Z\bZpbhg
ithrjZamf _\Z | kha”Zgb_ dhgkljmdpbc bfewgsbo jZikadbc
lhieb\Z iha\heyxsbo kgbablv wfbkkbx \\ Yywawehiguwo ki)
1ZaZzo ZzZ 1Zd _ ihalheyxsbo kgbablv migihlgv kbrmhZXuojb
mklZgh\hd

>hklb™ gb_ kgb  _gguo wdkiemZlZpbhggud [bdZaZl_
"hklb]lJgmlh aZ kq_|I

i kh\_jr_gkl\h\Zgby jZ[hqg_]h ijhp _kkZ kbeh\uo
ih\ur_gb_ 1 ZjZt _1jh\ bkihevam _ fh]h | JiHh™ipdpdehzg  k
ith\ur_gby | _fi_jZImju ]ZaZ aZ Imj[bghc

i ijbf_g _gby “"jm]bo | _jfh*bgZfbqg_kdbo jZ[hgbo pbd:t

i m\ _ebqg _gby kIl _i_gb ih\ur_gby ihegh]ihk AHfie g
dhfij_kkhj_ b \_glbeylhj_

i m\ _ebqg _gby kl_ i _gb "\modhglmjghklbJEZahlemj[bgg

J ZebaZpby i _j gbke _gguo gZijZ\e _gbc \hadghbgZz
\ukhdhijhgguo b " Zjhijhgguo fZl _jbZeh\ _obdhéhdblgbt
ijhba\h”*klI\Z we_f_glh\ \_glbeylhjZ b dhfij_kkhjZz

HAgbf ba i _jki_dlb\guo gZijZ\e _gbc jZalWwdby |
Z\bZpbhgguo "\b]zZl_e_c¢ fh _|I klzlv i_¢_d¢BEFf kibgh\wd |
mklZgh\hd b \ gzZklghklb ]Jb[jbrguf EbehRKM mkdZigZd\o
kbeh\uo mklZzgh\dZo gZjy"m k "*\b]zZzkléjZglgmIp<gg_ Dbetk
]Zahimj[bgguf "\b]Zl e f bkihevam_ |kyjWe dEg¥pajlk\dh2y
dhfij_kkhjz \ _glbeylhjZ beb \ha“mrgh]h \bglZz

Dhgkljmdlb\gh =KM fh" _| \dexqZlv \ k_[Wb]][Zdhém|[b
beb "\b]zZl_ev \gmlj_gg_]h k]JhjZgby ky ]J\gjgAhdhf
we _dljhwg_jlbb Zddmfmeylhjgmx [ZIZ]_ xjuweflljhfhlh
ijb\h~blv \ ~ ckl\b_ \ _glbeylhj beb dhfguckRbgl \hay'm
kharZgby ly]b

GZ jbkmgd_ ij_~klz\e_g Ibih\hc khklIZ\higKM ~e
e 1zl _evghl]lh Ziizjzlz ;IE: LzdZy =KM[y\debhdZ| lewx
\gmlj_gg_]h k]JhjZgby we dljh™\b]Zlhlelhygglh]d jB&EdOyY
[ehd Zddmfmeylhjguo [ZI1Zj_c¢ \ha”mrgudZdégl =BKEX[hl
ke "mxsbf h[jZahf Djmlysbc fhf_gl k \ZejZfmxKqflj_ al g
jhlihj we _dljh*\b]Zl_ey i_j ~Z\ZIvky gZ Hhghihjrdugghbg
dijmlysbc fhf_gl i_j ~Z |lky b gZ ] _g_jZlhjhdizhklhy
<ujZ[hlZgguc \' ] g _jZlhj_Ihd azZjz Z_ |[Zd4djmime&y klejrg X
hklZgh\z ><K ZddmfmeylhjgZy [ZIZj_y ibldZhdhiwe d
we dljh”*\b]zZl_ev dhlhjuc \jZsZ | \ha”mggac\Bgblfh<hla”r
ijb\h~blvky \h \jZs gb_ dzZd gZijyfmx hlhewdh hZd
we dljhfhlhjZz
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1+M\b]zl_ev \gmlj_gg_]h kWwgzZdlgir~\btzZIl Jeg _jzhj ihklhyggh]h Ihd:
4 t[ehd Zddmfmeylhjguo [Z1Z]_c

Jbkmgh&KhkdZ\ |b[jb*ghc kbeh\hc mklZgh\db *ey [_Kkil
e |1Zl _evghlh ZiizjzIz

< k\hx hqg_j_"v iblzgb_ hl Zddmfmeylhjh\ iha\he)
ihA j"b\zZIv |j _[m_fuc j_"bf jZ[hlu we_dljhfhlhjZ b
g _h[oh”~bfhklb J[ukljh _]h baf_gylv

< aZ\bkbfhklb hl khklz\Z b ijbgpbih\ mijZ\e_gby =K\
\ k_ [y Zddmfmeylhj b ]Zahlmj[bgguc *\b]ZI _ev

< gZklhys_  \j fy aZjm[_"gu_ b hl_qg_kI\ _ggu_ dhgk
jZajZ[Zlu\Zxl| gZijZ\e _gby kha~Zgby e |Zl _evguo ZiiZjZlIt
]ZahImj[bgguf "\b]Zl e f LZdb_ kbeh\u_ mklZgh\db fh]m

i iheghklvx we_ dljbg_kdb _

i ]b[jb*gu_ iZjZee evguc ]b[jb” k _jbcguc ]b[jb"
gZklbgguc ]Jb[jb~"

i Imj[hwe_dljbqg_kdb_ iheghklvx Imj[hwe _dljbg_Kk
Imj[hwe _dljbg_kdbc
< iZjZee _evghc ]b[jbrghc kbkl_f_  jbk we dljhfh

Zddmfmeylhjguo [Z1Z]j_c b ijb\h”bl \h \jZs_gph "dh\fe| gdkyh
=L> beb \ _glbeylh] < ~"Zdgwe kbdjlifhlhj b =L> h[_ki_qt
jZ[hlm =KM jzZ[hlZy dZd h”gh\j_f_ggh 1Zd b ih jga”® evgl
[Z1Zj_b y\eyxlky _"*bgkl\_gguf bklhqggbdhf iblZgbyhk _ c k
< k\hx hg_j _"~v ]Zahlmj[bgguc "\b]Zl ev djhighkk[1lkjbg g
hl_ki_qgb\Z | b ih*azZjy*dm Zddmfmeylhjguo [ZI|Z]_c

JbkmghdZjZee _evgZy |b[jb*gZy kbkl_fZ
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< hlebgb_ hl iZjZee evghc ]b[jbrghc kbkl fu \ ih
kbkl_f_ jbk djmlysbc fhf_gl gz dhfij_kkhj i_j ~Z.
we dljhfhlhjz =Zah\Zy Imj[bgZ =L> bkihevam_Ilky ey ij
] g_jZlhjz dhlhjuc aZjy 'z | Zddmfmeylhju

Jbkmghdhke ~h\Zl _evgZy ]b[jbrgZy kbkl _fZ

Dhf[bgZpb_c ihke_"h\Zl _evghc b iZjZee _evghc |]b]
yley |ky ihke ""hiZjZeeglevgZy ]Jb[jb*"gZy kbkl_fZ jbk
dhfij_kkhj ijb\h~Ablky \h \jZs _gb_ beb ]JZah\hc dmj[bgl
we _dljhfhlhjhf We dljhfhlhju fhljml iblZIvky hl Zddmfm
beb hl Imj[h]_g_jZlhjZz

Jbkmghdhke ~h\Zl-i&ajglee evgZy ]b[jbrgZy kbkl_fZ

Hgbf ba ijh_dlh\ ]b[jbrghc kbeh\hc mklZgh\db
Z\lhjkdbf dhee_dlb\hf y\ey Iky ijh_dl =KM ”“ey [_kibehl
ZiiZjzlz LzZdZy =KM \dexqZ_I| \ k_[y bfimevkgmx dZf_jm
Imj[bghc ]_g_jZlhj zZddmfmeylhjgu_ [ZIZj_b b we_dl]
\ha“mrguc \bgl jbk
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Jbkmghdjh xdl Jb[jbrghc kbeh\hc mklZgh\db k bfimevkg

klhjZgby
< IZdhc kbeh\hc mklZgh\d_ wg_j]lby ijhmdlh\ ]hj_ ¢
dzf_j_ klhjzZgby > @ jZkdjmgb\Z | ]Zah\mx Imj[bgm
]Zah\hc Imj[bgu i_j ~Z |Iky gZ ]_g_jZlhj b we _dljhfhlhj k

Wg _jlby \ujz[zZlu\Zz _fzy ] _g_jZlhjhf b~ | gZ ih*azZjy~di
kemqgZ_  hklZzgh\Z bfimevkghc dZf ju k]hjZgby wg _j]
we_dljhfhlhjz b~ _|I hl Zzddmfmeylhjguo [Z1Zj_c Ijb jZajy"
[Z1Zj ¢ \ jZ[hlm \kImizZ_| bfimevkgZy dzZf _jZ k]lhjZgby Kk
\jZsZxs_c¢ \ha”mrguc \bgl b Zddmfmeylhj aZjy Z Iky

<u\h”?u

=b[jb~rguf kbeh\uf mklZgh\dzZf ijbkmsb dzZd ij_bfms
g_"hklzldb

lj_bfms_kI\Zfb y\ey Iky

i \ ij_"ezZ]zZz_fhc ko_f_ =KM Zddmfmeylhj g_ gm "z
f oZzgbg_kdhc k\yab Ihwlhfm _]h fh gh jZzaf_klblv \ ex[h
\ha“mrgh]h km”gZ qlh mijhsZ_| dhfihgh\dm ieZg_jZ b dj

i \ j_"bf_ jZ[hlu [_a bfimevkghc dZf_ju k]hjZgby jZ
klZgh\blky gme_\uf AgzZqbl ij_~eh”  _gguc ijh_dl =KM
\ukhdmx wdhghfbgghklv

i j_adh kgb Z _Iky wfbkkby \j_~guo \_s_kI\ \ ZIfhkn_j

G_"hklzldzfb y\eyxlky

i m\_ebqg_gguc kmffZjguc h[t_f b fZkkZ \k_c =KM

i ih\ur_ggzZy klhbfhklv b keh ghklv dhgkljmdpbb
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:gghlZpbyzZzd ihdzZzaulZ_| hiul wdkiemZ|lZpbb \ha”“mir¢uo km
gZagZq_gby h[_ki_q_gb_ k\h_\j_f _ggh]Bglvygkeéj |gdhélgihjdhbZiiZj:
yley |Iky \Z'ghc azZ”~Zq_c Kh\j_f_ggu_ d&ZlZdmldwbugb_ hé&pzkse gu
[hevrbgklI\h [h_\uo kZfhe_Ih\ Z 1zZd _ g_dhlhjulhdbllu\ mnZggruey x |
ihdbgmlv \ha“mrgh_ km~gh ijZdlbg_kdb Rpgukb g wifZie mZEZpbijb
gme_\hc kdhjhklb gZ a_fe_ H~”gZdh ga4dlyqlgz KjzZfrkeé\ IkizZk \k_
ihfh]l]Z_| ge_gzZf wdbizZz Z khojzZgblv k\kXf ' hgagh\ I@&djdd*bl \ ~_ ckl
kbkl_fm Z\Zjbcgh]h ihdb”Zgby kZfhe_1Z -lkbwhbqgagdidh g kihnghhyghb
hlkmlkl\b_ g_h[oh”bfh]lh hiulZ ijb ~_ckl\bybmXpwghlj ogggud\bkdvgZz
hp _gdZ h[klZgh\db Z\Zjbcghc kbIimzZpblgntgfZpdbhggieZ[h[ _Ki g _g
yleyxlky khimlklI\mxsbfb nzdlhjzfb ijb\h*yshfllh khblZ¥e¥hb &« kdyab
wlibf \hagbdzZ_| g_h[oh”bfhklv \ ih\ur_gbt WthdnkjfAp gbygmdbiz"
\ha“mrgh]h km~rgZ ~ey ijbgylby bf k\h_\j flhgghijhgbyijZ\Db\ejbleghc
kbimzZpbb

< ~Zgghc klzZlv_ jzkkfzljb\Z _Iky kihkh[ j_ZebazZpbb kbkl_fu
j_r_gby dhfzg~bjhf wdbiZz Z \ Z\Zjbcguo kbimZpbyo hklghpBg j@Zhlu

| hjbb h g _q_ldbo fgh  _kI\Zo Lzd _ \ klzZlv_ ij_"klzZ\e _ghtZjbzZg
kbkl_fu ey jZzaf_s_gby gZ [hjlm e_I1ZIl_evgh]h ZiizjzIlZz
Dexq_\u_ kehxkl fz ihfhsb zZ\Zjbcgh_ ihdb”~Zgb_  ijbgylb

g_q_ldZy eh]bdZz
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THE METHOD OF IMPLEMENTING THE DECISION-MAKING
ASSISTANCE SYSTEM BY THE CREW COMMANDER IN EMERGENCY
SITUATIONS

Fimushin A. S.
Aliev Z. A.
Zaitsev N. I.

OLOLWDU\ 7UDLQLQJ DQG 5HVHDUFK &SH@WHB\RDOIWHK!
SURIHVVRU 1 ( =KXNRYVN\ DQG < $ *DJDI
(Voronezh)

Abstract. As the experience of operating aircraft for various purposes shows, ensuring
timely emergency departure of an aircraft is an important task. Modern ejection seats, rethich a
equipped with most combat aircraft, as well as some types of attack helicopters, allow you to leave
the aircraft in almost all operating modes and at zero speed on the ground. However, the availability
of means of rescue on the plane does not always help the crew members to save their lives, since the
person himself activates the emergency escape system of the aircraft. Increased neurapsychiatri
state, lack of necessary experience in emergency situations, incorrect assessment of the emergency
situation as well as poor information support are concomitant factors leading to the death of flight
personnelln this regard, there is a need to increase the information support of the aircraft crew in
order for them to make timely and correct decisions in an emergency situation.

This article discusses a way to implement a decision-making assistance system by the crew
commander in emergency situations, the principle of operation of which is based on the theory of

fuzzy sets. The article also presents a variant of the layout of this system for placement on board an
aircraft.

Keywords: assistance system, emergency abandonment, decision-making, fuzzy logic.

<kh\j_ f gguo mkeh\byo \ _~ gby [h_\uomx gklatac\ j 1
"hkib™ _gbb p_e_c¢c \hhjm  _ggh]h ijhlb\hikkZipygby=bkjih"kIXh
\ \ha“mo_ ~Z | \hafh ' ghklv hkms_kl\eylvmiilZ%shod mzZdZkl
h[hjhgyxsboky \hckd Z 1zd _ ihjz zZIWzZKga!l ]b[q_&db
Ijhlb\gbdzZz DZd ijZ\beh dexq_\u_ agbXqgbhkhh”?&a2\Bh \Z
\ha“mo_ j rZ | hi-lgdb\ghkdzZy Z\bzZpby gZ \hhjm  _gbhb
bf xlky bklj [bil jelop\ZIgbdb rimjfh\bdb [hf[Z]j~bjh\
jZa\_~qbdb ij_"klZ\e_ggu_ 1Zdbfb kZfhekhZfbk3Zd Km
Fb= km Km Km Km < oh”_ \uiheg_gby dzZd [h_\uc
l1Zzd b az~Zq ih\k_"~g _\ghc ~_yl _evghKld WwWddvizhfmh4}bkidm
k\hx "bagv K p_evx khojZg gby "bagfb ggdioi A hza\mkly\yo
km~Zo
NZe £+ <K Dbf__Iky dhfie_dk kj_"kI\ Z\Zjbcghflhe ihdlb"Z
khklhysbc dzZd ijZ\beh ba dZlZime&dlgh]lhzZzdjekelbjhktb
klj _eyxs_ ]h f _oZgbafzZ dj_keZ b kbkl_fw A2\djdcghhd hg K Kijlip
nhgZjy

ljb g_ihkj_"~klI\_gghc hizkghklb "ey "balgbthaglhdg na v
g_h[oh”~bfhklv \ Z\Zjbcghf ihdb~"ZgbhzgZIZl_Kkbhpdhdehdi e
ihdb”r"zZgby kZfhe_ 1Z hJuggh y\eyxlky KWHEQ N uktmfxghbjd
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wdbizZ Z Lhevdh \ kemqZ_ y\guo hiZkgHkl[mxs\®ey
g f "e _ggh]lh j_ r _gby qge_gu wdbiz Zv fkEmhhkthyglk|é&w\ghl

[1].

AZ[hlykv h kiZzk_gbb "bagb \k_o qe_ghX\bnechbiZ -
ihke_ _~gbf ihdb”Z_ | e_|Zl_evguc ZiiZj¥thahZgXd)bd hijjb
ithdb”Zgbb hij_~ ey |ky h[klZgh\dhc hilbihEZii&jZZ¥ elvg
bf xsbfbky kizZzkzl_evgufb kj_"kI\Zfb <k Z\Zjbckd hldyn i
ithdb”r"Zgbx e _|Zl _evguo ZiiZjZlh\ hljZ[ZlupBXlkkwgugZ
gZa_fguo lj_gZ _jZo b "h\h~ylky ~h Z\IhfZlbafZz

JZkkfzZljb\Zy Dbklhjbx kha”rZgby b jZa\bblyhkj 7~k
ithdb”r"Zgby <K fh gh hif_Iblv qglh ijbfgygh, AhdikZ p Ngbdb
ithdb”r"Zeb \hamrgh_ km”gh kZfhklhyl levigmhgkhebZgjed]l
eb[h kjZam ba dZ[bgu M\ _ebqg_gb_ \ukHREu bhWdhjdiklb
fZg _\j_gghklb b \hkijbgbfZ_ fhc gZ]jmadb dlegK|jgldffib\g
kzfhe 1Z kihkh[klI\h\Zeb klj_fbl_evghfrkl)zZ&\ilZlb xgblkyj
wdbiZz Z E_lIguc khklzZ\ m _ g_ fh] kBfZkvhikEZféegh bhte
wlh]h [ueh iheh  _gh gZqZeh jZajzZ[hlddy_ ZXINfZhioldgp Kby
<K DZzZIlZimevligu_ dj_keZ i_j\h]h ihdhe_ ¢lheyvadi_&brgb\
ithdb”Zgb_ dZ[bgu kZfhe_|Z Ihke_ hiItZee dllgy dh k& fhg
[ue kZfhklhyl _evgh hlkl_]Jgmlvky hl dj *keXIbbijbhVZjEIrx]
< -0 ]h"Zo ihy\bebkv dZlIZimevigu_ dj_ kelZy \lbfhkshb hd
gZklbggh _ Z\IhfZlbqg_kdh _ mijZ\e _gb_ ‘qbniZZedBd zZ
\u[jZku\Zgb_ dj_keZ b \uimkd iZjZrxilZgbXZlgdl aZh[ jkdm |
\j_f _gb b [ehdbjh\dm ih \ukhl_

<k _ kh\}_f ggu_ \h_ggu_ kZfhe_ lu h[him&m&Xkkylky ~
wdbizZz Z ij_~"mkfzZljb\Zxsbfb Ilhevdh jmddlgb dzhZzZdmfeadh ||
e _lgbhdz Kijz\_"~eb\h kgblZehkv qlh Ihévghhpe_ ¢dpbd
kbimZpbx \ ihe_|_ b ijbgylv hI\_Ikl\_gghmevjlbghydlvidZ P>

< gZklhys__ \j_fy kh\j_f ggu_ dZlZing¥Zl[guu\dxlkeZ
\ gZijZ\e_gbb h[_ki_q_gby “"bag_kihkh[ghtkdb|ZwdpbZ .
dZlZimevlibjh\Zgbb gZ ex[uo \ukhlZo b<kKdh\hkiyqbikhe &
ijb hljbpZl _evguo i_j ]JjmadZo Z |Zd bjm\ Zgl bd X1 zi nfe bl
Djhf_ kZfhe Ih\ dZlZimevigu_ dj_keZgmhkthgZbhgqbkddom
dhjZ[eyo ©<hklhd?2 Bo wdkiemZlZpby V) 2WkbZlgbbdZe
kbimZpbyo b ”"ey ijba_fe_gby \ ghjfZibhdtis imkeh\b
aZ\ _jrZeky > @ LZd _ [ueZ g_h[oh~WfAlkZivmewngudgd)dk
gZ kZfhe lu \_jlbdZevgh]h \ae |Z bKihKIZNdbhjhlddc wH Zi
ithe 1Z K<<l hl fhf_glzZz \ae_ |Z b 7~h dingpZ hifd oh:
ij_"klZ\ey_| [hevrmx m]jham [_ahiZkghkldpZ e hdqtbdaz
"bl]zZl _ey beb kljmcgh]h mijZ\e _gby hftbgkli\Zigildpué kidikd z
\ wibo kbIimZpbyo y\ey Iky Z\IhfZIlbg\kgh]. dZIZimevlDb]

GZ K<<Il-YdM F kbkl_fz z\IhfZlbg_kdh]h dZlZime
\dexgqZeZ \ k_[y dZlZimevligh<Fdjwkeehdlibg_kdmx kbkl
Z\IhfZlbg_kdh]h dZlZimevlbjh\W&¢gby A\KIDFZIbg _kdh _
dZlZimevlibjh\Zgb_ gZ \ _jlbdZevguo b b jhphkigub\ged
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kbkl fZ-WB < kemgZ_ ~hklb  _gby djblbg_kdblghagZqg_
ithe 1z Z 1zd _ ijb khqg_lZgbb ih agzZdmebhbg”"mdelhy ulx
m]eh\uo kdhjhkl_c dj_gZ ibdbjh\ZgbykadfheZ|bBVWEZgby
\unrZ\ZeZ kb]JgZe gZ Z\IhfZlbg_kdh_dZlZimevlbjh\Zgb_ >

< gZklhys__ \j_fy gZ kh\j_f_gguo <K\dhYrgbdghkh_~
ihdb”r"zZgby kzZfhe |Z g_ bf__| \hafh ghhklkjzZ\lalfldbgbkdk
A _ckl\b_ hg ijb\h”blky lhevdh ih j_r_gbk \alydbdZgbylh'
jmdhylhd dZlZimevibjh\Zgby mklZghlghgdglyok@Z dZlZime

JZkkftzZljb\Zy ZgZeba Z\bZpbhgguo ijhbkrl kl\bc
]Jhkm~ZjklI\_gghc Z\bZpbb azZ ijhr_"~rb_ M\NZApZbwg uec Ig Zi|

jbkmgd _ \'i_jbh~™ Kk ih ]h™ tjlhbahd&glhZkljhnu b
Z\Zjby ih]b[eb g_eh\_d gebgh\ idkZbjh\ <
1 mljZq_gh <K ba gbo kzfhe 4hh ie\Zglhje |

JbkmghebgZfbdZ baf_g_gby Z\Zjbcghklb \ Jhkm~Zjk!
Z\bZpbb az e |

LZdh_ dhebq_klI\h ih]b[r_]h e _Igh]h &&kgh\Z wodb iGqa IZ:
hfmkeh\e _gh jZaebqgufb ijbgbgzZfb b nzZudlhiEfoh d «
hlg klb \ gqZklghklb

i keZ[uc mjh\ _gv ih”]lhlh\db e _Igh]h khiZRIZZbZ gh]bhhjy
ihdb”"Zgby <K

i g_k\h_\j_ f ggh_ ijbgylb_ j r _gby dhfZg *tiZfb
Z\Zjbcghf 1i1hdb”Zgbb <K \\b m ih\ur-ikdlolhg _§dhn\dh
khklhygby
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i g_1jZ\bevgZy hp_gdZ h[klZgh\db k\y&aHEggZgb kv ~
<K beb hI\_klb g_bkijzZ\guc kZfhe_ | hld tkeum eihxkljl
khojZzg gby "bagb ]JjZz "Zgkdh]h gZk_e _gby

i hlkmlkI\b _ \kihfh]Zl_evghc bgnhjfZpbb beb
ij_"mij_"~"Zxsbo h ~hklb  _gbb djblbg_kdbhWithkgua@d j_
kihkh[kl\mxsbo ihl_j <K b h g _h[oh”dhhkhdbZ\Zgbygqg
kzfhe [|Z

>ey ijZ\bevgh]h b k\h_\j f ggh]h ijbdyiyjpcrglgfby
ihdb”"Zgbb kzZfhe 1Z wdbiZz m g _h[oh”blbhv I$jZI[hadZgh yb ¢
jmdh\h~kI\Z ih e _Ighc wdkiemZIlZpbb <Ky 2 bhikhgglo »
kemqgZyo ihe 1Z GZoh”ykv \ hiZkghce kKiglmEpwhkbbigeZ
"he gu aZ dhjhldbc ijhf_"mlhd \j _f _gb vjhiZeZrdlxab[h\ZI
bgnhjfZpbb ihemqgz_ fhc kh kj_~kI\ j_[jkljjZgbbu iZKzZA\_
p_ehf H~”gZdh kdhjhl_qghklv jZa\blby]”Eblitma oy g _w\H
k" ezZlv \ j_amevlZl_ q_]lh dzZlZimevlbjhagYhl widphz"
jZgvr_ fhf_glZ \hagbdgh\_gby dzZlZkljibibqg hkdkctv kdh pfZ
~s_fh gh \uclb ba djblbg_kdh]h ihehl fgbyglebdpi*\ZIm " _
gbdzdb_ 2 _ckl\by g_ hdZ ml \ebygb_ glZnbgq@akdhix_
kbimzZpbb qlh ijb\_~ |1 d ]b[_eb wdbmzagh]h kiyZ§Z \ha”"

lh~Thlh\dZ gqe_gh\ e_Igh]h wdbiZz Z ~eyjYh&blgegd]gb\
khklZ¥AbZpbhgguo gzZkl_c¢c azZgbfzZz | ijh~he Hhewrdh \]j
dhebg_klI\h nbgZgkh\uo azljzl \ k\yab fk ywdbf lkddIm
jZajzZ[hldzZ kj_~kI\ beb kbkl_f kihkh[k\imksdw WwdliZZgb
kzfhe |Z \ ijbgylbb j_ r_gbc ih _]h Z\Zlbxgkfmp_elvakb"
khojZg _gby "baghb

< gZklhys_ _ \j fy gZb[he__ wnn_dlib\gulbykiehkhfyf |
k\yvaZzgguo k ijbgylb_f j_r_gby \ mkeh\bgbqg [kla¥Zrh]
bgnhjfZpbb yley Iky bkihevah\Zgb _ bkdeekkdlZgagt
Ihkljh_gb_ fh”_e _c ijb[eb zgguo jZkkmid bd_lgkih v etih\Z gb
bo \ bgl ee _dimZevguo dhfivxl_jguo kpkl K& cj h®iglZ \ke:
kzZfuo i_jki_dlb\guo gZijZ\e _gbc jZa\blyglkhaplf eggthc
| _ogbdb > @

Bkihevah\Zgb _ ljZ*bpbhggh]h fZl_fZlbqg_kewn]h |
hibkZgby q_eh\_gq_kdbo agZgbc kbevdhjyagyZgmthg_gHh
kms_ klI\m_ | fgh  _klI\h f _Ih"bd hibkZgby jAddlg jbKIbgguc
hit _dlh\ Djhf_ Ih]h ~Zggu_ oZjZdl_jbkfbfml gulwk ]
Ahklh\_jgh bgl _jij_Ibjh\Zgu ohly ijb wlflhdgth j\Z1gHrhx
bgnhjfZpbx GZjy*m k wlbf \ bgl_ee_dImZeavwbo |
bkihevamxlky g_q_Ildb_ agZgby dhlihjy dZid]ml iilnelgdik iw
bklbggu_beb g_iheghklvx eh gu_  ebqgdkhwx BT jhwljghaklv
Ahklh\_jghklb

HAgbf ba gZijZ\e _gbc jZa\blby bkdmkkdVNZggh]h
hkgh\Zggh]h gZ ijbf_g_gbb dhfivxl_jguoihkveagmehoc
g g _ldmx bgnhjfZpbx beb g _q I|db_ fghfuzkyldgic®y\ey |
g q_ldZy eh]bdZz G_q_Ildb_ kbkl_fu \b&db\hHggu ldigZ
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eh]l]bdb ihal\heyxl ijb[ebablvky d klbex fdZe gbyyygey Ik
ZdimZevguf "ey jZajZ[hldb kbkl_f ihfthglhyjbgylby j_

G _gq_IldZy eh]lwdz &1 _fzZlbg_kdZy |_hjby dhlhjZy
jZ[hlZlv k g_q_Ildbfb ihgylbyfb |Zdbfb d&Zglb a@d bwckhd
©[ukljuc®d ©f e _gguc2 b | »~ HgZ hkghl\Zdgh gikhdglytb gl
fh™ | bf_Iv jZaebqgu_ kl_i_gb ijbgz~e_eqglgklhfnd dejZKkr
GZijbf_jJ kdhjhklv df q fh'gh hig [kkdjdcdek klinh ®&hc
kl _i_gvx ijbgZ”~e_ "ghklb Z kdhjkhilgibvadhaf q =

>7Z299Zy | _hjby iha\hey | mq_klv g_hijg”ldhkdghkl
\oh~guo ~Zgguo b k”*_eZlv [he__ lhqguy BbBA\g”*U_ hHXyg M
g _q_ldbo fgh  _kI\Zo aZdexqgZ _ |ky \ Ihfh'glkhl\@wefhH]ngllu
bf Iv g _g_ldmx ijbgZ”e_"ghklv k jZaeb@ghdfkjl i\gv
dhgl _dkl_ kbkl _fu ihfhsb ijbgylby j_r_ghy ihdbZ2¥Zgbb
\ha’\mrgh]h km~rgzZ fh gh jzZkkfzZljb\ZIlv g Zq9_ Iddy  f
hij_~ e _gby kl_i_gb hiZzkghklb kblmZpdki Z kzh khi[lgehgd bv
hlj e_ggu_ f_jhijbylby b ~“jm]b_ nZdlhjujbyegbblyxshb _
j_ gbc

JZaJZ[hIdZ kbkl_fu ithfhsb ijbgylby j_r _dbbajg&E kg
g g _ldbo fgh  _kI\Zo fh | \dexqgZlv ke_"mxsb__ wlZiu

1. Hij _ ~ e _gb_ ebg]\bklbg_kdbo I _j_f _gguo
hij_~ _eblv i_j_f ggu_ dhlhju_  [m~Aml telylheh\pafg\dztlvk
kbimZpbb GZ|bej fh'gh az”~zZlv 1zZdb_ G@kj_f _ggu_
hizkghklb2 ©kihkh[ghklv wdbizZz Z \lbdhh)Zlmeh)Id@eb gjnc] bk _

2. Hij_~ e gb_ g g _Idbo fgh _klI\ ~ey dZ dhc ebc¢
I _j_f _gghc dhlhju_  [m”"m]l hibkul\Zlv jZaebwlidhw  a
I _j_f _gghc GZijbf_j \ kemqgZ_ k ebg]fbgbheg kKdicii gjv
h|Zkgthb"’l g_q_JIldbfb fgh _klI\Zfb [m~Amyay\®xlyvKyyy§bla
©\ukhdzy?

3. Hij_~ e _gb_ ijZ\be \u\h”~Z Hkgh\u\Zykv gZ
jmdh\h~kI\Z ih e _Ighc wdkiemZlZpbb Z wdbiZ Kihk
A ckl\h\ZIv \ keh'guo beb hiZzkguo kbhiZmpmbyo* @blv[o
gZ[hj ijZ\be dhlhju_ [m~ml bkihevah\lblwky r*eybcijb
GZijbf_j © _keb kl_i_gv hiZzkghklb \ikitd Zwd bZ ZK izh lgib[agd Z
j_dhf_g"m_|ky \uihegblv f_jhijbylby ijjrhohtk¥tntKIggfuih
e _lghc wdkiemZI|Epalbi Z'legyh 1 h ihdb"Zgby \ha“mrgh]h km#*

4. JZajzZ[hldZz |Jh]]fogh]h h[_ _gby G2 _QbRgagb\_
ebg]\bklbg_kdbo i _j f gguo g_q_ Idbo fgjfZ\bIeI\\uZh’er
g _h[oh~bfh ]ZajZ[h|Z|V Zelhjblf dhlhjuxh\gh¢ky Bkiyh
\ugbke_gby hilbfZevgh]h j_r_gby ijb Z§bjppdghaftmhdgbi
km~gZ

Kbkl _fZ ihfhsb ijbgylby j_ r _gby dhfZgghhkwgtbiz"
g_q_Ildhc eh]bdb \ h[s_f \b~_ij_~klZ\e @Z g pb kgl g Z
fh™ | [ulv j_Zebah\Zgz \ \b”™_|j_o dhfihg_glh\

i [Zau agZgbc hkgh\Zgghc gZ I|j_[h\Zgbwg
wdkiemZlZpbb \ha“mrgh]h km~gzZ jZatike& © Mk

olgmdh\h
hfu_ kem
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i fh mey g _qg_Ildhc eh]bdb Zelhjblfu \ulgbke gb\
0ZjZdl _jbamxsbo \hagbdgh\ _gb kbimZpbecc Mh mk
dzlZzkljhnbq_kdhc

i fhmey bgl _jnhek@h\Zl ey \bamZevgZy iZg_ev m
kbl]gZebazZpbb h[ hiZzkghf iheh  _gbb wdbizZz Z

1+BgnhjfZpby h ozZjzdl_j_ ihe_1Z \ha”“mrgh]h km~gZ ijhkljZgkl\_

bkijz\ghklv kbkl_f b Z]jFlZAm\ev g£qg_Ildhc eh]bdb gZ [Za_ ijh]jZffg
MATLAB kh”_j bl [Zau agZgbc b Ze]lhjblfu \uqgbkeZjyxy ijpjamxigho

\hagbdgh\ _gb_ hiZzkgu® kBhrhebcbgl _jn_ckZ ihevah\Zl ey \bamZe
mijZ\e_gby b kb]JgZebazZpbb h[ hizkghf ihdhbgglbb wdbigbx +
wdbiz® _f gZ zZ\Zjbcgh_ ihdb”Zgb_\ha“mrgh]lh km~gZ

Jbkmghdhfihg glu kbkl_fu ihfhsb ijbgylby j r_gby dhfz
wdbiz Z

ZaZ agZgbc ~“he gZ kh”_j Zlv bgnhjfZpbx h Ilbibqg
kbimZpbyo b \hafh 'guo j r _gbyo ey dZ ~"hc ba gbo >
hkgh\ZgzZ gZ 1j_[h\Zgbyo jmdh\h”~kI\Z ih e _Ighc wdkier
km~rgZ jZa”_eZ ©hkh[u_ kemqgZb \ ihe_|_2 ]~ _ ijhibkZg
\ha“mrgh]h km~gZ ijb \hagbdgh\_gbb hiZkguo kbImZpbc
"he gu Julv \g _k _gu oZjzZdl _jgu_ ijbagzZdb \hagbdZxsbo
Z]lj_1ZIh\ <K kihkh[klI\mxsbo jZa\blbx hiZzkguo kbImZpbc
bgnhjfzpby kh”_j blky \ jmdh\h”~kI\_ ih I _ogbq_kdhc wdki

Fh mev g_q_Ildhc eh]bdb [m”_I| bkihevah\Zlvky ”“ey
\u[hjZ hilbfZevgh]h j_r_gby Hg [m~_| ZgZebabjh\Zl
jZaebqguo *Zlqbdh\ b kbkl_f \ha”mrgh]h km~gZ 1[|Zdbo
| fi_jzZIlmjz ~\b]zIl_ey "Z\e_gb_ \ dZ[bg_ b I~ b \u”nz
dhfzg”"bjm wdbiZ Z gZ hkgh\_ [Zau agZgbc
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J ZebaZpby jZ[hlu fh*mey g_q_Ildhc eh]bdinsvikms Kkl
ijh]jZzffghlh h[_ki_q_gby ijh]jzffghc kj_~u 0$7/$% b iZzd
ih nZaalb]bd_ )X]]\ /RIJLF 7RROER] dhlhjuc iha\he:
j_~"Zdlbjh\ZIlv -kiZlkalalhbu mijZ\e_gby dhgljhey k g_q_Ildr
gZau\zZ_fu_ \ |I_jfbgZo ijh]jzffghc kbkl_Fuzzp $Terérite +
6\VWHP beb ),6 > @ < [ehd_fh”"mey g _q_ldble eh]t
ijbgylby j_r_gby wdbizZz _f Z\Zjbcgh]h ihdbZggbegbkZfhley I
ijh]ljzffgh_ h[_ki_q_gb_ jZajzZ[hlZggh_gZ [Za b&plxi_ fu |
JZ[hlu ijh]jZffu aZdexqZ_|ky \ ithemqg_gbb bk&h4g¢gtdhh kb]
kgbfZxsbo agZq_gby izZjzf_Ijh\ jZ[hlu Kkbkl_f b Z]j_]
ijhkljZgklI\_ggh]h iheh  _gby \g _rgbo mkeh\bc_ ihe_
ihemq _ggh]h kb]JgZeZ b ih bf _xs_cky [Za bgdZgbtcgbkiing
nhjfbjh\Zgbb j_dhf_g~"Zpbc wdbiZ m h ~Zevg_crbo *_ckl\

Bgl jn_ck ihevah\Zl _ey [m”_I| ij_~klZ\eylVeklyghy kZg
liZnbg_kdbf ijbeh” _gb_f dhlhjh_ [m”_I| hlh[jZpblx ¢ Zdm :
[hjlm \ha”“mrgh]l]h km~”gZ b ij_"eZ]Zlv \Ajfizhgdi jwdbgdcz
kfh™ | \u[jZlv h”bg ba ij_"eh _gguo \ZjbZgjhk_tHkb ijb
kZfhklhyl _evgh

< aZdexq_gb_ ohl_ehkv [u hlIf_Iblv qglh kbkl_fzZ if
j_r_gby ijb zZ\Zjbcghf ihdb”~"Zgbb <K gZ hkghkhadgZgl Id}l
hilbfZevguc Ze]hjblf »~_ckl\bc e_Igh]Jh wdbik\Bagkhkihl\c Ik
kbimzZpb_c¢c gZ [hjlm kZfima\hZ2bIHJAfZg”"bjm wdbiZz Z [ul
ijZ\bevgh j_Z]bjh\ZIlv gZ Z\Zjbcgu_ kbIimEpdbdby elyelbo
ijbgbfzlv k\h_\j _f_ggh_ j_r_gb_ gZ ihdb”Zgb_ <K \ d
kbimzZpbb Djhf_ ITh]h ijbf_g gb_ ~Zgghc Khkll fevghal
ith\ukblv h[sbc mjh\_gv [_ahiZkghklb ihe_Ih\ Wl\inf_gv
hrb[hd ~“himkdZ_ fuo e_Ilguf khklzZz\hf \ keh ¢ed\gabfimZy
hfjZahf khojZgbl [ _kp_ggu_ g_eh\ _g_kdb_ "baghb
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M>D

J?R?GB? A:>:QB DHGLJHEY L?0GBQ?KDH=H KHKLHY
KBKL?F <HA>MRGH=H KM>G: G: HKGH<? L?HJBB H G?C(
FGH@?KL<:0O

Nbfmrbg : K

jl_fhy oo
FZkeb \B:
<MGP <<K O<\thadgirgZy ZdzZ”~_fby bf ijh@nkkhjKdG]R b
X : =Z]Zjbgz?
] <hjhg_~

:gghlZpbigh\j_f_gguc i_jbh” | _ogbqg_kdh]h jZa\blby o0ZjzZdl_jba
ijbf _g_gb_f keh guo kbkl_f mkljhckl\ b dhfie_dkh\ Ibdgbqg_kd
dhlhjuo kdhjhklv Thqgghklv ijhgghklv ~Z\e_gb_ b I i hg_gv \uk
hilghkblky b Z\bZpbhggZy | _ogbdZ Y\eyykv h”gh\j_ f ggh keh guf
h{t_dlhf djhf_ Ih]l]h hgZ hlghkblky b d h[t_dlzZf ih\ur_gghc hiZk
[hevrh]h dhebq_kI\Z \gbfzZgby d | _ogbq_kdhfm khklhygbx k
\ukhdh]h mjh\gy [_ahiZzkghklb ihe_Ih\

< ~Zgghc klzZlv_ jzZkkfzljb\Z Iky \hijhk dhgljhey | _ogbqg_
\ha”“mrgh]lh km”gZ hkgh\Zgguc gZ |I_hjbb h g_q_ldbo fgh _klI\Z
lhieb\ghc kbkl_fu e_I1Zl_evgh]lh ZiizjzlZz ijh\_~_gh Dbkke_"h\z
hij_~_ e _gby __|I_ogbq_kdh]h khklhygby bkihevamy Zelhjblfu g_q._

Dexqg_\u_ kehl\dgbg_kdh_ khklhygb_ kbkl_fu \ha“mrgh]h km
kbkl_fz g_q_ldb_ fgh _kI\Z g_q_ldZy eh]bdZz

SOLVING THE PROBLEM OF MONITORING THE TECHNICAL
CONDITION OF AIRCRAFT SYSTEMS BASED ON THE THEORY OF
FUZZY SETS

Fimushin A. S.
Artemov A. A.
Masliev A. I.

OLOLWDU\ 7UDLQLQJ DQG 5HVHDUFK &HQMPH LD RV NUX |
SURIHVVRU 1 ( =KXNRYVN\ DQG < $ *DJD!I
(Voronezh)

Abstract. The modern period of technical development is characterized by the massive use
of complex systems, devices and complexes, which technical characteristics (speed, accuracy,
strength, pressure, etc.) are very high. Aviation equipment also belongs to such systems. Being both
a complex and high-tech object, it also refers to high-risk objects, which requires a lohtdratte
to its technical condition to maintain a high level of flight safety.

This article discusses the issue of monitoring the techrocalition of an aircraft based on the
theory of fuzzy sets. A study was conducted on the pbgsiti determining its technical condition
using fuzzy logic algorithms on the example of the operatidhe fuel system of an aircraft.

Keywords: technical condition, aircraft systems, fuel system, fuzzy sets, fuzzy logic.
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‘\bZpbhggZy | _ogbdZ dzZd b ex[h_ | _ogbqg_kdh_ mk
wdkiemzlZpbb baf_gy_ | k\h_ | _ogbq_kdh_  khklhyghb __
jZ[hlhkihkh[gh]lh “h iheghc ihl_jb jZ[hlhkiwkin]dlaklly gjtqg
| _ogbg_kdh]h khklhygby ijhbkoh”bl dzZzd \ke_~kl\b_ \ha
nZdlhjh\ 1Zd b \ke_ ~kl\b_ _kl_kI\_ggh]h baghkZ

< h[s_f kemqgZ_ dhgljhev | _ogbqg_kdh]h khklhyghb
khihdmighklv hi_jZpbc ih ijh\_jd_ jZ[hlhlih&hpobklb
ijhl]ghabjh\Zgbx hlidZah\ ba”_eby KhklZ\gufb w|es ff glZfk
kemqgZ_ yl\leyxlky baf_j gb_ dhgljhebjm_fuo iZjZf _Ijh\
ithemqg_gguo “"Zgguo \ p_eyo jZkihagZgby \b*"Z | _ogbq_Kkc
hldZazZ k aZz*"Zgghc ih?*jh[ghklvx mijZ\e_gb_ ijhp_kkhf dF

lh~ | _ogbqg_kdbf khklhygb f 1ihgbfZ Iky khklhyghb
oZjzZdl_jbam_fh_ kl_i_gvx _]h khhlI\_Ikl\by | _ogbqg_kdl
\uiheg _gbx k\hbo nmgdpbc K ihklmie _gby \ wdkiemZIZph
mkljhcklI\h \ j _amevlZl_ijhp_kkZ baghkzZ klZjZgkycb \ha
kj_~u l_jy_ | k\h_ i_j\hgZgqZevgh_ | _ogbqg_kdh_ khklhygb _

Hkgh\gufb azZz~zZqzZfb dhgljhey khklhygby $7 gZ jZac
wdkiemZlZpbb y\eyxlky

i dhgljhev jZ[hlhkihkh[ghklb beb nmgdpbhgbjhdZgby
[hjlm <K

i dhgljhev jZ[hlhkihkh[ghklb beb nmgdpb
N fhglbjh\Zggh]lh k [hjlZ <K h[hjm~h\Zgby

i dhgljhev ijb ijh\_~ gbb gZkljh_qguo b j |ngedbjh\h
[hjlm <K b gZ ~ _fhglbjh\Zgghf k [hjlZ <K h[hjm~"h\Zgbb

i "bZ]ghklbjh\Zgb | olgblghkdibyph<K ihbkd f_klZ hld.

i ijh]Jghabjh\zgb_jZ[hlhkihkh[ghklb ijh]Jghabjmxsbc

i dhgljhev izZjzf _Ijh\ hljZz Zxsbo "~ _ckl\by e _Igbdz
\uiheg _gbb ihe Igh]h azZ”~Zgby ”"ey hp_gdb | _ogbdt
kZfhe Ih\h "~ _gby [h_\h]h ijbf-§_adbgb kahlghh”]hlh\db

i gzZdhie_gb_ klZlbklbg_kdhc bgnhjfZpbb “ey h[h
wdkiemzZlZpbb <K b ~ _ckl\bc e _IqbdZz wdbiZz Z \ p_
kh\ _jr_gkl\h\Zgby Ze]hjblfh\ j r gby aZ”~Zqg dhgljhey

i dhgljhev i ZjZf _ljh\ h] _ki_gb\Zxsbo hij "~ e g
Z\bZpbhgguo ijhbkr_kl\bc b2hgpb”_glh\

LZdbf h[jZahf wdkiemZlZpbhgguc dhgljhev ba” _ebc
dhgljhev hkms_kl\ey fuc gZ \k_o wlZiZo wdkiemZlZpt
mklZgh\blv _Jh I _ogbq_kdh_ khklhygb_ \ gZklhys f b [m~"

DzZzd hlf_gZehkv jZg__ \Z gufb az”~zZqzZfb dhgljhe:
yleyxlky

i ihbkd f_klZ hldzaZz

i "bZ]ghklbjh\Zgb_ b ijh]jghabjh\Zzgb_| _ogbg_kdh]h |

ljb j_r_gbb ~Zgguo azZ”Zq \hagbdZx|l hij_~ e _ggu_
gZijbf_j gZ ihbkd f_klZ hldZazZz jZkoh”m_lky hdheh
azZljzqb\z _fh]lh gZ \hkklZzgh\le_gb_ L < k\yab k q_f Z
kh\_jr_gkl\h\Zgb_ f_Ih*h\ ihbkdZ g_bkijZ\ghkl_c Z\bZ|
iml_f Z\IhfZlbaZpbb *Zggh]h ijhp_kkZ k bkihevah\Zgb_f j
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Keh ghklv ihkljh_gby b nmgdpbhgbjh\Zgby kzZfhe |
ithal\hey | bkihevah\Zgb_ klzg~Zjlguo -fihK&Z]|bYg _ kdla}d
hibkzZgby Z IZzd _ khaéBfglb mdBEdhikZevghc fZI_fzZlbqg_kdh
thal\heyxs_c kijh]jghabjh\Zlv khklihygb_ bkke_~m_fh]h hJ[t
© bag_ggh]h pbdez?

Wnn_dlb\guf kihkh[hdby ijh[edhgljhey b ijh]jghabjh\Zc
| _ogbg_kdh]h khihygb3\ey Ikgkihevah\Zgb_ kh\j_f_g¢
| ogheh]bc k\yaZgguo k bkodmégkbb glgh]h bgl _ee dlZz

AZ"Zq ¢ | _hjbb bkdmkklI\ _ggh]h bgl _ee dlZ y\ey_
ijhp _kkh\ jZkihagzZ\Zgby h[h[s_gby b ihagZ\Zgby i_j
Zelhjblfh\ ljb  wlhf mfkl\_ggZy "~ _yl evghklv k\h”blk
bgnhjfZpbb

<u”™ _eyxl g _kdhevdh gZijZ\e _gbc jZa\blby bkdmkkl\ _
hkgh\Zggh]h gZ ijbf_g _gbb dhfivxl _jguo | _ogheh]bc

1) nZaah]bdZ g _q ldZy eh]bdZz

2) wdki_jlgu_ kbkl_fu

3) g_cjhk_1Ib

4) w\hexpbhggh_ fh” _ebjh\Zgb _

JZkkfhljbf \hafh ghklv ijbf_g_gby |_hjbb h g_q_Idb
nZaab]bdb 7~ey hij_~ e _gby | _ogbqg_lkhdéabhghkhkkhykd b u
\ha“mrgh]h km~gZ ih \hkvfb az*Zgguf iZjzf_IjZzf __ nmgd

GZ jbkmgd_ ij_"klZ\e_gZ mijhs_ggZy ko _fZ lhie
\ha“mrgh]h km~gZ dhlhjZy khklhbl ba \hkvfb we f glh\
ba we f glh\ Ilhieb\ghc kbkl_fu fh I gZoh”blvky \ ~
bkijz\ghf b g _bkijz\ghf Z Izd _ qlh h~gh\j_f ggh g_ fh
[he  we.fDghZ_ Ih]h fZeh\ _jhylgu_ hldZau [ZdZ Ijm]
NZlgbdZ jZkoh”hf_jZ 7~ey mijhs_gby kbkl_fu jZkkfZIljb\ZI

1+gZkhk ihAdZqgubevljt A"2Ziqbd jZkoh hfihZjguc djZggZkhk
ihAdZgdb gZ ~\b]Xbll_fZ gz~ njzdl Ipm[hijh\h"u

Jbkmgh&Ko #Z lhieb\ghc kbkl_fu
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< blh]_

hldZa

gZkhkZ

ithemqgbf
ihr"dZqdb

lylv \_jhylguo hldZah\
aZkhj _gb _

hldZa kbkl

nbevljz

hldZa gZkhkzZ ih"dzZqdb gZ ~\b]zZl_e_
Ba\ _klgh

bafulhqgh_ ~ZJe\ gbkl f_

p_ib

iblZgby

Jgi "Z\e_gb_
gZkhkhfiy jZkoh” IhWebMZeh _gb_ ih Zjgh]h djZgZz

< IZ[ebp_
jZ[hlhkihkh[ghf khklhygbb Z 1Zzd" _\b"ZwldZadbgguo

LZ[ebpZI1ZjZf_Iju Ihieb\ghc kbkl_fu

glh
1 ZjZf_1jZfb qZklhlZ \jZs_gby
ihfhsvx dhlhjuo fh gh jZzkihagzZlv khklhygb_ Ihieb\ghc kb
ihr"nZ\eb\Zgby W ikpeZghhdZz

ith*dZqgqb\Zxs_]h gZkhkZz
aZ nhlgvihjh\fe _gb _

ij_ A"klZ\e _gu agZq_gby ghj@kHkh\ fihiigb\

alZz

NZ\e _gb _

NZ\e _gb _
Mb]zZl _evguf

jZ[hlhkihkh[ghklv h[t_dIZ 0Zjzdl_jbanm
| fi_ jZImjZ b | -

aZz

Khklhygby
iZ'(Zf | libagzd Ko K ke ks Ke ks
Jeto Kbkl _f| G _I| HIdZ| AZkh| AZdju| HIdzZs
bkijz\gl gZz*"m 1G nbevlj _ ID >1G
X1 J 1Z 0,19,3 0 0,19 0,19 0,19 0,19
X Vo < 2428 26 7 26 26 26
X3 | 4855 50 44 50 50 50
Xq Jgi 1Z 0,84,2 0,7 0,2 0,95 1,35 1,35
Xs b 1Z 0,19,3 0,05 0 0 0 1
Xs IniglZ 2,125 2,25 2 2,3 0,2 1
X7 w {q 3900 4250 3750 4000 0 2400
Xg lheh® 1l HIdjul| HIdjul HIdju| HIdjul Azdju HIdjul
DZ ~uc iZjzZf_ |Ij mdZaZgguc \ |Z[ebp_
lhieb\ghc kbkl _fu h[hagZgbf \oh~ghc i_j f gght j©;Q?2
JZkkfZljb\Z _fhlh izjzf_|jZz
<\_ N f ~ey dZ ~h]lh izZjzf_1jZ Ilhieb\ghc kbkl _fu
il _j_f ggu_ dhlhju_ [m” ml| oZjZdl gbah\Zlgb _ \

jZ[hThkihkh[guo b g_jZ[hlhkihkh[guo

[mMAmI
1 ZjZf_1jh\

©HLD:A2 b ©J:;HL:2
fhiml

Ahdmf_glzfb

knhjfbjh\Zggu_ \
)X]]\ /RIJLF 7TRROER]

[ulv

hij ~ e _gu
ith wdkiemZlZpbb h[t_dlZ
ijh]jZffghc O &b %f k bkihevah\Zgb f

0Zjzdl_jb

beb

Ij_~klZ\e _gu gZ jbkmgd _
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JbkmghdjZabg _kdh_ hlh[jZ  _gb_\aZbfhk\yab ebg]\bk
i _j_f gguo b azZ”~"Zgguo ij_~ _eh\ izjzf _|Ijh\ oZzZjzdl _jt

jZ[hIhkihkh[ghklv Ihieb\ghc kbkl_fu \hkarmjfigjh\z &g g X
ijh]jzffghc kbkl _f_ 0$7/$% k bkihevah\Zgb f izd 1Z )X]]

>ey hibkzgby | _jfh\ ebg]\bklbg_kdhc i_j f gghc ~

i1ZjzZf_ljh\ h[t_dIZ \\h”*ylky nmgdpbb ijng"e__‘gthb >ey
ijbf_gy lkijhth[gZy nmgdpby ijbgZ”e_ "ghklb

1,x da

g1 2@ a.. l,a x d 3 ’ (1)

2
X ag a b

b a©’ 2 1
- 0,b dx

Ney | _jfZ ©OHIsBhAHd[gZy nmgdpby

0,x da
2
X as a -b
_ la X
: 2 o a s ¢ [4] (2)
P ® )
° b xg§ a b .
Jd 2 - X b
b a@E 2 1

- 1,b dx
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| j_f ggZy \uoh”Z hibku\ZxsZy | _ogbg_ k¢t dlAhk
azZ™"Z |ky g_q_Ildbfb |I_jfzZfb O©OKbIKIGI4 phKIjZNgZ2 ©OHIdZa
©AZkhj_gb_ nbevljza ©AZdjulb_ I1D2 b OHidZaf MFZa_ G
nhjfbjm _|ky [ZaZ agZgbc ijZ\be k bkliteoabhhkdbad\ggh
\br"zZ ©OE _klv D2 b k\yahd ©B2 ©?keb« lh«? > @

GZ hkgh\_ eh]bgq_kdh]h ZgZebaZ ko_fu \aZpZhkl\yjhab k!
nmgdpbhgbjh\Zgby Ihieb\ghc kbkl_ fugKlglhlZ Yesyy kK hBniua

lj ~"itheZ]Zy qlh _keb agZq _gb_ ohBif [lyhhMgioh"bh aZ
djblbgq_kdb_ ]jZgbpu Ih “bZ]ghklbjnkhlkiyygpgbbkijkt\ghlz |
agZq_gby \k_o iZjzf_ljh\ gZoh”ylky \ b[egdh_ dbcmklip
"bZ]ghklbjm Iky bkijz\gh_ khklhygb_ hjag d§Zqg dda@yhi]zZka
agZgbc bf_ | ke_"mxsbc \b”

ljZ\beh ?2keXo ; Xz, X4, X5, X6, X7, X ©JZ[hlZ2® |h < ©Kbk]I_
bkijz\gz?2

ljZ\beh ?2keXs ; Xs, X7, Xg ©JZ[hlZ3 X ;Xs ©HIdZa? |h <
©G_| gZz*""m\z?2

ljZ\beh ?2keX; ;Xg ©JZ[h1Z3 ,X3,;X4, X5, Xs ©HIdZa?2 |h <
©OHldza IG®

IJZ\beh 9K$K2,,X3,X4,X6,X7,Xg ©JZ[h|Za5 ZIdZa lh <
©AZkhj _gb_nbevljz®

ljZ\beh ?2keX, ;X3 ©JZ[hlZ23,X5,, X6, X7, Xg ©HIdZa? |h <
©AZdjulb_ID?2

ljZ\beh ?2keX, s X3, Xg ©JZ[hlZ2%,X5,, X6, X; ©HIdZa? |h <
©Hldza >1G?®

< h[s_f \b"_[ZaZ agZgbc knhjfbjh\ZdgZykb\klijh]jzZ
0$7/$% k bkihevah\zgb f izd_1Z )X]]\IiJRKIE\e7TRIROGR
jbkmdd _

Jbkmghdt[sbc \b" [Zau agZgbc knhjfbjh\Zgghc \ ijh]jZff
0$7/%$% k bkihevah\Zgbudzy Fayicloolbox
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>ey |ljZzgknhjfZpbb q_Ildbo \oh”guo agZqg_gbc \ g_c
bkihevam _|ky Ze]lhjblf g_q_ldh]h eh]l]bg_kdh]h \wb\h*a4 FZf
ke "mxsb_ rZ]b

i ~ey \oh”guo i_j f gguo ijbgy\rbo dhgdj Igu_ q_|
Q © H« Pba [Zau i1jZ\be k ihfhsvx nmgdpbc ijbgZ
\ugbkeyxlky kl_i_gb bklbgghklb

i "ey dZ ~h]lh ijzZz\bezZ kbkl_fu g_q_Idh]lh \u\h"Z
ij_~ihkuedb k\yaZggu_f_"“m kh[hc ijb ihfhsibkel€E]Bg kd
hij ~ eyxlky KklI_i_gb bklbgghklb aZdexq_gbc dZd fbgk
bkibgghkl ¢ \k_o _Jh ij_"~ihkuehd

i g g _ldb_ agZq_gby \uoh”~ghc i_j f gghc dZ ~h]h
ijZ\be h[t_"bgyxlky \ blh]Jh\h_ g _q _Idh_ ih”~fghb KI\h k
hi_jZpbb eh]bg_kdh]h fZdkbfmfzZ kil _i_g_c bklbgghklb

i ba ithemqg_ggh]l]h g g _Idh]h fgh _klI\ZghgZjualhcZ i_
f ITh~hf e _\h]h ijZz\h]h fzZdkbfmfzZ higgh ey*bkKygldkigpjm_f
| ogbqg_kdh_ khklhygb_h[t_dIZ \ \b"OKdgokd_fdblkij4ilg¥z2 ©
gZ""m\z2 ©HIdZa 1G22 ©AZkhj_gb__ nlibévbj ZH |d &Z Z &5 UG

ljZdlbg_kdh_ ijbf_g _gb_ jzZzkkfhlj_ggh]h Ze]lhjblfZ hkn
ihfhsb ijh]jzffghc kbkl_fu 0$7/$% b iZd_I1Z ijhéjgbfidih n.
)X]]\ /RIJLF 7RROER] dhlhjuc iha\hey_ | kha~Zaf#lv b
kbkl _fu mijZz\e _gby dhgljhey k g_gq_IlIdhc eh]bdhc gZa
ijh]jzffghc kbkl_fu 0$7)/%$PP\ tQIHUHQFH 6\VWHP beb ),6

< [ehd_ mijZ\e_gby kbkl _fu dhgljhey | _ogbqg_ko
mklzZgzZ\eb\zZ Iky ijh]jzffgh_ h[_ki_qgq_gb_  jZajZ[hlZggh
0$7/$% ljbgpbi jZ[hlu ijh]jZffu aZdexqZ _ |ky \ ihemq_ g
kb]JgZeZ hl "ZlqbdZ kgbfzZxs_ ]h izZjzf _lju jZ[hlu Z]j_]ZIZ
bf xs cky [Za_ agZgbc b nmgdpbb ijbgZ”e "ghkllbwynhjfbj
h khklhygbb h[t_dlIZ Ih _klv bkijZz\_g hg beb g | > @

< aZdexq_gb_ ohl_ehkv [u hlf_Iblv qglh \hafh ghkl
ijhlJghabjh\zZgby | _ogbqg_kdh]h khklhygby h[t_dlIhhbk hbkihe
g_g_ldbo fgh' _kI\Zo iha\hey_ | hij_~ _eblv khklhygb_ bkk
\ha“mrgh]h km~gzZz ~Z°_ \ kemqZ_ Ijm~h_fdhklb bedy g \h
lhgguo \ugbkebl _evguo jZkq_Ih\ Djhf_ITh]l]h k ijbfbg_gb_
ihy\bezZzkv \hafh ghklv ijh]jghabjh\Zlv baf_g_gb_ | _ogbc
kbkl f Z 1zd"_ zZ\IhfZlbabjh\Zlv ijhp_kk ihbkdZ g_bkijZ\c
| ogbdb H~*gZdh f_Ih”u g_q_Idhc eh]bdb g_ azZbhdgwuxl |}Z
Z gZh[hjhl “~hihegyxl bo

' B;EBH=J:NBQ?KDBC KIBKHD

1. B\ZggmjZ <h_BZy ]Jhlh\ghklv b | _ogbq_kdh_ khklhygb Z\bZg
<MGP <<K ©O«<x:2 ] Kk

2. Wdkiemzlzpby [h_\hc Z\bZpbhgghc |_ogtkdém 4l Zpdlyq [ kd Yy
Z\bZpbhgghc | _ogbdb ? < N_Ibkh\ > < ;h]hfheh\ < < >me
<hjhg_" <MGP <<K ©O<<:2 Kk
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3. Dm\Zckdh\2Bkihevah\Zgb_ g _q_ldhc eh]bdb ~ey "bZ]ghklbc

khklhygby h[t_dlZz Ba\_klby Kzfzjkdh]h gZmqgh]lh pggdmd Jhk
L < Ki90. £EDN: RFITYC
4. >vydhgh\l. MATLAB 6.5 SP1/7/7 SP1/7 SP2 + Simulink 5/@8gkljmf_glu
bkdmkkI\_ggh]lh bgl_ee_dlZ b [bhbgnhjfZlbdb < | >vydhgh\ <
KHEGIJ? KK I$BN15-98003-2550

5. >h[jhoe_[h\ :D :\hijhkm ijbf_g _gby g _qg_ldhc eh]bdb "ey
| _ogbg_kdh]h khklhygby Ilhieb\ghc kbkl_fu \ha”mrgh]h km~gZz
Nbfmrbg K[hjgbd |I_abkh\ “hdez~h\ F_"Amadhiq dlddcgdmgmhj_gpl
ihk\ys gghee_Ibx hl_q_kI\_gghc ]jZ "Zgkdhc Z\bZpbb F=LM =: F
425-427.+EDN: DRHMNG.

M>D

PBNJH<U? L?0GHEH=BB < <HIJHK:O DHGLJHEY B
I JH=GHABJH<:GBY L?0GBQ?KDH=H KHKLHYGBY
:<B:PBHGGHC L?0GBDB

Nbfmrbg : K
KeZ\bgkdbc : K
DZimklbg : <

<MGP <<K ©<‘thadghrgZy ZdZ~ fby bf ijh@ nk&hjRdBG]R b
X : =Z]Zjbgza
] <hjhg_-

:gghlZpby\bZpbhggzZy ,|ybgpydkky h~rgh\j_f _ggh keh ghc b ~hjh]t
kbkl_fhig _[m_I ih\ur_ggh]h \gbfzZgby kh klhjhgu h[kem b\Zxs_ ]h
h[kem b\Zgbb \ha“mrgh]h km~gZ [hevrh_ dhebq_klI\h \j_ f gb m~*
| _ogbqg_kdh]h khklhygby Hkgh\ghc aZz”*Zq_c dhgljhey | _ogdbq_kdh
| ogbdb y\ey Iky \uyle gb_  ij_"mij_"~ _gb_ b ijh]Jghabjh\zZgb _
g_bkijz\ghkl_c b hldZah\ gZ jZggbo klZ”"byo kihkh[klhmZKkgithklbr_gb
ihe Ih\ b kgb  _gbx aZzljzl gz | _ogbqgq_kdh_ h[kem 'b\Zgb_ GZbJ[}l
kKihkh[u ijh]Jghabjh\Zgby | _ogbg_kdh]h khklhygby Z\bZplwhdghc I
\_jhylghklguo ih”"oh”Zo hij_~_e_gby \hafh'guo hldZah\ < gZklhys
fZrbgguo kj_"klI\ gZklhevdh rbjhdb qglh iha\heyxl| ijhkgblZlv dhe
\hafh'guo g_bkijz\ghkl_c¢c gzZ wlzi_ \k_]h “"bag_ggh]lh phdlez b
Z\bZpbhgghc | _ogbdb LzZdbf kj_~kl\hf fh gh kgblZlv | _ogheh]bx C
dhlhjzy iha\hey | hij_~_eblv b kijh]Jghabjh\Zlv I _ogbqgq_kdh_ khklhy
\b”r_ mf_gvrZy | _f kZfuf aZljZlu dZd nbgZgkh\uo kj_"gdt glzdjo\_ "
\j_f_gb "ey gZdhie_gby klZlbklbg_kdhc bgnhjfZzpbb h jZ[hl_ h[t_dlI.

< klzZlv_ jzkkfzljb\Z_Iky \hafh ghklv ijbf_g _gby |_ogheh]bb p
"ey dhgljhey b ijh]jghabjh\Zgby |I_ogbqg_kdh]h khklhygby Z\bZpbt
ij_"~eh  _g \ZjbZgl __ nmgdpbhgbjh\Zgby

Dexq_\u_ kehNZzogbg_kdh_ khklhygb _ pbnjh\u_ | _ogheh]bk
"\hcgbd? ijh]ljghabjh\Zgb_
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DIGITAL TECHNOLOGIES IN THE CONTROL AND FORECASTING O F
THE TECHNICAL CONDITION OF AVIATION EQUIPMENT

Fimushin A. S.
Slavinsky A. S.
Kapustin A. V.

OLOLWDU\ 7UDLQLQJ DQG 5HVHDUFK &HQWHU R
DIWHU 3URIHVVRU 1 ( =KXNRYVN\ DQG < $
(Voronezh)

Abstract. Aviation equipment, being both a complex and expensystem, requires
increased attention from the maintenance persoriWdlen servicing an aircraft, a large
amount of time is devoted to monitoring its teclahicondition. The main task of monitoring
the technical condition of aviation equipment isdentify, prevent and predict failures. Early
detection of malfunctions and failures contributesimproving flight safety and reducing
maintenance costs. The most common methods of ginedi the technical condition of
aviation equipment consisted in probabilistic agmtoees for determining possible failures.
Currently, the capabilities of machine tools arevade that they allow us to calculate the
number and nature of possible malfunctions at thgesof the entire life cycle of the aircraft
model under study. Such a tool can be consider&digatal twin" technology, which allows
you to determine and predict the technical conditad an object in digital form, thereby
reducing the cost of both financial resources #&sting and time to accumulate statistical
information about the operation of the object.

The article considers the possibility of using dagitwin technology for monitoring
and forecasting the technical condition of aviatiequipment, as well as a variant of its
functioning.

Keywords: technical condition, digital technologies, "digitalin”, forecasting.

< kh\j_f gguo j _Zebyo \h_ggh_ ij_\hkohWkjJuh y\e
iheblbg_kdbf bgkljmf_glhf b iha\lhey | j nZlI'wu bag.
\hijhku dzZd gzZ f_""mgZjh”ghc Zj ghkmZ2&jhl\\ggmijbb
yley |ky ]ZjzZglhf km\_j gbl 1Z b [_ahidkgmklbkldz »
GZebgb_ kbevguo \hhjm  _gguo kbe hijhkmeNZjklZA¥I hijdd I
fbjgh_ 1zd b \ \h_ggh_ \j_fy J rZxsmkx \jlhlejym\_ Y guogtk
dhgnebdlh\ b]jZz | Z\bZpby b _c¢ hil\h~bbkykhhkkhhlhhgugb:
Jhkm~ZjkI\Zz :\bzZpby \ kljmdImj_ \hhjmeggguobkbebtu
ki_dlj azZ”"Zq nmgdpbx k” j ' b\Zgby \ N Zgad\ "dba”n
gZg_k_gb_ m~Zjh\ ih gZa_fguf b \ha“mrgubyp_ ey
\hhjm™ _gguo dhgnebdlh\ ljZgkihjlbjh\dZ gAaebqgg
N kzZglbjh\Zgb_ ih~jZa”_e _gbc b fgh]b kiIvjnZ\ib Z p bAg 2
g _\hafh gh i_j hp_gblv

Hkh[_gghklvx \h_gghc Z\bZpbb y\ey Ikiyevgjh a\uc
\ebygb_ | _ogbq_kdh]h khklhygb¥\b”Zpdbhgahc | _ogbdb
L g_ lhevdh gZ [_ahizZzkghklv ihe_Ih\ ghlihbghgdv [h
Z\prbhgguo h[t_"bg_gbc kh_"bg_gbfjdbagZkmlii_ tghdb:
j_r_gb_ az~zq ih ih~*™_j Zgbx \ukhdh]h Jmih\glklh _\
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Z\bZpbhgguo nhjfbjh\Zgbc \hafh gh IhegMdin lijb[mh™Mh]h Z
mjh\gy [h_\hc ]Jhlh\ghklb b bkijZ\ghklbbeb IhXdr jgbgb _
az”"Zggh]lh mjh\gy [h_\hc Jhlh\ghklb b VWYkafB\ghklb
hkms_ kl\eylv ih "\mf gZijZ\e _gbyf

i dhgkljmdlb\ghfm 1ijh\_~ _gb_ ~hjZ[hlhd :L

i hjlZgbaZpblhogtbq_ kdhfm Ijh\_~ _gb_ dhfi
f _jhijbylbeh mijZ\e_gbx wdkiemzZlZpbhggufb o0zZjzdl_jk
memqr_gbx bo ihdZaZl_e_c¢ \ ijhp_kk_ZlZopgdbg kdhc wdk

ljh\_~ gb_ ~hjz[hlhd :L kihkh[kI\m_1| ih\ur_gbx
gZ”™_"ghklb wdkiemZlZpbhgghc | _oghehijddghghikib dh
klZzg~Zjlbabjh\Zgmhmigonbpbjh\Zgghklb h”gzZdh |j_ [m_|
nbgZgkh\uo b \j_f gguo aZzZljzZl "ey hij_"glkkidby
ijh\_~ gguo f_jhijbylbc
MijZ\e_gb_  wdkiemZlZpbhggufb o0ZjzZdl_jbk¢gibdZfbo b
ithdZzaZl_e_c \ ijhp_kk_ | _ogbg_kdhc wdkyemiZ\ Zp bdb ~ h k
|Zdbo f_jhijbylbc dzd

i ih\ur_gb_ d\ZebnbdzZpbb ebggh]h khklz\Z

i ithegh_ hk\h_gb_ $7 blgogbggkdbf khklZ\hf

i jZajZ[hldZz f_jhijbylbc ih h[gZjm _gbx bxij_"m
hildZah\ b ih\j_"~ gbc Z IZd _ dhgljhex LK :L

i ieZgbjh\Zgb_ kIimi_gqZlhc \ujzZ[hldb jfhejkiZ\ & hlc
j_fhgl b gZ j_lezf _glgu_ jZ[hlu

i k\h_\j f ggZy hljz[hldZ aZy\hd gZ &Z4i4lbkdau qZkl
>7Z99Zy ]jmiiZ f_jhijbylbc y\ey Iky hkghdghickbllZdl d
ijhn_kkbhgzZevgh]h mjh\gy ki_pbZelZkRbidApbhggdcjokiem |
Z\bZpbhgghc gZklb b g_Ij_[m_I| [hewlhpBlnbgZgkh\luo a
HArgbf ba hkgh\guo f_jhijbylbc hl dZbaKpblggdlelhjjhde
aZ\bkbl mjh\_gv bkijZ\ghklb L y\ey UKy <dhgjztké¥ZxsZy
keh ghklv ba”_ebc :L ijb\h”bl d g_h[oh’dknk\NZghkl\
kbkl _f dhgljhey bo mkeh g_gbx b ij_"iyZwWaergggud gb
lj _[h\Zgbc

Ih~ dhgljhe _f I _ogbq_kdh]h khklhygby iehgdldZ \IkyZh
LK ba” _eby < h[s_f kemqgZ_ dhgljhev bh¥Xhdmaigh&kdy
hi_jZpbc ih ijh\_jd_ jZ[hlhkiektdEehlkbpbb b ijh]jghabjh\
hidZah\ ba” _eby

=eZ\ghc aZ”"Zq_c¢ dhgljhey LK :L y\eygbkyhijddghab
<uy\le _gb_ g _bkijZ\ghkl_c¢c b hldzZah\ gzkijzggtkob\mklEZ»
ih\ur_gbx mjh\gy [_ahiZkghklb ihe_Ih\ b IkgdZ gbx
| ogbg_kdh_ h[kem b\Zgb_  LjZ"bpbhggjih\zZfigdia "uKijHh]gl
hkgh\Zgu gZ bkihevah\Zgbb \ _ jhylghklgibmo B Zklgaibkl
ithwlihfm hgb g_ hlebgZxlky \ukhdhc Ihlggh&vvBobaljlj[ah x
kbe b kj_~klI\ >ey \hafh ghklb ijh]ghab:jh\g gty M iiha h
bf Iv hi_j_ "Zxsmx bgnhjfZpbx h _ khklhyg®Mblh\ [n
"hklb]zZz Tky ijh\_~ gb_f eb” _jguo bkiuwilZgdcgly €dyhjuo
g_h[oh~bfh ijb\e_dZlv “hihegbl_evgu_ gbhedjb\nkybrkd\Z
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m\_ebq_gbx azljZl gz __ wdkiemZlZ@iZxg\bor ijhjpodhhZlelhikv
g f g _Ij_o e | wdkiemZlbjh\Zlv \ha*awigh gk mZghuad* .
j_bfZo \ Ihf gbke_ b k hdhehdjblbq _fkdbjflh [iu jb &jmeaxlx
dZdb_ agZqg_gby bkke_"m_fuo iZjZf_INhd fhimlbigb\hyhlfr
jZajmr_gbx

J rblv ~Zggmx ijh[je_fm \ gZklhys_ _ \j _fkg\hafh"
| _j_ghkZ bkiulzgbc \ \bjimZevgh_ ijhkIgZg by ilPa\mjey
khdjzlblv m”~_r_\blv b mijhklblv wlhnMZijyhpjzZkkiq z ljgeud ] h
fhr _eyf fh'gh g_ I|jZIblv dhehkkZevgu_ _kgnj&kh\ ly &db
balhlZz\eb\@dvgb  ~hjh]b_ h[jZapu ba[_"Zlv jZkoh"Z Z
lhieb\Z b kgbablv dhebq_klI\h \u[jhkh\ @ ZIfinkn _|
pbnjh\baZpb ¢ \ ~Zgghf kemqgZ_ ihgbfZopbwnjh\hjdghe
"\hcgbdZZe P >(Digital Twin).

<i_j\u_ h dhgp_ipbb P>\ ]h*m aZkh\khjeZkgh=j
dhlhjhc fzZl_fZlbg_kdb_ fh”_eb bkke_"mZaelbqgbpt_ dihAub
NZgguo i1themqZ fu_ \ oh”_ bo j_Zevghigywdki&hyalZgpwb Kk
P>[1] LZdZy hj]JZgbaZpby \aZbfh” _ckl\by bgmgéxghbhkgg
kj_~u k j_Zevguf h[t_dlhf iha\hey | h[_jkif_go\Zlv
ihemqg_gb_ ~"Zgguo h _]h khklhygbb g&fhkh popbnd&ZzZb " d2Z
ke "“kl\b_ kihkh[kI\m_I \uy\le_gbx b ij &adbdZsslyd x
ijh[e _f wdkiemZIlZpbb “h bo \hagbdgh\ _gby

>Zevg crb_ihke ~h\ZIl _eb jZa\blby dhgpgipbbB>P>
yley |ky g_ qglh bgh_ dZd \bjimZevghevahjdZeh Z'e ekl
kms_ kl\mxs _]h hit _dlZz Wlh iha\lhey | Ihdgh kikhibk
nmgdpbhgbjh\Zgby h[t _dIZ \ ijhp_kk_ wakiemZbZpbh @P
Z 1Zd" ' hkms_kl\eylwf K[§ _gky bgnhjfZpbb k _]h \bjImz
a _jdZehf

>hklZlhggh ijh~he bl_evgh_\j_fy ih? ©Opdbmfph\uf
ihgbfZeb \bjimZevgmx dhibx j Zevgh]lhpnk&Bq ykeh]hbyj
dhlhjZy bkihevam I|lky “ey ijbgylby j r _gbc

>im]b_ dhgp_ipbb P> mlI\_j"~Zxl qlh hdmkdhklvbl
| ogheh]bc k[hjZ ~Zgguo b ijh]jghabjh\ZtghyZim\Z"bghb"
hkgh\_ glh ihalhey | mklZgh\blv k\yav nbabaoq kjdZfev
ijh~mdlhf b \bjimZevguf ijhkljZgklI\hf > @

JZa\blb_ dhgp_ipbb P> Z Izd _ fgh]hdlyZlahfb ghy\\ b\
b hij_ "~ e gbc ~Zggh]lh gZzZijZ\e_gby jZa\bglgh]bkcenjh)
kihkh[klI\h\Zeb jzajz[hld_ ]Jhkm~ZjkI\ZgghiphhjkiZgZjl
hij_~ _eye h[sbc ihjy*hd ih kha”“Zgbx b nhifdhdh\Zgbx F
]h*m Jue kha”Zg =HKL J + ih ®BhlhdaT_ebgh \
ke “"mxs__ hij_ ~ e _gb_ Pwlhh&bkeéblyZ+tkhklhysZy ba pb
fhr eb ba”_eby b ~\mklhjhggbo bgnhjfZpghfgupb k\y
gZebqgbb ba” _eby b beb _]Jh khklzZ\gwlifibf gpdkljynf\zZy Ij
fhr _ev ba”_eby hij_~ ey |Iky dZd kbko bzdhAivkZlbhgu &d
fhr e ¢ Z 1zZzd _ _]h we _dljhgguo ~hdsdy gkhj\m dH nbjku \
nmgdpbhgZevghklv b ih\_* gb_ jZajZ[ZIuXkbjih]hhi]heb
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ba” _eby gZ jZaebgguo klZ*"byo @P “egblohjlhalmoe\gZIhk
pbnjh\uo b beb bguo bkiulZgbc \uihegl\gkl\tby _gd.
ij_~tyley fuf d ba”_ebx |Ij_[h\Zgbyf > @

>ey Z\bZpbhgghc | _ogbdb pbnjh\Zy dhyb%Z\gdeux gz |
dZz "hc ~_1Zeb b kbkl_f_ kzZfhe_1Z Z XNZd _ _Jihgnh
wdkiemZlZpbb K ihfhsvx pbnjh\h]h "\hbgbivZZeagthqggh\
wdki_jbf_glu b |_klu qlh[u hij_"~_eblvdXaphydgbé]vIdtc
N 1Zeb beb kbkl_fu GZijbf_|j fh gh ijbW kjB[hkbfme
"blZl_ey ijb jZaebgguo mkeh\byo b hiZdthjeblivh]dEZdl
ijb\_klb d _]h hldZam > @

Djhf_ Ih]l]h pbnjh\hc ~\hcgbd ihalhey Iblhjb\dgPrblv
khklhygby | _ogbdb \ j_"bf_ j Zevgh]lhhjjZ[hgb &Zdolh
Z1j_1Z1Z b kbkl_fu kh[bjzZxlky b ZgZeb\agh mxlky hgalijey |
hi_jzZlb\gh \uy\eylv ex[u_ hldehg_gby bifzdfajffu jb ipbg
mkljZg _gbx \hagbdZxsbo g_bkijZ\ghkl _c

H[{sZy ko_fZ nmgdpbhgbjh\Zgby kbkl_fu pbhgl\h]h
Z\bZpbhgghc | _ogbdb \h_ggh]h gZagZyZ glbkmgd*klZ\e g

Jbkmgh&Ko #fZ nmgdpbhgbjh\Zgby kbkl_fu pbnjh\h]h #

lhjy~hd nmgdpbhgbjh\Zgby kbkl_ fu pbnjh\h]h
aZdexqZ_ |ky \ ihemq_gbb bgnhjfZpbb dh\kpkZefvgth]hzZ
hit_dlZ :Lwd#kiemZIlbjm_fh]h IbiZz <K \\h” ihemqg_gghc
ANZgguo hl L \ pbnjh\hc "\hcgbd AZkfhAjlehbphihsdguo
ijhp_kkh\ wdkiemZIlZpbb ijb jZaebqguo mkea&tby&l\b¥ig
<K Z\bZpbhgguo kj_"kI\ ihjz _gby g_[e?Zdhbbjbmkgihd bich ]
hldZau jZaebgguo Z]j_]1Zlh\ beb kbkl_fblgnlh{fZpibd»e nnqgZ
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oZjzdl_j_ jZa\blby kfh” _ebjh\Zgguo ijhp_jkkkymr g&bjbf
kbeh\uo we f _glh\ dhgkljmdpbb <K \elbyglhebhZdgdZIKl
gZ "~"Zevg_cr__ \uiheg _gb_ ihe _|Z b lilhemqgl ggmevliZbu
fhr _ebjh\Zgbb gZzZijzZ\eyxlky gZ-big]hlihblylbev L bet
Z\bZpbhgguc | _fhglguc aZzZ\h~" k p_evx dajZidddbba
f jhijbylbc dhgkljmdlb\guo j_r_gbc I haukebyl ¥ s b o
gZ”_"ghklv dzZzd <K \ p_ehf 1Zd b _]h bi*Z]lgvyald\kb
J ZebaZpby ijbgyluo j_r_gbc ih ih\ur_glhxagdle x g kllky
\ ijh\_ "~ gbb ~hjzZ[hlhd <K ih [xee | _gyfbijhfure _gghkl

K ihfhsvx pbnjh\h]h "\hcgbdzZ \hafh gh b _ijtlldghdalb\h
Z\bZpbhgghc | _ogbdb >ey wlh]h g _h[loh™HE g Z g e pathjlh
dzZz ~h]lh Z]j_1Z1Z b kbkl _fu Z 1Zd" _ HdbwnppflZz kid hre KkIZk \
p_ehf GZ hkgh\_ihemqg_gguo ~Zgguo\ fhhyglg hkij v h leddd a 2
dzZ "h]lh Z]j_1Z1Z beb kbkl_fu Z Izd\j_iin]ghabghhkd¥ aZz
Wlh iha\hey | hi_jZlb\gh ijbgbfzZlv f_ju ghbikilgVgh kdb x
b ij _"hI\jZsZIlv Z\Zjbcgu_ kbImZpbb

LZzd _ ijh]Jghabjh\Zgb_ hldZah\ iha\hey Iljhglkkflbab]
| ogbgq_kdh]h h[kem b\Zgby GZijbf_jlh Kkdp bad_¢balc
we f gl Z]j_1Z1 ~_1Zev kdhjh \uc”]h bl &hjheyZzf ligblv
aZjZg__ g_ “h b~rzZykv hldzaz WIh ihkja\ftyeyijHkkhiydjZ
kzfhe 1z \ g _bkijz\ghf khklhygbb b m\ edlgblyh dh
bkihevah\Zgby

< aZdexq_gb_ ohl_ehkv [u hiIf_Iblv qglghejblibly g
pbnjh\h]h “"\hcgbdZ hkms_kl\ey Iky \Hhakfhf*| cké&Wogou f
ijhlihlbihf \ ijhp_kk_\k_]Jh "bag_ggh]hkpWd&g by h >kdgg u c
ijbgpbi kihkh[klI\m_| hkms_kl\e_ _gbx dhdgd]hekhklbgdlgy
\ha“mrgh]lh km~gz \ j_"bf_j _Zevgh]hb\jghfngb\wy\le ¢blx
\hafh " ghklb \hagbdgh\ _gby ihl _gpbZevguob ghldkah\g hx
|1Zd " _ khdjZs_gbx aZzZljzl gZ h[kem b\Zgb _
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F:L?F:LBQ?KD:Y FH>?EV :<:JBCGHC KBKL?FU K:FHE,L

Njheh\ & D
| 1jh\ | '<dZg”™ | _og gZmd
Dm” _jdh? dZg” | _og gZmd

"Mnbfkdbc mgb\_jkbl | gZmdb b | _ogheh]bc

] MnZ
P _glj ijh_dlbjh\Zgby :H ©L_ogh”~bgZfbdza
] Fhkd\Zz
:gghlZpby klZIv_ jZkkfzIjb\Z _Iky Z\ZjblggzyZgkdéh]hz kzfhezlZz
jZ[h1ZxsZy hl [ehdZ i_j ~Zgb fhsghklb Gy dxmt)ydgb g miqd gd
ebl_jZlmju knhjfbjh\Zzgz fzI|l_fZlbq_kdZy]lhHhhgv\&bgjbkedgthlh ijb\h”
iZkkZ bjkdh]h kzfhezlz z 1Zd _ ij_~kl@Abe gaZjZhgZjfblgbkib [eh

i_j_"~Zqb fhsghklb b Jbrjhpbebg”jh\ \uimkdZ m[hjdb rZkkb
Dexq_ \u_ kelZ\ZjbcgZy kbkl _fz J[ehd i_j "~"Zgb fhsglzkib fZI
fhr _ev "~bgzZfbg_kdb_o0ZzZjzdl _jbklbdb

MATHEMATICAL MODEL OF THE AIRCRAFT EMERGENCY SYSTEM

Frolov G. K!
Petrov P. \&, Candidate of Technical Sciences
Kuderko D. A?, Candidate of Technical Sciences

'Ufa University of Science and Technology
(Ufa)

HVLJQ &HQWHU RI -6& ©7THFKQRGLQDPL!
(Moscow)

Abstract. The article considers the emergency system of & aindraft operating from a
power transfer unit. Based on the study of scien@ind technical literature, a mathematical
model of the emergency hydraulic drive of a passerageraft was formed. The dynamic
characteristics of the power transfer unit and hydcaalllinders for releasing/retracting the
landing gear were presented.

Keywords: emergency system, power transfer unit, mathematicatlemodynamic
characteristics.

<\_"_gb_

GZqgbgZy k Ijhlbkd h” bl g _ij_julgh_ jZa\blb_ kZfh
k\yab k wlbf gZ ijhly _gbb e | jZa\b\ZkjZK\Nnb dhi
ijhba\h”"bl_e ¢ e _1ZIl _evguo ZiiZjZlh\ ~Ze__ ih_1_dk

ke "mxs__  ihdhe_gb_ E: kha”Z\Zeh ijbgpbibZevgh
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kh\ _jr_gkl\my mijZ\e _gb_ f ozZgbafzZfb b kbkl Xlzfaoz dhl
[ ahiZkghklv ihezlZz W\hexpby ko _fguo j r qglogd ijk\ e
kh\j f gghc ]b"jZ\ebqg_ _kdhc kbkl_ f_ kzZfhez[hkdghkaygdhd
| f qlh bkihevah\Zgb_ ]b”jhijb\h”~h\ bf_ 1| ljghkigl bdwmgh k
fZeu_ jZaf_ju gbadZy bg _jpbhgghklv b \ukhdh_
bkihegbl evguo f _oZgbafh\ > @

<ur_mdZaZggZy kbkl fZ khklhbl ba ljzo pP_g
]b”rjZ\ebq_kdbo kbkl_f k hiI~_evgufb [ZdZfb bklhqgg
jZ[hlZxsbfb hl Z\bZpbhgguo *\b]JZl e ¢ ihlj\dbfbeyfb
bklhggbdzfb iblZzgbhy =K =K =K

JbkmghdjbgpbibZevgZy ko _fZ kh\j_f _gghc ]b*jZ\ebqg_ kc
kzfhezlZz

H[t _dI fh*_ebjh\Zgby

\ZjbcgZy kbkl _fz kzZfhezlzZz jbkmghd khklhbl ba
]brjZ\ebqg_kdbo KKkl _ B =K \ g_c¢c _ kzZfuf \Z guf we._
yley |ky [ehd i_j_~Zqgb fhsghklb *Ze__ ih I_dkim ;IF
\uimkd rZkkb \ fhf_gl hldexq_gby h”ghc ba hkgh\guo |
hit_dIhf i_j_"~Zqb wg_jlbb f_""m BH [&hd&EXK iblZgby
gZoh”ys_lhky Mh&kKmiz_| jZzkoh” \ 1B*ghfhbBhj*\moihabpbhgg
ljzoebg _cguc we dljhfZ]gblguc ]Jb~rjhjZkij ™ _ebl_ev

\ha\jZIhf b q_j_a “"jhkk_ev =b”jhfhlhj ijb\h”~bl \ ~_
dhlhjuc \ k\hx hqg_j_"v iblZz_| ]b”jhpbebg”ju \uimkdZ n
> ebl_ev ihlhdZ Ij_~"gZagZqgq_g ey h~gh\j_f ggh]h \uit

Ljzoihabpbhggu_ q _lujzoebg cgu_ ]b”*jhjZkij_~ ebfl _eb k
mijZ\e _gb_f b ijm bggufb \ha\jzZIzZfb yleyxlky mijZ\eyx

177



hkgh\ghc kbkl _fu \uimkdZ m[hjdb rZkkb Z 1zd _ h[_Kki
jZ[hgbo hj]zZgh\ \ fhf_gl zZ\Zjbb =b”jhazfdb ~\mklhjhg
ij ~"hI\jzszx| kZfhijhba\hevgh_ ~\b"_fh_ rlhdZ =P

JbkmghdjbgpbibZevgZy ko_fZ Z\Zjbcghc kbkl_fu kZf

FzZIl _fZlbg_kdZy fh™ _ev

FzZI|l fZlbqg_kfdhZ2y ev Z\Zjbcghc =K kZfhe_ |1Z k \oh”ysbif
ZdkbzZeinghg \h]h IbiZz khklZ\e _gzZ \ khhlI\_Ikl\bb k jZkqg
Ij_"klZ\e_gghc gZ jbkmgd_

Jbkmghd ZkigzlgZy ko _fZ Z\Zjbcghc kbkl_fu kZfhe:
ljb khklZ\e_gbb fzZIl_fZlbg_kdhc fh”_eb ijbgbfZ_Ilky

A"hims g8t Bkoh?rgu_ ~Zggu_ ih”[bjZxlky gZ hkgh\Z¢
1ZjZf_1jh\ kms_klI\mxs_]h Jb*jZ\ebqg_kdh]h h[hjm~Ah\Zgby
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FzZl fZlbqg_kdZy , finfblw\ZxsZy klZIbg_kdbc j_"bf
Z\Zjbcghc kbkl_fu kzZfhe 1z ij_~klzZ\e_gZ \ \b~_ kbkl _1
mjZ\g _,dbdhlhjmx \oh”"yl

1. MjZ\g _gb_ g jZajulghklb jZkoh~Z q_j_a “jhkk_ev
3a=l %@x%@—G@)?éaeF%;, [4], 1" _& = dhwnnbpb_gl jZkoh?”

& tiehlghklv jZ[hg_c "b~dhklb \ kbkl_8 K~ Zhéhjdl
ihlj [ey _fh_ ]Jb”~jZ\ebqg_kdbf fhlhjhf
2. MjZ\g_gb_ g _jZajulghklb jZkoh”Z q_j_a 2~jhkk_ev b

4 ®.B @ ®2%F 2:L M ®,J45]]1*ntmleh\Zy kdhjhklv gZ \:

IFS
3. MjzZ\g_gb_ g_jZaju\lghklb jZkoh”Z q_j_a gZkhk b *_
. ®ly, & ® kR Ko _

M®J+t - , 5] 1" _4& £ dhwnnbpb gl jZ&ah"Z
ilehlghklv jZ[hg_c "b~rdhklb \ kbklZft"K\gZghkhfgZ]g_|Z f
gZkhkhf

4. MjZ\g_gb_ [ZeZgkZ kbe gZ ihjrg_ ]b*jhpbebg”"jZ

Gs®:®HPL Gs®LP®DE 4 [5], ]"_Gsg £ dhwnnbpb_gl [Ij_ghb:
kdhev'  gby ihjr@y+2P\e _gb_\ ihjrg _\hc ihghgMZ\=eP gb
\ keb\ghc ihehklb =P

5. MjzZ\g_gb_ g _jZajulghklb jZkoh”Z gq_j_a ihehklb ]b’

®Yy, @ ® R Ko

ek 335 L - . [5]

6. MjZ\g_gb_ [ZeZgkZ fhf_glh\ ;IF

[, LACEPRE g1 1A .+ fhf_ gl jZa\b\Z fuc gZ \Zem g
6®

| o L2080 16) Jn/, xfhf_gl jza\b\Z_fuc \Zehf Jb~jhfh
1Zzd"_ klhbl mgblu\Zfuf gl fhihjZ b gzZkhkZ klyaZgu
dhwnnbpbGgihjfmehts L2 Wih h[hkgh\Zgh I_f glh I_hj_|

jZkqzl ;IF gZgbgZ Iky hl gZkhkzZ b aZgZklmx |_hj _Ilbq_

fh™ | ihemgblvky f _gvr_ > eh \ ijhba\_"* _gbb f_o
]b~rjZ\ebqg_kdh]h dhwnnbpb_glh\ ihe_agh]h ~ ckl\by dt
eh]bdm [ZeZgkZ fhf_glh\ ijb Jhi_j ~"Zgq_k \ZeZ fhlhjZ ¢

7. MjZ\g _gb_ g _jZaju\lghklb jZkoh”"Z q_j_a gZkhk

3aLM®Jag |]* MtjZ[hgbc h[tzf gZkhkZ

FZl fZlbq_kth2y ev hibku\ZxszZy jZ[hlm Z\Zjbcghc
kzfhe 1Z ij_"~klZ\e_gZ kbkl_fhc “bnn_j_gpbZevguo mjzZ\

k_[y
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1. MjZ\g_gb_ kdhjhklb baf_g_gby ~Z\e _gby i_j_» ]bAjt

B | 215 0.8 @ ©2.F 2 FM € pl7], 1" 52 tijhbalhrgZy i
X %) X X
\j f_gb hl ~zZ\e gby i_j_ " ]b™jhfirmei h[tzfghc mijm]ht
jZ[hg_c “b~rdhklb \ kbkl_f_%é(iﬁmhtbjeh\fh’\gZy ih \j f_gb hl r
ih\hjhlZ \ZeZ ;IF beb m]eh\Zy kHptnfkj\Z[hg_c “brdhklb
ihjrg _\hc ihehklb fhlhjz

2. MjZ\g_gb_ m]eh\hc kdhjhklb \ZeZ ;IF

xx'g L%@g ®2 F 2.p3F /4 F cg5<§x—gA]A_xx;g +M\hcgZy ijhba\h”rgz
hl mlez ih\hjhlZ \ZeZ ;IF beb m]e@irdmindhGplgbg!l \yadh
lj_gby jZ[hq_c “bnrdtflbgl bg jpbb

3. MjZ\g_gb_ g_jZajulghklb jZkoh”Z q_j_a gZkhk b *_

/éLpéG'?Fé“J@éiE“‘ ]"Gs+dhwnnbpb_gl \yadhlh Ij _gby |
“bArdhklb

4. Mjz\g_gb_ bafjZkabyZ \ujZ[Zlu\Z_fh]lh gZkhkhf

I\A@x—gL 5 ®% @ ®% F 2+ ]°_& + dhwnnbpb_gl jZkoh”

é+iehlghklv jZ[hg_c “brdhklb

5. MjzZz\g_gb_ kdhjhklb baf_g _gby 7~Z\e_gby \ ihjrg
]brjhpbebg”jZz

X—E;L%'Iéﬁ®x%@§—6®k2éF%+<§F f?p;,®55®jgp> @ é]%\;ijhba\hAgZy

X U X
ih \j f gb hl ~Z\e gby \ ihjrg_\hc ihehklb & b®jhpbe

dhwnnbpb_ gl j2&6ahMZ fguc DI> b jhpbebg”"jZ
6. MjZ\g _gb_ "\b" _gby ihjrgy ]b*jhpbebg”jZ

L @@ EF Ga®2®5F G G- F 4A 7], 1~

XC ag X ¢
Gas t dhwnnbpb_gl |j_gby kdBewdhgoynbpb_gl \yadh]h Ij_
jZ[hqg_c ‘bAdhz—lg'Ibi "\hcgzZy ijhba\h~rgzZy hl i _j f s gby
]b~rjhpbebg”jZ beb _]h—i@kdjﬁqjg@‘m_’\gZy hl i j f s gby ihj

]Jb~rjhpbebg”jZ beb _]1h kdhjhklv

7. MjZ\g_gb_ kdhjhklb baf g gby ~Z\e gby \ rlhc
]brjhpbebg”jZ

*Bbo, % i A “hA

T@Lﬁo@};@a@;@—gF 3> @ Qpprh[tzf "bArdhklb \ rlhdh\he
ihehklb =P

lh j_amevlZlZf gbke_ggh]lh bgl_]jbjh\Zgby fh”_eb

agZq_gbyo gZ]jmadb [ueb ihkljh_gu i_j _oh”gu_ oZjzdl _
ljb gZ]jmad_ jZ\ghc gmex hlg_leb\h gZ[ex*Z_|lky jZ\ghf
ihjrgy ]b*jhpbebg”jZ az k_dmg”?u ijb wlhZkZpiklhth gZ

indZazl _eb kdhjhklb b mkdhj _gby LzZd _ \j_fy \uoh~Z
jZkoh™ m\_ebqgb\Z Iky Z _]h ihdZazl _ev iZ*"Z_| 1jb ~Ze
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gZ]jmadb ijhbkoh”bl m\_ebq_gb_ kdhjhklb mkdhj_gby

g_dhlhjmx \_ebgbgm qlh iha\hey | ihjrgx [uklj__ \uclb
i _j_f s gb_ >Z\e_gb_ ihlj_[ey_ fh_ ]b”jhfhlhjhf ihke_ g
\uoh”bl gZ I|_hj_Ibg_kdh_ agZq_gb_ Lh ~_ kzZfhf ijhbl

gZ]g_lZgby gZkhkzZ gh \ f g _ yjdh \ujZ" _gghc nhjf_

Jbkmghd ameviZlu fh~_ebjh\Zgby Z\Zjbcghc kbkl_fu \ui
rZkkb hl :IF

AZdexq_gb _

JZajzZ[hlzgz fzIl _fZlbg_kdZy fh™_ev Z\Zjbcgh]h ijb\}
ZiiZjzZlZz hljz ZxsZy \ebygb_ gZ]jmahd gZ bkihegbl _ evg
m[hjdb \uimkdZ rZkkb < wlhc fh”_eb fh _| Julv mc
i _j_f _gguo qglh ~Z | \hafh 'ghklv dZg_kI\_ggh b dhebq_
ih\_ "~ gb_ kbkl_fu dzd ijb ~_ckl\bb \hafms_gbc 1Zd b ijb
hi1* _evguo we_f_glh\ ijb\h"Z

Bkihevah\zgb_ \  jZ[hl_ deZkkbqg_kdhc | _hjbb
mijZ\e_gby kh\f_klgh kkhfliblbdch kdbfb ~"Zggufb b hnhjfe
j_amevlZlh\ bkke_ _"~h\zZgby \ \b”A_ "~bghc h[h[s_gghc |
Z\IhfZlbaZpbb iha\hebl j Zebah\Zlv dhgp_ipbx -gh\hc
f ITh“heh]bg_kdhc hkgh\u 7~ey ijh_dlbjh\Zgby mkljhckl\
kZfhezlZz

< aZdexq_4gib gh hif_Iblv glh d hkgh\guf, djbl
0ZjZdl _jbamxsbf kh\_jr_gkl\h g _ebg _cghc ~bgZfbqg_kdh
kbkl_fu dzZd h[t_dlZ mijz\e_gby fh gh hig_klb ke_"mxshb_

Lhgghklv \hkijhba\l\_*_gby “bgZfbq_kdbo oZzZjzZdl_jl
"bzZiZzahg_ j_"bfh\ jZ[hlu b mkeh\bc wdkiemZlZpbb
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<hafh ' ghklv bkihevah\Zgby fh” _eb 7~ey ZgZebaZ b
g_ebg _cguo kbkl_f dZd klZlbg_kdbo 1Zd b gZ i_j_oh”guc
>Zggmx jZ[hlm oZjZdl_jbam_| g_ Ilhevdh ijbgpbib
ith"oh”h\ d j_r _gbx ijyfuo azZz”~Zq fh”_ebjh\Zgby gh b ¢
kharZgb_ [ZgdZ fh”_e_c ~ey fh™_ebjh\Zgby ijhp_kkh\ \ ij
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‘H ©OH>DxB:><B=:L?EV2@ K?=H>GY B A:<LJ:
OZcjmebg L G

'H OH>DbzZz"\b]ZIl_ev?
] 1 _jfv

:gghlZpby klZlv_ ijb\h~blky bgnhjfZpby h[ bklhjbb jZa\blby hj
kljmdImj _ ijhba\h~kl\_gghc ~_yl evghklb b ZdlmZevgltf khkl
i_jki_dlIb\guo ijhAmdlh\uo ijh]jzff \_~ms_]h jhkkbckdh]h jdajZ[hlq
"blZl _e_ ¢ :H-@QH2D\b]ZI _ev?@

Dexq_\u_ ketHZOH>DbZ"\Db]Zl_ev?& Z\bZpbhgguc "\b]Zl_ev ]Zc
mklzgh\dz i_jfkdZy rdhezZz "\b]zZl_e_kljh_gby ]jZz "ZgkdZy Z\bZpb
]Zah\u_ Imj[bgu *ey wg_j]_Ibdb JZah\u_ Imj[bgu ey ljZgkihjlbjh\c
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JSC UEC-AVIADVIGATEL: TODAY AND TOMORROW
Khairulin L N.

United Engine Corporation-Aviadvigatel
(Perm)

Abstract. The article provides information about the history dévelopment,
organizational structure, production and the actuaé sihserial and advanced product programs
of the leading Russian developer of gas turbine engi8€sUEC-Aviadvigatel.

Keywords: JSC UEC-Aviadvigatel, aircraft engine, gas turbine poplant, aero-engine
building school of Perm, civil aviation, transport @wn, gas turbine for power industry, gas
turbine for gas transmission.

'H ©OH>DbzZ"\b]Zl _evi@hkkbckdh_ dhgkljmdlhjkdh _
\oh”?ys \ khklZ\ ©OH[t_"bg_gghc ~\b]ZIl _e_ kljikbl_evg
jZajZ[hlgbd ]ZahImj[bgguo *\b]Zl e ¢ "ey Z\bZpghlw Z 1.
]Zahlmj[bgguo mklZgh\hd b we dljhklZgpbc gdhleZalbcZ\b_:

lj_~ijbylb_ khklhbl badhgklgmdlihjkdh]h [xjh hiulg
azZ\h~Z b bf__ | kh[kI\_ggmix bghet]hbghkdmx rdhem

Hiulgldhgkljmdlhjkdh_ [xjh \dexqZ_| dhgkljmdlhjkdb
wdki_jbf_glZekigh "h\ZIl_evkdb _ ith~"jZa”_e _gby
bgnhjfZpbh\ugbkebl _evguo kbkl f baf _jbl _evghc |
f ljheh]bb e Iguo bkiulZgbc wdkiemZI|IZpbb\b Rbghgbo
hkms_ kl\eyxsbo jZajZ[hldm b ijh_dlgh_ khijhdgu®d _gb _
"b]Zl _e ¢ gZ \k_o wlZiZo "bag_ggh]h pbdeZz

GZ hiulght azZ\h”_ \uihegy Iky rbjhdbc ki _dlj
f 1Zeemjlbq_kdh]h f oZgbg_kdh]h k[hjhggh]h ijhb:
wdki_jbf_glZekighzZl _evgZy [ZaZ \dexqZxsZy kl _g”~h\ ~
itheghjZaf_jguo A\b]Zl e _c b ]Zahlmj[bgguo mklk g lg¥hh\d d -
"ey ithmaeh\hc “h\h~Adb ~\b]ZIl e _c¢ < ijhbakhx~kI\ _
Z\IhfZlbg_kdb_ kbkl_fu ih ba]lhlh\e _gbx ebl_cgdigwgohjf j
ijhba\h”~"kI\_ggu_ dhfie_dku kh\f_klgh jkkdbl_CcfHbBDu?
kha”Zg htujllgfure _gguc p_glj Z**blb\gh]h ijhba\h”*klI\Z
ba mklZgh\hd

< :H OH>TzZz"M\Db]Zl _ev? Zdlb\gh bkihevamxlky kZfu_
ith*oh”u d ijh_dlbjh\Zgbx ]ZahImj[bgghc | _ogbalfb jgdexqZ
f ITh~u ~ey ijhgghklguo | _ieh\uo b ]Zah”"bgZfiudgkdbo |
dhgkljmdlhjkdh_ [xjh b hiulguc azZ\h” h[t_"b&$Pu "t
kbkl _fhc ijh_dlbjh\Zgby ih”~]hlh\db ijhba\h”kI\Z b ba]hlh

AZ ]h~Z kms_klI\h\Zgby ij ”~ijbylby [ueh j4aBjEYhlZg
"b]Zl _e ¢ ba dhlhjuo Ibi ijhbal\h*"beky k_jbc
"b]Zl _eb th”rgbfZeb gZ djueh emqgrb_ kZfh&\hgdihgbdZ
Lmihe \Z BevxrbgZ :glhgh\Z \ _jlhe lu Ydh\le \Z Fbey

K I h ]11 dhgkljmdlhjkdh_ [xjh \ha]pdZAehe R)\_
>fbljb_\bqgi f\uc ]JezZ\guc dhgkljmdlhj azZl_f |_ogbq_kdl
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] g _jZevguc dhgkljmdlhj :\lhj i_j\h]h hl_q_kIfthgmg]h ih
F- A\ _a”hh[jZzagu_ fhlhju \ha“mrgh]h hoeZ ~ _gby
jmdh\h~klI\hf : > R\_ph\Z \g_keb \_khfuc \dezZ” \ ih
Z\bZpbb \ ]Th*u <_ebdhc HI_q_kI\_gghc \hcgu"Egk&hggh\
\ha"mrgh]h nehlzZ \ ihke _\h_ggh_\j fy > @

AZ e | jZ[hlu ih® jmdh\h”*kI\hf : > R\_ph\Z [u
MzZzApZlv fhlhjh\  ba dhlhjuo iylgZ~pZlv ihrebh_j\ k_jk
k jbcguc F "ey hl _g_klI\_gguo “h\h_gguo bkljk[Zle e c
I _j\uf "MblzZl_e K dhlhjh]h gZqbgZ_ Iky bklhjby I
Z\bZfhlhjhkljh _gby >\b]JZIl ev :R BJ mklZgZ\gb\Zeky
_"bgklI\_gguc \ fbj_ kZfhe_ | dhlhjuc \uimkdzZeékykbploeihj
gZoh”blky \ wdkiemZlZpbb Kha”Zgb_ :R L Dj Kkjlw\dli agZ
i _jfkdbo dhgkljmdlhjh\ b ih\e_deh hk\h_gb_ gh\ _cr
ijh_dlbjh\Zgby b ijhba\h?*klI\Z Z\bZpbhgguo ihjpg@uo
<k _]h gZ ij_"ijbylbb [ueh \uims_gh [he__ Z\bZpbhjggubuc
"b]Zl e _c

K Ih 11 dhgkljmdlhjkdh_ [xjh \ha)leEZAeye KF
e _dkzZg”jh\bdeZ&\guc aZl f ] g _jZevguc dhgkljmdlhj
hkgh\hiheh gbdh\ ]ZahIimj[bggh]h ~\b]Zl_e_ kljh _hgby jZ
e_leb \ hkgh\m ijZdlbg_kdh]h ijbf_g_gby b”_J&ZI*\aewodhc
hlidjul\r_]h gh\h_ gZijZ\e_gb_ \ Z\bZ"™\b]ZI|_e_kljh_gbb

>\b]Zl _eb kijh_dlbjh\Zggu_ ih”® jmdh\h~kl\hfwlh: K
> | > < k f ckl\-Zz > -> DM DI - >N K :
mklZgZ\eb\Zebkv gZ \k _fbjgh ba\ _iKEgu EKZilne [ =
Eb g Be Be L L-m Be F Be Lm F Fb31,

Km = Be L-m L-m b \ jlhe v FbFb F4.0.

Ihke ~gbc ~\b]Zl ev ihemqgbe gZa\l\Zgb_ ©C4dKZI\ ey klIv@k\l
50-0 ]h”™h\ ;; \_dZ ih gZklhys__ \j_fy gZ ij_"ijbglbb \uim
luk ]Zahlmj[bgguo "\b]Zl e ¢ jZajZ[hlZggbtol ih® |jm
Kheh\v_\Z kmffZjgZy gZjZ[hldZ dhlhjuo khklZ\beZ [he __

K_lh~rgy ih? jmdh\h?*klI\hf mijzZ\eyxs]]lhy_jZgvdhihz
dhgkljmdlhjZz :H -:©dZ*Db]ZIl_ev? Zdz~ _fbdz J:G :e_
e_dkzg”jh\bgqzZz Bgha_ fp_\Z dhgkljmdlhjkdhl dk)bo_hkm
ijhjulgu_ ijh_dlu \ bgl_j kZo Jhkkbb

| jfkdbfb ~\b]Zl _eyfb hkgZs_gu kh\j f ggu_ hl_
fZlbkljZzevgu_ iZkkZ bjkdb_ b J]jmah\u_ kZfhe lu W
gZ”_"gu [_ahizkgu khhI\_IklI\mxI \k_f kh\j_f gguf b
wdheh]bqg _kdbf ghjfZzf b fhiml [_a h]jZgbdklijghgu ef bljZlv
KZfhe lu k i_jfkdbfb ~\b]Zl _eyfb gZoh”~ylky gZ \bkhjm  _
©<he?qy_ij2 ©:\bZkhdyy 6LON :D\ $LUOLQHV &XEDQD
| _jfkdb_  ™\b]Zl _eb k_f cklI\Z2hA&gbfzxl \ g _[h kZfhe |
©Ki_pbzZevgh]h e _Igh]lh hljy*Z ©Jhkkby?2 :~fbgbkljZpb
Ij_fv-fbgbkljZz JN

\
C
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GZ k_]h~gyrgbc ~_gv gZ ij_"ijbylbb hkgh\gufb ijh]jZf
"\b]zZl_e_c¢c gh\h]lh ihdhe_gby 7"ey ]jZ ~Zgkdhc b 1ljzZgl
yleyxlky ijh]jzffu I>> b 18.

ljh]jZffZz > gZijZ\e_g9gZ 9gZ kha”Zgb_ mgbnbpt
]1Zah]_g_jzZlhjz ~ey k_f_ckI\Z i_jki_dlb\guol*\b%BEI| _elkc F
"ey gh\uo J[ebjgrg fZ]lbkljZzevguo kZfhezlh\ b ijhfur
]Zahlmj[bgguo mklZgh\hd ;Zah\uf h[t_dIhf ijh]jZff
Z\bZpbhgguc "\b]Zl| _evj I»gZagZq _gguc "“ey k_f cklI\Z Kk
F K21.

< jZfdZo ijh_dtZ Ixeb hk\h_gu b \g_"j_gu i_j_ "
| ogheh]bq _kdb_j r gby I1Zdb_dZd iheZy rbjhdhdahj”g-
\_glbeylhjZz d_jZfbqg_kdb_ ihdjulby gZ ~ I|IZeyo ]hjyq_
dhe kZ \ukhdhc Ihgghklb ba gh\uo | _iehklhcglbeywWhj& c
ba Zexfbgb_\h]h kiez\Z k dhfihablghc [Zeebklbq _Z&dbkll
1Zd”_ ~jm]b_ i_jki_dlb\gu_ | _ogheh]bb

|>-14 +wlh iheghklvx hl_g_kI\ _gguc ~\b]Zl _ev Kk_jlbr
JhkZ\bZpb_c \ ]hAm 2z \ ~ _dZ]Jj_ ]h~Z Rhoc_jrb\r
ithe | gZ djue_ kzZfi2gé- 1Z EKbxe _ ]h*Z khklhyeky khlu
I>- \ jZfdZo e _Ilguo k_jlbnbdZpbhgguo bkiuwkPZgbc kZfhe
N dZT)_ ]hrzZ JhkZ\bZpby h~h[jbeZ JeZ\ghmxbaf_ ¢
dhgkljmdpbx kZfhe |R\F&Zggh_ k mklZgh\dhd4\b]ZI|_ ey |

Ki_pbZebklu dhgkljmdlhjkdh]h [xjh ijh~he Z2kk jZ[hl
wdkiemZlZpbhgguo h]jZgbogapaevlirlh [ueb ijh\_* gu jZace
bkiulZzgby \ Ihf qgqbke_ ih aZ[jhkm ©rd\Zevgighhc® ]jZ
dhgp_gljZpbb ~ey ih”~I\_j°~ gby khhil\_IkI\by f\&JEI ey |

\ gZklb jzZ[hlhkihkh[ghklb \ mkeh\byo h[eZdh\ kh~"
djbklZeeu < ]h m ihemqg_gu h”h[j_gbybceZ\gu
©OM\ _ebg_gb_ j_kmjkh\ hkgh\guo » |Ze2c ©MXIZIgke\ec db_
khhi\_lklI\by Ibih\hc dhgkljmdpbb - *\b\gh\ey \\I> gguf
lj _[h\Zgbyf d izjzf _|jZzf wfbkkbb g_e Imgbo I\kkKMNuo qZ
dhebqg_kl\m?2 b ~j

HArgh\j _f ggh gZ ij_"ijbylbb j Zebam _|Iky ijh]jZffZz
I>- 2 p_evx dhlhjhc y\ey Iky kha~Zgb_ mglbmgbph|h)Zgg
b k_ f ckl\Z "\b]Zl e _c¢ [hevrhc ly]b \ deZKki dlb\glko ~e
ljZgkihjlguo b iZkkZ bjkdbo nZevg fZ]bkljZevguo
ijhfure_gguo ]Zahlmj[bgguo mklZgh\hd Z I|Zdeh]bleljZ[h
g _h[oh~bfuo "ey kha”Zgby *\b]Zl _e _c [hevrhk |y]b \ deZ

< jzZfdZo ijh]jzffu ©>\b]Zl _%v\ > Iky jZajZ[hldZ
djblbg_kdbo | _ogheh]bc ijh\_~ gz \lhjzZzy k[hjdz *_
]1Zah] _g _jZlhjZz bal]hlZ\eb\zZxlky ~ IzZeB fhgkljZ\\hjjzZl _
| ogheh]bc b~ _| ih”]lhlh\dZ kl_g~h\he \pZ&aublHAlI @Kz Dl
bkiulZgbyf maeh\ b iheghjZaf_jgh]lh *\b]Zl _ey

>\b]Zl _eb [hevrhc ly]b yleyxlky eb” jZfb jZa\blby
| ogheh]bc \ fbjh\hf Z\bzZ”*\b]ZIl _e_kljh_gbb b \kv]*"Z c
ih\ur_ggufb lj [h\Zgbyfb d gZ”™_ "ghklb b wdkien
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oZjZdl_jbklbdzf Jy”~ mgbdZevguo | _ogheh]bc jZajZ[Z
ijh]jzffu 1> 1Zdbo dZd rbjhdhohj”rgu_ jZ[hgb_ ehizZldb \
ithebf _jguo dhfihabpbhgguo fZl _jbZeh)\ theghklv
\ukhdhwnn_dlIb\guc dhfij_kkhj \ukhdh]h NZ\e g
\ukhdhl_fi_jZImjgZy Imj[bgZ \ukhdh]h ~Z\eZghiyhlkgdudZey
dhfihabpbhgguo fzZl_jbZeh\ fZehwfbkkbhggzZy \HWaf_jZz
ihdhe _gby khhlI\_IklI\mxsZy i_jki_dlb\guf wdheh]bqg_kdt

Aim]b_ i _jki_dlb\gu_ | _ogheh]bb h[_ki_qZl dhghnjffnglhk
Mb]Zl _ex ijb aZimkd_ \ k_jbx ihke _ ]
ljhljzffz > j_Zebam _|ky ijb ih”*_j°'d_  1lj_ab”"_

ljZ\bl_evklI\Z JN KharZgb_ 2\b]Zhfley IIX\ j ZebaZpb
Zf[bpbhaguo ijh_dlh\ ~\b]zZIl _e_ kljhbl_evgh]le dghklbjZ
gZr_c kljZgu >\b]zIl_eb k-f chkl\gzapZ[hlZggu_ \ jzZfd
ijhljzffu 1> | ogheh]lbb [m” ml ijbf_gylvky '\ i_jki,
NZevg_fZ]lbkljZzevguo iZkkZ bjkdbo b ljZgkihjlgudulZfhe
\ Ihf gbke_\ f_""mgZjh*ghc dhhi_jZpbb Z gduo_bgZz
wg_j] _Ibg_kdbo h[t_dlZo

< jZfdZo ijh]jzffu ©>\b]Zl2ev]lhleh\guf jZajZ[hlqgbdl
dhlhjhc y\ey |ky I2BK®IMjg2 i1_jfkdh_ dhgkljmdlhjkdh
hi\_ gz | azZ jZajZ[hldm b hj]J]ZgbaZpbx ba]hlh\e _gby
Imj[bgu \ukhdh]h ~Z\e _gby p_gljZevgh]h ijb\h*& dh,
Z]lj_1Zlh\ m]leh\hc dhgbg_kdhc i_j ~Zqb fhlh]Egi®"hEBu b
Z 1Zzd ' azZ ih”"]lhlh\dm kl_g”~h\hc [Zau "ey IbkhjjZgpb\"\L
fZl _jbZeh\ \ jZfdZo ki _pbZevghc d\Zebnbd4pb'Y e <g
h[ebd ]Zah] g jZlhjZz balhlh\e _gu dhfie _dlu “megeh\
bg g _jguo b k_jlbnbdZpbhgguo bkdultZdBEj 1> IBrZ 1>
\klZe gZ djueh e _IZxs _c¢c eZ[hkEElhjbb Be

ljh_dlbjh\Zgb_ b ijhba\h”kl\h ~\b]JZl_e_c¢c gZ ik "ijby
ijbf_g_gb _f I _j_~"h\ud_odHeh]bc khar"ZgZz _"bgZy A
dhgkljmdlhjkdh]h [xjh b hiulgh]h aZ\h~Z &$' &S
ijh_dlbjh\Zgby ih”~]lhlh\db ijhba\h”?klI\Z b ba]lhlht&klgby
I _jki_dlb\guo *\b]JzZl _e_c¢c \_~"mlky iheghklvx \ I&d dllhgg
we dljhgghf \b”_ hkms_kl\ey |ky h[f_g ijh_alfgwyfbghZgg
Ahdmf_glzZpbb f_ "~ m ij_"ijbylbyfb dhjihjZpbBbg G4 gu”"ijk
kK _jlbnbpbjh\Zggu_ NK; b NKLWD Jhkkbb kj "&kIN\Z"mVZsbl
bgnhjfZpbhggh]h h[f_gZ \g_"j_g ihjlZe ©OWeethyhggh,
dhjihjZlb\ghc kbkl _fu mijZ\e_gby ij | _gabyfbptdbd2qg_ Kkl
wdkiemzIlZpbb gZoh”ylky ihjlZeu ijh>dltb\ we_dljhggZy
kbkl _fZ “hdmf_glhh[hjhlZ

Pbnjh\u_ | _ogheh]bb \g_"j gu gZ dzZK~"Hhf wyllzzi
hij ~ e gby I|j _[h\Zgbc d [m ms_fm ~\b]ZI|l e&xa”™ balgy gg
\ A~ Iky \ pbnjh\hf \bpbnjh\Zgu \k_ ijhp_kku k\yaZc
ijh_dlbjh\zZzgb _f “\b]Zl_ey b hkgZkldb ba]lhlh\@gghbof "~ _
_"bgbp Hkms_kl\ey I|ky Z\lIhfZlbabjh\ZggudadhelhlcevZ d
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|1Zd"_ k[hjdZ dhfie_dlZpby b bkiulZgby bwafikedmn ZI<Z g ptp
\_ N Iky fhgblhjbg] wdkiemzZIlZpbhgguo o0ZjzZdl_jbklbd

GZb[he_ _ hit_fgu_ azZ”"Zqb ijh_dlbjh\Zgby ] _
\ugbkebl _evghf dezZkl_j aZgdhZxs \tiqbkebl _evghc fhsg
kj_~b ij_"ijbylbc Z\bZijhfure_gghklb JN < khkIKYy_ de.
g _kdhevdh ki_pbZebabjh\Zgguo maeh\ \bamZlebdldhdpbdb |
jZkg_Ih\ b h”bg ki_pbZebabjh\Zgguc ma_e b'eykdpm ~*
jZkg_Ih\  Hg iha\hey | j _rblv rbjhdbc djm] azZ”*&fd f_o
]Zah”"bgzZfbq_kdbc jZkg_| ijhlhgghc gzZklb \lbjhhzZzgbb]ZI_
hfe ~ g _gby beb h[ju\ ehiZldb \ _glbeylhjZ a@Zt*idbj]Zah
fhr _ebjh\Zgb_ jZkiueZ b ]hj _gby \ dzZf_ j_ khhbZgaéa¥ " dbqbg
k\yaZggu_ k hilbfbaZpb_c dhgkljmdpbc b fh®*_ebjh\Zgb _f

G_kfhljy gZ [hevrh_ dhebqg_klI\h | _dmsbo ijh_dlh\ \
[xjh ithklhyggh \_* _|ky ihbkd b jZajZ[hldZ gh\oghiehkbcdll
b dhgkljmdlbdghguo j r gbc ey kha”rEZghgbgZkdygh az”
g _h[oh”~bfh]h ey h[_ki_q_gby | ogheh]bqg _kdhc
hl_q_klI\_ggh]h zZ\bz”*\b]ZIl_e_kljh_gby b kha*Zdopy\"*\b].
[Mm"ms_f WIh I1Zdb_ | _ogheh]bb dzd k\_j@fhsjdwagy_"m
kieZ\u k memqgr_ggufb k\hckl\Zfb ~ _1Zeb ba ilhgddojguo
fZl _jbZeh)\ gh\u_ | _ogheh]bb kgb  _gby rmfzZz b i
fhlh]hg”heu ~\b]ZIl ey

< k\lyab k hkljh klhysbf \hijhkhf memqr_gby w
ihdZazl e ¢ gZ aZjm[_"guo b hl_qg_kI\_ggudevjghijby
\gbfZgb_ gZijz\e_gh gZ ijbf_g gb_ ko f J]b[yx*guo
we dljbg_kdbo kbeh\uo mklZgh\hd WIb \ZjbZgéwghg_kfr

dhebqg kIVh ij bfms_kI\ i _j ~ dezZkkbq_kdhc Ko\ fbc[ ~\b]
gh\u_ jZg__ g_ jZkkfzljb\z _fu_ \hijhku =eZ\mapbyijh[e
dhlhjhc az\bkbl i_jki_dIb\Z ijbf_g _gby we _dljbg _kdb

fZ]lbkljZevghc Z\bEpahiZzkgh o0jZg _gb_ we dljbg_kdhc
[hjlm kZfhe 1Z

JZkkfzZljb\zxlky b f_ g jZ"bdZevgu_ Kkihkh[u kh\_
wdheh]bqg_kdbo o0ZzZjzdl_jbklbd Z\bZpbhggybf_¢\lglzl e
Zevl_jgZlb\guo \b”h\ lhieb\Zz gZijbf_j f 1ZgZ \ I
[bheh]bg_kdh]h IThieb\Z Ohly m”~_evgZy wdgujlbyZgZ "
[ebadZ d Z\bZpbhgghfm Ihieb\m Z [lhékafh*"4djb dhfgdalfyhc
| _fi_jZImj_ hgb yleyxlky ]ZaZfb b ~he ' gu ojggblvky
"brdhklb beb ijb \ukhdhf ~Z\e_gbb <_kvib& NX\eZjgpb K [
N eZ | bo g_ijzZzdlbqgufb ijb ijbf_g_gbb ~hklImigao\ k_]F
ljb djbh]_gghf ojZg_gbb \ \b”A_ "b~Adhklb \hlth[imdgh\ Ihie
jZa [hevr_]h h[t_fZ q_f ZgZeh]bqguc h[t_fie@\bZpbhr
;bheh]l]bqg_kdh_ Ilhieb\h ebr_gh mdzZaZgguo g_ hihfh gl h\
balJhlh\e _gby \ gZklhysbc fhf _gl agZqgbl _evgbhigghbhfju\zZz
\b~rZf lhieb\Z > @ LZdbf h[jZahf ijbf_gogbb*"Z\eVhighXZb'
gZ "Zgguc fhf_ gl 1zZzd _ klZedb\Z |ky kh agZgbl_evg
dhlhju_ [m~ml j_rZIvky \ [m"ms _f
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HAgbf ba hI® _evguo b \Z ' guo gZijZ\e _gbcjbBbyhyekvghl
k j_~“bgu-o0 J]h~h\ y\ey Iky ijhba\h”~kl\h JZahlmj[bgguo ml
gZ hkgh\_ Z\bZpbhgguo M\bJzll¥ :c LM ijbf_gyxlky \
dZq_ kI\_ijb\h~Z gZ]g 1Zl _e _c ]ZazZ \ khklz\_Jg&Ahi\ b dZ
\'dZqg_kI\_ijb\h”*Z ] _g_jZlhjh\ \ khklzZwe ]dH§hkmhZ[doyggcu o

Lzd k ]hrzZ dhgkljmdlhjkdbf [xjh kha”*Zgu "
]ZahImj[bgguo mklZgh\hd ey ]Zahi_j dZgblgXddo b wg
~Ah F<Il b hl A h F<I GZ kK _glyl[jy ijhiha¥ %k _ghcg

]Zah\u_ Imj[bgu ijhfure_ggh]lh gZagZq_dihgglblolvkmf:
i _\ukbeZz F<l gZjZ[hldZ gZ h[t_dlZo\uwkdkdZmZIZp
feg gZkh\

MklZgh\db jZajZ[hlZggu-:\bZ*"ebHZ2D ev® b Kk_jbc¢
ijhba\h?*ysb_ ky AlQOHkdb _ fhlhju?d mqgZklI\mxl|l \ agZgbfuo
©K_\_jguc ihlhda ©KbeZ Kb[bjb2 ©YfZe®Zb dhjlhjdpt_o
wdkiemZIlbjm _Iky i_jfkdh_ ]JZahlmj[bggh wltn][lejg hc\gwgb
dhfij_kkhjgu_ klZzgpbb fZ]lbkljZevguo ]Zahijh\h”h\
dhfij_kkhjgu_ klZgpbb gz f_klhjh " _gbyo b KEhdmebs ih”
]1Zzazlzedl~ _ we_dljhklZzgpbb kh[klI\_gguo gm ~ gZ f_klhjh"
]ZaZ djmiguo ijhfure_gguo ij _"ijbylbc LZdbZxsitklZgh\dt
ithimlghf g_nlyghf ]Za_ ihfh]Zxl mlbebabjhH\Zbvag Jk b
aZdZaqbdh\ [he_  wdheh]bqguf b ijbJuevguf

=eZ\gu_ aZdZaqbdb i_jfkdbo IntklZgFihidhf® I|:H
©OEMDHCE? I:H ©GD ©Jhkg_nlv? I:H O©KmjHmlg _n
©GH<:LWD?2 b ~j 1 _jfkdb_ ]ZahImj[bggu_ mkhigkhAdb gZ
ex[uo debfZlbg_kdbo mkeh\byo gZ | _jjblhjbgdjmkv Mboim
hkljh\Z KZoZebg hl p_gljZevguo h[eZkl_oyLdglkdhth i

fhjy ©OH>\DZ"M\Db]Zl _ev? i_j\uf kj_~b ihklZ\sbdh\ JZahl
h[hjm~h\Zgby \g_"jbe k_j\bkgh_ h[kem b\ZgbezZWwhge dBZ]
nZdlbg_kdb hljzZ[hlZggu-qqZKZrblgtibfh | fhglZz ijhljzff
h[kem b\Zgby \dexqZ_ | \ k_[y \u”Zgm j_dhf_gdahgblx ih
wg_jlhZ]j_1Z1Z h[mq_gb_ i _jkhgZezZ b dhgkmbyvjllidpbtb a
wdkiemZIZpbb

< gZklhys_ _ \j fy ih aZdZam |:H ©=Zaijhf2 jZa

"Db]Zl_eb ijhfure_ggh]l]h gZagZq_gby gZ [Za-14]Zah]
fhsghklvx bF<l hkgZs_ggu_ fZehwfbkkbhgghc dZf_jh
FWDK kgb Zxs_c¢ mjh\_gv \u[jhkZ \j_"~guo \_s_kI\
\_ ~ Iky jZ[hlZ gz FWDK ”"ey ijhfure_gguo fh{¥bhdbdZphb
: fhsghklvx b F<I GZ h[t_dlIZo HHH ©=Zaijh
QZcdh\kdbc?2 m _ mki_rgh wdkiemEFbknm FWYK=LM |Zd _
mki_rgh ijhreZ bkiulZgd¥ KLMWDK

Ki_pbZebklu -©&HZD\b]ZIl_ev?® ]hlh\u d j_ZebaZpbb
keh guo ijh_dlh\ Fheh”hc \ukhdhbgl _ee_dimZevg
ij_"ijbylby hibjZzykv gZ fhsgu_ |jZ”"bpbb i_jfikdilhc dF
| ogheh]bq _kdhc rdheu j Zebam_ | _  [h]Zlaclgihd gp
mKki_rguc hiul ijh_dlbjh\Zgby b \g_"j _gbya\hRkjblglh
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wdkiemZIlZpbx gh\uo "*\b]JZl e ¢ gZdhie _gguc dhifkdhc
rdhehc aZz Jlhrz ~Z | m\_j _gghklv \ |hf ©gHD \k_
\bZ™M\b]Zl _eva@ [m "ml mki_rgh j_ Zebah\Zgu
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M>D
<B;J:PBHGGH? KHKLHYGB? JHLHJH< :<B:PBHGGUO =
Oh~Zpdbc K : dZg” | _og gZmd

Bjdmlkdbc nbebZe F=LM =;
] Bjdmlkd

:gghlZpby <b[jZpbb jhlhjh\ Z\bZpbhgguo "b]zl_e_c \
g_mjzZ\gh\_r_ggufb kbeZfb \hagddzixsBfZglby ihklhjhggbo ij_ ~f |
\ha”“mrguc 1jzdl ~\b]Zl_ey ih]j _rghklb ba]lhlh\le _gby " |Ze ¢
jZajmr_gby ehizZzlhd \ujZ[hldb [_]Jh\uo “hjh" _d hihjguo ih”rbigbdh\

D dhgkljmdlb\guf ijbgbgzf fh gh hlg_klb gZijbf_j hkh[_gq
kh_~"bg _gby k_dpbc jhlhjh\ jzZat fghklv beb g _jZat fghklv wlbo
fhlml \va\Zlv ih\ur_gb_ \bdyZpbachbhjh\Zgby

Ih]j _rghklb \ ba]l]hlh\e _gbb ~ 1Ze ¢ g _lhggZy k[hjdZ maeh\ ~
| ogheh]bqg_kdbf ijbgbgzf ihyle _gby dhe_ [Zgbc WIlhhyhe gkyZlv
agZgbl_evguo "bk[ZeZgkh\ b dzZd ke_~kl\b_ \ukhdh]h mjh\gy \b[j:

< ijhp_kk_ jZ[hlu ~\b]Zl ey hkh[_ggh gZ g_ klZpbhgZjguo |
gZ]ljmadb gZ we_f_glu jhlhjZ gZ]jmadb ghkyl agZath _jjld\lgghucdo Z]j
jhklm \b[jZpbb

<ukhdbc mjh\ _gv \b[jZpbb fh | \uaulZlv ihy\le _gb_ p_eh]
g_bkijz\ghkl ¢ WIh h[mkeh\e_gh gZjmr_gb_f jZ[hlhkihkh[ghklb
Z]lj_1Zlh\ ™\b]Zl _ey b _Jhakbkhbff gbp@gby azZahjh\ \ we f glZo dh
mom”r_gby mkeh\bc jZ[hlu

lhwlhfm hp_gdZ \b[jZpbhggh]h khklhygby jhlhjh\ y\l\ey Iky \.
\hijhk_ h[_ki_qgq_gby gzZ”~_"ghklb "\b]ZI_ey

Dexg_\u_ keh¥AbZpbhgguc ~"\b]ZIl_ev \b[jZpby gZijy _gkt
wdki_jbf_glZevgZy mklZgh\dZ dhwnnbpb_gl \b[jhi_j_]Jjmadb
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VIBRATION STATE OF ROTORS OF AVIATION GAS-TUBINE
ENGINES

Khodatsky S. A., Candidate of Technical Sciences

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

Abstract. Vibrations of aircraft engine rotors are caused by unbalanced forces arising due to
the entry of foreign objects into the air path of the engine, errors in the manufacture of parts,
assembly of rotors, destruction of blades, wearing of tread ways of support bearings, etc. [3].

Structural reasons can include, for example, the peculiarities of the ways of connecting rotor
sections (detachability or non-detachability of these connections), which can cause an increase
vibrations due to resonance).

Errors in the manufacture of parts, inaccurate assembly of motor units are among the
technological causes of vibrations. It can cause significant imbalances and, as a consequence, high
vibration levels.

In the process of engine operation, especially in non-stationary modes, the loads on the rotor
elements increase, the loads are alternating in nature, leading to an increase in vibration.

High level of vibration can cause a number of dangerous malfunctions. It is caused by the
failure of performance of individual units and assemblies of the engine and its systems due to
changes in the clearances in the elements of the structure, deterioration of operating conditions.

Therefore, the assessment of the rotors vibration state is an important factor in the issue of
ensuring the reliability of the engine.

Keywords: aircraft engine, vibration, stresses, rotor, experimental setup, vibration overload
coefficient.

:gZeba \b[jhkhklhygby "\b]Zl e _c¢ ih ~Zgguf ihe_lg
ithdZau\Z | glh mjh\gb \b[jhkdhjhkl _c¢c gZ bkijZ\gl
g_agZqgbl _evgh m\_ebgb\Zxlky ih gZjZ[hld_ Hkgh\guf b
"Mb]zZl _ey gZ kzZfhe | yl\ey Iky \jZsZxsbcky jhlhj "\b]ZI_
JZkkfZljb\ZIv dZd kbkl_fm khklhysmx ba mijm]hgh §Z¢Z b
Abkdh\ h[eZ”~Zxsbo hij_~ e _gghc fZkkhc LZdZy kbkl_fZ

dhe [Zgby \ kemgZ_ \ha” _ckl\by gZ g__ i _jbh”"bg_kdb ba
Hp gdZ | _ogbg _kdh]h khklhygby Z\bZpbhgguo =L> i
ithal\hey | gZ jZgg_c klz*bb | _ogbg_kdhc wdkiemZ]

g_bkijz\ghklb hI* _evguo we_ f _glh\ b maeh\ WIh ij_ "7
ZgZebahf ki_dljZ \b[jZpbb b _]h baf_g _gbb \ ijhp_kk_ wd

GZ ]jZnbd_ jbk ij_"klZ\e_gZ aZ\bkbfhkFy bl gljh[_
\ _ ebgbgu "bk[ZeZgkZ > @

Jbkmghd&AZ\wkbfhklv p_gljh[_Fh& khéu _ebgbgu ~bk[ZeZ:
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>bk[ZeZgk khklZ\eye b d] ijb jZaebqgghc \
dj ie_gby J]jmakZ = f b f

Ke “m_1| hif _Iblv glh \ebygb_ p_gljh[_"ghc kbeu i
d\z~jZIm qgZklhlu \jZs_gby jhlhjZz b jZ"bmkm ~bkdzZ \
kms_ klI\_ggh kdZau\Z_|ky b gZ \ebygbb *"bk[ZeZgkZ WIh
glh "ey Imj[h\_glbeylhjguo "\b]Zl_e_c "eb&XlehdZldbhdl
15 f 1jZz fZe _cr__ ijbjZs_gb_ fZkku gZ dhgp_ ehizld
agZgbl_evguf gZ]jmadZf gZ hihjm \ke_"kl\b_ m\_ebqg_gby

Ke_"m_I| hif_Iblv qglh ih\j_"~ _gb_ ehizlhd \_glbeylhj
ij_~f_1Zfb b dzZzd ke_"kl\b_ gZjmr_gb_ ]_hf_Iljbqg_kdl
ehizZzldb kdheu i_jZ ehizldb fh]lml ijb\_klb d hakkg gl
ehiZlhd b ih\ur_gbx \b[jZpbb ~\b]ZI_ey

?keb \b[jZpby az\bkbl hl j_"bfzZz jZ[hlu *\b]Zl_ey Ih
ke ~kl\b_f eb[h ihyle_gby |j_"bfgh]h | _ieh\h]h "bkiZeZg
" _kldhklb hihjghc kbkl_ fu GZb[he _ gZ”™_"gh W
Abnn_j_gpbjmxlky f_Ih~"Zfb [ZeZgkbjh\db

<ebygb_ "bk[ZeZgkZ jhlhjz fh gh kgbablv iml_f
"bgZfbqg_kdhc [ZeZgkbjh\db jhlhjZz

?keb ijbgbghc baf _g gby \b[jZpbb ih® gZ]jmadhc vy
"_kldhklb hihj dhlhjh_g_ fh I [ulv mkljZg_gh ~“hklimigu
kgb™ _gb_ \b[jZpbb ih® gZ]jmadhc \hafh gh iml_h\d&Zl_ ev
gZ khhil\_ITkl\mxs_f j_"bf_

<Z'gmx jhev \ “bZ]ghklbd_ ijbgbg \b[jZpbb bf__I hij_
\ _ebgbgu *"bk[ZeZgkZ \uaulZxs_]h \b[jZpbx F_|Ih*Zfb [Z
hij_~ eblv kh\hdmighklv mjzZ\gh\_rb\Zxsbo ]jmah\ d
ith\ur_ggmx \b[jZpbx MjZ\gh\_rb\Zxsb _ Jimau 1 Zk
ij_bfms_KkI\_ggh ijhlb\hiheh ' gh bkoh”ghfm b Z&lefZgkm
"hklZlhgghc ~“hklh\_jghklvx fh™ | [ulv hij_~ e g “bk[Ze:
ih\ur_ggmx \b[jZpbx

GZ ]jZnbd_ jbk ihdZazZzgzZ \b[jhkdhjhklv b e
jZa[ZeZgkbjh\d_ jhlhjZ gbadh]h ~"Z\e gby gZ l¢eyoe hyjibgZz
jZaguo fZkkZo bkdmkklI\ _ggh \g_k _ggh]h "bk[ZeZgkZ gZ

1+ bk[ZeZgk ] KFk[Z#Z gk ] KEk[Z&Zgk ] kf
JbkmghdZ\wkbfhklv \b[jhkdhjhklb hl \_ebgbgu ~bk[Z
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'gZeba ijb\_" gguo aZ\bkbfhkl _c ithdZau\zZ | g
i _j\hgZqgZevguc \kie_ _kd \b[jZpbb gZ[ex"Z |ky \[ebab j_ |
>Ze_ _ mjh\_gv \b[jZpbb f_"e_ggh jzZkl_|I ~hklb]zZy fzZdk
\[ebab fzdkbfZevgh]lh j_"bfzZ 1jb wlhf q_f [hevr_ mjh\_g
\ur__ mjh\_gv \b[jZpbb

GZ jbkmgd_ ijb\_* g mjh\"gw bk[jjZpbdblh b g_bkijZ\
ihArbigbdZ jhlhjz "\b]Zl _ey

ZtbkijZ\guag[ bkijZ\guc
Jbkmghdb[jZpby ih~rbigbdZ

Ba jbkmgdZ ke "m_| qlh ~ey bkijZ\gh]h ih”rbigbdZ
ghkbl jzZ\ghf _jguc o0Zjzdl_j >ey g _bkijZ\gh]h ih”rbigb
I _jbh~bg_kdb_ \kie_kdb mjh\gy \b[jZpbb

JZkqg_| ba]lb[guo dhe _[Zgbc jhlhjz ij_~klZ\ey | kh[hc
ithwlhfm ~ey h[e_]qg_gby jZkqg_1Z ijbgylh aZf_gylv j_Zevg
jZkij_~ e gb_f fzZzkk b mijm]bo we_ f _glh\ [he__ ijhkl
wd\b\Ze glghc kbkl_fhc

LzZzdZy kbkl _fzZ khklhbl ba mijm]h]l]h \ZeZ g_ h[eZ"ZX
gZkZ  _gguo gZ \Ze “bkdh\ k hij_~ e ggufb fZkkh\ufb fhf

MjZ\g_gb_dhe [Z]l _evgh]h “\b" _gby bf__| \bA kh]eZl
>b ") @ Dhgkdjmdpgwklv Z\bZpbhgguo ]ZahImj[bgguo "\|
<ha”mrguc ljZgkihjl ) Kk

*md, - P(may+Jdwd)+1=0,

[ 42-2,+tkhhighr_gb_ dhwnnbpb_glh\ ih~"Zleb\hkl

QZklhlgh_ mjzZ\g_gb_ y\ey Iky [bd\Z*jZIguf mjZ\g_g
gZklhpu bf_xs__ ~\zZ ~ ckl\bl _evguo b "\Z fgbfuo dhjgy =
dhjgb khhiI\_IkI\mxI "\mf gzZklhlzZzf kh[klI\_gguo dhe_[Zgbc

. 8§
ma,, Jyap, My Ma Ja - 4mJy
11 Y 220
p1,2 1
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]"p; qZklhlZ kh[kI\_gguo dhe _[Zgbc jhlhjZ ih i_j\hc

nhjf_m'o,D,'0):
P, qZklhlZ kh[kI\_gguo dhe _[Zgbc jhlhjZ ih \lhjhc nhj

GZ dzZn_"j_ E_IZl _evguo ZzZiiZjzZlh\ b ~\b]JZl_e_c¢ Bjd
F=LM =: Jueb kha”Zgu wdki_jbf_glZevgu_ mklZgh\db

\b[jZpbhggh]h khklhygby jhihjZ ~"\b]Zl ey

JbkmghdVdki_jbf glZevgZy mklZgh\dZ

Wdki_jbf _glZevgZy mklZgh\dZ khklhbl ba klZgbgu g
jZkiheh g \Ze k "bkdhf >bkd kbff_Iljbg_g hlighkbl _evgh
kj_~g_c hihj_ jzkiheh _g h]jZgbgbl_ev ijh]b[hW]iSA\h]jZ
\ZeZ jzZkihez]Z _|ky ~Zlgbd \b[jZpbb kb]JgZe hl dhlhjh]h
\b[jZpbb >Zlgbd iv_ahwe_dljbg_kdh]h IbiZ ihwlhfm (g
\b[jZpbb \u\h”blky mjh\_gv \b[jhi_j_]jmadb JZkdjmldZz
we_dljh™\b]zl_e f QZklhlz \jZs_gby we_dljh™\b]ZI_
j_hklzlhf

MdZazZl _ev qZklhlu \jZs _gby gZ [ehd_ mijZ\e_gby i
agZq_gb_ qgZklhlu \jZs _gby GZ ~bkd_ \uiheg_gh hl\_jk
[ZeZgkbjh\hgqguo ]jmah\ F_gyy fZkkm ]jmabdh\ fh gh
"bk[ZeZgkZ jhlhjZz

Jhlhj \ hihjZo ih”\_r_g gZ ijm bgZo ~_kldhklv dh
baf _gylv k ihfhsvx p_gljbjmxsbo [helh\ lhegZy aZly dZ |
fZdkbfZevghc ~_kldhklb jhlhjZz

;ueh ijh\_~ gh jZkg_Ilgh_ b wdki_jbf _glZevgh_
\b[jZpbhggh]h khklhygby jhlhjZ

Bkoh~rgufb ~Zggufb “ey jZkq_|Z [ueb fhAM@VImijm]hl
iehlghklv8,110° d] ¥ “ebgZ \ZeZ f fZkkzZ mbkdz d]
"pzZf 1j \de2210° f

,ueZ hij_~ e _gZ djblbgq_kdZy qgZklhlZz \jZs _gby
djblbg_kdhc qZklhlu \jZs_gby k mqg_Ilhf fZkku \ZeZ b
\_ebgbgzZz djblbg_kdhc kdhjhklb \jZs_gby khklZ\ey |
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djblbgq_kdhc gZklhlu \jZs_gby ih nhjfme_ >xgd_je_y k¥
EIl >b " @ Dhgkljmdpby b ijhqghklv Z\bZpbhgguo ]Zah
F <ha”mrguc IljZgkihjl k ithdZaZe qlh \ _ebq
kdhjhklb \jZs_gby khklzZ\ey | h[ fbg

Ke_~m_| hif_Iblv qlh djblbgq_kdZy qZklhlZ \jZs_
o0ZjzZdl_jbklbd jhlhjz b hihj ih”Zleb\hklb hihj ~&bgd jhlh
fZkku \ZeZ b jZzkiheh  _gguo gZ g _f “"bkdh\

Hij_ ~ e _gb_ djblbg_kdhc gZklhlu \jZs _gby ihdZaZe|
jZkg_Ih\ kms_klI\_ggh g_ hlebgZxlky *jm] hl *jm]Z

Dzd ijZ\beh \ klZg~Zjlguc gZ[hj | _ogbqg_kdbo kj_ 2kl
h[jZ[hldb \b[jZpbhgguo kb]JgZeh\ \oh”yl jbkmghd

< "Zlgqbdb baf_j gby \b[jZpbb \b[jZpbhggu_~Zlgbdb

< mkbebl -evgHjZamxsZy b “hihegbl _evgZy ZiiZjZImj.

JbkmghdiiZg4ZImjzZz ~ey ijh\_~ gby baf_j gbc \b[jZph

>ey baf_j _gby mjh\gy \b[jZpbb bkihevamxlky bg
iv_ahwe dljbg_kdb_ ~Zlgbdb

Dhgkljmdlb\gZy ko _fZ iv_ahwe dljbg_kdh]h ~Zlqgb
jbkmesd _

1 +thkgh\Zgbiv_ahwe_ f_ dlg_jgbhgguc we_ f_ gl
4+dZ[_ev k baheypb_c

Jbkmghdv_ahwe dljbg_kdbc ~Zlgbd
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ljb N nhjfZpbb ilv_ahwe f _glZz kblgZe ijhihj
I _j_f_s _gbx i_j_*Z 1ky gZ ZiiZjZlmjm dhgljhey

Dhgkljmdpby iv_ahzZdk_e_jhf_Ijh\ azZ\bkbl hl bo gZ
JjZ[hlu qgZklhlgh]lh *"bzZizahgzZz \ dhlhjhf ijh\h”*ylky baf_j_ 1

Ke_m_| hif_Iblv glh ijb dhe_[Zgbyo jhlhjZz q_
dhe_[Zl_evguc ijhp_kk \hle_dZ _|ky b dhjimk

Dhe_[Zgby k jhlhjzZ i_j_"~Zxlky gZ ih~rbigbhd b ~Ze_
klzlhjz LZdb_ dhe_[Zgby gZaulZxlky k\yaZggufb

Ko _fZ wdki_jbf _glZevghc mklZgh\db k mqg_Ihf Kk\ya
jhihjZz b dhjimkZ ijb\_~ gZ gZ jbkmgd _

1+7ZIgbd i_j f s _gby dbrjiaekzdj_ie_#b¥lgbd \b[jZpbb
4 +twe dljh~"\b]Z15e% 14+hihju +mkljhcki\h baf_g_gby
"bk[ZeZHlkZ+ bkdb +7Zlgbdb i j f s _gbe
we dljh~\b]ZIl_ev

JbkmghtdKo fZ wdki_jbf _glZevghc mklZgh\db

Jhlhj fhr_eb =L> bf__1I| Ijb hihju GZjm gZy h[hcfZ
hibjz_Iky gZ dhjimk ijb ihfhsb ijm bgu kbem aZly db
baf _gyMijZ\e _gb_ we _dljh*\b]ZI_eyfb ijhba\h”ysbfb ba
aZly db ijhba\h?blky k imevlZ mijZ\e _gby >bkdb jhlhjZz
pZg]lh\ufb azfdzZzfb < dZqg_kI\_ hihj ijbf_g gu kn_jbqg_l
ih~Arbigbdb Imevl mijZ\e_gby eZ[hjZlhjghc mklZgh\dhc b
glh b \ eZ[hjZlhjghc mklZgh\d_ ih bkke_~h\ZgbxXxhhza]b[gu
ljb\h” jhlhjZ hkms_kl\ey_ |ky we_dljh*\b]zIl_e_f ihkl
Baf_g_gb_ j_"bfz jZ[hlu ijhba\h”*blky j_hklZlhf mklZgh\
mijZ\e_gby

Fh™ _jgbazZpby wdki_jbf_glZevghc mklzZgh\db ijh\_* g
kbkl_fu baf_g_gby ~_kldhklb hihj b kbkl_fu baf<jL gby \b]
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Kb]l]gZebazZlh977,D ~Zevg_crkib]gZebazlhj beb ijb[h
ij_"gZagZgq_g ”"ey g_ij_julgh]h dhgljhey \ Z\IhfZlbg
| ogbq_kdbo iZjZf _ljh\ | _ogheh]bg_kdh]h hfhjm~h\.
Jmdh\h*"klI\m ih wdkiemZIZpbbb&KphhZeb-&BDjZa” e
| _ jfv HHHGII ©LBD? Kk

ljb[hj fh _ 1 dhfie_dlh\ZIvky dZgzZezfb dhgljhey \b
| _ fi_jZImju b “jm]bfb dZgzZezfb \ ijhba\hevghf khhlghr_g
h~Agh]lh “h \hkvfb

Jbkmghdvdki jbf glZevgZy mklZgh\dZ kh kj_~kI\Zfb &

< dzq_kI\_  bg~bdzlhjh\ [ehdZ kb]gZebaZpbb
k fbk _]f _glgu_ k\_Ih~"bhAgu_ bg~bdZlhju b k\_Ih\u_ bg”~b

dZgZem h[_ki_gb\Zxsb_ hlkg_ I Ij_o p\_Ih\uo ]jZ*"Zpbc
1 ZjZf_1jh\

KblJgZe [ehdbjh\db \ujzZ[Zlu\Z_lky ijb ij_\ur_gbb
Z\Zjbcghc mklz\db \ |1_q_gb_ gzZkljzb\z_fh]lh \j_f_gb
azZ”N_j'dZz gz \dexq_gb_ ijb[hjz \f_kl_ k Z]j_]1Zlhf m
ij_~_eZo hl Nh Kk

IblZzgb_ ijb[hjZ hkms_kl\ey_ Iky hl \lhjbgghc k_Ib i_

< =p eb[h hl k_Ib ihklhyggh]h 1I1hdZz <

J e_ [ehdbjh\db ij_~gZagZq_gh "ey \u”Zgb kb]g

h[hjm~h\Zgby gZ \g_rgb_ p_ib 2zZ\lIhfZlbdb ijb g_"him
agZq_gbc dhgljhebjm_fuo iZjZf_Iljh\

;ehd iblZzgby ijb[hjZ \uiheg_g gZ bgl_]jZevghf ij_h
"bZiZahghf \oh”guo gZijy _&bc +
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Jbkmghd[sbc \b" wdjZgZ

JbkmghdMkiZgh\dZ h]jZgbq_gbc

Baf _g gb_\b[jhmkdhj gby ihdZaZgh gZ jbkmgd _

JbkmghdBaft g _gb_\b[jhmkdhj _gby
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ijb\j "amevIZlu wdki_jbf_glZevguo bkke At

LZ[ebpZ Hp_gdZ djblbg_kdhc gZklhlu \jZs_gby b \b[jhr

jZaebgghc "~ _kldhklb hihj
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" _kldhklb hihj \_ebgbgZ djblbg_kdhc
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beb hihju k
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M>D

J?=MEBJM?FUC ;EHD 1?7J?7>:QB FHSGHKLB
|:KK:@BJKDH=H K:FHE?L:

P ebs<\ ,2j I _og gZmd
Dm”_jedh? dzZg” | _og gZmd

lheydI® 2
'Mnbfkdbc mgb\ _jkbl | gZmdb b | _ogheh]bc
] MnZ
2H ©L_ogh”bgZfbdza
] Fhkd\z

:gghlZpbyZjbcgu_ ]b”jZ\ebqg_kdb_ kbkl_fu kh” _j ZI [ehdb i_j_*
dhlihju_ ijbf_gyxlky \ kbkl_fZo h[_ki_q_gby m[hjdbzZ\bijkd&da rZ
kzfhe Ih\ Keh'guc o0ZjzZdl_j \g_rgbo \ha”_ckl\bc gZ jZ[hlm ]b~jl
m[hjdb \uimkdzZ rzZkkb ijb Z\Zjbcghc kbImZpbb g lbtigphagdegu _
g _aZ\bkbfuo dhglmjh\ ]brjhkbkl fu kzZfhe 1Z k\yaZgguep ¥Zgbm Kkl
fhsghklb \ugm ~Zxl| jZajZ[Zlu\Zlv jZaebggu_ mkljhckI\Z bdhjj_dy
"bgzZfbg_kdbo o0Zjzdl_jbklbd [ehdZ i_j ~Zqb fhsghkbbj_lg meklZ\e_g
fhr_ebjh\Zgby \ZjbzZglh\ dhjj_dpbb o0zZjzdl_jbklbd zZkdjdcghkbijb'
kzfhe 1z dhf[bgbjh\Zgguf mkljhckl\hf h[jZlghc k\yabgb IhdZa
[ukljh”r _ckl\by ijb\h~Z kbkl_ fu m[hjdb \uimkdZ rZkkb meypyhdB g.
dhgkljmdlb\guo iZjzf_Ijh\ _]1h mkljhcklI\

Dexqg_\u_ kel\Zjbcguc ]Jb”jZ\ebq_kdbc ijb\h” J[ehd i_j _"Zqtk
mkljhckI\Z dhjj_dpbb fzl_fzZlbq_kdb_ fh”_eb

ADJUSTABLE POWER TRANSFER UNIT OF A PASSENGER AIRCRAFT

Tselishchev V. A, Doctor of Technical Sciences
Kuderko D. A?, Candidate of Technical Sciences
Polyakov N. A?

'Ufa University of Science and Technologies
(Ufa)
?JSC "Technodinamika"
(Moscow)

Abstract. Emergency hydraulic systems contain power transfer units used for
retracting/releasing the landing gear of passenger aircraft. The development of various devices for
correcting static and dynamic characteristics of the power transfer unit is needed because of
complex nature of external influences on the operation of the hydraulic motors of the
retracting/releasing landing gear system in an emergency situation and the ambiguous
characteristics of two independent circuits of the aircraft hydraulic system connected by a power
transfer unit. Models and simulation results of options for correcting the characteristics of the
emergency landing gear release drive by a combined feedback device are presentedl A spee
increase of the retracting/releasing landing gear drive and the influence on the carpesiion
of the drive devices design parameters are shown.

Keywords: emergency hydraulic drive, power transfer unit, correction devices,
mathematical models.
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<\_"_gb_

;ehd i1_jJ ~Zgb fhsghklb FI beb 3RZHU PTUDQVIF
Ij_"gZagZq_g ey i_j_"Zqgb wg_jlbb hl h*rghfou]bZfAeebqg k
d "jm]Jhc \ Z\Zjbcghc kbImZpbb AZqZklmx wlZ Wwgj j]by
mijZ\e_gby m[hjdhc \uimkdhf rZkkb kzZfhe 1Z

Hkgh\Z 7~ey gZqZeZ jZ[hlu [ehdZ i_j_A~4b)fhddhkl
dhe_ [Zgby jZkoh”Z “b~dhklb \ ]Jb”jhkbkl_f_ ijhbkoh?”y
kbimZpbb AZimkd [ehdZ \ Z\Zjbcghc kbImZpbb hkmds Kkl
deZiZg \dexq_gby h[_ki_gb\Zy ijb_fe fu_ mkeh\by jz
]b~rjhkbkl _fu b "hklZlhqgu_ “ey “jm]hc

Lbih\hc [ehd i_j ~Zgb fhsghklb khklhGmethdim”fmo
ZdkbZeihghg \uo ]bAjhTfZrbg ]b~AjhfhlhjZ b  ]kIKhgkfy\a&zddh
gZkhkz jbkmghd lib jZ[hl_ ]1b"pZ\ ek | KBZ ¥ Wi \pPrbl \I

\jZs_gb_ ]b”jhfhlhj [ehdZ i_j_~Zqgb fhsghkdbhx dhghjju ~v
ijb\h~bl \h \jZs_gb_ jhlhj gZkhkZ GZ[Khgkm » K britehh&kriw kb k1 _
;. kha”zZ_ | ~Z\e_gb_ iblZgby ”~ey jZdhtu \UbmjhdXb]rZkkb
aZklz\ey |1 bo jzZ[hlZlv k[ kklihjoplkN¥x fhc ih~"Zq_c gZkhkZ

Bkihevah\Zgb_ \ ko fZo ;IF g _j_]mebjm_fuo h[t_fgLt
]b~rjhfhlhj ijb\h~ysbc \ " _ckl\b_ gZkhk yley Iky
wnn_dlb\guf j_ r _gb_f 7ey h[_ki_gq_gby klZ[bevguo
oZjzZdl _jbklbd b mklhcgb\uo "bgZfbg_kdbo b mijZ\eyxsbo

< > @ jZkkfhlj_gu ko _fgu_ j r_gby b hkh[_gghklb nm
[ehdh\i_j ~"Zgb fhsghklb lj_~"klZ\e_g ZgZeba kms_ Kk
k _]lh~rgyrgbc ~ _gv ijh[e_f b \hafh ghkl_c kh\_jr hg¥a\h\Z,
Z1lj_1Zlh\ <uy\le _gu \hafh gu_ gZijzZz\e _gby ~Zevd\cr_ ]h
i _j_"Zgb fhsghklb < qgZklghklb \u”_e _gu gZijZ\e ghy
NZ\e _gby kgb  _gbx ]JZahkh”™ _j Zgby "b~dhklb bkihevat
fhsghklb gZkhkZz mf_gvr_gbx aZahjh\ kgb™ _gbx rmfz
\g_"j_gbx bgl ee _dimZevghc khklZ\eyxs c HibkZgu
mklZgh\d_ j ]meylhjh\ fhsghklb bo jZaghh[jZagu_ ko
ijbgpbiu jZ[hlu 1j_"~klZ\e_gu oZjzdl_jbklbdb jhlmjenydhjh\
hkgh\ZgZ gZ ijbgpbi_ gm\kl\bl _evghklb d gZ]jmac
bkihevah\Zgby wlbo j_ ]meylhjh\ “~ey hilbfbaZphdgbjZ[hl
fhsghklb Z agzZqbl b ih\ur_gby Ilhgghklb mklhcqgb\hklb
]Jb~rjz\ebqg_ _kdhc kbkl_fu e _1ZI _evgh]lh ZiizjzlZz

Jbkmdhdehd i _j ~Zqgb fhsghklb \ ]bAjhkbkl f_ kZfhe
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JZa\blb_ dhgkljnddifohgh\hgguo b wdkiemZlZpb
oZjZdl _jbklbd [ehdh\ i _j ~Zgb fhsghklb kiZfjtke dib\g!l
1iZ "Zgkdh]lh gZagZg_gby k~_j'b\Z_Iky “bikmVu[hlZf
1ZjZf_ljh\ b hp_gd_ \azZbfh”~ _ckl\by ;FI bk jhdklgdim jzifb
kzfhe |1z \ zZ\Zjbcghf j_"bf_ jZ[hlu Kéa\*mygkid\hdgbl
jZ[hlu [ehdZ i_j_"~Zqgb fhsghklb g _h[ohitbfHA e wVdK]i qv
khhighr_gby | _ogbqg_kdbo o0zZjzdl_jbKhlgady iy kdhhbY hik I\ by
hkgh\guf jZ[hgbf j_ "bfzZf k mq_Ihf kemyglZa"gudk \dcrgbo

Kh\j _f gguc ih?”oh® d kha”Zgbx \ukhdhwiin_dlb'
mijZ\e_gby ihe_Ihf ]jZz ' ~Zgkdh]lh kzZfhé_ bz ihKkla”dce |
hkh[_ggh \ Z\Zjbcghf j_"bf_ kh\_jr_gghjZg_glmZoh” b
wdkiemZlZpbb kms_kl\mxsbo b \ jZajZ[kl&dfheghhdo Gbi
hij_ ~ e _gu Ilj _[h\Zgby d ~“bgzZfbq_kdbf ;6EZjZldiggbhklbdZf
mklhcqgb\hklb mijzZz\ey_ fhklb g_ ij_"kbd\e | gy hh phgkogyh \dz
jZ[h!l_ 1b”~jh™\b]Zl _e_c rZkkb bo kdhjhkdB njhfjkl¥Zzyby
khljezkh\Zgbx kbgojhgbazZpbb jZ[hlu ][h~A[hRXlglony _ed c
baf g gbx oZzZjzdl _jbklbd \ j_amevlZl_ qhagid g\lg\ rgdy |
\ha”_ckl\bc

P_ev bkke_"h\Zgby aZdexqZ_ |lky \ fhih_kojlyhdgbb
j_r_gby J[ehdzZ i_j_~Zqb fhsghklb k dhf[pgédyhhggfguf
oZjzZdl_jbklbd

AZ"Zq_c¢c bkke _~h\Zgby yl\ey |ky ZgZebghyZgmmevlZz
jZ[hlu [ehdZ i_j ~"Zqgb fhsghklb k j_]mgeglyxhjh¥eihx $ Z]\reky
hrgbf ba dhfihg_glh\ dhf[bgbjh\Zggh]lh j_]JmeylhjZ

Fhr _ebjh\zgb_ jzZ[hlu j_]meylhjh\ [ehdZ hkjb"Zqgb fhs

>ey nhjfbjh\Zgby lj _[h\Zgbc \aZbfh”™ _cklbhlyy h
h] _ki_qgq_gby jZ[hlu Z\Zjbcgh]h [ehdZ b_k %k&A§dfhigdtkk v/ x
ibehlZ guo we _dljhgguo kbkl_f Z\bhgbfdilm g&hk[HEpgm\et
\ha“mrgh]h km~gzZ ke_"m_|I| ijh*mfzlv BhijEkabdhd!| Hjz
j_]meylhjh\ ;FI k bgl_ee_dimZevghc kbkl kihihhemliZZ\e
mijZ\e _gb_f jZ[hlhkihkh[ghklvx j_ ]meyrhkjhX mfjhjfgb\uZkk
I ZkkZ bjkdbo kZzZfhe |h\ h[uqgh g_ ij_\uirZz”l ey Ilkyb
fZkkh]zZ[Zjblgufb b Zwjh"bgZfbg_ kdbfb okZZ#hdd |Bk]llhz
azZqZklmx fhsghklv ;IF 1j _~gZagZq_ggumnjdbeyh Kahigkidd
rZkkb g_ oZjzZdl_jbam_I|ky dZd wlhaolhZkllkBggkZfhaeezhd

g_ hljzz_ | "~ _ezZ fuc ih”oh” d ijh_dlbjmZidplk "zZi
0ZjzZdl_jbklbdzf ;IF ih” dhgdj_Igmx ]b~*jhEbkl _fm kZfhe
GZ jbkmgd_ ij_~klz\e _gu \hafh'gu_ j_r_yby b

i Imeylhjh\ kbkl_fu 2Zz\lhfZlbdb :FI gZijdeengmgub g.
kiZIbg_kdbo b "bgzZfbgq_kdbo 0Zjzdl jbklbd
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Jbkmghd ]meylhju kbkl_fu z\IhfZlbdb [ehdZ i _j_~Zqb

Dzd ijbgylh ijb kh\ _jr_gkl\h\Zgbb jZ[hlu ]b"j.
ljZgkfbkkbc \ hkgh\m hj]J]ZgbazZpbb hJ[jZlguo k\ya_ c
gZaul\Z _fZy ©qgm\kl\bl_evghklvaLS)h Dgljmed "~Z\e gby

Z\Zjbcghc kbkl_f_ k f jbkmghd ithalhey | hij_»~_
AN ckl\bl _evguo gZ]jmahd \ ebgbb mijZ\e _gby jZ[hlhc
m[hjdb \uimkdZ rZkkb :gZeh]lbqgh fh I Julv ihemq

ijhba\h”*ghc hl \ _ebqbgu gZjZklZgby ~Z\e _gby \ua\Z
kemgZcguo “bgZfbg_kdbo gZ]jmahd < dZg_kI\_ bgnhj
baf_g _gby izZjzZf_ljh\ ~Z\e _gby fh]jml J[ulv bkihevah\Z
"Zlgbdb ~Z\e _gby b ijhba\h”ghc ih ~Z\e _gbx Gh fh"
ljZ"bpbhggu_ b gZ”~ _"gu_ ]b~jhf_oZgbqg_kdb_ ~Zlgb
ijhba\h~ghc wlhc \ _ebqgbgu

BgnhjfZpbhgguc kb]JgZe ih ~Z\e gbx \ kbkl_ f_
m[hjdhc \uimkdhf rZkkb fh gh bkihevah\zZlv 7~ey h[_Kk
j_Imeylhjh\ 0ozZjzZdl_jgh]lh jZ[hqg_]h h[t_fZ gZkhkZ beb ]b"
[ehdhf i_j ~Zgb fhsghklb ij BglZ)jekxlj_Jmeylhju ~Z\e _
fhsghkldliS )] Jmebjh\Zgby Hkh[_gghklb bkihevah\Zgby |Z
gZ hkgh\zZgbb jZajz[hlhd Z\IhjZ [m~ml ij_"~klZ\e_gu gb  _

J Jmebjh\Zgb_ o0ZzZjzdl _jbklibdKphjEHGhihgZ h[ _ki_qg_gbl
jZ[hlu hl h~rghc ih”kbkl _fu \ khhiI\_Ikl\bb k ihlj_[ghkly
gZ]jmahd gZkhkhf \lhjhc ih”~kbkl_ fu ljb wlhf az Kk
oZjzZdl _jgh]lh jZ[hg_]h h[t_fZ ]b”jhfhlhjzZ f_gyxlky h[hjhlt
khhi\_1kI\_ggh Hakihlkiz \Ihjhc ih"kbkl_ fu

J Jmebjh\Zgb_ o0Zjzdl _jbklbd gZkhkZ hkgh\Zgh gZ h]
_]h ijhba\h”bl _evghklb ~Z\e _gby azZ kg_| baf_g gby o7
hit _fZ gZkhkzZ \ aZ\bkbfhklb hl ihlj_[ghkl_c Jb”jh*\b]ZI
ljb wihf p_e_khh[jZagh h[hjhlu ]Jb”AjhfhlhjZz ijb\h”ys_ ]h \
ih~”™ j"b\ZIv ihklhyggufb
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Hij_~ e _gguc bgl_j_k ij_"klZ\eyxl j_r_gpypx ]Jh_ b
A ckl\bl _evguo gZ]jmadZo gZ bkiheglZl ewgpudl]BlZiybdh
dhgljhey ~Z\e _gby beb ijhba\l\h®*ghc iheVyixkleggdbkafggijgb
j_"bfz jZ[hlu ]b”AjhfhlhjZ j_]mebjmyindrhdmZ gBfibgZy b~ dhi
d Jb~jhfhlhjm \ aZ\bkbfhklb hl ihlj_[gbkfucj ZZbagh\Zku
Z\lhjzfb \ izZl_glZo > @ GZ jbkmkad_fzighfYkbgVgh§Zggh
mkljhckI\Z h[jZIlguo klya_c j_]Jmebjmgbhfljinsperkdd i _j ~Z

ljbgpbi jZ[hlu j_]ImeylhjZ k h[jZlghc gbyaavXxdiex§¢Z\éky
ke "mxs_f ljib \dexq_gbb \ jZ[hlm ihlj_pdl eevgauo bl
]bAjh”™M\b]Zl e ¢ ~Z\e _gb_\ gZ]g |AdAk2vghcgeblgd/b gZ&bqg
NZ\e _gby hljz ZxszZy "~ _ckl\bl_evgu_ g[d]ljnregydb i gjAhadahl
ih~“kbkl _fu kgb Z Iky ijhihjpbhgZevgh\\ebhakguerZ\erigb:
mijZ\e _gby fgh]lhihabpbhgguf ~"jhkk_ebjmxXsikefl]e”jhjZk
hij _~ eyxs_]h ih"Zgm jZ[hqg_c "brdhkiblkl hfulldhjhlcjitnfkl hjm

G_kfhljy gZ jZ[hlm ]b~jhjzZkij_~ _eblihe ko k!l Wl fAphab _
"bArdhklb g_ kf_rb\zZxlky Ih\ur_gb_ [uklhHvZ ¢klkby]djdky a
kq | i_j_"~Zqb bgnhjfZpbb h 2~ _ckl\bgZvohphd\db]jadadyo ij
m[hjd_ \uimkd_ rzZkkb \ \b”_ Jb”jZ\ebghkkdWhfhKkb]gde:
]brjhjzkij_~ _ebl_ev b q_j_a ]Jb*jhfhlhpgh gEhlglAkhkd\ ~
dhfi_gkzZpbb baf_g_gby gZ]jmadb qlh_ jkhlodjZgsuio lijhjp fkkih
ijb jZz[hl_ [ehdZ i_j_ "Zqb3lfhsghklb >

Jbkmghdeh# i _j ~Zgb fhsghklb k dhf[bgbjh\Zgguf j_]m

G_"hklzldhf j_]meylhjZz k h[jZlghc k\yavx ih ~Z\e
g_mklhcgb\zZy jZ[hlZ [ehdZ i_j_"~Zqgb fhsghklb ijb jZ[hl
gZklhlZo qlh ijb\h”bl d g_dhgljhebjm *\fen glbyf [d [lydp xc
"brdhklb \ ]brjhkbkl_f_dzZd gZ \oh”_ \ 1b~jhfhlhj 1Zd b ¢
H[jZlgZy k\yav ih i_j_iZ"m ~Z\e_gby o0ZjZdl_jbamxszZy ~
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I _j_"Zqgb fhsghklb kh klhjhgu ]b~jh”\b]Zl_e _c¢c g4dhmadb
beb kemqZcgh]h oZjzZdl_jZ g_ iha\lhey | m~h\e_ I\hj
"bgzZfbg_kdbf ozjzdl_jbklbdzf WIh \ugm ~Z | bkiheva
dhjj_dlbjmxs_]h kb]JgZeZ ijhba\h~*gmx hl[8].j_iZ~Z "Z\e _gt
>ey mkljzg_gby wlh]h g_"hklzZldzZz \\_~_gh mkljhckl
h[jZlghc k\yab ih ijhba\h”ghc hl i_j_jiZzkdghd\e ghitilhjh
kh~ _j bl ]brjZ\ebqg_kdbc dhg”_dkiZhlejg _gguc \ \b"_
ih™ijm bg_ggh]h ihjrgy ih”"dexq_ggh]h d bkihelghl eggvguf
b qg_j_a kKhhi\_TklI\mxsbc "ihkk _ev d mijZ\eyxsl
"hihegbl_evgh]h ith~ijm " bg_ggh]h fghlhihabplgihgigh]h
]b~rjhjZkij ™ el kbdy *bgyxs_]h ebgbx iblZgby ]Jb”AjhfhlhjZ
mijZ\e _gby hkgh\gh]h fghl]hihabpbhggh]h Ahl
]b~rjhjZkij_~ el hdyki_qgb\Zy g _h[oh”bfu_ djmlysbc fhf_g
\jZs_gby ]b”jhfhlhjZ hkms_kl\eyxs_]h ijb\h”? gZkhkZ

JbkmghdlZkq IgZy ko _fZ ;IF k j_JmeylhjZfb ih *Z\e _gbx

NZ\e gby
>ey hp_gdb \ebygby ij _~eh”  _gguo Z\IhjZfb [8, 84Xl glzZ
jZajzZ[hlZzgu fzIl _fzZlbg_kdb_ fh~ _eb jbkmghd gZ h

g_jZajulghklb ihlhdz i_j_f_s_gby ih"\b ' guo qZkl_c we _f
b mjzZ\g_gbc jZkoh”Z q_j_a ]b”*jZ\ebqgkkdpbxX_ o ighZfim]|
wdki_jbf_glZevguo agZq_gbc dhwnnbpb_glh\ ]b”*jZ\ebq_
jZkoh”~h\ ]b”*jh~"bgZfbg_kdbo kbe

Kdhjhklv gzZjzklzgby ~Z\e_gby aZ gZkhkhf hij_"_ey
]brjh~\b]Zl_eyo b ]Jb”jZ\ebq_kdbf khijhlb\e_gb_f Ijn
IbAjhh[hjm~h\Zgb_f ml_qdZfb b i_j_| _gdzZfb \ kZfhf gZkh

dJ, E

- _(QG Q|g Q My QMgZ Q>j Q>)7
d Vv,

Kdhjhklv gZjzklzgby ~Z\e gby i_j_~ ]bAjhfhlhjhf hij_A
mkljhckl\Z h[jzlghc k\yab ih gz]jmad_ ml_qdzfb b i_
1b~Ajhfhihj_
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dJ_ E
- _(Q= Qlf QMfl QMfZ)'
dt \%

A~ kv \ khhI\_Ikl\bb k h[hagZqg_gbyfb[6h J_pbghe
nZ\e _gb_ gZkhkzZ hij_ " ey fh_"2lelfh+fPH\2]jmadhb _j »
]Jb~rjhfhlhjhf hij_~ ey fh_ jZ[hlhc mkljhckI\Z hPjZIghc
fhAmev mijm]lhklb ~bAdhkhit IfZ bAdhklb \ ihehklyo hl gZk
]Jb~rjh”~\b]Zl_e _c \f_kl_ k ijbkh_~bg_ggufb ¥ Mophi[h\h~Zfb
“brdhklb \ ihehklb ]Jb~jhfhlhjz \f_kl_ k ijbkh_~bg_ggufb
> Qg *ih"ZqZ gZRhk@r HfjZkoh” "b~rdhklb \ ]b Afhk@Lhy f
jZzkoh~ “bAdhklb d ]brjh"\bKkZQ.eyfjZKoh” “b~rdhklb q_j_
Nihkk _ev 3k f
Qg bQis £i_j_l_qdb jZ[hg_c “b~rdhklb \ gZkhk?® kb Q" phfhlhj
Qugt ml_qgdb jZ[hqg_c “b~Adhklb \ ]b”jhfhlhj_ b gZkhk_ ba
nZ\e_gby khhI\_Ikf\kg@d biQuy £ ml_gdb jZ[hg_c “b~dhkl
]Jb~rjhfhlhj_ b gZkhk_ba ebgbb gbadh]h ~zZ\% kgby khhl\ Il

JZkoh”u “bAdhklb \ gZkhk_ b ]b2~jhfhlhj_ azZibrmlky ki

V. "J V. _"J
QG 0 G G~Z’Q 0 = F~Z’

E

2S 2S

]"Vs bV.*0ZjZdl _jgu_ jZ[hgb_ h[t_fu gZkhkZ®th[b2jhfhlh
kdhjhklv \jZs_gby \ZeZ ]b*jhiZrbyg[_lajXaf_jgu_ iZjZf_lju
baf_g gby oZjzdl_jgh]lh jZ[hg_]h h[t_fZ ]b”jhfZrbg
MjZ\g_gb_ "\b" _gby jhlhjzZ Jb~jhfhlhjz \f_kl_ k ijb\_"_
\jZsZxsboky gZkl _c gZkhkzZ b kh [ttbgbl_evghc fmn
d*m 1

2

dt J J

1" Jw by £fhf_gl bg_jpbb jhlhjz Jb~jhfhlhjZ b jZa\b\.
fhf_gl bg_jpbb jhlhjZ gZkhkzZ khhRA Miim]gehihtiljhlz \Ze:
]brjhfhlhjz FZAfhf_gl jZa\b\Z _fuc ]b~jhfhlhjhf Fe+f jZ\_
fhf_glm gZ \ZemFg<&kfthKZgl hl kbe Ij_gby \ gZkhk_ G f

<hafmszZxsbf kb]JgZehf gZqzZez jZ[hlu mkljhckI\Z h
yley |Iky baf_g _gb_\ _ebgbgu gZ]jmadb gZ bkihegbl _ev
Wlih fh | [ulv \ualZgh \g_rgbfb b \gmlj_ggbfb \h
]Zah”"bgzZfbq_kdh]h beb ]b”jhf_ozZgbqg_kdh]h ozZjzdl_j
]Jbrjhpbebg”jzfb ijb \u”\b  _gbb m[hjd_ rZkkb kZfhe |
\_ebgbgu *"Z\& gegd) ijb\_* | d baf_g_gbx jZkoh”"Z q_j_ ¢

j b 3):
2
Q. P~F>,-1/—(p> I5),
U

J"F.;tiehsZ v ~jhkk, #yZ\e gb_ihke_ ~jhkk_ey
MjZ\g _gb_ [ZeZgkZ kbe gZ ahehlgbd_ fghlhihabpbhg
jbkmghd [_a mq_1Z _]h fZkku b kbe [j_gby

(M M

M LjG)l
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Ly "a KTO
AN _ky tiehszZ”v IThjp_\hc dzZf_ju &heddgbldldhklv ijm bgu b
oh” ahehlgbdZ
MjZ\g_gb _ jZkoh"Z "brdhklb g_j_a Nhkl
]brjhjzkij_~ el _ev

2
. P Q<&
Q. Q U(p. i)

]" <xrbjbgZ hdgZ ahebid@d& gb_i_j_ ~ ]b*jhfhlhjhf

J _Imeylhj ih ijhba\h~*ghc (ZelZgby ijb mqgZklbl
]Jbrjhdhg” _gkZlhjz [ZeZgk kbe gZ dhlhjhf _keb g_ nm
ihjrgy aZibr_Iky \ \b"_

Folo K.0O,,
1" o xi_j_iZ™ ~"Z\e_gbc gZ ihjrg_ ]Jb”jhEhdg"iedisZImyZ
]b~rjhdhg”_gkZlhjZz
MjZ\g_gb _ [ZeZgkZ kbe gZ ahehlgbd_ fgh]
JZKij_~ _eb8 ¢epkmghd [ a mqg_I|Z _]h fZkklbh pZ&bgklZj
jZkoh”~h\ \ ]brjhdhg”_gkZlhj_ aZibrmlky \ \b” _

d X,

j>j2 N:Az pK NZAz’QD Q>11 :Al dt

Jbkmghd amevliZlu fh™_ebjh\Zgby jZ[hlu [ehdZ i _j ~"Zqg
] _]Jmeylhjhf ih *"Z\e gbx
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J amevlZlu fh”_ebjh\zZgby ijb jZ[hl_ ;IF k j_]Imeylhjkt
ijb\_~ gu gZ jbkmdpb fh”_ebjh\Zgbb jZkkfhlj_g kemqZ
ahehlgbd j ImeylhjZ bagZqgZevgh ijbhldhulfgdkha§Zev gtb]h
ijb wlhf "b~rdhklv ba kbkl_fu ; ihiz~Z_1 \ ]b”jhfhlhj a
g ihegmx fhsghklv < k\hx hqg_j_"v aZimkdZ |ky gZkhk
Zdlb\bjh\Zlv kjZam I|jb ]b”*jhpbebg”jZ \uimkdZ rZkkb b
hidjulby j_JmeylhjZz ~h ijb_fe_fhc jZ[hlu [ehdZ i_j_"Zqb
\hagbdgh\ _gbb kemqZcghc Ijhlb\h” ckl\mxs ¢ AMb®
]b~rjhpbebg”jZ gZ]ljmad_ \ kbkl_f_ ih\urZ _Iky ~Z\e_gb_
"Z\e gbx q_j_a “jhkk_ev q,jbRnmghldk_emijZ\ey | iheh _
ahehlgbdZz ] _]meylhjZz sz [hevr_ hldjul\Zy ahehlgbd i
ijm bgu j _]ImeylhjZ 1jb wihf ijm bgZ kha”~Zzl mkbeb_ dt
itheghklvx hldjulv j_]Jmeylhj lhr"ZgZ jZ[hg_c "b~dhklb
m\_ebqgb\Z_Iky m\_ebqb\Zxlky h[hjhlu ]b”jhfhlhjZ b khh
mf_gvrZy \j_fy i_j_oh”gh]h ijhp_kkZ i_j f_s _gby ]b”jh~"
ijb m[hjd_ \uimkd_ \ Z\Zjbcghc kbImZpbb

AZdexq_gb_

lj_~klZ\e _gh hibKégbHzZz i _j ~Zgb fhsghklb dZd h
] _]mebjh\Zgby k \hafh gufb nmgdpbyfb j ]Jmeylhjh\
JZajZ[h|AG@Z fZlbgZkith” _ey_]meylhdBf[bgbjh\Zgghc, ko_fu
hljz Zxsd\webygb \g rgbo \ha”_ckl\bc gZ bkihegbl _evgu _
m[hjdb \uimkdZ rZkkb J_amevlZlu fh”_ebjh\Zgby ihdZal
\ebygby ij_~eh” _gghc ko _fu j _]meylhjZz gZ "~bgZfbqg_ Kk
Z\Zjbcghc kbImZpbb KharZgbb ghjjth\ghuo | _ogheh
fhr _ebjh\Zgby iha\hebl agZqgbl_evgh ih\ukblv wnn_dlb
Z\bZpbhgguo ]brjhfZrbg b \ gZklghklb [ehdZ i _j ~"Zqgb f
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5 1zl _gl <« & Jhkkbckdzy N_"_jZpby FID % &
:\Zjbcguc ijb\h” \uimkdZ rZkkb k ~hihegbl_evghc h[jZlghc k\yawv>
azZy\e him[e > : Dm”_jdh G : Ilheydh\ =
P _ebs _\ azZy\bl _ev n_" _jZevgh_ ]Jhkm~ZjklI\_ggh_ [x~" _lIgh_ h[jZe
\ukr_]h h[jZah\Zgby Mnbfkdbc mgb\_jkbl_| gZDNKEFERNOT.ogheh]bc .

6. K_f gh\ K Wyg _ jlhwnn_dlb\ghklv we _dljh]b”jZ\ebg_kdh]h
"bgzZfbqg_kdhf j_"bf_ K ? K_f gh\ 1 < S j[Zg_ \ H B LZjz

ijh[e_fu gZmdb b h[jZah\Zgby EDN TGQEQN. £

M>D

IJIBF?G?GB? BKDMKKL<?GGH=H BGL?EE?DL: <
=B>J:<EBQ?KDHC KBKL?F? K:FHE-7&: BE

Xkmih\ J J
AZfZe~bgh\ > J

<MGP <<K ©<\thadgirgZy ZdZ” fby bf ijh@nk&hj2dB]rR b

X : =Z]Zjbgz®
] <hjhg_-
:gghlZpby ihke _~gb_ g _kdhevdh e | fbj ij_I_ji_\Z _ | ihklhyggu _

baf_g_gby g_jZajulgh k\yazZgu k bah[j_|_gb_f b \g_7] ogthefhblga hjfz
ih\k_~g _\gmx "bagv h[s_kI\Z G _cjhk_Ib b bkdmkklI\ _gguc bgl_ee_
ijhju\ \ jZa\blbb gZmdb b |I_ogbdb Bo bkihevah\Zgbo iNhZ\b&lplbhg
k" eZlv ihe _lu [_ahiZzkg__ gZ™_"g__ b wnn_dlb\g__hewalh\gdgbg k
BB \ ]brjhkbkl_f_ kZfhe 1Z [m”~_| kihkh[kI\h\ZIv mf_gvghgbxbyheb:
jZaebgguo g _bkijz\ghkl _c¢c bo ij_"hl\jZs _gbx beb ebd\b”*Zpbb

Dexq_\u_ kemEdImkkI\_gguc bgl_ee_dl ]b”jZ\ebqg_kdZy kbk
Z\IhfZlbaZpby

APPLICATION OF ARTIFICIAL INTELLIGENCE IN THE HYDRAULIC
SYSTEM OF IL-76 AIRCRAFT

Yusupov R. R.
Zamaldinov D. R.

OLOLWDU\ 7UDLQLQJ DQG 5HVHDUFK &SHFQ@WHB\RJIWHK!
SURIHVVRU 1 ( =KXNRYVN\ DQG < $ *DJDLI
(Voronezh)

Abstract. In the last few years, the world has been undergoing constant changes. These
changes are inextricably linked with the invention and introduction of information technologies into
the daily life of society. Neural networks and artificial intelligence represent a breakthrough in the
development of science and technology. Their use in aviation systems will make flights safer, more
reliable and more economically efficient. The use of Al in the hydraulic system afchegftawill
help to reduce the number of occurrence of various malfunctions, their prevention or elimination.

Keywords: artificial intelligence, hydraulic system, aviation, automation.
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P_ev "Zggh]h bkke_ "h\Zgby ihdZaZlv qlh bkihevah\
bgl ee dlZz BB \ Z\bZpbhgguo kbkl fZo ihkihkh[KkI\
[ ahiZzkghklb b gZz”~_"ghklb ihe_1lh\

< kh\j_ f gghf fbgdoclegguc Ilegeédl BB abd &ea
ijbfeg _gb_ad]J]bq_kdb \h \k_o kn_jZo “"bagb h[s_klI\Z
[hevrhc ihl_gpbZe hg bf__| b :dInZXe¥gbhklv \g_ ") _gby
bkihevah\Zgby bkdmkklI\ _ggh]hdebagl kge \dlI¥Xhaggbdgh\ _gb
g_h[oh”bfhklb kgb  _gby \ha”_ckl\by qgq_eh\_q_kdh]h nz
mijZ\e _gby ijb ih”""_j Zgbb khojZgghklb b gZ~_ “dhklb \
oh”_  wdkiemZlZpbb b h[t_dlh\ Djhf_ Ih]h hg iha
wdhghfbg_kdmx wnn_dlb\ghklv Z\bZdaejbad&Zphd \xedy gb
g_cjhk_Ib \ wdkiemzZlZpbx fh gh bkihevah\ZIlv dgd_ ]jZp
dhfihg_glh\ 1Zdbo dzZd baf_jbl _evgu_ mkljhckl\Z mklZg
\ugbkebl_evgZy | _ogbdZz P_evx b blh]lhf wlih]h [m®d_I| kh:
©jZamfguo? kbkl _f

HAgbf ba dexqg \uo ijbf_g gbc BB \ Z\bZpbb y\ey Ik
ijhp_kkh\ mijzZ\e_gby ihe_|hf Kbkl_fu BB fh]lml ZgZeba
ith]h"guo mkeh\byo I|jZnbd_ \ha”“mrgh]h ijhkljZgkI\Z 1_o
kzZfhe_Ih\ b ~jm]bo nZdlhjZzo qlh[u ij_~kdZau\Zlv \ha
hilbfbabjh\zZlv fZjrimlu ihe iha\h¥®yjhl kgbablv jbkdb 2zZ\
khdjZIlblv \j _fy ihe_ |1Z b kgbablv azZljZlu gZ lhieb\h >jm]l
yley |Iky Z\IhfzZlbazZpby ijhp_kkh\ h[kem b\Zgby KkZfhe
h[mqgq _gby ibehlh\ ZgZeba “Zgguo h ih\_~ ghbdblim&plyo\
b ij "eh” _gby j dhf _g”~Zpbc ih memqgr_gbx gZ\udh\gbhijbg
tha\hebl ih\ukblv wnn_ _dlb\ghklv h[mqg _gby b kgbablv jbl
ih\ukblv wnn_dlIb\ghklv Z\bZi_j \hahd b mf_gvrblv
dhgljhebjmxsb_ hj]Zgu

BkdmkkI\ _gguc bgl _ee dlI BB bf | [hevrhc ih
ijbfeg _gby \ ]b”jZ\ebg_kdhc kbkl _f kZfhe 1Z 1zZd dzZd fh
\ m\_ebqg _gbb [_ahiZkghklb ihe Ih\ ih\ur_gbb wnn _dlb\c
jZ[hlu Jb”jhkbkl _fu Z 1zd _ khdjZs_gbb azljzl g:
h[kem b\Zgb _

=b"jZ\ebq_kdZy kbkl_fZ \ha”e'rgdgdgkmeygmijZ\le gby
f oZgbafzfb b kbkl _fzfb hi\_gZxsbfb azZz [_ahiZkghl
kh\j f gguo e 1Zl _evguo ZiiZjzZlZo ]b”jZ\ebq_kdZy kbkl
agZq_gb_ azZf_qZ_lky h[rbjgh_ ijbf_g_gb_ ]b”jhijb
ih\_joghkl _c >he]lh\_gghklv mklhcgb\hklv b gZ”~_ "gh
h[_ki_qgb\zZxl [ _amij_qghklv dhgkljmdpbb Z]j_]ZIh\ fgh™
\ dZqg_kI\_ ]b~jhijb\h~Z bklhggbdzZz wg_jlJbb Z\IhfZlba
dhgljhev jZ[hlu wdbizZ Z

HArgbf ba 1ihl _gpbZeh\ bkihevah\Zgby BB y\ey I}
aedpjblb\ @rbggb]l]h[mq_gby ”"ey hilbfbazZzpbb jZ[hlu ]b"jZ
gZkhkh\ b dezizgh\ GZijbf_j BB fh _| ZgZebabjh\ZIlv
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]b~rjhkbkl_fu b hij_~_eylv hilbfZzevgu_ izZjzZf_lju jZ[hl
deZiZzgh\ “ey “hklb" _gby fZdkbfZevghc wnn_dlb\ghklb b
gZwg_jlbx qglh iha\hebl wdhghfblv j_kmjku beb kgbabl
ithal\heyy ijhp_kkzZf hilbfbaZpbb aZzZijzZ\eylv "ey 1ihe_ |Z
"brdhklb b Ihieb\Z b |I_f kzZfuf m\_ebgblv ihdZazZl_ev fZg
lhlh BB fh | bkihevah\zZlvky 7~ey fhgblhjbg]Z khklhyg
hij ~ e gby ihdZaZl e ¢ \uoh”ysbo azZ ij_~ eu ghjfzll
ij_"hI\jZs _gby \hafh guo Z\Zjbcguo kblmZpbc Bkdmkkl

fh™ | ZgZebabjh\zZIlv "Zggu_ h ~Z\e gbb dhdl{heghdimy i
baf_j _gby ~Z\e_gby b I_fi_jzZImj_ \ kbkl_f_Z 1Zd _ h
dezZizgh\ b hij_"~ eylv \hafh ' gu_ ijh[e_fu beb g_bkijZz
fhlml ijb\_klb d Z\Zjbb gZijbf_j fh _1 ijhkdzZgbjh\dlv *Z

mdZazZlv qlh kgb  _gb_ 7~Z\e gby \ kbkiZfg ihigkaphklb
gZkhkzZ beb dezizgzZ b \u\_klIb jy”® bgkljmdpbc iha\h
ijh[e_fm

>ey lo&f Ih\ ij_"gZagZqg_gguo gZ [hevrmx gZ]jmad
ijbf _g_gb_ ]1b”"jZ\ebg_é&fdbdd&bkixsbo g_kdhevdh kbgoj
ihA"kbkl f ]b”jhiblZgby GZijbf_|j ]b~rjhkbkl _#26 KkZft
ih~jZza™_ey |ky gZ ]b”rjhkbkl_fu « b « =b~jhkbkl_fzZ «
m[hjdm b \uimkd i_j _“gbo ]JeZ\guo gh] rZkkb Z\Zjbcg
]Jez\guo gh] rZzkkb b ZzZ\Zjbcgh_ azZdjulb_ bo klI\hjhd
i _j_"~gbo ]JezZ\guo gh] rZkkb ih\hjhl dhe_ k ghikjdicbgh]l
\uimkd ij_~djuedh\ b aZdjuedh\ mijZ\e _gb_ \g _rgbfb
\g_rgbfb Ihjfhagufb sbldzfb mijZ\e _gb_  jzZfihc ]_jft
kiI\hjdZfb ]jmah\h]h exdZ hldjulb_ b aZdjulb_ \oh”guo “
o\hklh\hc hihjhc hkgh\gh_ mijzZ\e _gb_ Z\Zjbcguf ex
Z\Zjbcgh_ hldjulb_ zZ\Zjbcghc ~\_jb dhjfh\hc dZ[bg
kl dehhgbklbl _eyfb DD mijZ\e_gb_ klI\hjdZfb nhlhexdz >

=b"Njhkbkl_fZ « hl_ki_qgb\Z | m[hjdm b \uimkd ghkh
m[hjdm b \uimkd azZ”~gbo ]JezZ\guo gh] rZkkb Z\Zjbcgu
lez\guo gh] rZkkb b zZ\Zjbcgh_ aZdjulb_ bo kl\hjflgdolhjfh
]Jez\guo gh] rZkkb ih\hjhl dhe_k ghkh\hc gh]b rZkkb
ij_"djuedh\ b azZdjuedh\ mijZ\e_gb_ jZfihc hjdinflol\hjd
]Jjmah\h]h exdZ hldjulb_ b aZdjulb_ \oh”guo "& jglt Z\.
Z\Zjbcguf exdhf wdbiZz Z b hkgh\gh_ mijZ\e_gb_ "\ _jvx
mijZ\e_gb_ kl_dehhqgbklbl_eyfb mijZ\e_gb_ \gmlj_gghb
lhjfhagufb sbldZfb

GZ kzZfhe {7 Bé&iheal&kmn JApbg_kdZy kbkl _fZ k gZk
i _j_f gghc ijhba\h”bl_evghklb \ dhlhjhc ~Z\e _gbb kha”
jhlhjghemg™ _jgufb gZkhkZfb < gbo gm\kl\bl _evguc
Z\IhfZlbqg_kdh]h gzZkhkz j_Z]lbjm_I| gZ baf_g_gb_ ~2Z\
ijhba\h~"bl_evghklv gzZkhkz ~\b " _gb_ iemg _jh\ iheh
rZclu
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‘\lhfZlbabjh\Zggh_ mijZ\e _gb_ \ hkgh\ghf aZdexqg
gZkhkZ b ij_djZs _gbb _]h jZ[hlu \ aZ\bkbfhklb hl mklzZgt
"brdhklb \ "Zgguc fijb_gbglx _gbb "Z\e _gby gZkhk gZqbgZz
gZ ih*"Zgm b hklZgzZ\eb\Z |ky ijb ih\ur_gbb *"Z\e glZy beb
"brdhklb  G_ihkj_~kI\_ggh wlh Z\lhfZlbabjh\Zggh_ mij.
hkms_kl\eylv bkdmkkI\ _gguc bgl _ee dl h[_ki_qgb\zZ
ijhba\h”bl_evghklvx gZkhkz jzZ[hlhc iemg _jh\ deziz
rZclu

Djhf _ Ihjh BB nbdkbjmy baf g gby gZ ~ZlgbdZo
ijb[hjZo fh _| hlke_"b\zZlv IZzd _ ozZjzdl_jbklbdb b k\hckl
BaaZ aZ]jyag_gby jZ[hgq_c kj_~u \ j_amevliZl_ \uoh”Z n
khklhygby jZkij_~ _ebl_evgh_ mkljhckl\h fh™ _| i Zlvk\ZIlv |
gm ghf j_"bf_\ke_ _~klI\b_ q_]h ijhbahc”zl hldZa ]b"jZ\eb
NZgghc kbImzZpbb \g_"j _ggZy g _cjhk_Iv iha\hebl aZj
ih~Ah[guc fhf_gl b ih~Zlv ij_~mij_"~ _gb_ beb*bkbkjBe h
ijh\_jdb beb j fhglZ nbevljh\ WIlh iha\hebl hlvjglb\gh
ijh[e_fu b ij_~hlI\]ZsZlv \hafh ' gu_ Z\Zjbb

LZzd"_ BB fh _| bkihevah\zZIvky ”"ey ijh]Jghabjh\Zgby
j_fhgl_ b I _ogbg_kdhf h[kem b\Zgbb Jb”rjhkbkl_fdZI@Zijbf
NZggu_ h ~Z1_ mklZgh\db b ijh\_jdb h[hjm~h\Z\eby gk o hftl
baf_jbl_evguo ijb[hjh\ dhgljhebjh\ZIv baghk Iljmsboky
gbklhlm fzZkezZ \ kfZahqghc kbkl_f_ ijh\_jylv \kZku\Zx
gZkhkz klZlbklbdm jZ[hlu ]Jb”jhkbkl _fu b hij™bfhylv
ijh\_klb | _ogbqgq_kdh_h[kem b\Zgb_beb azZf _gblv hlI* _evc

Himg_gb_ g _cjhk_Ib \ ~Zgghf kemqgZ_ “"ey fhghblh
]brjz\ebq_kdhc kbkl_fu bf__| kfuke ijh\h?*blv gZ gZ&dhev
gh\hl]h kzZfhe |1Z eb[h g_ihkj_"~klI\_ggh hlj_ fkdhlepMdZggtl
ihke ~gbo ihe IZo qglh[fu aZnbdkbjh\Zlv baf_ g gby \
bkijz\ghc ]b”"jhkbkl _fu beb gm ~Zxs cky \ | _ogbq_kdh
LZzdbf h[jZzahf _keb ”"ey ih”]hlh\db bkdmkklI\_ggh]h
"hklZlhgqgh h[mgZxs_]h fZl _jbZeZ hg kfh | k \ukhdhc ki
hij ~ eylv \hagbdzZxsb_ g _bkijZz\ghklb \ kbkl _f b khh[s
wdbiZ m kzZfhe |1Z \ j_"bf_j Zevgh]h \J_f gb > @ Djhf_
bf xsboky ~Zgguo fh 'gh gZmgblv g_cjhk_Iv hij_" _ey
\aZbfhk\yab f_ ""m jZaebqgufb baf gy fufb e _Ilgufb i
\hafh guf ihyle_gb_f hij_~_e _gguo ~_n_dIlh\ Bej@[dlbkijz
g_ lhevdh ]b”*jhkbkl _fu gh b Ak_oKkhk\_IfkiIBeggh gZ hkg

ij_"u”“msbo agZgbc g _cjhk_Iv kfh | ijh]lghabjh\zZIv | _g*
ijhba\h”~"bl_evghklb b jZ[hlZIv gZ hi_j_ "~ _gb_ <hagiZ _gb.
gh\u_ | _ogheh]bb iha\hebl kgbablv jZkoh”u gZdboglhqg |

m\_ebgblv \ p_ehf gz~ _“ghklv |bAjhkbkl_fu
lib g_ijZ\bevghc gZkljhcd_ beb jZ[hl_ ]b”~jZ\ebq_kdh
\hagbdZlv ijh[e_fu dhlhju_ bkdmkkI\_gguc bgl_ed& dlI it
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\uy\eylv b DbkijzZ\eylv KZfufb jZkijhkljZg_ggufb b gz
\hagbdZxsbfb ijbgbgZfb ih\ur_ggh]h ~Z\e _gby y\leyxlky
gZkljhcdZ ij_"hojZgbl _evguo deZiZgh\ hklZgh\dZ ih
ljm[hijh\h”_ i _j_]j_\ kbkl _fu aZzZdjulh_ iheh  _gbgZi_j_ir
ljb  wlhf \ukhdh_ ihklhyggh_ ~Z\e_gb_ J[u\Z_I| gy h[oh?”
fZgz\j _ggh]h 1ihe_ |Z qZs_ \k_]h azZgbfzZxs_]h ijbf_jgh
\j_f _gb ihe_1Z kzfhe_IZ 1Ijb ihklhygghf ih*™ _j"Zgbb \ukt
]b~jz\ebqg_kdhc kbkl _f_ kZfhe 1Z \' | _q_gb_ \k_]h ihe_I.
fhsghklb kgb Z Iky dhwnnbpb_ gl ihe_agh]h ~ ckl\by b
| fi_jZIlmjZ kbkl fu < p_eyo ba[_ "Zgby ih"h[guo

]b~rjZ\ebqg_kdb_  gZkhku \ gZklhys_ _ \j fy hkgZsZxlk
dezizZghf jza]_jf _IbazZpbb dhlhjuc ihal\hey | kgbablv hJ[
ij_"hI\jZlblv ihl_jx fhsghklb b ih\ur_gb_ | _fi_jZImju

< i_j_q_gv gZb[he_ _ jZkijhkljZg_gguo ijbgbggbwygb _
\oh”yl g _bkijz\ghklv ]brjhgZkhkZ beb deZiZgZ hlkmlklI\L
Ij_~"hojZgbl _evguo deZiZgh\ HAgbf ba ihke_ ~kl\bc gb
kbkl f gZaulZxl dzZ\blZpbx gzZkhkZzZ ijb dhlhjhc ijhbko
imaujvdh\ izZzjz \ "b~rdhklbzbé& ~e pokihmie gby \ gZkhk
f e _gghf \uoh”_ h[jZlgh ba g _]h Imaujb \hamoZ koeh
| ieh b khafg@kl kI\ _ggu_ ]b”jzZz\ebg_kdb_ m~Zju \ukhd
dhlhjuijb\h~yl d ihyle _gbx gZ kl_gdZo Ijm[hijh\h~"Z fbc
kemqZ_ \hagbdgh\ _gby dZ\blZpbb bkdmkklI\ _gguc bgl.

\u\_klb j_dhf_g”*Zpbb b hkgh\gu_ kihkh[u __ mkljZg_gby
"Zgghlh y\e _gby fh™ | jZzkkgblZlv beb i_j ijh\Zfjblljw gZq.
mklZgh\db gZijbf_|j ihfhqgv ijb jZkqg_|_ \ukhlu mkl.
hilghkbl _evgh ih\_joghklb i_j dZqgb\Z_fh©lj hrmdHkl]h

dZ\blZpbhggh]h aZzZizkz2 b gZkljhcdb ]Jb”jhkbkl_fu k.
hlke_ "b\Zlv ihdZazZl_eb ~"Z\e _gby ey [_ahizZkghc jZ[hlu
< dZqg_kI\_ ijbf_jh\ bkihevah\Zgby bkdmkkl\ _ggh]l
]Jbrjhkbkl f kzZfhe fB Bl \aylv gZb[he__ \hafh gu_ g_bk
b ihdZazZlv dzdbf h[jZzahf hg kfh | \ebylv gZ bo ebd\b"Z
<hafh gu_ g_bkijz\ghklb Jb*jhkbkl_ fu
GZjmr_gb_ ] _ jf_Ibgghklb kbkl_ f « b <« g_jZ[hl
]brjhgZkhkaZz bhamlj _gg ¢ \g_ rg_c¢c g_]_jf_Ibgghklb \ke _

r kIl _j_ g \Mlmehd ihjrg_c b | i IjbagZ_deb |Zdhc ky bkijz
ithkl _i_ggh_ mf_gvr_gb_ dhebqg_klI\Z\ fZkéZo :Fmf_gvr_gk
\ _ ebgbgu ~Z\e gby gb"_ g_f ~himklbfuc mjh\_gv \u|

N gZ Z gZkhkZz

> ckl\by dhlhju_ kfh I hkms_kl\blv bkdmkkI\_gguc
kZfhklhyl _evgh]lh ~_ \uyle _gby g_bkijZ\ghklb \ j amevlZ
ithemqg_gguo hl jZaebgqguo *"Zlgbdh\ gZ [hjIm

< _keb h[klhyl_evklI\Z ihe_1Z jzaj_rzxl 1h fZrbgZe
rZkkb f _oZgbazZpbx mihlj [eyy bf _xsbcky j_a_ j\ "b~rdhkl

212



< khh[sblv wdbiZz m dhjz[ey ih \hijhkm b h[_ki_qb
|Zdbf h[jZzahf hkms_klI\blv ijba_fe _gb_gZ [eb Zcrbc Zw

Gh gZb[he _ N ckl\_gghc yley I|ky ijh\_jdZz
\b” _hfhgblhjbg] baf_g_gby jZ[hg_]h *Z\e_gbyhkigZ\kI|tibgb _
dhlhju_ fh™ I k\h_\j_f ggh hkms_klI\blv bkdmkklI\ _gguc

ijh\_jd_ _]Jh ~ _ckl\bc g_ihkj_"kI\_ggh ki_pbZebklhf
Hlj g gb_ ]b”jZ\ebqg_kdbo kbkl _f « b beb « i
yley |ky ]JhjysZy gZ IZ[eh gZ~ibkv ©FbgbfZevguc mjh\_
© 2 a_e_gu_ eZfiu ijbkmlkl\by ~Z\e_gby \ ]b*jZ\pdq_kdb
h[kem b\Z fu_ ]b”jhkbkl _fhc kbkl fu kZfhe |Z g_nmgdp
h[jZahf
<hafh'gu_ "~ _ckl\by BB hkgh\Zggu_ gZ bgnhjfZpbb i
fZrbggh]h h[mqg_gby g _cjhk _Ib
< \ aZ\bkbfhklb hl ij_"~hklZ\e _gghc ©@\lthjgHbdt =
\uiheg_gb_ az”~Zgby eb[h m\_~hfblv ibehlh\ b wdbizZz  kZf
< \uihegblv ihkz*"dm gZ nxa_ey "Zlv bgkljmdpbb b
ih \uiheg_gbx ~Zggh]h ~_ckl\by ijb mkeh\bb _keb rzZkkk
fh™ | Julv \uims_gh \ke_ _"kI\b_ ~Zgghc ijh[e_fu
< _keb rZkkb b f_oZgbaZpby \uims_gu Ih \uiheghb!
bf xsboky mkeh\byo
HidZa ]Jb”*jhkbkl_fu « ljbagZdb g_ m[bjZxlky
| j_~gb_ JeZ\gu_ gh]b rZkkb g_ nmgdpbhgbjm_ | e _ \uc
mijZ\e_gb_ klI\hjdZfb nhlhexdZ g _\hafh ghklv h[ekik gblv
i _j_"gbo JeZ\guo gh] rZkkb ih\hjhl dhe_k ghkh\hc
h[_ki_qgb\Z _|lky m[hjdZ beb \uimkd ij_~djuedh\ b aZdjuedtl
> ckl\by hkms_ kl\ey fu_ bkdmkklI\_gguf bgl _ee_d
hkgh\ghc \uimkd rZkkb Z aZzZl f Z\Zjbcguc
HidZa ]b”*jhkbkl_fu <« G _dhlhjufb ijbagzd:
g_bkijz\ghklb kgblzxlky g _\hafh ghklv \uimkdghlbbbm[h
aZ"gbo JeZ\guo gh] g_ nmgdpbhgbjm_| mijZ\e _gbb \gml
lhjfhagufb sbldzfb ijZ\uc kl_dehhqgbklbl _ev > ckl\by ij
hkgh\ghc \uimkd rZkkb aZl f Z\Zjbcguc
ljb wlhf ijb \uy\e _gbb I1Zdbo g_bkijZz\ghkl_ ¢ bkdmkklI\
fh™ | \urz\zZIlv ij_"mij_"~ _gby qlh ijb hldZa_ h”ghc ba
\uimkd m[hjdm f_oZgbazZpbb hldjulb_ azZdjulb h]J]Roh”g
exdZ I|j_[m_Iky [hevr_]h \j_f gb Z wnn_dlb\ghklv Ihjf
Ilhjfhaguo sbldh\ kgbjifebkyb!| evgh \ [ZaZ
5 Rmf b \b[jZpby \ ]b”jZ\ebg_kdhc kbkl_f_ fh]lml [u
fZehc ijhimkdghc kihkh[ghklb nbevljZz beb _]JHh aZkh
khijhlb\e _gby \ Ijm[hijh\h”_ j _adh]h bafh gkglgygbpho
ljm[hijh\h”~h\ ih~f_rb\Zgby \ha”moZ \h \kZku\Zksjuo |jm[.
Aim]lbo g_bkijZ\ghkl_c¢ Ijb h[gZjm  _gbb \ _jhylguoyijbgb
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ihAh[gh]h y\e_gby g_cjhk_Iv fh]leZ \uihegblv g_dhlh
N ckl\by

< Z\IhfZlbg_kdb m\_ebgblv ijhoh*gh_ k_qgq_gb_ Ijm][

< \u\_kIb ij_"*mij_"~ _gb_ ey wdbiZz Z h g _h[oh”bf
nbevljh\ beb bo ijh\_jdb \uijZ\e_gby ijhomdguph\*tp\gb
beb bo azZdj_ie_gb_ ijh\_jdb A _finbjmxsbobdbglZehkidigh'
kZimgZ ijh\_jdb gZkhkZz

M\ _ebq_ggu_ ihl_jb ~Z\e_gby \ Ijm[hijh\h~dp beb

g_ihklhygguc beb iehohc hI\h~ | _iehlu hl [ZdEhkhtkkygpggh
gZkhkZ beb _]1h jZ[hlZ \' | _g_gb_ iZma kebrdlef gbhvbb
ih"Zq_ gZkhkZzZ ijb\h~yl d ih\ur_gbx gzZ]j_\zZ fZkeZ \ kbkl_

<u\h™ijbf_g gb_ BB \ Z\bZpbb bf__|I [hevrhc ihl_
memqgr_gby [_ahiZkghklb wnn_dlb\ghklb b wdhghfbqg_
Z\bZi_j_\hahd H~”gZdh djhf_ Ih]Jh qglh ~ey \g_%jkgby g
[hevrb _ fhsghklb h[hjm~h\Zgby g _h[oh”bfh 1Zd _ m«
k\yvaZggu_ k bkihevah\Zgb _f BB |Zdb_ dzd \hafh ghklv h
m]jhau db[_j[_ahiZkghklb Ihwlhfm j_Zebah\u\ZIlv ijbf_g
Z\bZpbb g_h[oh”bfh k mq_Ilhf \k_o \hafh 'guo jbkdh\ I
khhi\_Ikl\mxsbo f_j [_ahiZzkghklb b dhgljhey
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Bjdmlkdbc nbebZe F=LM =;
] Bjdmlkd

:gghlZpbyw klZlv_ jzZkkfzZljb\Z _Iky | _ogheh]by ijbf_g_gby i
ijh~mdwMathCad *ey fh”_ebjh\Zgby “bgZfbdb kzZfhe_ |Z ijb bkke_"h\
ijh~hevgh]lh b [hdh\h]h ~\b ' _gby ih “bkpbiebg_ K:MI <ul[hj fzZI_f
hit _dlZ hl\_gZxs_c¢c bamgzZ_fhfm ijhp_kkm mijzZ\e _gby vy\ey Iky
j_amevlZlh\ bkke_ _~h\Zgbc [ebadbo d |_hj Ibg_kdbf ihehu gbyf
Z\IhfZlbg_kdh]h mijzZz\e_gby ihe_|hf JZaghh[jZab_ fzZl_fZlkbqg_kdb
j_Imeylhjh\ iha\hey | \uihegylv bkke_"h\Zgby ~“\b"_gby gZ \k_o w
\dexqgqzZy \ae_ | [|jZz_dlhjgh_ “\b" _gb_  kgb  _gb_ b ihkzZ"dm jZkk
"bkpbiebgZo

Dexqg_\u_ kelihZz2 _ebjh\Zgb_ bkke_ _~h\Zgb_ mijzZ\e_gby ihe Il
MathCad aZdhgu mijZ\e_gby

EXPERIENCE OF MODELING AIRCRAFT DYNAMICS IN MATHCAD IN
THE STUDY OF CONTROL LOOPS IN THE DISCIPLINE OF AUTOMATIC
FLIGHT CONTROL SYSTEMS

Dil V. F.

Moscow State Technical University of Civil Aviation, Irkuts&righ
(Irkutsk)

Abstract. The article deals with the technology of using MathCad software for modeling
aircraft dynamics in the study of longitudinal and lateral motion loops in the discipline of automatic
flight control systems. The choice of a mathematical model of the object corresponding to the
control process under study is the basis for obtaining research results close to the theoretical
provisions of the discipline of automatic flight control system. The variety of mathematical models
of aircraft and controllers allows performing motion studies at all stages of aircraft flight, including
takeoff, trajectory motion, descent and landing, considered in other disciplines.

Keywords: modeling, flight control research, MathCad program, control laws.
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<\_"_gb_

FzZl_fZlbg_kdh_ fh~_ebjh\Zgb_ "bgZfbqg_kdbo ijhp_|
yley |ky gZbf_g__  wdhghfbqg_kdb azZljZlghc ijhp_"m]j
\uihegylv ZgZeba jZajZ[Zlu\Z fuo kbkl_ f k ihemq_gb
1jZ\*"hih"h[guo j_amevlZlh\ Dbkke_"h\Zgbc Fgh]l]hh[jZa
ijh~Amdlh\ bkihevam_ fuo ”"ey wlbo p_e_c¢c \ _ebdh H
JZKijhkljZg_gguo b “~hklmiguo ijh]jzff y\eyMdk@adjjh]jZ{
ihal\heyxsZy jzZkkgblu\zZlv b ihemqzlv izjzf_lju "~\b _g
liZnbqg_kdhf b gqbke_gghf \b” _

Hiul fh”_ebjh\ZgbyfkbhkljzZffMathCady\ey Iky kbkl_fhc
ihal\heyxs ¢ \uihegylv j r gb_ ebg cguo ~“bnn_j gpbZe
yleyxsboky [Zah\hc hkgh\hc “~bkpbiebgu kbkl _fu Z
mijZ\e_gby ihe_|hf J _r_gb_ mjZ\g_gbc [Zabjm_Iky gZ |
Djzf _jZz d kbkl _fzf ebg _cguo mjzZ\g _gbc \ ij_hJ[jZah
g_mijZ\ey fh]lh b mijz\ey fh]h "\b" _gby <K

1. <ul[hj fZlI_fZIlbg_kdhc fkZfled 1Z hij_~_ ey |ky aZzZ:
bkke ~h\Zgby ;Zah\ufb y\eyxlky g ebg cgu_ mjZ\g gb\

"N\b' _gby kZfhe 1Z > @ e_ Zsb_\ hkgh\_ ebg EjbaZy
"\b® gby gZ ihegu_ ijh*hevgh _ b [hdh\h_jZahA¥Xogblyby
EZieZkZ4; 5%:

i z:s b ssm Y b otgp " p ¢ g

®p- P a/] b aV ppQ; (1)

ia ap p a Vv ak_G. pV

i z'sl pE DUs Fw D

o s DbE s ,pus T @ v o 2)

:_pl p a £ d&J pE !

JbkmghaMjzig _gby ihegh]h ijhAhevgh]h b [hdh\h]h ~\b

Bahebjh\Zgdh  gby dj _gZ jkkidhZagbygby ihemqg _g
itheguo mjZ\g_gbc iml_f bkdexqg_gby \aZbfgh]h \ebygh
k jukdZgb_ f b kdhev' _gb_f \ [hdh\hf "\b" _gbb Iml_f bk
k\ya ¢ ih \ukhl_ b kdhjhklb ihegh_ ijh*hgdah e "§ih" ggb
dhjhldhi_jbh”bg_kdh_ b “ebgghi_jbh”*bqg_kdh_ ~\b" _gby

s i° z st pPe g D ;
® E
e pl p a £ PpE.
3
p2 a’p aZmJW aMFY“M " G °

Jbkmghdahebjh\Zggu_ [hdh\u_ ~\b" -gipegukd@gbb dj g:
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@p- p a D aVv pQ; (4)
ea a D p a V ak_G_. pV

2 , D Z, M, D

o ZmZ S - ritz) S m, DD m, @ m, Dz 0mZ @

® i (5)
e p- p a D pRg

Jbkmghdjh®hevgu_ “ebgghi_jbh”bg_kdh_ b dhjhldhi_jb
"\b" _gby

< kbkl_fZo mjZ\g_dpcgylu ke_"mxsb_ h[hagZqg_gby
Ltkbf\he “bnn_j gpbjh\Zgby

8xijbjZs _gb_\ha”“mrghc-Kdhjhklb

U+ijbjZs _gb_ m]ezZ]AaZdb

i xijbjZs_gb_ ml]eZ-1ggyz z

Lk+ijbjZs _gb_ m]eZ hldehg gby]jdey \ukhlu
d0ijbjZs _gb_ m]eZ jukd&Zgby

UtijbjZs _gb_ mleZ]fd~gz

U+ijbjZs _gb_ m]ezZ kdhlgZ™ gby

W+ijbjZs _gb_ m]eZ hldehg gby jméjy2gZijZ\e _gby
W+ijbjZs _gb_ m]eZ hidehg _gbjywe jhgh\

WbaAijbjZs _gb_ m]eZ hldehg _gby jmdhyldb mijZ\e _gby

Uk £ijbjZs _gb_ m]ezZz f_ "~*m \_dlhjhf \ha“mrghc kdhjhk
iml_\hc kdhjhklb h[mkeh\e _ggh_~ ckl\b_f \ _jlbdZev
\_1jZ]jz»

Uk +ijbjZzs _gb_ m]ez f_"~m \_dlhjhf \ha“mrghc kdhjhk
iml_\hc kdhjhklb h[mkeh\e_ggh_ ~ ckl\b_f [hdh\hc k

-1z
& tijbjZs _gb_ m]JezZz f_""m \_dlhjhf \hamrghc kdhjhk
iml_\hc kdhjhklb h[mkeh\e _ggh _ N ckl\b_f ]

khklZz\eyxs_c \[JUZ =
Fsd,&; * ijbjZzs_gb_ \hafmsZxsbo fhf_glh\ khhi\ _|
hlghkbl evgh hk czZHQydi\ghlc kbkl fu dlkjfbgZl
=a§éa=ééétdhwnnbpb_glu ebg Zjbah\Zgguo miJ\g _gbc k
Qbke _ggh_ agZq_gb_ dh:g\ém'irg:g)pbggkre\y_lky \ ijh]jzZff_
MathCadgZ hkgh\_]jZnbg_kdbo aZ\bkbfhkl_c¢c dhwnnbpb_ glt
kj ~g fz]bkljZzevgh]lh kZfhe |1Z ij_"klz\e d¢lhdg_ RKdhrhqg.
ithkh[bb =mk_\ : : Dmag _ph\ K < F _|Ih*"bg_kdb_ mdZ
aZ"Zgby ih "bkpbiebg_ ©K:MI2 F JBH F=LM =:
g _dhlhjuo ]JjZnbdh\ ij_~klZ\e g gZ jbkmgd _
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< |Z[ebp_ ij_~"klZ\e _gu g _dhlhju_\ujZ  _gby dhwnnb
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NjzZ]f_gl \ugbke_gby dhwnnbpb_gMathCadjih]jAflfZ\e g
gZ jbkmgd _

2. <ugqbke_gb_ h[sbo izjzf_ljh\ kzZfhe_1Z

<ugbke _gb_ fhf_glh\ bg_jpbb kZfhe 1Z

5 5
X || 9.25 Go 075 "10 if 0 Go d 20000 y Jy 105 Go 6.3 710 if 0 GO d 20000

|| 26710° if Gd ! 20000 |8.4 “10° it Go ! 20000
<ugbke _gb_ kdhjhklb a\mdZ b iehlghklb \ha“moZ

5

a(H) ( 0004233 H 342) if 0 dH 10770 . WH) 170 "H 01245 if 0 dH d3330

i !
26 i H 110770 0.8213 710 51—| 0.1185 if 3330 H d 10380

0.2879 10 > H 0.06318 if 10380 H

<ugbke _gb_ dhwnnbpb_glh\ fh* _eb “\b" _gby

2
mz D(M) UH) v
amz D G2 (H) ba«y mz D(M) (162) if 0dM do7 y 92 (H) s,
Jz 2
(130M 071) if 07 M dos8
(95M 58) if 08 M do0.9
(120 M 135) if 09 M
mz Zz (M) 2 UuH) v
amz 7z gl (H) ba "y mz Zz (M) ( 132) if 0 dM dO0.6 , ql (H) s,
Jz 2
(90M 7.8) if 06 M do0.9
|(19M 33) if 09 M d1.0
Cy D(M) Cx (Cy) §WUH)V
ay D ’
0.1 M © 2 :
2
- 2 UuH) v
Cx (Cy) 75 10 Ty 270 if 0 dCy do0.225 y q(H) )
2
- 2 - 2 .
4002 "10 Ty 1249 "10 if 0225 dCy do0.55
(0.1 Ty 002) if 05 Cy do7
(015 Ty 0055) if Cy ! 07
Cy D(M) (48) if 0 dM do.3
(0.65M 4.605) if 0.3 M do0.8
5.125 if 0.8 M

JbkmghdNjz4f gl \ugbke _gby dhwnnbpb glMath®aetl e c <Kk

LZdbf h[jZahf \ugbkeyxlky dhwnnbpb_glu fZI_fZIbc
ih"e "Zs ¢ bkke_ _~h\Zgbx [Ijb \ugbke _gbb dhwnnbpb g
bf I \hafh ghkd¢blv iZjzZf lju kj_~u \ukhlm qgbkeh F
1Z[Zjblgu_ ozZjzZdl_jbklbdB, bz fGrebS Al hihjgu_ i1ZjZf_1Iju
(.nE 0ZjzZdl_jbklbdb mijz\ey_fhklb b .nmIE Hc did Dk kP
kzZfhe 1Z WIh ihal\hey | bkke "~h\Zlv \ebygb_ mdZaZggl
mijZ\e_gby kZfhe Ihf

220



3. Ijhp_"mjZ bkke_ _"h\Zgbc

< i_j\uo "\mo eZ[hjZlhjguo jZ[hlZo "bkpbiebgu K:MI
bkke_ ~h\Zgby g_mijz\ey_fh]h ijh*hevgh]l]h b [hdh\h]h
hibkZggh]h mjz\g -gbyf6Z ihke_ ~"mxsbo eZ[hjZlhjguo ¢
bkke ~"mxlky dhglmju mijZ\e _gby <K < dZqg_kI\_ km]
jZkkfzZljb\zxlky ~_fin_ju 1Zg]Zz 2 b dj_gZ Z\IhfzZl
mklhcgb\hklb Z\lhibehlu |Zg]l]Z Z dj_gZ dmjkzZ ijyfhc b

FzZl fZlbg_kdb_ fh”_eb khhl\jIHmmxkkhd\l dhglmjh
mijZ\e_gby \ ij_h[jZah\Zgbb EZieZkZ bf_xI \b™ jbkmghd

'G, k, 'z, k,'n k, 'x,

ION, & N

fSON & N (6)
310 kz k,\ ",

N Vo .
GV ok, Z k(I3 ) I, kN

J

Jbkmghd&AZdadhgu mijZ\e _gby j _]meylhjh\ bkke ~m_fuo

<hafmsZxsbfb \ha”_ckl\byfb bkke_"m_fuo dhglmjh
yleyxlky \g_rgb_ fhf_glgu_ MaMycMAby Ijh\u_ \ha”_ckl\b
ihklhygghc gZijzZ\e. gglbklebzrzZ\Z_ fu_ iZjZf_lju p_e_\uo Kk
J, -,/ <uoh”gufb izZjzf_ljzZfb y\eyxlky |_dmsb_ iZjzZf_I]
\oh”gu_ b \uoh?gu_ iZjzZf_lju y\eyxlky ij_h[jZah\Zgbyfl
ithemqg_gby i_j oh”guo ijhp_kkh\ izZjzf Ijh\ <K dZd nm
ijhljzff_ \uoh”gu_ iZjzZf _lju ih”\_j]lZxlky h[jzZlghfm ij_}
EZiezkZ b j_amevlZl \u\h”*blky \ \b”A_ ]jZnbdh\ gZ jZ[hqg_
ithemqg_gguf i_j_oh~guf ijhp_kkzf ijbf_gy_|ky nmgdpl
©ljZkkbjh\dZ2 iha\heyxsZy hij_ ™ eblv oZjzd!l _jbkdkdb i_|
k \ukhdhc Ihgghklvx <oh”gu_ iZjzZf_lju ijb bkke_"~h\Zg
\ _ ebgbg_ agZdm b ih aZ\bkbfhklb hl \j _f gb

>ey bkke_ "h\zZgby dZq_kI\Z mijZ\e _gby <K ijb jzZ
mijZ\e _gdddhgu kbkl f mijZ\e _gby \ ijhp_kk_ bkke_ ~h\Zg
kljmdImj_ b ih \_ebgbg_ i_j ~Zlhgguo dhwnnbpb_glh)
kljmdImju AM \\h”ylky jZaebggu_ h[jZlgu_ k\yab k_j\hij
jZaebqggu_ khklzZ\eyxsb_ih p_e \uf kb]JgZezZf HI[jZlgZy k
ijh]ljzff MathCad j Zebam _Iky \\_~ gb_f \ e \mx qZklv bkk
hi_jZlhjZ “bnn_j _gpbjh\Zgby beb bah”?jhfgh]h a\ _gZ
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GZijbf_j \ dzgzZe_ 1Zg]z Z kh kdhjhklighc b be
k_j\hijb\h~Z e \Zy qzZklv AM p\/p']ey"lb)dabIZT—é)—l/\:"
p

P e \u_ khklzZ\eyxsb_ aZdhgZ mijzZ\e _gby \\h~ylky iml_
ijh]jzff MathCad hkgh\gh]h ihabpbhggh]h p_e _\h]h kb]gZe
bgl ]1jZzeZ b beb “~bnn_j gpbZeZ hl p_e _\h]h kb]JgZe
j Zebam _ |ky \hafh ghklv \uihegylv bkke_ "~h\Zgby \ebyghb
dZqg_kI\h mijzZz\e_gby GZzZijbf_j AM k IB> j_]meylhjhf \ ¢

12912 Z bf__I\bN, s N- N
p

<ebygb_ agZq _gbc i_j "Zlhgguo dhwnnbpb glh\ aZzZd
dzqg_klI\h ~\b" _gby <K hkms_kl\ey |ky iml_f ihhqg_j_ "~
gbke _ggh]l]h agZq_gby i_j ~Zlhgqguo dhwnnbpb_glh\
jZkq _lguo hilbfZevguo agZqg_gbc b ihemdath€ad \ i)l
| _j_oh”guo ijhp_kkh\ ijb \\_* gguo agZq _gbyo dhwnnbpb

J ameviZlu \g _k _gby baf_g gbc \ bkke_ _~m_fu_
liZnbqg_kdb ih i_j_oh”guf ijhp_kkzZf \u”zZMathCad gkl _fl
jZ[hg__ ithe_ Bkke_"h\Zl_ev nbdkbjm_1| b i_j okkikdbl\ i_j_
hlg | g_aZ[ulZy h[hagZqgZlv mkeh\by ihemqgq_gby dZ ~hc

lh \g_rg_fm \b m ]jZnbdh\ bkke_"m_fh]lh ijhp_kk
N eZxlky \u\h”™u h kI _i_gb \ebygby \hafmsZxs_]h \ha”_ck
b\ ebgbgu i j “Zlhgguo dhwnnbpb glh\ AM gZ dZq_kl\h

< aZdexq_gb_ bkke_ ~h\Zl _ev fh™ | \uiheghbly
nmgdpbhgbjh\Zgby dhglmjZ mijZ\e_gby ijb ihke_"h\z
khklZ\eyxsbo AM

GZ jbkmgd4dp "klZ\e _gu j_amevlZlu bkke_ ~h\Zgby dh

iib AM k bah”jhfghc HK \ k—fthi\RY - o k 2
T.p 1 i

Jbkmghd_j*oh~gu_ ijhp_kku dhglmjz 1Zg]Z Z ijb \_Ijh\hf
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Jbkmghd_jzoh”gu_ijhp_kku dhglmjzZ 1Zg]Z Z ijb baf_g_g
\hafms _gby

Jbkmghd_jzoh”gu_ijhp_kku dhglmjzZ 1Zg]Z Z ijb baf_g_¢
|ZglZ Z

<hafmsZxsbfb \ha”_ckl\byfb y\ey_ |ky \_jdbdsbesvguc \

jbkmghd fi f (tgdonst jbkmghd b baf_g _gb_ azZ”Zggh]
- (t)=const jbkmghd

lhegh_ hibkZgb_ ihjy*dZ \uiheg _gby bkke_ "h\Zgbc
f ITh"bq_kdbo ihkh[byo >hbev < N Kbkl fu Z\IhfZlbqg_k
ihe Ihf F Ih*bg_kdh_ ihkh[b_ ih \uiheg _gbx eZ[hjZIl
K:MI qZklv Bjdmlkd BN F=LM =: k >pev <
gZ\b]Zpbhggu _ dhfie dku F Ih*bg_kdh_ ithkh[b _ [
eZ[hjZlhjguo jZ[hl ih IGD qZklv Bjdmlkd BNkKF=LM =:

<u\h”u

L _ogheh]by ijh]jzffbjh\Zgby hibkzZggzy \ jZ[hl_ iha
ZN d\Zlgu _ j _amevlZlu bkke ~h\Zgby "bgZfbdb g_
mijZ\ey fh]h “\b" _gby <K gZ jZaebgguo wlZiZo “\b" _gby
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fZkkZ[Zjblguf b Zwjh”~"bgzZfbqg_kdbf izZzjzf _|jzf \ jZaebc
mkeh\byo ihe_|Z hij_~_ey_ fuo \ukhlhc b kdhjhklvx ihe_
j_ImeylhjZo ih kljmdImj_ b dzZqg_klI\m izZjzf_Ijh\ j_]meylt
dhwnnbpb_glZfb mijZ\e _gby

' B;EBH=J:NBQ?KDBC KIBKHD

1. >bev < Mbgl a g _ebg _cguo “\momjh\g _\uo Kkbkl_f 2Z\I
mijZ\e_gby \ha“mrgh]h km~gZ < G Kbauo < N >bev F_
bkke_ "h\Zl_evkdbc "mjgZe < -97. QIQZ:k0\L84544RJ.2015.42.050.

2. >bev <FNIh*bdZ kbgl_azZ g_ebg_cghc kbkl_fu mijZ\e_gby \nh
gZ |jZ _dlhjghf b ibehlZ ghf mjh\gyo < N >bev < G Klgauo F
bkke_ "~h\Zl _evkdbc "mjgZe K -32. £DOI 10.18454/IRJ.2016.47.26EDN
VXMFQH.

3. DjZkh\kdbc Kbkl_fu zZ\IhfzZlbqgq_kdh]h mijz\e_gby ihe_Ihf ib
e 1Zl _evguo ZiiZjZlh\ F <<B: bf G ? @mdh\kdh]h

4. <hjh[v_\ <\lkhfzZlbg_kdh_ mijzZ\e_gb_ ihe_Ihf kZfhe_Ih\ <
K < Dmag_ph\ F LjZgkihjl k

5. EZcdh\ F:\BhfZzlbdZ b mijZ\e_gb_ Bjdmlkd BN F=LM =:

M>D

<HIJHKU BFIHJLHA:F?S?GBY B IH>>?J@DB
L?0GBQ?KDHC WDKIEM:L:PBB :<BHGBDB =J:@>:GKD
<HA>MRGUO KM>H<

Db\hdmjp_ \dZB” | _og gZmd

Bjdmlkdbc nbebZe F=LM =;
] Bjdmlkd

:gghlZpby< klZlv_ ijhZgZebabjh\Zgu kZgdpbhggu_ f_ju \
Z\bzljzgkihjlghc hljzkeb Jhkkbckdhc N_”"_jZpbb Ijb\h”*ylky hkh
jZaebgguo ihdhe_gbc Z\bhgbdb \ha“mrguo km~h\ ]jZ gagkdhc
kbkl f N p_gljZebah\Zgghc Z\bhgbdb b bgl ]jZevghc fhn
jZkkfzZljb\zxlky \hafh gu_ ijh[e_fu bo bfihjlhazf_s_gby 1j_"klZ\e_
ghjfZzlb\ghc [Zau jZajZ[hldb ijhba\h”kI\Z ih~"_j 'db wdkiebwyZIZpbk
Z\bhgbdb \ Jhkkbb Hkh[h_ \gbfzZgb_ \ klZIlv_ m”_e_ghzaDoibig_dk
Z\bzljzgkihjlghc hljzkeb JN2& \ jzfdZo ~Zgghc ijh]jzffu jZkkfl

ijhlghabjh\zgb_  jZa\blby Z\bZpbhgghc ijhfure_gghklb ijh[e f
h[kem b\Zgby b j fhglZ <K Z 1Zd _ khklhygb b gZijz\e_ dBby jZa\l
ey ljZz ~"Zgkdhc Z\bZpbb 1j_"klZ\e_gu ijbf_ju ijhba\h~kl\Zz b |
Z\bhgbdb \ Jhkkbb J_dhf_g”~h\Zgh \ i_jbh” kZgdpbhgidue h]j:
itha™ j°dm wdkiemZlZpbb kms_kl\mxs_c Z\bhghdkd_ B ZZdkfleh JAuimk
h[_ki_gq_gby azizkgufb qzZklyfb jhkkbckdbfb ij_~"ijbylbyfb ba
Z\bzj_fhglgufb az\h"Zfb

Dexgq_\u_ kehbZihjlhazf_s_gb_ kZgdpbhggu_ h]jZgbqg_gby

bgl_ljzZzpby [hjlh\h]h h[hjm~h\Zgby ih”*_j°dZ |I_ogbqg_kdhc wdkiem
| ogbg_kdhfm h[kem b\Zgbx \ukr__ mq).[gh_ az\_~ _gb_ \ma
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ISSUES OF IMPORT SUBSTITUTION AND SUPPORT
TECHNICAL OPERATION OF CIVIL AIRCRAFT AVIONICS

Kivokurtsev A. L., Candidate of Technical Sciences

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

Abstract. The article analyzes sanctions against the aspat industry of the Russian Federation.
The features of the construction of various priesipof avionics of civil aviation aircraft are give
autonomous systems, decentralized avionics angratdéel modular avionics, possible problems of their
import substitution. A brief overview of the regoly framework for the development, production,
operation support and import substitution of awisiin Russia is presented. Particular attentidingrarticle
LYV SDLG WR WKH 3&RPSUHKHRYRMRW IRRIWRA [RW WHKIHD G\HSYRHILDOW
JHGHUDWLRQ™ ZLWKLQ WKHVINBDWHRZGVY N BH WR QW [SGJHRUHW PRR U H F
the aviation industry, problems of aircraft maiatere and repair, as well as the state and direotibn
development of digital services for civil aviatidxamples of production and import substitutioaabnics
in Russia are presented. During the period of isgisatestrictions, it is recommended to providegosufor
the operation of existing avionics through the potidn of analogue systems and the provision aiespa
parts by Russian manufacturers and aircraft rpfzaits.

Keywords: import substitution, sanctions restrictions, avionics, integration of on-board
equipment, technical operation support, maintenance organizations, higher education institution.

<\_"_gb_

ljh[e _fZ bfihjlhazf_s gby \ Jhkkbb [_j | gXgd2h <k dFf
k\hbo jZ[hlZo jhkkbckdbc fbgbklj nbgzZgkh\ KdbX <b!
wdhghfbkl N Ebkl ih \hijhkzZf bfihjlZz azZjmf\ glZpbhl Ih\.
djblbd_ ijz\bl_evkl\h JwkEbbhetblbdz ijb\h*bl d jZa\Zz
ijhfure_gghklb khledgh K X Ilh  ih\h*m gZpbhgzZ
GZpbhgZevgZy wdhghfby b Njb”rjbo Ebkl F284)\jhiZ

< kh\j_f _gghc Jhkkbb ijh[e_fZ bfihjlhazf_s_gby ihy\
]h*u ijhreh]h klhe Iby ihke_ jZa\Zez KXKJzZ*¥phb\yab
bfihjlhaZ\bkbfhklvx hljZzke_ ¢ wdhghfbdb < h[eZkbb ];Z°
1jZdlbq_kdb hldZzaZebkv hl \uimkdZ k\h_c¢ | aofgdodidnd i
aZjm[_"ghc qlh ijb\_eh d aZdjulbx fghlbof ZguZpbhgc
h[_ki_qb\Zxsbo ijhfure_gguo ij_"ijbylbc aZ\hAbXtm Z

hlkmlkl\by Jhkm~rZjkl\_gghc ithAn j db mgbqglh™ ¢
dhgkljmdlhjkdbo [xjh gZmqgguo rdhe mé&Zevig 7glox]bf |l
ijhle fzf

Lhevdh ihke_ h[ty\le_gby \ hlghr_gbb Jhkklhd aZzi
ljZ\bl_evklI\hf JN klZeh m”_eylvky \gbfZgha2ahishlkbly bk h

Jh m ijbgylZ khhl\_ITkl\mxsZy ]Jhkm”Zjkl\_g&@¥Agijh]j
ijZ\bl_evklI\_ggZy dhfbkkby ih bfihjlhazZf_s_gbx
lhklZgh\e_gbx IjZ\bl_evkI\Z JN hl Zij_eyMI\_jlh”rgz
Jhkm~ZjklI\_ggZy 1ijh]jzffz ©JZa\blb_ ijhfure_gghklb b
dhgdmj_glhkihkh[ghklIb?2 IThklZgh\e_gbx IjJZXh]m&VKI\Z JIN
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]h~rz < ©H khar"Zgbb ijZ\bl_evkI\_gghc dhi
bfihjlhazf_s_ gbx?

Ki_*b hljZzke_c wdhghfbdb \u”_e_gu gZblke_jZ djb
bgnhjfZpbhgguo | _ogheh]bc fZrbghkljh_gb_ b Wlevkdl
kn_ju hdZaZebkv kms_kI\_ggh aZ\bkbfufb hlikjhdgire]hdIm x
Kujvy

lh fg _gbx zZdz”~ _fbdz J:G < ; hhlgrellhgZbat \_"mshb
jhkkbckdbo ki_pbZebklh\ '\ h[eZklb bgnhjfZpbhggu
bfihjlhaZ\bkbfhklv jhkkbckdhc hiwdkghibdhzZz ©eb[_jZe:
nbgZgkh\hc fh”_evx® M' _ hdheh e | wmrbgé&lbXghkl
ij_~ijbylbc \dexqZy hljZkev bgnhjfZpbhgguoy Ikpghe
nbgZgkh\Zy khklZ\eyxsZy Z g_ | _ogheh]bqgkd&Zy dhgdm

< dZq_KkI\_ ijbf_jZ mki_rgh]h j_r_gby ijh[e_fu bfihjlh
kn_ j_  -BLogheh]bc fh gh ijb\_klb DblZc < wlhc kljZg
mki_rgh jZa\b\Zxlky \ukhdhl_ogheh]bqgwf_ phf+XduHLg
/IHQRYR b ~jm]b_ d kh Ze_gbx \ Jhkkbbgih”“b[duo
[eb " Zcr__ \j_fy \jy® eb ihy\ylky < L ; |h e®jg rkaglblZf |
ijh[e_fu bfihjlhazf_s _gby “he gu klZlv klibfmelhgh\Zghb_
jhkkbckdhehlBZkeb | _ogheh]bqg_kdh]h jZa\blby \Z g_cr
wdhghfbdbwgt j] Ibg_kdh]h ljZgkihjlgh]l]h fZrbghkljh _gt
ijhfure_gghklb km~Ahkljh _gby Zwjhdhkfbqg_kdhgghg”m
ijhfure _gghl]h dhfie _dkZ J ZebaZpby \ukhhhh dgpdlbe lgld o
fbjh\hf jugd_~he ' gZ h[_Kki_gblv nbgZgkh\obfuhlhely g
m~h\e _I\hj_gby ihlj_[ghklb \gmlj_gg_]h -jwdl@hbb §h gd&}m
jZa\blby kljZgu \ p_ehf2 > @

< dhfie_dkghc ijh]jzff_  jZa\blby Z\bZIljZgkihjlgh
Jhkkbckdhc N_~ jZpbb ~h ]hrZ ijhZgZebypakjhWwgzblge
\ Z\bZljZzgkihjlghc hljZzkeb Jhkkbb \ “hdmfZigZl*hfmUdZaz
hilghr _gbb Jhkkbb \ mzZ\jZe +] \\_ ~ g p_euc jy™ kZgdp
fj < j_amevlzZl_ ~Zgguo f_jhijbylbc 7~ey dBjm¢_"gut
jZajZ[Zlu\Z_fuo b ijhba\h~bfuo jhkkbckdbo <K \hagh
\uiheg_gby hi_jzZlb\gh]h b i_jbh~bqg_kdh]h ‘'b\aQdigy kdh
\ualZggu_ ihklZ\dhc dhfie_dlmxsbo kbRKkItZ Neyhijkbla\
hl g kI\_gguo <K ihy\bebkv ijh[e_fu ihklZ\dimigdom[
ba”_ebc | ogheh]lbq_kdh]h h[hjm~h\Zgby f Agdih_| g
hfgh\e_gb_ ZwjhgZ\b]Zpbhgghc [Zau ~Zgguo KlkghZh | ij
\uiheg _gby ihe_Ih\ <K Kh]JezZzkgh JZkihjy gl HJZ\bl e
bxgy ]lhrz <«<-j MI\_j "~ _gZ dhfie_dkgZy ijh]jzffz |z
Z\bZljZgkihjlghc hljZzkeb Jhkkbckdhc N_~ jZpbb ~h ]

KZgdpbhggu_f _ju aZiZz”guo kljZg hdZaZeb_kma_ klI\
ijhba\h”*kl\h b |I_ogbg_kdmx wdkiemZI|Zip b hjkmJh\Zlgjdi\h
Z\bhgbdm \ gZklghklb ihwlhfm p_evx NAgdamgZ[gdu i\
ZgZeba \hijhkh\ bfihjlhazf_s_gby b ih*_ywdllielmd§dpb Itk
Z\bhgbdb ]jZz""Zgkdbo \ha”“mrguo km~h\ FZI| pd¥e KI.
bkihevah\Zg “ey \ujZ[hldb ijZzdlbg_kdbo j_dhZpdtZpbc
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| ogbg_kdhfm h[kem b\Zgbx Z\bZpbhgghc |bgbdadb
\uimkdZxsbo bfihjlhazf _sZxsbo b ih* _j b\Zxsbo |
wdkiemZlZpbx Z\bhgbdb Z 1Zd _ ijb ih”"]kihpd Z &b blhpb\h
\maZo

Bgl_]jZpby [hjlh\h]h h[hjm~h\Zgby hkh[_gwhklb
Z\bhgbdb \ha“mrguo km~h\ liZ "Zgkdhc Z\bZpbb
bfihjlhazf_s gby

Bgl ]jZpby [hjlh\uo kbkl_f y\ey Iky ke "kkilbb f h]
bgnhjfZpbhgguo ZiiZjZlguo wg_j] _Ibg_kdbo blIifym]bo

hit_~bg_gb_ jZaebgguo [hjlh\uo Kkbkl _f h[_kih_qb\Z_
jZKkij_~ e _gb_ bo nmgdpbc Z lzd" h[_ki_qg_gb_
nmgdpbhgbjh\Zgby JZajzZ[hldZ b kha’\Zgb h]hDIhfle
h[hjm~h\Zgby y\bebkv ke_ _"kl\b_f w\hexpthlg\ginhh |Z

h[hjm~h\Zgby gZa_fguo dhfie dkh\ dhgljHayghkhly\e ¢
Z\IhfzZzlbg_kdh]h b Z\IhfZIbath\Zggh]h mibj Z\ek Igbhx fiph plh'
<K \ p_ehf b dzd ke_"klI\b_ ih\ur_gb_f Ihklb\ZigdclH\ at
<K

Kh\j _f_gguc dhfie_dk [hjlh\h]h h[hjm~h\Zgby
khihdmighklvx nmgdykbhgZegghb kbkl_f mkljhckIl\ Z]j_
Aim]bo ba”_ebc mklZgh\le _gguo gZ [hKimgbKZxdhjhjugbh
ibehlZ -giz\b]Zpbhgguo b “"jm]bo ki_pbZevguo aZ"Zq

< Jhkkbb b”_b bgl_]jZpbb ihemqgbeb 4#dh_|Wa\Oi® _

\ dZ \ gZr_c kljzg_ kha”Zgu [hjlh\u_ dhifiz "dlgkdbogBuo
< dhgp-0 ]h*h\ gZmqgguf dhee_ dlbAWatnkrghggibhg g _jgh
Zzdz™ _fbb bf_gb G ? @mdh\kdh]h ih? jmdhNierkivhf Zd.
DjZzkh\kdh]h b \ihke_ ~kl\bb _]h mq_gbdzfb aZzajgnlbgZ
jZa\blby bgl_ ]ijh\Zgguo [hJIh\uo dhfie dkd\]lh&hk GB¥Yg.
'H GBB :K jy» “jm]bo gZmqguo hJ]Zgbdmpbc[xqung\kIJn
khhi\_Tkl\bb k Jhkm~ZjklI\_gghc ijh]jZffhc azZgbfZebk
©;Zah\h]lh dhfie_dkzZ [hjlh\h]h h[hjm~ h)&Aghy3< IKh]EXgHht
bgl 1jZpbb kbkl_f Z\bZpbhggh]h h[hjm*"h\Zghby KZIGjbZ
;mdh\ K < =hjxgh\ < < Dhkvyggmd : %B & ZOmféX[m

Jy[g_gdh F <:LM bf G ? @mdh\kdh]h k

H{hjm~h\Zgb_gZ [hjlm <K fh | [ulv migeh\gh Jjjareitu e
dhfihg _glh\

< Z\bhgbdm

< p_e_\h_ h[hjm~h\Zgb _

< h[s_kZfhe_Igh_ h[hjm~*h\Zgb _

‘\bhgbdzZ gZ [hjlm <K \uihegy_ | nmgdpbk® _gdbWw]Zp
hdjm Zxs ¢ h[klZgh\db k\yav \aZbfh” ckl\iZ\ekpbkem
\ha“mrguf "\b" _gb_f Z\IhfZlbg_kdh_ mijZ\ebghjfzdbp Z"
wdbiZ m \hkijbylb _ dhfzgn wdbiz Z [hjlhB Rk fm r
ij_h[jZah\Zgb_ bgl_jn_ckh\ ithr j°dZ wdkiemZlZpbb
hi_ki_qgb\Z_| h[t_~bg_gb_ hI®_evguo [hjlh\ubfwe dklglih\
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P_e \h_ h[hjm~h\Zgb_ h[_ki_qb\Z _ | ij_~gZagZq_gb
h[hjm~h\zZgb_iZkkZ bjkdh]h kZehgzZ imewvihhidgdb\e kgheyh g
dmogy f_klZ h[s_]h ihevah\Zgby kbkEZKEZ jZjd\e "eygtl
kj_~g_fZ]bkljZzevgh]h kZfhe_1Z

H[s_kZfhe_Igh_ h[hjm”*h\Zgb \k_HKHKIZetvgh_  [hjlh\l
h[hjm~Ah\Zgb_  h[_ki_qgqb\Zxs__ mijZ\e_gb _jZwekldelg\E¢b
mklzZgh\dhc kbkl _fhc "bag_h[_ki_g_gby wgggkgdh gt
hf _ki_q_gb_ h[_ki_g_gb_[_ahiZzkghklb\ehegbh\HKmqggh __

lhdhe_gby Z\bhgbdb fh gh Ij_"klZ\blv lj _fy ]
KljmdIimpZkln _fZfb dhlhju_ oZjzdl _jbamxlikly]jZifgudbgh
we f glZfb hkh[_gghklyfb nmgdpbhgbjh\Zgby b \aZbfh"

GZ jbkmgd_ ij_~klzZ\e_gh i_j\h_ ihdhe_@gb_ Z
oZjZdl_jbam_Iky j_ZebaZpb_c gZ [hjlm hil*gea¥Vlgufb
Z\lhghfgufb kbkl_fZfb b ijb[hjZfDb

Jbkmghd _jh_ ihdhe_gb_ Z\Ehiglgtibgs kbkl fu

DZ "hc kbkl_f_ijbkms_ \uiheg_gb_ hij_"_ khRglgd\o nm
nmgdpbhgZevghc kbkl_fu bf_ebkv imeviu guigZ\é Zgdlyd bk |
baf_jbl-iebh[jZah\ZIl_eb \ugbkebl_eb b bg”"bdZlhju
mklZgZ\eb\Zebkv gZ ijb[hjghc "hkd_ K\yfblghfZémgubkl| _
jZ"bZevgu_ bgl_jn_ekuwd@ZhddaZa\blb_ reh ih imlb ~h[.

Z\lhghfguo ijb[hjh\ Z 1zZd _ i_j_oh~Z hl Hpidék]h\h¢
we dljhgbd_ k bkihevah\Zgb f fbdjhijhp_kkkhgedk glnfie
Dmqg_jy\uc : : :\bhgbdZ Mg _[gh_ ihkh[b-I ~ey[rmmah\
EZgv .k

< dzq_kI\_ ijbf_jh\ i_j\h]h ihdhe gby jhkkbckdhc Z
ij AklZ\blv [hjlh\h_ h[hjm~h\Zgb_ -kZfhlemIh\ Y48,
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h[hjm~"h\Zgb _ balJhlh\e _gh gZ hl _g_kI\_gghc we .
bfihjlhazf_s _gb_ g_ Ij_[m_Iky

>ey h[t_"bg_gby [hevrh]h dhebqg_kI\Z himjmygAggéey
1980-0 ihy\behkv \lhjh_  ihdher _dgb jZIR\gZy n_"~ jZIlb\
p_gljZebah\ZggZy Z\bhgbdZ < gZqZe_ &~ gkZkinrhgdelZy
] Zebah\ZgZ \ g _kdhevdbo-mdhgédplnhdBeyglguo [ehdZo d
1980-0 aZ kg_| bgl_]jZpbb h”"gZ nmgdpby J[uezhfj Zeb
dhgkljmdlb\ggdpbhgZevghf [ehd_  GZ jbkmgd_ jh_ij 7kl
ihdhe_gb_ Z\bhgbdb Ijbf_jhf _]Jh j_ZebalZpbb jxHF¥reh
hl g _kI\_ggh]h dhfie _dkZz klZzg”~Zjlgh]h pbnjh\h]h
gZ\b]Zpbhggh]h h[hjm~h\Zgby DKPRlY:H| ~g_ fZ]bkljZevc
kzZfhe Ih\- Lmb "*Zevg fZ]bkljZevguo kZfhe IlIhaA*"gBe
mijhs_gguc \ZjbZgl DKPIGH klZe hkgh\hc ”"ey kha”:
ibehlZ -glz\b]Zpbhggh]h dhfie_dkzZ [RIGH_fZ]bkljZevgh]
kzZfhe 1Z- Be >Zggu_ dhfie_dku n_2 _jZlb\ghc Z\bhgbd
nZdlbg_kdb bgl_]jbjh\Zggufb dhfie_dkZfb [HyyhAh]bWh]h[hjn
ihdhe {hy

Jbkm@hik Ihjh_ ihdhe _gb_ ZVvbhglj@dbb¥gZy Z\bhgbdZ

Hkh[_gghklvx \lhjh]h ihdhe_gby Z\bhglkdlyby\eyz I§g¥
b_jZjobqgq_kdb_ mjh\gb h[jZ[hldb bgnhjfZpbb Gb ghb
nmgdpbhgZevguo ih*kbkl_f \_jogdlefienjtikgbe h[jZ[hId]
bgnhjfZpbb bg*bdZpbb dhgljhey b mijd\e ghyh\GZf |
nmgdpbhgZevguo ih~kbkl_f yleyxlky nmgdpbhNgKZevgu_
bf_xsb_ \ k\h_f khklz\_ ~Zlgbdb i_j\bgghc bgn[ejidpbb
pbnjh\hc h[jZ[hldb bgnhjfZpbhb [hjlh\u_ pbnjh\u_ \u«
fZrbgu beb ki_pbZebabjh\Zggu_ \ugbkebl_ _EbbafzZ jl gy |
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b ij_h[jZzah\Zgby kb]JgZeh\ ~Zlgbdh\ dhgp _4dizdhjbu kt
pbnjh\u_ ij_h[jZah\Z|l_eb bgnhjfZpbb b *jm]Bb kikkjheékl)
NZgghlh mjh\gy fh ' gh \u”~_eblv [_kidgl njpjhZeggu
gZ\b]Zpbhggu_ kbkl_fu kbkl_fu \ha“mrguo kibjg&Zeh\ |Z
jZ"bhehdZpbhggu_ jZ~bhk\yagu_ b *jm]b_"khEKl_twgQ@ |
b fmevibie _dkgu_ dZgZeu bgnhjfZpbhgghl]h HKbkhZu\k
DKPIGH k\yaZgu k \_jogbf mjh\g _f b_jZjobb

D kbkl _fzf \ _jog_]h mjh\gy fh gh hilg_klb \udgkebl _
kzfhe Ih\h "~ _gby dhfie_dkgmx \uqgbkebl _evgmxy kbkl
ithe _Ihf b ly]hc dhfie_dkgmx kbkl_fm wl&pdlphglghc
kblJ]gZebaZpbbfgkh]hnmgdpbhgZevgufb bgkKiblZIfmZKkiphjZ b
ehdZebaZpbb hldZah\ dhfie _dkgu_im&glguaminghe gl
b jZjobb y\ey Iky y~jhf [hjlh\h]h dhfie_ dd&iZ ]jZ[p i \kb\&Z _
kbkl _f dhfie_dkgmx h[jZ[hldm bgnhjfZpblgljhravjZzYe g
bg"bdZpbx ibehgZ\ghZpbhgogdj&@f_Ijh\ kZfhe_ |Z VAVARRY
jZ[hlu "blZl_e_c [hjlh\uo kbkl -fij "@igZjbcaphs c
kbl]gZebaZpbhb >ey h[_ki_q_gby hldZahmklhcqb\hklb
DKPIGH bf_xldjzZlgh_ ZiiZjhlgaffgh_j_a_j\bjR)\Zgb _

H{hjm~Ah\Zgb_ n_"_jZlb\ghc Z\bhgbdb jhkkiRO&dbo k
Be ba]hlhle _gh gZ hl _q_kI\ _gghc we f gfgbkcg[lza g bf
lj [m_Iky AZjm[_"gufb ZgZeh]zZfb kZfhe Ih\ higbndht jZI
yleyxlky kzZfhe lu k_f ckk\zZ : < < < < ijb
kZgdpbhgghc iheblbd_ bf_xlky [hevrb_ ijh[e_fu wdkiemZ

Lj Iv_ ihdhe _gb_ Z\bhgbdb ihp\QkehXe \hgh ij_ ~klZ\e
kh[hc bgl_JjZevgmx fh*mevgmx Z\bhglgdim Bik:"kIZZ e bdin
lj _Iv_ ihdhe_gb_ Z\bhgbdb

Jbkmghdij #v_ ihdhe _gb_ Z\bhgbdb
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>79g9gZy kljmdIimjzZz hlebqgZ _|ky \ukhdhc kIl _kl gvb bgl
hit_"bg_gby j_kmjkh\ Bgl_]jZevgZy fh”"fne kg gvyb k\b ggs d
hkgh\_  “bghc \ugbkebl _evghadjierihRhpuagbkebl evguo kbl
bf _xsbo [Zah\h_ kbkl_fgh_ iytjjfeghjZpbhggmx kbkl_f
] _Zevgh]lh \j_f gb b hI® _evgu_ fh”meb e ZZ glhamx s
nmgdpbhgZevgh_ ijh]jZffgh_ h[_ki_qg_gb_giKeélbl < kdhqkdZ
kbkl_f bf__Iky h[sZy iZfylv b bgl_jn_ckgu_ fh"mel
ijbeh” _gby NIH yleyxlky fh meb \ugbkebl _evgh
kzfhe Ih\h "~ _gby dhfie_dkghc kbkl_ fu mijZ\ey gby
bah[jZ  _gby FNB dhffmlZpbb b fzZkrlZ[bjh\ZgbZlhyE]gZe
kK Ib mijZ\e _gby h[s_kZfhe Iguf h[hjm~h\Zghc fk\pagh ]j
[hjlh\hc kbkl _fu dhgljhey b | _ogbqg_kdh]d_dljkemnlgBEygb
| jfbgZeh\ iZzkkZ bjh\ b jZale_q_gby b ~jm]b _

Dj_clu \ugbkebl _evguo kbkl_f BF: bf_xlI \ukhdm
j_a_j\bjh\Zgby bkihevamxl|l ~ey h[f_gZ \ukhld\yladydhkbgm
dhfivxl _jgmx Kk _Iv Dhgp _gljZlhju ~"Zgguo "y khkalbeka
ZgZeh]lh\ufb ~ZlgbdzZfb b bkihegbl_evgufb mkljtkckl\Z
[hjlh\ufb nmgdpbhgZevgufb kbkl_fZfb ijhrguobihxéleoghb:
bgl jn_ckZ BF:

< 9ZgZe_ -0 dj_clu fh meb BF: [ueb hI™_ e\
ez]dhktzfgufb dhgkliymdg\mgihhgZevgufb fh*meyfb | Zeb
hAgm nmgdpbx [hjlh\uo kbkl_f]jn>zZf \ h*ghf fh*me_ BF: 1
j_Zebah\zZgh fgh  _klI\h nmgdpbc D JhAmikdkljdlug B F:
gZ hkgh\_ fgh  _kI\Z k_j\_jh\ \ dZ "hf ba gtbokj\lZebe
nmgdpbc [hjlkbkb[J, 4].

H[hjm~h\Zgb_  bgl_]JjZevghc fh”mevghc Z\bhgbdb
kZfhe IRRJ- FK balJhlhl\e _gh gZ aZjm[_"ghc we f ¢
lj _[m_Iky bfihjlhazf_s gb_ AZjm[_"gufb ZgZeh]Zfb kZ
yleyxlky kZfhe lu k_{f ckt\Z :I87ijb kZgdpbhgghc iheblb
bf xlky [hevrb_ijh[e_fu wdkiemZIlZpbb

2 Ghjfzlb\gzZzy [ZaZ jZajZ[hldb ijhba\h”kl\Z I
wdkiemzZlZpbb b bfihjlhazZzf_s_gby Z\bhgbdb \ Jhkkbb

< jZfdZo n_" _jZevghc p_e _\hc ijh]jzffu ©JZa\blb_
Z\bZpbhgghc | _ogbdb Jhkkbb gZ fibh™ Jhkhu b gBE" iZ?
Khl]eZzkgh IhklZgh\le_gbx 1jZ\bl_evklI\Z JN Qh”*Z Rdly][jy
MI\_j°~ gZ n_"_jZevgZy ©p_e_\Zy ijhljzffz ©JZa\blb
Z\bZpbhgghc | _ogbdb JhkkbBhhgd b gZ i_jbh™ ~"h . Jh~ZzZ

j _Zebah\Zg bggh\Zpbhgguc ijh_dI

< JZajZ[hlZgh mgbnbpbjh\Zggh_ ©y~*jh2® Z\bZpbhg
h[hjm~h\Zgby b Z]j_]1Zlu hkgh\Zggu_ gZ ijbgpihcZo
fh mevghc Z\bhgbdb WIh iha\hebl h[_ki_qgb]kjlhf\ilhglhaZz
kbkl_f b Z]j_1ZIh\ iZkkZ bjkdbo b IljZgkihjlgdoZleh\lZI| e
gZoh”ysboky \ wdkiemZIZpbb b \ i _jki_dlb\guo ijh fdlZo
fbojh\h_ b hl_q_kI\_ggh_ Z\bZkljh_gb_ i_j_ohbdblu gZ
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kharZgby dhfie_dkh\ [hjlh\h]h h[hjm~h\Bgbpbgh Zglggio\ _
[Zah\uwe f _glh\ ~h gZqgZeZ jZajZ[hldb <K qglh 1iha\h
k _jbcghklv b agzZqbl_evgh kgbablv bo kbkbfhkip \
fhr _jgbaZpbb \ha“mrguo km”h\

< jZfdZo =hkm~ZjkI\_gghc ijh]jzffu Jhkkbckdhc N_~_
Z\bZpbhgghc ijhfure_ggh# glh*ru2 Kh]JeZkgh IhklZgh\e_
ljZ\bl_evkI\Z JN hl Zij_ey ]lh~zZ «Z 1ThMnM~2Zjk1\g ggZ
ijh]jzffz Jhkkbckdhc N_"_jZpbb ©JZa\blb_ Z\lghkibihggh
gz - ]h~ru?

< P _ev wlhc Jhkm~ZjkI\ _gghc ijh]ljghféad Zght
\ukhdhdhgdmj _glghc Z\bZpbhgghc ijhfure_gghkhlabpbiZdj
gz fbjh\hf jugd_ \ dzZq_kI\_ Ij_Iv_]h ijhbaf\dBluienkdB h

Z\bZpbhgghc | _ogbdb

< |h?ijh]jzffz KZfhe_ Ihkljh_gb_  P_ev wlhe ih"ij
nhjfbjh\Zgb_  ]Jeh[Zevghc dhgdmj_glhkihkhpdhevgkZfhe
hljZkeb fbjh\h]h mjh\gy H~”gZ ba aZ”*"ZqgZjjZ\gbgh dgkh
A"hklib™ _gb_ wlhecwphe ki _g_gb_ ihlj_[ghkl_c¢c Jhkkbckdhc
\ 1jZ2 "Zgkdhc Z\bzZl _ogbd_\ agZgbl_evghcqkkli _gghaZz
ijh mdpbb G_f g \Z'ghc aZ”"Zq_c y\eyglky KZRbWkidgphc]
k _Ib b kbkl_fu ihke_ijh*Z gh]l]h h[kem b\Zgby

< ©dhfie_dkghc ijh]jzff_ jZa\blby Z\bZljZgkihjlg
Jhkkbckdhc N_~ jZpbbKhlezZkgh JZkihjy gbx 1jZ\bl_evk
hi bxgy ]hrz-¢ MI\_j°~ gZ dhfie_dkgZy ijh]jZffZ |2
Z\bZljzgkihjlghc hljzkeb Jhkkbckdhc N_~ _jZpbb “~h ]

gZeba kms_kl\mxs ]h iZjdZ b ijh]lJghaggha\blby

ijhfure_gghklb

ljhZzgZebabjh\Zg iZjd dhff_jg_kdbo kZfhe IRKAdZ\bzZdt
hp_ghqguc ijh]jgha jZa\blby Z\bZpbhgghc ijhfure_gghklb

Ba ij_"klZ\e_gguo ~Zgguo fh'gh k~ _eZzZlv Yb*&Z™ijglh
mki_rghf \uiheg _gbb ijh]jzffu bfihjlhazf_s _gby \hafh gZ
aZf_gZ bghkljZgguo <K b hl_g_klI\_gguo <Khdkf ij_*»
wdkiemZlZghbfax jhkkbckdbfb <K Kj_"Nkgfhe | ZN&EW/;
270 tkZfhe |hY2E-R10,70tkZfhe |hVIBIE7T0tkZfhe |hR1BN2
tkZfhe [h©O@300, 140tkZfhe |h\ E<JKZMh]Z kZfhe |h\ E

b kkzfhe 1Z ;ZcdZ®01)EFK

ljhZzgZebabjh\Zgh khklhygb_ hljZkeb ZzZ\WEmblydpgh]h
>7299Zy hljzkev \dexqZ _| hjlZgbazZpbc AEKIhdhqglu ih"/
Jhkm~rZjkIN\Z ~Zgghc hljZzkeb \ | _qg_gb_ "ebilhegngedkv \j_
jZ[hlu GBJ HDJ ih jZajzZ[hld_ kh\j_f ggud\ijlkh\f mk
Z1lj_1Zlh\  gZ hkgh\_ bgl_]jZevghc fh”mevghc Z\bh
bgl_]jbjh\Zgguo dhfie_dkh\ [hjlh\h]h .  hghjippftihdZgb)
bfihjlhazf_s_gby ijb jZajZ[hldZo mqgblu\ZebkvZahZdj*bgz
>hklb]Jgmlu_ j_amevlZlu \ *Zgghc h[eZklIbl ilgakHebgedu kh
h[jZapu ”"ey \h_gghc Z\bZpbb glh  h[_ki_gbl Dbfihjl
1iZ "Zgkdhc Z\bZpbb
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ljh[e_fu | _ogbqgq_kdh]h h[kem b\Zgby b j fhglZ <K

ljh\_~ g ZgZeba hj]J]ZgbazZpbc ih | _ogbqg_kdKfmhh[ke
khklhygbx gZ Zij_ev ]h~*Z dhebq_kl\hZ\\bhjdBgbaZphb
_~bgbpm ihlj_[ghklb Z\bZdhfiZgbc iheghklvx h[_ki_qb\Z

:gZeba Ijm~rghkl_c \ kgZ[ _gbb azjm[_ "guflZqguqgzZkly
b jhkkbckdbo <K ihalhey | k*_eZlv \u\h’ewil_ggHAl[bhg‘lwbd h k
dZgZeh\ ihklz\db dhfie_dilmxsbo Z IZdbb kRhay Zigbygygudh
kK _jlbnbpbjh\Zgguo hjl]ZgbaZpbc dhlhju_ kihkhfglgpZajZ]
kbkl _fu b hkms_ kl\eylv \uimkd j fhglghcb”kdmkfh [gglZ@p bk
gZklbgqgh \uihegylv nmgdpbb jZajZ[hlgbdZ

<hijhku ih~™ _j°Zgby e _Ighc ]Jh~ghklb <K j_ rzZxlk
| ogbg_kdh]h h[kem b\Zgby <K Ijhp_"nhjjkem ddBgbid]
\dexqgZx! ijh\_jdm <K azZf_gm Z]j_]1ZIh\ Kkbiklibkd dZkl|
mkljZg _gb_ g _bkijzZ\ghkl _c¢ j _fhgl b baf_g gb_ dt
<Z g_crbf we_f_glhf hi_jZlb\gh]l]h b i_jbh”bq_kdh]h
h[kem b\Zgby y\ey |ky h[_ki_q_gb_ aZigdklyfibze{Zikoh:
L dmsbc mjh\ _gv h[_ki_qgq_gghklb g "hkkZlhgkgyyc \ ij " e

Khklhygb b gZijZ\e _gby jZa\blby pbnjh\uo

1iZ "Zgkdhc Z\bZpbb

ljhZzgZebabjh\Zgu pbnjh\u_ k_j\bku Kkj_*b gbo fh
kK j\bku ih"™ _j°db | _ogbqg_kdhc wdkiemZIlZpbb

< k_j\bku hkgh\ghc ~_yl evghklb Z\bZdhfiZgbb |
ithe Ih\ iezZgbjh\Zgb_aZ]jmadb b p_gljmh\db 9Kfhigjlkekh "k
mijZ\e _gb_gZa fguf h[kem b\Zgb f

< k_j\bku h[_ki_gq_gby wdbiZz"'Z b <K ”"ey h[_ki_q_
kK _j\bku h[f_gzZ f_""m <K b p_gljhf mijzZ\e_ gbehlinye Ihf
gZ\b]Zpbhggh_ h[_KkKi_g_gb_b ieZg ihe_ |Z Wwdéjdljhgguc

>ey j_r_gby ijhJe_f pbnjh\uo k_j\bkh\ g_h[oh”bfh
ijhljZffu bfihjlhazf_s _gby k mq_Ihf ijbhjbl_Kdhklbrbz |Z«
i _j_oh” b \g_"j_ gb_jhkkbckdh]h ijh]jzffgh]lh h[_ki_q_ghb\

3ljbf_ju ijhba\h~kI\Z b bfihjlhazZzf_s_gby Z\bhgbdb \

=hkdhjihjzpby Jhkl_o '\ khklz\ dhlhjhc \dk@bl D]J
Dhgp_jg ©JZ"bhwe_dljhggu_ | _ogheh]bb® Z Jbkigpy jg hiij
dZq_klI\_ ]heh\ghc hj]jZgbazpbb \ kn_j_  hIMNHi\jghy¥\ _fm
ZdlIb\u ohe”bg]Zz ©:\bZijb[hjhkljh_gb_?2 H rglgtbc ba
Nyl _evghklb DIJWL y\ey |ky Z\bhgbdz

< khklz\ DIJWL \oh”yl -bklkezmbyhl _evkdbo bgklblm
ij_"~ijbylbc Kh]JeZkgh Dhgp_jg ©JZ "bhwldbtHAfgbZd oc
ba <bdbi_"Ndbh[h*ghc wgpbdehi_"bb

ljbf_ju ijh_dlh\ DJWL

< kijh_dlbjh\Zg b k_jlbnbpbjh\Zzg dhfie_dk ;JWH 7

ey -LmKF
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< jZajZ[hlZzg BD;H gZ hkgh\_ fh*mevghc Z\bhgbdb
F K "hey Z\bhgbdb k ijb\e_q_gb_f 1ZdbdhEb™ jh\
fbjh\h]lh Z\bZijb[hjhkljh_gby dZd Fhkdh\kjhidc oZggkd 8 bmlh v
Z\IhfZlbdb FBW: \oh*ysbc \ DIJWL njZgpbh@Kd/Z$YdR ZL
b Zf jbdZgkdZy 5RFNZHOO &ROOLQV \kgZKdhlylsu ih\j_
bfihjlhazZf_s gbx

< d dhgpm ] az\_jrz_| jZajZ[htdm ;RH[WHN?eyZgb
aZf_gbl Z\bhgbdm njZgpmakdhc dhfiZgbb 7guD CGkHYV
bfihjlhazf_szZ_fhc Z\bhgbdhe kZfhe*kllZ\&- gZ gZ jbkmgd_

< ieZgbjh\Zeb thklZ\blv h[hjm~h\Zgb _ Ney fg
ljZgkihjlgh]h kZfhe 1Z FLK 6XNKRL 6XSHUMHW 1*

JbkmghdZEbgZ k bfihjlhazf sz fhc Z\bhgbldhc kZfhe

< ney XYd ij_"ijbylbyfb DJWL [ueb jZajZ[hlZgu ijhb:
bgl _]jbjh\Zgu \ _~bguc pbnjh\hc dhfie dk Z\kkibkbdiu i |
gZ\b]zZpbhggh]h ibehlZ ghlh b [h_\h]h ;JWH

<\ - ]h*Zo dhgp_jg 9ZgZe ijhba\h”*kl\h bg
gZ\b]Zpbhgghc kbkl-Ki# ;B&Kbklj [bl_-85c Km

<\ ] th*ibkZgh khleZr_gb_ k ohe”bglkbb@<h jlhe
kharZgbb kh\f_klgh]lh ij_"~Bbglhx dhfie_dkbjh\Zgby ;J

\_jlhe _Ih\ -D;Hey \_jlhe_ I|h\ Fb

<ur_ \ dzZq_kI\_ hiulz bfihjlhazf_s_gby ijb\_~ gu |
\h_gghc Z\bzZpbb hgb fh]lml [ulv mKki_rgh"p ZeétkdahfiZg
Z\bhgbdb kzZfhe Ih\ ]jZz'"Zgkdhc Z\bZpbb BZdm§Z ghbkb
kZfhe |RRI- FR1, A- < mklZgh\e _gu bgl _Jjbjh\Zc
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hildZahmklhcgb\u_ bg\hj@bdegngh kbkl fu $',56 ijhba\h
nbjfu +RQH\ZHOO jZaebqgud].fth*bnbdZpbc

>Zggu_ kbkl_ fu fhlml [ulv aZf_g_gu jZajZ[hl
ijhba\h”*bfufb \ Jhkkbb ZggeheZiimhif ggufb bg_jpbZevg
gZ\b]Zpbhggufb kbkl_fzfb gZiHWE_j bBQGEKjbZglzZfb bo
bgl JjZpbb k kbkl fZfb \ha“mrguo kb]JgZeh\ b
jZ"bhgz\b]l]Zpbhgguo kbkl_f

AZdexq_gb_

lh "\h~y blh] ohq_Iky kdZaZlv qlh hkmddKlaewnlv i
bfihjlz Z\bhgbdb g_ klhbl \hafh gu \ZjbzZgflihijilZjZieg avg
Afm® _kI\_ggu_ kljZgu Ijh]jzffu j_Zebam_fu \hf§Zgbf ]h
kihkh[gu hkms_klI\blv [ukljuc b iheguc ihpZofh’s gdzb bfitely
wlihlh Ij_[m_Ilky \j_fy LZd _ iheguc hldaZ hilkbfliki\NZzy |
dhgdmj_gpbb fh | ijb\_kib d mom”~r_gbx dZpma’klédc\ukmk
wlhl i _j oh”guc i_jbh” kZgdpbhgguo h]jZgihdg_ kibokgvh[
th " j"dm wdkiemZlZpbb kms_ kl\mxs ¢ Z\btdgbkbklad k
ZgZeh]lh\ b h[_ki_qgq_gby aziZzkgufb qgZklyfb bpnkibltkdhb
balhlh\bl_eyfb b Z\bZzZj fhglgufb azZz\h*"Zfb >Zgpwle fZI_|
bkihevah\Zg ~ey \ujZ[hldb ijZdlbg_kdbo j_dhZpdptZpbc ~
| ogbg_kdhfm h[kem b\Zgbx Z\bZpbhgghc bhagghhdb
ij_"Nijbylbc Z 1Zd _ ijb ih~]hlh\d_ Z\bZpbhdgwuwmakio pbZeb

' B;EBH=J:NBQ?KDBC KIBKHD

1. ; | _ebg < H; ijh[e_f_ bfihjlhazf_s gby b Zevl_jgZlb\ghc
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M>D

IJH;E?FU KHA>:GBY :<BHGBDB >EY H;T?DLH<
=J:@>:GKDHC :<B:PBB G: 1J?>1JBYLBYO H;HIJHGGH
IIJHFURE?GGH=H DHFIE?DK:

Dehdh\ B? B
FZkeh\ B? K
Klheyjh\ &* >
Dhjgbeh\ **<dZg” | _og g¢gZmd
(gZmgguc jmdh\h”bl_ev

''H ©:jazfZkkdh -ipiZmaqlghkI\ _ggh_ij _~ijbylh<Bat?F|
:jaZfZkkdbc ihebl _ogbg _kdbc bgklblml nbebZe G=LM |

] :jazfzk
:gghlZpby< klZlv _ JZKKfZIjb\ZxIky hkgh\gu_ ijh[e_fu
bgnhjfZpbhgguo kbkl_f [hjlh\h]h h[hjm~h\Zgby Z\bhgbdb “ey h
Z\bZpbb ij_"ijbylbyfb -hijinfhgeghggh]lh dhfie_dkzZ HID l[jb\_~ _gh h

g_dhlhjuo \hafh'guo ih"oh”h\ ey bo j_r_gby k mqg_Ilhf hiulZz h~g
HID ijb k_jlbnbdZpbb dhfie_dimxsbo ba”_ei2020h =HKL J

Dexg_\u_ keWbA_ jkbnbdzZpby ijhba\h~kl\Z ZzZ\bhgbdz ]jz ~Zg
kK_jlbnbdZpby jzZajz[hldZz
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COMPLEX
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Abstract. The article discusses the main problems of creating information systems of
onboard equipment (avionics) for civil aviation facilities by enterprises of the military-industrial
complex. A description of some possible approaches for their solution is given taking into account
the experience of one of the defense industry enterprises when certifying components according to
GOST J58849-2020.
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< jZfdZo ~b\_jkbnbdZpbb ijhba\h”*kl\Z \ khhI\_ITkl\l
ihjmg_gbc ih blh]zf kh\_sZgby ih \hijhkm ~Wh\ggkbnbd
ijhfure_ggh]h dhfie_dkZ hl -2423.) < fglh]bfb
ij_"~ijbylbyfb h[hjhgghre ggh]h dhfie _dkzZ HID gZqZlZ j:
ijb[hjh\ kbkl_f b Z]j_]1Zlh\ "ey ]jZ ~"Zgkdhc Z\bEpbb
n_\jZey ] ijbhjbl_lu ijhba\h~kl\_gguoijiéZdly\bkczZdb:«
kms_ kI\ _ggh baf _gbebkv h”*gZdh g_h[oaZfthqgZh §bB21Zgh
hl g klI\_gghc Z\bZpbhgghc | _ogbdb [zZd _ y\ey twy dj
wdhghfbq_kdb_ h]jZgbqg_gby gZ ijbh[j_| _gb_Ilb\ghtkkljZg
dhfie _dilmxsbo d gbf [m ml| “eblvky s ~hklZlhggh *he]h

ljb jZajzZ[hld_ Z\bZpbhgghc | _ogbdb ]jZ'~Zgkdh]h
ij_"~ijbylbc HID \hagbdZ _| jy® ijh[e_f h[mke kel nghulm_ t_
b ki_pbnbdhc kzZfbo ij_"ijbylbc > @ G_h[oh”"bKh hi
ZgZeh]lbggufb ljm~ghklyfb fhiml klhedgmlvky b
g_ihkj_~kI\_ggh jzZ[hlZxsb_\ kn_j_ 1jZ "Zgkdh]lh<ijb[h
fZzl _jbzZeZo gZklhys ¢ klZlvb [m”_| bkihevahldivVkWH ijZd
©:jazZfZzkkdh_ -gdmggimkl\_ggh_  ij_"ijbylb:<Bat ? bl
g _dhlhjuo Aim]bo Ij_"ijbylbc JN ithemqg _ggluic Ik
bgnhjfZpbhgguo kbkl_f [hjlh\h]h h[hjm”*h\Zgh{yt_ &\t\hghb
fZehc ]jZz ' ~Zgkdhc Z\bZpbb > @

JZajzZ[hldm ijb[hjh\ kbkl_f b Z]j_]ZIh\ c"ggylhh[dedlh)
\h_ggh]h gZagZq_gby ijhfure_gguf Ij_~ijbylbl f dl
ki_pbZebklu \h_gghlh ij "kFhdpbkévikdN\zZ h[hjhgu Jhkkbc
N ~ jZpbb <I FH JN aZdj_ie_ggh]lh az ~Zgghf ij_ "ij
hkms_ kl\leyxl dhgljhev kha”Zgby ba” _ebc&pbp jjzorZzHgKth
J - ‘\bZpbhggZy | ogbdzZz ]jZ'"Zgkdh]h gZagZq.
kharZgby2 gh m™_ \ klZImk_ g _aZ\bkbfhlk"ph&ki dphby
gZagZg_ggh]h miheghfhg _gguf hj]l]Zghf ih ks jkbYe dgdypyb b
nmgdpbc \ khhl\_Ikl\bb k n_~ jZevgufb Z\bibpbNglgufb i
lh~IN _j°~ _gb_f \ukhdh]h mjh\gy dzZq_kI\Z b kgb{\f IkI\l
| ogbqg_kdh]h azZz~Zgby jZajZ[hlZggh]h baMm”ebly y\ dyldtkfy |
j_amevlZlu jZaebgguo \b*h\ bkiulZgbc

Hkgh\guf °~_ hlebgb f kha”“Zgby ba” _ebc 7~ey ]jZ2° "
yley |Iky g _h[oh”bfhklv g_ lhevdh jZajZ[hhdb mEfpHokl\Dd g
ithr dhgljhe_f GB gh b ijh\_~ _gby ijhp_"mju |
d\ZebnbdZpbb ih™ dhgljhe f N_" _jZevghyh_ "Z\lplgnfg
©:\bZpbhgguc j_]Jbklj Jhkkbckdhc N_" _ jZpbb2 JKkljpbZel
JN b ki_pbZebklu gZagZqZ_ fh]l]h k_jlbnbdZpbhggh]h
hjl]ZgbazZpbb 2zZddj_~blh\Zgghc \ khhl\ glxkk\iblp k M:[lhIr2y ih
k _jlbnbdZpbb k p_evx wdki_jlghc hp_gdb jZdmlevIZlIl
jmdh\h”*kl\mxlky hkh[ufb ghjfZlb\gufb "“hdmf_d3EHo \
J : DL DL K -J b ~j Hkgh\ghc bo p_evx y\
dhgljhev ijZ\bevghklb ijhp_"mju kha*Zgbpy jZapgZ[Hhig bg da
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0ZjzZdl_jbklbd dhgdj_lgh]lh h[jZapZ >he gh [qgltn 1hBI\_
jZajZ[hld_ [ueb bkihevah\Zgu ijZ\bevgbg ikdbh”ju b dbgc
ijb kljh]hf kh[ex®_gbb dhlhjuo [m”_I| h[_kidfqg gkl\huk
ijh"mdpbb b dzZd j_amevlzZl h[_Kki_q_4@Z\ [b dhiahkgklhvkl
"ey "bagb a”hjh\vy b bfms_kI\Z ex™ _c

GZ "Zgghf wlzi_ ijhy\ey |ky i_j\Zy ijh[e_fZ ijdZklh \
jZajzZ[hld_ ba”_ebc ”"ey h[t_dlh\ ]jZ'"ZgkdYigbhydblydpbb
h[hjhggjmhfure _ggh]h dhfie _dkZ g_h[oh”bfhklv h[ghki qbl
lj [h\Zgbc dzZd ki_pbZebklh\ @B FHZdA N aw d-KZmpNibhAhjh\
\bzj_]bkljz JN dhlhju_ g_ Ilhevdh jmdaNmnPrkljhadgkyb\
ghjfZlb\gufb ~hdmf_glZfb Ijbf_gyxl hlebqZxsb_ky ih”#
aZqZklmx bf_xI ijhlb\hiheh ' gu_ fg_gby gZ h2b@ b Ihl ~_

GZijbf_j | _ogbqgq_kdh_ az”~Zgb_ LA jZajXhpblxggh _
=HKL J - b m~h\e_I\hjyxs__ |j_[h\Zgbyf <IGEBFH JN
dZj*bgZevgh hlebqgzZz_I|ky hl d\ZebnbdZpbYgdmhfihg!ZZal
khn j"Zs _1h Ij_[h\Zgby d ba”_ebx k mqg_tjIh\ [h\Egba k
Ahdmf_glh\ jhkkbckdbo b f_""mgZjh?*guo Z\bZpdhpguwa hj
yley Iky hkgh\guf ey :\bZj ]bkljZ b KP

Lzd :H G OL-?€B:*® hkms_kl\ey | jZajZ[hl
bgnhjfZpbhgguo kbkl_f dhfie_dlmxsbo ba”_édbdll dZd
deZkkzZ dzl_]lhjbb : \ khhI\_Ikl\bb k =HKp_Prvx ithemq_gl
K_jlbnbdzlz Jhrghklb dhfie_dlmxs_]h ba beghyp b& DB hfd
ihjy~d_ 1Zd b ih “h]Jh\hjm k aZdZaqgbdhf

ljb bgbpbzZlb\ghc jZajzZ[hld_ hij_ * eyeky ApZ \lga&Z*mr
dhlhjhf fh]lJeZ [u [ulv mklZgh\e gZ kha"gX2bthyhkb&b kiZ
| ogbq_kdb_ 0ZjZdl_jbklbdb g_kdhevdbo dhgdj_Ic
©ihlj _[bl e c2 b hij_ ~ eyebkv bo ©mkjebg lggpuhkPgikdbe
lj _[h\Zgby gZ jZajz[Zlu\Z_fh_ dhfie_dIimxsjfbjbe2eleiov [
ith j_amevlZlZf ijh\_~ ggh]l]h ZgZebaZz lahk\e jr oiky r
kK _jlbnbdZpbb kbkl_fzZ fh | [ulv bkihevah\ZgZ ex[uf
\ha“mrgh]h km~gZ mklZgh\e_ggh]h IbiZz

JZajz[hldZz ih ~h]h\hjm k aZdZagbdzZfb dh\lgbeZkyv
lj _[h\Zgby dhgdj_Igh]l]h \ha?mrgh]h km~gZ

< h[hbo kemqgZyo J[ueh jZajzZ[hlZgh dZd |_egbqg_Kk
bgbpbzZlb\ghc k_jlbnbd&ptbdp Edb 1j [h\Zgby khleZkh\Z
FH JN £B 1Zd b d\ZebnbdZpbhgguc [Zabk khleZkt
\bzZj_]bkljhf JN

Ke "mxsZy ijh[e_fZ ijhy\ey Iky m _ ijb jZajZ[imld_ g
dhgkljmdpbb ba”_eby LZd ki_pbZebklzf Hiulxs\bf [
jZajZ[hld_ Z\bZpbhgghc | _ogbdb ih ©\h_glgklfZlhlklghg "z
keh'gh zZ~Zilbjh\zZlvky d b”_heh]bb j_leZfZglBfh\Zgc
JhkZ\bZpkb : DL DL K -4761 | d hgb kms_klI\ g
jZaebgzZxlky WIh ijhy\ey |ky dZd \ g _agpZgpdaebggacft
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gZ[hj g_h[oh”bfhc “hdmf_glZpbb hlkmlkh\bijhVjjfh\Zg
Ahdmf_glh\ ghjfhdhgljhe_jhf k ihke_"mxs_cehk”4dq_c
ith*ebggbdh\ "hdmf_glh\ \ ki_pbZevguk ZjiplbgpbilbZevddo
ith*oh”~"Zo jZaebqgu_ wlZiu ijb kha”Zghbfih Kda”\ besnyZ egv g pl
nhjfbjh\Zgby ih”jh[gh]l]h ©7* _ j \Z2a [|j_[h\ZgbenkéHhy@azZ| te
ijh\_~ gb_ g _aZ\bkbfhc \Zeb”"Zpbb ijhf_ "mlieygghklibhd j
itheghlu knhjfbjh\Zgguo |j_[h\Zgbc b \_jbnbdZpbb

ijh\_jdZ j_ZebazZpbb dhgkljmdpbb b \uihegijlgby* lgb[h\-
g luj_o ijh\_jhd Zm~2blh\ Kki_pbZebklZfb :\bZj ]bkljZ JN

LZd _ g_h[oh”bfh mqgblu\Zlv glh kh\j _f_ggu_
Z\bZpbhggu_ klzZzg”*"ZjHu IbidDL] DL K b i y\leyxlky
ijyfufb beb zZ~Zilbjh\Zggufb i_j \h~Zfb bghkl\gguo *h

ijb\h~Abl d g_dhlhjuf g_khhlI\_IklI\byf f_""m bdehehh]gby
jyN klzZzg”~zZjlh\ dhlhju_ jZajZ[hlZgu b ijbdukiihevzZammikyh
ijb jZajZ[hld_ \ JN g_hnbpbZevgh > @ Ihglmikl\rgl"j_
f ITh~u hp_gdb khhilI\_Ikl\by wlbf klzg”rzZjlzf gZi§bfl&g $5
664, ARINC 825).

K wlhc |Ihgdb aj_gby fgh]bf | _ogbqg_kdbf ki_pbZel
©\h_gguf2a =HKLZf dzZ _Iky [he__ ij_"~ihglbl_evghc

Hrgbf ba \hafh'guo iml_c j_r _gby mdZaZgghc
ijhfure_gghf ij_"ijbylbb HID fh | klZlIv nhpfkbjheZggh]in
ithrjZa™ e _gby khklhys ]J]h ba fheh”uo ZAeljmd gk ldix\
dhlhjh]l]h  [m”_ | bkdexqbl _evgh jZajZ[hldZ hbadbgfc
JhkZ\bZpbb

HAgZdh dZd ihdZaZe ijZdlbg_kdbc hiul-:<gB:3GIl ©Ol
ij_"~ihqglbl _evguf y\ey |ky \ZjbZgl ©dhfie_ dklbjg¥ZAgdnt a
fheh”u_ ki_pbZebklu hkms_kl\eyxl ijh_djmjh\Agyb bidh
klzgnrzjlzf JhkzZ\bZpbb b =HKL ?KD> Z dhdhjhev
hkms_ kl\leyxl g_kdhevdh jmdh\h”*bl_e_ c¢ jZdbqploeVimagi
hiul jZ[hlu ih kha”Zgbx \h_gghc | _ogbdb 74 () I
ijbgbfZxsbo b~ _heh]bx k_jlbnbdZpbb ih klzgrZdbf Jhk
khijm~gbdb kihkh[gu ©m\yazlvad h~gb |j_ [K\ZpbgvX ~*
ZNZilZpbb ijhba\h”~klI\ _gguo ijhp_kkh\ ijbgyldldDgZ ij_ "ijk

<Z ghc ijh[e_fhc y\ey Iky h[_ki_g_gb_ 1lj [oglbfth]h n
jZajZ[hldb b ~hklb" _gby azZ”~Zgguo \_ebqgbg \_jhylghk
khklhygbyo ihdzZazl_eb gzZ”~_"ghklb

< khhlI\_Ikl\bb k ©\h_gguf2 ih*oh~hf g24Zgp44q¥relddphf
kbkl _fu ijh\h~blky hjb_glbjh\hqguc jZkg_ | gZ”~o dleklb i

ijbf _g_gby Z bgh]®Z b m _ ijbf_g_gguo \hijjZ\amZdiu
ba eby we _dljhgguo dhfihg _glh\ b fh"mehdh?*bIK¥Zev¢
hij_~ _e_gb_ jzZ[hgbo j_"bfh\ dzZ ~h]h dhfihggdlx C

ithemq_gguo wdki_jbf _glZevguf iml_f ~ZgguovlZZtzd _
bkiulZgbc khklz\ey Iky mlhqg _gguc jZkqg_ | gZaZl gékklb
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gZ™_ "ghklb dzZd GZagZg_gguc j_kmjk b kjhdy kem~
bkdexqbl_evgh bkiulZgbyfb hiulgh]h h[jZapZ kbkl_fu
baf_g _gbb dhgkljmdpbb \ qzZklb azf_gu dhgihldh_wleZ tlghg
fh*mey gZ ~“jm]hc ijhba\h?*blky ih j_am&dYbLlZjbhpg gglby n
hp_gdb jZ[hgbo |j_"bfh\ beb ih j_amevlZiZdmdXiulZz
\hagbdgh\ _gby hldZaZzZ h[jZapZ

Br heh]l]by aZeh  ggzZy \ ijhp_mjm Kk _jlbhdbfdZpbhb

JhkZ\bZpbb ij_~ihezZ]zZz_ | hp_gdm [_ahiZkghklb kbkl
gZ™ _"ghklb qg_j_a ih”jh[guc ZgZeba hldZagubh\ktklhyc
ijh\_~ gguc ©Jmdh\h”kl\m ih f_Ih~rzf hip kgl [f &hiz
[hjlh\h]h h[hjm~h\Zgby \ha”“mrguo km~h\ |PZ dZ@Rdhc Z
jZkg_|I IThke_ i1themqg_gby | _hj Ibg _kdbo ageXq _gbc hu”.
ijZ\bevghklb ijbgyluo | _ogbg_kdbo | _r_gbc Khhil\_

g _khhl\ _Ikl\bb ihemqgq_gguo agZq \ewlmanjZagZ[hjgpad ZIlu\zZI
dhgkljmdpbx kbkl_fu k p_evx memqr_gby Ygbkeghdhkdbag
\hagbdgh\_gby hldZagh]h khklhygby gZ q9gZk eihe_ |Z
khhi\_lkl\mxs_]Jh h~ah[j_gby kh klhjhrgtib Mgkl jlb¥j Jbklj:
JN fh™ | ijbkimizZzlv d ba]lhlh\le _gbx hiulghl\h Ik[fyEBpK \
ml\_j°~ gghc dhgkljmdpb _c

ljb 1Zdhf ih~oh”_ "~hihegbl_evghc ijh[e_fhamE&Eigh\
kbimZpby gZ jugd_we dljhgguo dhfihg_ &Mh]\Xlgbm kg
hlkmlklI\m _ | ihegZy m\_j gghklv ihemqg_gbyVyjhggwdoh”t
dhfihg glh\ aZy\e gguo \ *hdmf_glZpkb\hBgghebl\ dkgedd
aZf_gZ \ mI\_j°~ gghc dhgkljmdpbb ~ _nEpbhghdhfwelZf gy
Aim]lhc fh 1 [ulv ijh\_~ gZ k fbgbfZevguf MWbja_ fhf bl
aZ\bkbfhklb hl mjh\gy djblbgghklb we f glZz e ih
khhi\_lTkl\mxsbf <I FH JN |h \ jZfdZo k_jlbndldApbb
1iZ "Zgkdhc Z\bZpbb Izdzy azf gz fh | Julv jZkkfhl]j
Zm~blhjzfb :\bZzj_]bkljz JN dzZd ©J]ezZ\gh_mbplbbd gb _
khhi\_lkl\bb k =HKLE2J b ihl\e_qgv aZ kh[hc ih\lhjgh_ ijh
jZajZ[hldb b bkiulzZgbc

Bf _ggh ihwlhfm Kki_pbZebklzZfb :H ::&IB:20 L P I
jZajZ[hld_ kbkl_f Z\bhgbdb j_ Zebam _ Ikyklihy\hghh\ ghklb
\j_fy gZ~_"gZy dhgkljmdpby dzZd kzZfh]h”dabie \dpmesf]tl
|1Zd we _dljhgghc ZiiZjZImju b ijh]jZzffgh]lhkhdhkibq [gly
ijbf_g_gby IEBK ~hihegbl_evguo ©bgl_jn_ckgul® fibodjh
gZibkzZgb f ijh]jzffgh]lh h[_ki_qg_gby [_a ijbf_g_gby dh”h

AZdexq_gb_

< gZklhys c¢ klzlv_ ij_"~klZ\e_gu hkgh\gu_ ijh[& fu
ijhp_kk_ jZajZ[hldb bgnhgéZpjhgekguo kbkl_ f “ey h[t
1iZ "Zgkdhc Z\bzZpbb ij_"ijbylbyfb HID Z lZdgbyijbay” ¢
Ij_h~"he_gby mdZaZgguo I|Ijm~ghkl_c Zijh[lbjth\Zgglu
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j _amevlzlzf ZgZebaz fh ' gh k” _eZlv \u\h"jbgdbzZfbkgh'
\hagbdgh\ _gby ijh[e_f y\ey Iky keh ghklv h[t_édbg_g
jZajzZ[hld_ \h_ggh]h b ]jZz ' ~Zgkdh]h hlkmlkgWhbh hdlkh\F
jZajZ[hlgbdh\ b g_azZ\_jr_gghklv \g_7~j_gby kbZg®™Zjlh
ijhba\h~klI\_gguc ijhp_kk Z\bZkljhbl_evguo ij_"ijbylbc

' B;EBH=J:NBQ?KDBC KIBKHD

1. 1 _j_g_gv ihjmg_gbc ih blh]Zf kh\_sZgby ih \hijhkm ~b\_jkbn
ijhfure_ggh]h dhfie_dkz hl -] #&Wpe_dljhgguc YRkmjk@
http://www.kremlin.ru/acts/assignments/orders/5944‘& I1Z h[jZs_gby

2. <ZjrZ\kdbc Kby _j]lby ijhba\h~kI\Z \h_gghc b ]jZz ' ~Zgkdhc I]

ijbf_j_ Z\bZpbhgghc |jhfure gghklb : ? <ZjrZ\kdbc F =
GZpbhgZevgu_ bgl_j_ku ijbhjbl_lu b [_ahiZkghk-B3. < K

3. <lhjh\ : « jzZfdZo ~b\_jkbnbdzZpbb :GIl ©OL?FI :<B:2 jZajZ]
ibehlZz gu_ kbkl_fu ey ]jz'~Zgkdhc Z\bZpbb : . <lhjh\ B B D
< > Klheyjh\ Lhggh \ p_ev -61.< K

4, :\_Ibkyg K F_""mgZjh”rguc ih”oh” d k_jlbnbdZpbb Z\hb
we dljhl _ogbg_kdbo ba”_ebc < _klgbd Mnbfkdh]h Jhkm~Zjkl
| _ogbq_kdh]h mgb\_jkbl_1IZz -73¢ tEDN YVIKIQW.

5. = jZkbg JZajzZ[hldZ i_jki_dlb\guo we _dljhf_oZgbqg_kdbo ij_
wg_jlbb e_I|Zl_evguo ZiiZjZlh\ gZ ]b[jb”*guo fZ]gblguo ih”rbig
f Ih"heh]bg_kdbo hkgh\ bo k_jlbnhaZpbly YZknd« ~ : =_jZkbg
Fhkd\z k
M>D

D <HIJHKM H J:AJ::HLD? BFBL:PBHGGHC G:LMJGHC
FH>?EB FGH=HNMGDPBHG:EVGH=H PBNJH<H=H
BG>BD:LHJ:

FzZzdzZjh\ B D dZzg” | _og gZmd
>\hjgbdh\ < <

<hagyd <
<MGP <<K ©<\thaggtrgZy Zdz”_fby bf ijh@nkkhjKdG]R b
X : =Z]ZjbgZz?2
1 <hjhg_-
gghlZpby klzZlv_ ij_"~klzZ\e_g hiul jZajzZ[hldb b ijbf_g_gby g.

kl_g~Zo bfblzZpbhgghc gZlmjghc fh”_eb fgh]l]hnmgdpbhgZevgh]h |
\ugbkebl _evguf y?*jhf dhlhjh]h y\ey IkyAfthuhdMangljhereyjjZajZ[hldb
bgnhjfZpbhggh]h ihey bkihevah\Zgz ijh]jzZffZ MNMaading¢did d-laghZznbdb
Professional.

Dexqg_\u_ keh\ZbehlZ gu _ kl_g”™u fbdjhdhdrghiae |
fghlhnmgdpbhgZevguc pbnjh\Macromgedmd-takh jProfessional.
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ON THE ISSUE OF DEVELOPING A FULL-SCALE SIMULATION MODEL
OF THE MULTIPURPOSE DIGITAL INDICATOR

Makarov I. K., Candidate of Technical Sciences
Dvornikov V. V.
Voznjak V. A.

OLOLWDU\ 7UDLQLQJ DQG 5HVHDUFK &EeQamyditeR 1 W K |
SURIHVVRU 1 ( =KXNRYVN\ DQG < $ *DJD!
(Voronezh)

Abstract. In the article experience of developing and application at flight stands of
simulation model of the multipurpose digital indicator is presented by which computing kernel
microcontroller Arduino Nano is, and for information field developing the program of vector
drawing Macromedia Flash Professional is used.

Keywords: flight stands, microcontroller Arduino, the multipurpose digital indicator,
Macromedia Flash.

>ey dZqg_kl\_gghc ih?*]lhlh\db Z\bZpbhggubgkb m)Zebk
wdkiemZIlZpbb b ibehlbjh\Zgby e _|ZI_ejdubeZZZidk4l h!
hiyaZl_evgu_ ijZdlbg_kdb_ azZgylbylwkgb dihdnmg _ijhkh "™ KkI\_
gZ Z\bZpbhgghc | _ogbd_ 1Zd b gZ ki_ghZebdldpHibipgsbo
jZ[hlm Kh]leZkgh IjhdhnWwApBhbigu_|j_gZ _ju QZKklb
Mq_[dhlh”"bq_kdh_ ihkh[b_ ih ijh\_~ gbx ijZdlbg_kdbo a:
26 k1, @ AZgylby gZ | _ogbd_ hj]J]Zgbah\iZIy*ZheliddZd Zid
dhebq_klI\h e _1Zl _evguo ZiiZjZlh\ dHRgdigblghgh I1Bidznd_[g
Jimii \ dhlhjuo bamqZ _ Iky ~Zgguc Bl IZh eVdutvZgiXjdhevc
Djhf_ Ihl]h g_ \_kv ebqgguc khklzZ\ ba WfbkedZ\hgihqg@hKkuv
ihk _Iblv ijZzdlbqg_kdh_ aZgylb_ mqgbiubgdpyh]ki hhadkdz g\by
dZqg_kI\_ ki_pbZebabjh\Zgguo kl_g~ky fiojehl4jlgiu gywh g”u
gZijbf_|j "ey jZajZ[hldb b | _klibjh\Zghbe Ikl éulAijevgu

ZiiZjzZlhf beb Z\bzZpbhggu_I|j _gZ _jb\bi\jdla\Zgdahfimj khklZ
gZ\udb ibehlbjh\Zgby

lhemqg _ggu_ ijb bkihevah\Zgbb i j gbi&ddglgyokdd g-
gZ\udb gzZijyfmx azZ\bkyl hl kl_i_gb khgtyl\fHkh\thy hijmnfh\Zgl
j_Zevghfm h[Bgldm_ ]h\hjy bgnhjiZipBhegyhs  ihe_ dZ[bg
kl g~Z “he 'gh kh” _j ZIv1l_~ we_ fbg8u 5.lh b ijhlhl

< gZklhys_ _ \j_fy \ \h_ggdhZmmghifglp_glj_ gZ dZn
Z\bZpbhgguo dhfie_dkh\ b dhgkljmdpbb e _|Zl _evguo Zi
e 1zl _evguo ZiiZjzZlh\ ey ijh\_~ gby bkke_ _"h\Zglbc \ h]
Ijbf _g _gby Zelhjblfh\ kbkl_ f mijzZ\e _gby e 1Zl _evguf
ijbf_gyxlky jZaebqgu_ Ibiu ibehlZz guo kl_g”h\ GZ jbkmg
ibehlZ gu_ kl_g”u fZg_\j_gghc b g_ fZg_\j_gghc Bb\bZpb
fhlbevguc \_jlhe _Iguc kl_g~*
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JbkmghdbehlZ gu_ kl_g”u dZn_"ju Z\bZpbhgguo dhfie

dhgkljmdpbb e _1ZI _evguo ZiizZjZlh\ Z {fZg_\j_gghc Z

fZg_\j_gghc Z\bZpbb \ klZpbhgZjguc \_jlhe Iguc kl_g
\ jlhe _Iguc kl_g*

H[sbf Ney Ij_"~"klZ\e _gguo kl _g”h\ g _"hklzldhf
g \hafh ghklv i_j dexq_gby dzZ~jh\ fgh]lhnmgdpbhgZe\
bgrbdzlhjz FNPB |1Zzd dzZd bah[jZ  _ggu_ gZ ~bkie__ d¢
bf xI ~ fhgkljzZzlb\guc o0Zjzdl_j GZ jbkmgd_ ij_"~klz\e
dZ”ju ijb[hjguo “hkhd g_dhlhjuo ibehlZ guo kl_g~h\ k j.
gbo \bjlmZevgufb FNPB

JbkmghdbehlZ gu_ dZ”ju ijb[hjguo “hkhd kl_g”*h\ k jZaf_
gbo \bjlmZevgufb fghl]hnmgdpbhgZevgufb pbnjh\ufb bc
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G_h[oh~bfhklv \' i _j dexq_gbb dz”jh\ FNPB h[hkljy Il
g _kdhevdbo ihke_ _"h\Zl _evguo aZ”"Zq ibehlbjh\Zgby gZij
j_"bf “hazijz\db \ \ha"mo_ ihkz”~db gZ iZem[m Z\bZghkp
b lzd "Ze_ _

Bf xsb_ky \ ijhrZ"_ bfblZpbhggu_ fh” _eb FNPB bf_
klhbfhklv aZzZdjuluc ijh]jzffguc dh” hlkmlkl\b_ \hafh ghk
bkihevamxsbfbky gZ dzZn_"j_ ijh]jzZffgufb ijh*mdlZfb fz
fhr _ebjh\Zgby "bgZfbdb "\b " _gby e |Zl _evguo ZiiZjZl
"hklz\dZ ~"Zggh]lh h[hjm~h\Zgby h&msnkl\ex Ik bekdexq
\hafh ghklb ]ZjZglbcgh]h h[kem b\Zgby

| j_qgbke_ggu_ hkh[_gghklb nhjfbjmxl g_h[oh”bfhkl\
bfblZpbhgghc gZlmjghc fh™ _eb fghl]hnmgdpbhgZevg
bgrbdzZlhjz k \hafh 'ghklvx _]h bkihevah\Zgby gZ ibehl
Z\bZpbhgguo |Ij_gZ _jZo ijb ijh\_~ _gbb ijZdlbg_kdbo mij
beb bg _g_jguf khklZ\hf

< jZfdZo knhjfmebjh\Zgghc p_eb kbezZfb khljm”~¢
jZajzZ[hlzgz |j_of_jgfhy &¥'jZajzZ[Zlu\Z_fh]lh FNPB gZ jb
ij_"klZ\e_gu _z khklZ\gu_ gZklb b k[hjdZ

< dZg_kI\_ \ugbkebl_evgh]h y*jzZ \u[jZg fbdjhdhgljhe
hfeZ"Zxsbc jy~hf ij_bfms_kI\ dhfiZzdlguc jZaf_ j [hevrl
ZgZeh]lh\uo b pbnjh\uo ihjlh\ pbnjh\uo \oh”h\ buoh”h
fhlml bkihevah\Zlvky d2doRB¥F + ZgZeh]h\luo \oh”h\
klhbfhklv \ukhdZy ijhba\h”bl_evghklv

Jbkmghd| of jg@P-fhA _ev jZajz[Zlu\Z _fh]lh FNPB

Bal]hlh\e _gb_  dhjimkzZ bfblZpbhgghc gZImjghc f
hkms kl\eyehkv k bkihevah\Zgb f Z~”blb\guo | _ogheh]b
7TRUQDGR < dZqg_KkI\_ fZI_jbZez ~ey i_qZlb [ue \u[jZg 3
ij_djzZzkgh ijhlb\hklhbl jZaebgghfm \ha”_ chldpm Zks k¢hjh
kj_~u Hg bf__I ohjhrmx ]Jb[dhklv gbadbc dhwnnbpb_ gl
Z"] _abhggu_ k\hckI\Z ijb i_qgZlb hlkmlki\m _| g _ijbylguc .
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>ey j_ZebaZpbb kgylby eh]l]bg_kdh]h kb]JgZeZ k dgh
FNPB hgb [ueb ih~dexq_gu iml_f ihke_ _~h\Zl _evgh]h
ZgZeh]lh\uf \oh~Zf fbdjhdhgljhee_jZ $UGXLQR ijbqg_f f_~
mklZgh\e g j_abklh]j ghfbgZehf dHf |Ijb ihke_ "~h\ZIl ev
j_abklhjh\ bo khijhlb\e_gb_ kdezZ”u\zZ _Iky LZdbf h[jZa
ijbk\Zb\Z Iky k\h_ khijhlb\e_gb_ GZ jbkmgd_ ij_"klZ\e
ko _fZ ih~"dexq_gby dghihd d fbdjhdhgljhee_jm b nhlh
we_ dljbg_kdhc p_ivx \ dhjimk_ FNPB

JbkmghdjbgpbibZevgZy ko_fZ ih~"dexq_gby dghihd d fbdj
nhlh k jZaf_s_gghc we_dljbg_kdhc p_ivx \ dhjimk _

JZajZ[hldZ ibehlZz ' guo dzZ~jh\ FNPB hkms_kl\eyeZk
ODFURPHGLD )ODVK 3URIHVVLRQDO \ dhlhjhf \ dzqg_|
bkihevam_Iky \gmlj_ggbc yaud $FWLRQG6FULSW
hit_dl-dhb_glbjm_fuf yaudhf ijh]jZzffbjh\Zgby h”bg ba
(&0$6FULSW dhlhjuc ~h[zZ\ey_| bgl_jzdlb\ghklv h[jZ[h]
Aim]lb_ \hafh ghklb j_Zebambéh_ \gh@bVK

>ey jZ[hlu bfblZpbhgghc fh” _eb bg”*bdZpbb g_h]Jc
nmgdphbhkZ[hldb ijh]jzZzffgh]l]h dh”*Z b j_ZebaZpbb _]h \ ibe
>hihegbl_evgh g_h[oh”bfh ijhgmf_jh\ZIlv \k_ kb]JgZeu h
beb bghc iZjzf_Ij
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GZ jbkmgd_  ij _~klZ\e _gu ~\_ jZajz[hlZggu_ bfblZp
fhA_eb FNPB k hlh[jZ  _ggufb gZ gpd\bhEpbhggufb dZjzfl

Jbkmghd ZajZ[hlZggu_ bfblZpbhggu_gZlmjgu_ fh* _eb
hih[jZ  _ggufb gZ gbo tg&hbZZgibhggufb dzZ"jZfb

LZzdbf h[jZzahf ijbf_g _gb_jZajzZ[hlZgg wd nibddpbfthg'ge
FNPB \ khklz\_ ibehlZ guo Kkl _g~h\ b heklzZ ihWikbilla\
wnn_dlb\ghklv h[mq_gby Z\bZpbhgguoZfkiZ@bZ&kkbly\ k\d bj
aZgylbc

' B;EBH=J:NBQ?KDBC KIBKHD

1. ;hg”_j < :\bZpbhggu_ 1lj_gZ _ju < : ;hg™_j J = AZzZdl
Kfbjgh\Z F FZrbghkljh_gbk

2. Rbrdh\z < :¢bZpbhggu_ ibehlZ gu_ kl_g~u < ? Rbr

FmklZnbgZ F FZrbghkljh _gb _ k

3. Dgya_\ BKKhevah\zZgb_ bgl_jzdlb\gh]h fZzd_I1Z dZ[bgu wdbiZ
7 \ mqg_J[ghf ijhp_kk _ . K Dgya_\ : X 1Thih\ 2?2 = JhfiZgph\
F=LM =: < -49. doi.org/10.26467/2079-0619-2023-26-4-31-49.

4. Bkihevah\Zgb_ bfblZlhjZz fgh]l]hnmgdpbhgZevgh]h bg”*bdZz
mqg_[ghf ijhp_kk_ \maz : K Dgya_\ : K :glhg_gdh ? > :j[m
Lim~u F:B < DOI 10.34759/trd-2022-123-2GEDN BXFGEG.

5 Bgl_jzZdlb\guc ijhp_"mjguc lj_gZ _j i_j\hgZqgZevghc
Z\bZpbhggh]h i_jkhgzZeZ k bkihevah\Zgb f \bjimZevghc\ jBZevghlk
G Dhleh\ F : Km~Zdh\ : < R_\g_gdh < _klgbd \h_ggh]h h[jZa

C. 59-62.
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M>D

HIUL J?.:EBA:PBB PBNJH<UO L?OGHEH=BC IJB
<UIHEG?GBB <UIMKD@XOEBNBD:PBHGGUO HL,;
H;MQ:XSBFBKY G:1J:<E?GBY IH>=HLH<DB
L70GBQ?KD:Y WDKIEM:L:PBY :WK B IGD

Fbrbg K < dzZg”® |_og gZmd

Bjdmlkdbc nbebZe F=LM =;
] Bjdmlkd

:gghlZpby Ij_~klZ\e _gu fZl _jbZeu h[h[sZxsb _ hiul ijbf
fbdjhijhp_kkhjghc |I_ogbdb ijb \uiheg_gbb \uimkdgyd[d\ZelpnledXpb
fh" _jgbazZpbb ZgZeh]h\uo [ehdh\ Z\bZpbhggh]h h[hjm~h\Zgby Ih”"
b jZajzZ[hlZg Ze]lhjblf IZdhc fh”_jgbaZpbb Ilhemg_ggu_j amevlZ
dhgkljmdlb\gmx fZkkm klhbfhklv ijhba\h”*kiVWAulkbwdIlg2mZigdpddt b
h[_ki_gblv ]b[dhklv Ze]hjblfZ nmgdpbhgbjh\Zgby keh guo | _ogbq_k

Dexqg_\u_ keWhwidnkdgZy d\ZebnbdZpbhggZy jZ[hlzZz fbdjhijhp_Kkl
pbnjh\u_ | _ogheh]bb fh™_jgbaZpby Z\bZpbhggh_ h[hjm~h\Zg

mijZ\e _gby fbdjhdhgljhee | ]b[dhklv Ze]hjblfZ nmgdpbhgbjh\Zghb\
kbkl_ fz

EXPERIENCE IN IMPLEMENTING DIGITAL TECHNOLOGIES DURING
GRADUATION QUALIFICATION WORKS BY STUDENTS OF THE
TRAINING PROGRAM 25.03.02 TECHNICAL OPERATION OF AVIATION
ELECTRICAL SYSTEMS AND PILOT AND NAVIGATION SYSTEMS

Mishin S. V., Candidate of Technical Sciences

Moscow State Technical University of Civil Aviation, Irkuts&rigih
(Irkutsk)

Abstract. Materials summarizing the experience of using microprocessor technology in the
performance of graduation qualification work in order to modernize analog units of aircraft
equipment are presented. The possibility has been confirmed, and an algorithm for such a
modernization has been developed. The obtained results make it possible to reduce structural
weight, production and operation costs, increase reliability and ensure flexibility of the algorithm of
functioning of complex technical systems.

Keywords: graduation qualification work, microprocessor technology, digital technologies,

modernization, aircraft equipment, digital control unit, microcontroller, flexibility of operation
algorithm, complex technical system.

lhklZgh\dZ aZ”~Zqgb

< kh\j_f_gghf izjd_ \ha*mrguo km~gZbhitbIkyc[hegwrh _
dhebqg_kI\h kZfhe Ih\ b \_jlhe Ih\ ZgZeh]h\h]h IbiZ Bo |
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ijh~he Zlvky _s_ g_ h”gh " _kylbe_ Ib_ H”gzZdh kh\j_
ihroh”~u \ jZa\blbb [hjlh\h]h b gZa fgh]h dhyid] dkZxlh[h]j
fh™ _jgbazZpbb m _ wdkiemZlbjmxs_cky | _ogbebx tZdbhhd][]
jZ[hlu y\ey Iky ih~I\_j°~ gb_  \hafh ghklb b hljZ[hldZ
fhr _jgbazZpbb ZgZeh]h\uo [ehdh\ kbkl_f Z\bZpbhgaggZ]h h
wnn_dlb\ghklb wlhc fh® _jgbaZpbhb

<uiheg_gb_ b aZsblzZz \uimkdghc d\ZebnbdZpbhgghc
aZdexqbl_evguf wlZihf ihA]hlh\db \uimkdgbdh\ ex[h]h <N
glhfu h[mqgZxsbcky \uihegbe 1Zdmx jZ[hlm dhlhjZyg klZe
ijbh[j_I _gguo bf \ oh”_ h[mqg_gby dhfi_|I _gpbcohBf_gg
hkms_ kl\ey |Iky gZ dZn_"j_  Z\bZpbhgguo we_ dljhkbk
gZ\b]Zpbhgguo dhfie_dkh\ Bjdmlkdh]h nbebZeZ F=LM =:
g _kdhevdh e | ijb \uiheg _gbb \uimkdguo d\ZebhdbgZpbh;
pbnjh\u_ [ehdb mijzZ\e _gby aZimkdhf Z\bZpbkKdggh]h
ijhib\hh[e_~ gbl _evghc kbkl _fhc b d_jhkbgh\ufs0h[h]j_
\ _jlhe_1Z- Fbz Izd _ ~ _fhgkljZzpbhggu_ fZd _lu wlbo kbkl_
pbnjh\h_ mkljhckl\h 2ey ij _~hl\jZs _gby | _ieh\h]h jZa
Zddmfmeylhjguo [ZIZj ¢ <k_ ijh_dlu j_ _Zebah\Zgu gZ
ZiiZjzZlgh]h dhfie_dkzZ $UGXLQR ihkljh_ggh$7RHEJItbdjhdh
[1; 2].

J amevlZlu ithemqg_ggu _ ba hiulZ \uiheg _gby
d\ZebnbdZpbhgguo jZ[hl h[mqgqZxsbfbky gZijZ\e_gby ih’
©L _ogbqg_kdzZy wdkiemZlzZpby Z\bZpbhgguo we -dljhkb
gZ\b]Zpbhgguo dhfie_dkh\?2 ithal\hebeb \uy\blv aZzZd
knhjfmebjh\Zlv j _dhf_g”*Zpbb ih fh” _jgbazZpbb KbkZeh]h\
Z\bZpbhggh]h h[hjm~Ah\Zgby b hp_gd_ wnn_dIlb\ghklb wlh:

Blzd gZgZem jZ[hlu ih fh” _jgbaZpbb ex[hc kbkl
Z\bZpbhggh]h h[hjm~h\Zgby ij_~r_klI\m_| bamqg_wbhcijbg
kbkl fu k mqg_Ihf ijbgpbibZevguo b we dljhdbg_ fZlbqg
kharzZgbb gh\uo mkljhckl\ kjZam jZajZ[ZIlu\Z _ |lkyZgbnjh)
we dljbg_kdZy ko _fZweljdfbpg kdhc ko _fu kbkl_fu mij
aZimkdhf Z\bZpbhggh]h-*\bjZtkéXx\ebg gZ jbkmgd_

GZ \lhjhf wlzi_ jzZ[hlu jZajZ[ZIlu\Z_ |ky kljmdIimjgZy
ihre "Zs ¢ fh”_jgbaZpbb Ko fZ "he'gZ ij_"klZ\eylv
jZajzZ[Zlu\Z_fhc Z\IhfZlbq_kdhc iZg_eb aZimkdZ kh rlZz
kbkl fu aZimkdzZz Gb _ \ dzZq_kI\_ ijbf_jzZ ij_"klz\e_gZ
kbkl _fu aZimkdzZ "\b]ZIljkRkm:d@dhd \ jIh& 1Z Fb

Ly _Ivbf wlzZihf jZ[hlu y\ey_ |ky ih”*[hj we_f_glghc [Za
ijbgpbibZevghc we dljbg_kdhc ko fu fh™ _jgbalhklZbghc
< dzZq_KkI\_ ijbf_jZ gZ jbkmgd_ ij_~klZ\e_gZ pbnjh\Zy ko
Z\bZpbhggh]h "\bij2ai38ley :b
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1 t\udexqgZl_ev-@Kapt bdzZtmrdb b k\_qgb azZz bldgByZgu imkdh\h]h
b jZ[hg_]h Ihieb\Z we dljhfZ]gbdgxgzZl e¥ ig \fhwe dljbqg_kdbc
7 t\udexqgZl_ev ©OAZimkd \ \dlaglEdlhju Ydexq_gby klZrfjAqdZ +
©JZ[hlZ :1>2 i _jxdexqZl_ev \u[hjZ ™\b]Z|_elyZ@E?\uc dghidZ
©OAZimkd2 \udexqZl_ev ©OA<hHaymo? \udexqgZl_ev ©Oheh”gZy ijhdjm
AZimkd?2 dhgdzZdlhj \dexq_gby j_]Imeydhj2 |hdzdaghMdz ©lj_djZs_gb_
aZimkdz?a jZattfu Zwjh”~jhfgh]lh iblZglhglzZzdlhy ihke_ _~h\Zl _evgl
ihrdexq_gby Zwjh~jhfguo bklhggbdh\ we dljhwg _j]lblhglZlghj aZi
ihrdexq_gby Zwjh”~jhfguo bklhggbdh\ we dljhwg_j]bdbhglzZdlhjuazZir
\dexqg_gby ] g _jZlhjX j=Rbf iblZgby rbgu aZimmkgdZZlhjx=K

Jbkmghdijhs ggZy ko_fZ kbkl _fu aZimk@4Z ~\b]ZIl_ ey

Jbkmgh&KljmdimjgZy ko _fZ pbnjh\hc kbkl_fu aZimk
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SBl+tdhgp_\hc \udexqZl_ev JMPe x| v2418B2+ig_\fhwe_dljbg_kdbc
\udexqgZl_ev:<BR$ “HudexqZl_ev ©mjhyhf2 63udexqZl_ev ©Oheh”"gz
ijhdjmldEAZmkd2 6&dexqZl_ev OAkhfeynb?2 @@hidZ ©lj_djZs_gb_
aZimkdz "\bl]zl_edgdghiald GAZimkdAIhBZlI+taZsblu k_R285H +
j_abklhju +HL14+k\_Ih"bh”u 9T4+026)(7 ljZgabklhjuK14 £+

bkihegbl_evgu_ dhglzZdlhju

JbkmghdjbgpbibZevgZy ko _fZ pbnjh\hc Z\IhfZlbg_kdhc i

lhke Ih]h dzZzd jZajzZ[hlZgZ ijbgpbibZevgZy we ¢
pbnjh\hc kbkl _fu mijZ\e_gby b \uiheg_g ih*[h] we f_ gl
i _j_oh”blv d jZajZ[hld_ b ba]lhlh\e_gbx i_qZlghc ieZlu mik
>ey jZajZ[hldb i_qZlghc ieZlu ba”_eby g_h[oh”bfh
ex[hc “hklimighc ijh]jzffhc ljZkkbjh\db < dZq_kI\_ ijbf_
ij_"klZ\e_g j_amevlZl ljZkkbjh\db i_qZlghc ieZlu jZajZ[h
\ ijh]jzffghc kj_~_ 6SULQW /D\RXW WIZ ijh]jzffz i
ijh_dlbjh\Zgby b IjZkkbjh\db i_qgqZlguo 1ieZl ijh\_jdm
j_amevlZlh\ ljh]jZffZz o0ZjZdl _jbam _Iky Ahklimiguf
\hafh ghklvx jZ[hlu k h[_bfb klhjhgZfb ieZlu 1jh]jzffz
k\h[h~ghf "hkIimi_ k khojZg_gb_f \k_o nmgdpbc ijh_dlbjh!
lhke_  wlzZiz IljZkkbjh\db \uihegyxlky | _ogheh]bqg_kd
balJhlh\e _gbx i_qZlghc ieZlu
ihAlhlh\dZ | _dklheblzZ d gZg_k_gbx ko_fu
gZg_k_gb_ aZsblgh]hkihdfjulby
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ljZ\e _gb_ oehjguf ~_e_ ahf

k\ _je _gb_ hlI\ _jklbc ey "Zevg _cr_]h jZaf_s_gby we
gZg_k _gb_nexkZ b em  _gb_

jZaf_s _gb_ b iZcdZ we_dljhgguo we f _glh\ gZ ieZl

JbkmghdjZzkkbjh\dZ i_qZlghc ieZluSprith hyadt

<g_rgbc \b" jZajzZ[hlZgghc b ba]hlh\e _gghc i_oc
Ij_~klZ\e_g gZ jbkmgd _

Jbkmgho.g #rgbc \b” jZajZ[hlZgghc i_qZlghc ieZlu ijl

lhke ba]lhlh\e _gby i_qgZlghc ieZlu i_j _oh”bf d hdhg
jZajzZ[hlZgghc kbkl_fu Kh]l]eZkgh ijbgpbibZevghc we_
ijhba\h~bf fhglZz" b we_dljbg_kdb_ kh_"bg_gby dzd
pbnjh\h]l]h [ehdZ mijZ\e_gby l1Zd b [ehdZ kh rlZlg
mkljhcklI\Zfb b we_f_glZfb dhlhju_ hklZxlky g_ aZljhgml
GZ jbkmgd_ \ dZq_kI\_ ijbf_jzZ ij_"klzZ\e_g jZajZ[hlZgg
mijZ\e_gby aZimkdhf Z\bZpbhggh]h<*"\bhZij2wwcbqgZklb \b’
jZat_f k ihfhsvx dhlhjh]h ijhba\h”*blky bgl_]jbjh\Zgb_ [t
j_Zevghc [hjlh\hc kbkl_fu
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AZdexqbl _evgufb wlzizfb jZ[hlu y\eyxlky jZajZ[hldz
hl_ki_gq_gby mkljhckI\Z b ijh\_jdZ _]h jZ[hlhkihkh[ghkll
ijh]ljZzffgh]l]h h[_ki_qg_gby \ \uimkdguo jZ[hlZo bkihevalt
ijhljzffgZy kjArldn®IDE? > @ |jh\_jdZ jZ[hlhkihkh[ghklb m
\hafh'gZ gZ ]h ~ _ckl\mxs_c fh”_eb eb[h \ kbfmeylhj_ 3

Jbkmghdc«g srgbc \b” jZajZ[hlZggh]h pbnjh\h]h [ehdZ m

Hp_gdZz | -ogbhlddhhfbqg_kdhc wnn_dlb\ghklb jZkkf
gZijZ\e _gby \uiheg_gZ imlzf keh _gby ba” _j  _d gZ h
fZl _jbZevguo b dZevdmeypbhgguo ba”_j _d LZd gZ

Z\IhfZlbg_kdhc iZg_eb aZimkdZ Z\bZpbhggh]h "\b]ZI e
25414 jm[ Ijb klhbfhklb rlZlghc\:I1> jm[ey iheh bl_evgu
wdhghfbg_kdbc wnn_dl “hklb]zZ |

FzZkkzZ jzZajzZ[hlZggh]l]h mkljhckI\Z khklzZ\ey | ]
k _jbcgh]h d] Lh _klv kgb ™ _gb_ fZkku khklZ\beh ihqglb

<u\h”u

1. <uiheg_ggu_ ijh_dlu iheghklvx ih”I\_j"~Zxl \h:
gZklbgghc fh”_jgbazpbdhfglhdkhZzgZeh]lh\h]h h[hjm~h\Z¢

2. I _j_oh™ k ZgZeh]h\hc b we_dljhf_oZgbq_kdhc we
kh\j f ggmx pbnjh\mx iha\hey |

- kms_kI\_ggh memqrblv gzZ”z ghklv jZajZ[hlZgguo
kjZ\g_gbx kh rlZlgufb

- kharz\Zlv mgb\_jkZevgu_ pbnjh\u_ mkljhcklI\Z k ]b
I _j_kljzb\zZ _fuf nmgdpbhgZehf

3. Ijh\_* ggu_ jZkg_lu fZkku b aZljzZl gZ j_ZebaZz

ijh_dlh\ ih~I\_j*"beb \ukhdmxwdhghhdbghkdmx wnn_dlb\
ijh™ _eZgghc jZ[hlu
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Dexqg_\u_ keh\Zhgb Zxsih\urZxsbc ij_h[jZah\Z| EPIC, 6
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RIPPLE OF DC/DC VOLTAGE CONVERTER BUILT IN SEPIC TOPO LOGY

Petrov D. R.
Lavrenov A. I.
Bityukov V. K., Doctor of Technological Sciences

MIREA +Russian Technological University
(Moscow)

Abstract. The purpose of the work is to formulate a mathematical model of thertanbuilt
according to the SEPIC topology, in order to further describendtbod of its design, including the
calculation of element ratings and current and voltagislinThe main objective of the study is the
analytical derivation of formulas for calculating the tgpwells of a DC/DC converter built by
SEPIC topology.

Keywords: buck-boost converter, SEPIC, mathematical model, modglargmeters.

‘& '& ij_h[jzah\Zl_eb gZijy' _gby bkihewgmgdo \
mkljhckl\Zo k [ZI1Zj cguf iblZgb_f bkiheS8BERIxI WHZheh]
lhiheh]by h[_ki_gb\Z | kiZ[bebabjh\Zgigh_gbuohdhhjhg?

fh> | [ulv dZd gb _ 1Zd b \ur_ \oh~gBJh qgZijje ZywyZjy wl
hkh[_gghklb ih~Ah[gu_ ij_h[jZzah\Zl_ebxrbyhdhfh[bEtvawo
mkljhckl\Zo Ohly wiz lhiheh]lby bf__| IZdfpam_ dZd fb

lhiheh]lChck b Zeta jZaebgby \ dhffmlZpbb we_ f _glh\ \eb
hkh[_gghklb ijh_dlbjh\Zgby > @

>ey jZajZ[hldb fzZl_fZlbqgq_kdbo fh® _eabh\Z '& tj hHLjggh
bkihevam_Iky f _Ih” hkgh\Zgguc gZ ij@ibgdo Dhiaj\djdynz
hij_~ eblv agZq_gby Ihdh\ \ jZaebqguwgXijyogbyif’Z gz »
we f gl ko _fu ihke_ wlh]h azZibku®Z dky Rbild&Z MpzZnZz
jZ[hlu mkljhcklI\z Z azl_f ijhba\h*blky \bo*b@gtmablgbklb fi
mjZ\g_gbc > @

1. Ko_fhl_ogbdz

lj_h[jZah\Zl _ev 6(3,& ko_fzZ dhlhjh]hzZijjb%mhd\ee ggZ
\dexqZ_| \ k_[y "\Z bg"mdIblguo wi&Zjim glhig”_ g&ZI&2h\
dexq gZ hkgh\_ 0¥B)(7?b&D b j_abklhj g&RjmBagomdlb\gu_
we f dlull kem ZI "ey Zddmfmeypbb b i _j ~"ZgBdbgbj]bb
jZajy*db Dhg”*KghZltji_gb\zZ_| jza~_e_gb_ \oh”Z byuoh”":
ijhgbdgh\_gbx i_j f ggh]h IhdE @&Hadltzxl ©e |Zxsbfe
dhg” _gkZlhjhE bdh kihkh[ghklb g_ lhevdh jZza™\&yVv Zgh
|Zzd" i _j_~Z\ZIv wg_j]lbx f_""m jZagufbDggRlygba®khg fu
A ckl\m | dzd k]ez" b\szbc nbevlj > @

Qlh deZ_Iky Ilhiheh]bb 6(3,& jZkkfZljbhZ|ZahhZl&e'® i
Ilh hgZ hlebqgZ_Iky hl Ihihe@]hc &KHPND>>@ jZaf_s_gb_f bg-
we_ f_glh\ \ highr_gbb ~bh~h\ b IjZgapbkgizjhhAh Gglkfhdghb
bkihevamxl h”bgZdh\u_ we _dljhggu_ dhfblog ilgtde xid|gbly
jZaguc qlh kms_klI\ _ggh \eby | gZjb&lpdlhgb_ozZjzdl_
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JbkmghdjbgpbibZevgZySERICTZ h[jZah\ZI| ey

ljbgpbi ~_ck$BPICij_h[jZah\Zl_ey iha\hey_ | \u”®_eblv 7
| j\Zy nZagZdahibl _evgZy \ g_c MiZgddkdhj <h \j fy wlhc
nZau ijhbkoh”bl gZdhie _gb_ wg _jlbb \ fZ]ghlght2ihe 7
<lhjZzy nZaZa®Z i_j_~Zgb wg_j]lbb \ oVTc &jZdjabklah \j fy
wlhc nZau ijhbkoh”bl jZajy*dZ ~jhkk_G& bK Zdrf hgiIZ th ju
I _j\hc nZa_ jZajy Zxlky Z \h \lhjhc azZjy Zxlky

FZl _fZlbq_kdZy fh” _ev
>ey aZibkb kbkl _fu mjZ\g _gbc hibkul\Zxsbo dZ "m
ij_h[jZah\ZIl_ey ijbf_g_gh i_j\h_ b \lhjh_ ijZ\beZ Dbjo]kt
j_r_gby wlhc kbkl_fu ithemg_gu nhjfmeu “ey hij_"_e_gby
lhdh\,1, b gZijy _gbo,,.

2
I, - lj“’D . : (1)
D* 2D 1r, D (2RD RD* R)
[¢]
2
¥ u,b* U p (2)
L 2 2 2 !
p* 2D 1r, D (2RD RD° R
2
U u,.b U, r 2RY R RY B RU (3)
p* 2D 1r, D 2RD RD° R,
2
U RYV.D RYU.P (4)
2 :
‘ D® 2D 1r, D’ 2RD R.D’ R
] 9 g

1" L1, L2, K, R, RgxghfbgZeu khhiI\_IlklI\mxsbo dZImr_d bg”"m
dhg” _gkZlhjh\ b gZ]jmahggh]hr, jtakbtiljjlb\e gb_ ijh\h~Z
h[fhldb dZIinrdii®.

FlJgh\_ggu_ilhldb ijhl _dZxsb_q_j_a h[fhldb MBkk e
b flgh\ _ggu_ gZijy, by gZ dhg” _gkzZAHhjZk kh"_j ZI

ithklhyggmx b i_j f ggmx khklZ\eyxsmx Ilhwlhfm fh gh aZ
‘iLl Y i.Ll’ Ucy Ugy Gugy (5)
Lo iy HLp Ugy, Ug, Gugy,

1~ 6., G,, G

— L1 L2 Cl»

gZijy _gbc

G, xi_j_f_ggu_ khklZ\eyxsb_ khhI\_IklI\mxsb
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lhdb b gZijy _gby \ kbkl

Ih~kl1Z\b\ ba flgh\ _ggu _
hibkul\Zxsb_h[_ nZau jZ[hlu ij_h[jZah\Z]l_ey ihemqZxl
dGLl U\o r_ll
dt L1 L1 Y
od G, 1 r,
S gt Eum Ele’
® ga, 1 (6)
at  c1 ‘7
da, 1
UCZ
° dt RgCZ
da, U, ¢ 1 1
— — I, —U., —Ug
dt L1 L1 L1 L1
d G, 1 r,
dt Eucz Ele’
® da, 1 (7)
dt c1
da'ICZ il
- dt K2
Bkihevamy \ujZ  gby ithemqgZx|l nhjfmeu “ey hij_
nZau LZd dZd nZau wc

imevkZpbeg,, ., bu, aZ \j_fy i_j\hc
fh gh \aylv ex[mx ba nZa

U b D? 2D 2Rg'’ 4R
L. i i \o ~ r g g \ o (8)
i, ||L1(TD) G|L1(0)| A ; " ’
fLl1 D° 2D 1r, D°r, 2Rg Rg Rg le‘
_ _ _ ‘ U, o’ U p‘
i, | iLap) GiL o) —6 = - =l (9)
‘sz D° 2D 1r, D 2Rg' Rg' Rg fLZ‘
u p’D 1 ‘
‘Ug, | ue,(TD) Gu,(0) —6 - : , (10)
fCl1 D 2D 1r, DTr, 2Rg Rg Rg ‘
u.p’D 1 ‘
"Ug, | u,(TD) Gu,(0)| —6 —— : . (112)
fc2 D 2D 1r, D'r 2Rg"' Rg Rg ‘

MjZ\g_gby #) "hklzZz\eyxl \hafh ghklv hij_~ eblv Z
dhe [Zgbcilhdh\dhlhju_ijhl_dzZxl g_j_a h[fhldbd*jhKk e _

_gZijy ughe gZ dhg”_gkZXIhhpRoijb aZ*"Zgguo ghfbgZe
\u[jZgguo we _dljhgguo dhfihg_glh\ b izZjzf_ |jEYZI|jZék!lu
|1Zdb_ dZd dhwnnbpb_gl DabihegbyhBy >ey ZgZebaZz
ih~ N\ _j°~ _gby “hklh\_jghklb ihemqgq_gguo mjzZ\g _gbc '& '&

|Zd"
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gZ hkgh\_  Thiheh]bb 6(3,& J[ueh ijh\_~_gh fh”"_e
ko_fhl_ogbqg_kdhf mjh\g_ \ ijh]jzff_ OXOWLVLP

Ko_fz fh~_ebjh\Zgby ij_"klZ\e_gZ YDSHOKWIGd
bkihevam_Iky 7“ey dhffmlZpbb IhdzZ hl \oh”ghVh bklhqt
azZz"Zgghc qgZklhlhc 1Zdlh\uo bfimevkh\ khaAZ\Z<kuo ]_
dhfihg _glu ko_fu \u[jZgu ba [Zau "Zgguo OXOWLVLP

Jbkmghdo #Z fh”A_ebjISERPEj _h[jZah\Z] ey

>ey ZgZebaZ |Ilhl]h dZd dhwnnbpb gl aZiheg _gby '\
imevkZpbc [ue ijbf_g g j_"bf bkke_ _~h\Zgby i_j oh?
fiebIlm”u imevkZpbc IhdZ b gZijy gby nbdkbjh\Zebkv
klZ[bevgh]h j_"bfzZz -kimkdy k fhf _glZ gZqzZezZ fh”~_ebjh!
J amevlzZlu ~ _fhgkljbjmxsb_ azZ\bkbfhkllh gdigykZglhc hhd
dhwnnbpb glZ aZiheg _gby ' ihdZaZgu gZ jbkmgdZo b

Jbkmgha&ehtygh dhwnnbpb_glZ aZiheg_gby gZ imevk
ijhl_dZxsbo g_j_a h[fhldb "jhkkgejZk/g Hg/u_ agZg; gby
1, xjZkq_lgu_ agZg;®ty amevlZlu fh™_ebjh\&Zghy
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Jbkmgh&ehtygh dhwnnbpb_glZ aZiheg_gby gZ imevkZpl
dhg”_gkZlhjZo K¢ bXKkqzlgh_ ag4dg;2xbtj ameviZl
fh_ebjh\Zgbylx tjZkqzlgh_ ag4dg; 2xbxj _amevlZl

fh” _ebjh\Zglhy

GZ jbkmgdZo b \b”rgZ ij_~ evghklv g _ij_julghc
fhr _eb ijb qzZklhl_ ij _\urZxsbo d=p Hlebgby agZq.
fhr _ebjh\Zgby \b”"gu gZ ]jZnbdZo

Jbkmghdc&ehtygb qgZklhlu dhffmlZpbb gZ imevkZpbb Ihdh
g _j_a h[fhldm *“jhkk_e _c¢c / b/ ijb dhwnnbpb_@blaZiheg
JZkq_lgh_ agZq2gh] amevlZl fh”_ebjh\Zgby

2, ) _amevlZl fh*_ebjh\Zgby
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Jbkmghdc&ehtygb qgZklhlu dhffmlZpbb gZ gZijy _gb_ gZ dt
K ijb dhwnnbpb_gl_ aZiheg gby jZ\ghf
1l tjZkqzlgh_ ag4dg;2xbxj _amevlZIl fh™_ebpp\Zgby
1l tjZkqzlgh_ ag4g; 2xbxj _amevlzZI|l fh™_ebph)Zgby

AZdexq_gb _
DzZd \b”gh ba nhjfme ”“ey jZkq_lZ jZdatdhdaph\,imevkZp

gZijy _gb¢c v, Z 1Zd _ kj_"gbo 1agZg. dbuc, hl ghfbgZeh\

"ihkk_elc. b dhg”_gkZilhfh\ aZ\bkyl lhevdh imevkZpbb I
ke_"m_1I| qglh ijb ijh_dlbjh\Zgbb ij_kljjzagdB]heyh lhiheh]b
SEPIC ke_"m_1| ih~[bjZlv 7~jZc\_j mijzZ\eyxghdVikb éhdbf de
h[jzahf qlh[u hg g_ lhevdh \u”_j b\ZlediZ bkdZijevggby ko
Z 1zd _ fh] knhjfbjh\Zlv g_h[oh”~bfucitdgvgbypRBH kE]gZe
GhfbgZeu "~_ “jhkk_e_c b dhg”_gkZlgh\ ke rmikeh\by[bjglh
imevkZpbb |hdh\ b gZijy _gbc g_ ij_\ufrZedbaqzZkdhgiga@d"Zg
agZq_gbc Bkke_"h\Zgb_ ijh\_* golgbd_kikhih Kb frelbjh\Zg
kbkl_f_ zZ\IhfZlbqg_kdh]h ijhMdllisim\ZlgbkjZ\g_gb_ j_amevl
jZkq_Ih\ kh agZq_gbyfb ihemq_ggufbebjb\Zigldysb iikdZaZ¢
\ukhdmx dhjj_eypbx b ijb wlihf \b/Afg@k iZlbdgekglil¥h”_eb

' B;EBH=J:NBQ?KDBC KIBKHD

1. (ULFNVRQ 5 : 0 D Nuvidamenyals(of 'Power ElectronicaNY.: Springer
New York, 2020.+1084 p.

2. Dhjrmgh\ :1jB* _evgZy g_ij_ju\gZy fh~_ev kbkl_fu k \ukhd
i_jbhr"bg_kdbf baf_g _gb_f kljmdIimju . B Dhjrmgh\ _[guWwoa\_klk

aZ\_~ _gbc Ijb[hjhkljh_gb_ L48. 2EDN KXONHP.
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3. ;blxdh\ < Ko _fhl_ogbdz we_dljhij_h[jZah\Zl_evguo mkljhc
"ey Kklm~_glh\ h[mqgZxsboky ih gZijzZ\e _gbyf [ZdZeZ\|jbZIZ

©BgnhdhffmgbdZpbhggu_ | _ogheh]bb b kbkl_fu K\
©Dhgkljmbjh\zZgb_ b | ogheh]by we _dljhgguo kj_~kl\2 fZ]b
©JZ~bhl_ogbdz2 Z 1Zd _ ih ki_pbZevghklb ki_pbZebl_1Z
kbkl _fu b dhfie_dku? "ey m]em[e_ggh]h bamq_gby ~bkpbie
we _dljhgguo mkljhckl\2 < D ;blxdh\ > K KbfZgdh\ < 1 ;Z[_g¢

k h]jZgbqg_gghc hI\_1klI\_gghklvx Ba”Bi ewgkl\tny BgnjzZ ISBN =
978-5-9729-1439-5tEDN PQYAGY.
4. ;blxdh\ < FZZI_fZlbg_kdzZy fh”r_ev '& '& ij_h[jZah\Zl_ey ihkl
=HWD lhiheh]bb qZklv < D ;blxdh\ : B EZ\j_gh\ > : FZel
b |l ogheh]by we _dljhgguo kj_"klY57. tEDNSGUKFI.
5. ;blixdh\ < FZI_fZlbqg_kdZy fh*_ev '& '& ij_h[jZah\ZIl_ey ihkl

=HWD Ilhiheh]bb qgZklv < D ;blxdh\ : B EZ\j_gh\ > : FZel
b |l _ogheh]by we_dljhgguo kj_"klIY53. tEDNVXPKR.

6. Dhjrmgh\ Bfimevkguc ij_h[jZah\Zl_ev gZijy _gby ihklhyggl
ko_f_ Qmdz : Dhjrmgh\ Kbeh\Zy we_dljhgbdZ#66. + EDN\L <
ZQLXRR.

M>D

IJBF?G?GB? MQ?;GH=H LJ?G:@?J: D:;BGU <?JLHE?L
FB- L >EY I1JH<?>?GBY WDKIEM:L:PBHGGHC 1J:DLBDE

lhih\ < F dZg” | _og gZmd

Bjdmlkdbc nbebZe F=LM =;
] Bjdmlkd

:gghlZpbyx klzZlv_ jzkkfzZljb\zZ Iky ijbf_g _gb_ mg_[gh]h [|j_g
\ jlhe |1Z EbgZ [Za_ Z\bZpbhggh]KX-gdmErmeXihnjizZlghc Rjduiho ey
ijh\_"~_gby wdkiemzZlZpbhgghc ijZzdlibdb klm”_glh\ b dmjkZglh\ \ma:

Dexq_\u_ keB\BEZpbhgguc kbfmeylhj mq_[guc Z\bZpbhgguc Ij
\ jlhe_ |1z ZiizjzZlgAguikg bZblZIhju ijb[hjh\ wdkiemZlZpbhggZy ijzd

APPLICATION OF THE MI-8T HELICOPTER COCKPIT TRAINING
SIMULATOR FOR OPERATIONAL PRACTICE

Popov V. M, Candidate of Technical Sciences

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

Abstract. The article discusses the use of the Mi-8T helicopter cockpit training simulator

based on the X-plane aviation simulator and the Arduino hardware environment for conducting
operational practice of students and cadets of the university.

Keywords: aviation simulator, helicopter cockpit training aircraft simulator, arduino
hardware environment, instrument simulators, operational practice.
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lh\ur_gb_ ijhn_kkbhgZevghc ih~]hlh\db Z\bZpbhggu
fh gh ~hklbgv ijbf_g gb_f Z\bZpbhgguo |j_gZ _jh\ :L
| _hj_Ibg_kdh]h b ijZdlbg_kdh]h h[mqg_gby 1Zd b ijb ij
wdkiemZlZpbhgguo ijZdibd dhlhju_ agdhbbgewkdhZ mirbdwnd
Z\bZpbhgguo ki_pbzZebklh\ \ k\h_c ~_yl _evghklb

GZ dzZn_"j_ Z\bZpbhgguo we_dljhkbiglz\fb]iZ pibregd 4 0g
dhfie_dkh\ Bjdmlkdh]h nbebZeZ F=LM =: jZajZ[h}jZg m
dZ[bgu \ _jlhe-IZ & [Za_ Z\bZpbhggh]h kbfmeylhjzZ b Zii.
SUGXLQR > @ Mqg_J[guc |j_gZ _j bfblbjm _ | ijb[jHiggowu_ ~hk
mijZ\e_gby \_jlhe _Ihf b ij_"gZagZq_g ”~ey bamqg_gby \
ijh\_jdb bo jZ[hlhkihkh[ghklb b hljZ[hldb ijhpjlhmjlImfijZ\e
Mq _[guc lj_gZ _j ithalhey_| ijh\h”blv h[mqg_gb_hkIln® gl
l1zd”_ bg _gljgpbq _kdh]h i _jkhgZezZ ih wdkiemZlZpbb d
\ jlhe 1Z b aZimkdm ~\b]Zl e _c¢

<g_rgbc \b” dZ[bgu \ _jlhe 1Z ij _"klZ\e_g gZ jbkmgd _

JbkmghdZbgZ mq _[gh]lh |j_gZ jZ \_jlhe |IZ

KijmdIimjZ mq_J[gh]lh |j_gZ jZ dZ[bdui}_f{lk&\eéZ g¢b gZ
jbkmgd

Jbkmghd&ljmdimjZ mq_[ghlh |j _gZ  jZ dZ[bdu \_jlhe |
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< bkihevam_fhf Z\bZpbhgghf kbfm8®IbhQ hWkKl4Vea gZ |Ih
fZl _fZlbg_kdZy fh”_ev "“bgZfbdb ihe_ |d2m¥ZgVlgas |Zhj]Z gu
mijZ\e_gby iZg_eb b imeviu ijb[hjgu_j "h&dpubdlzfhidZgzZf
mijZ\e _gby \ _jlhe |Ihf b e \hc ijb[hjghizliiggfleviybkhphb
kbkl _fu rmfh\hc bfblZpbb b fmevibf_"~bcgayh bifjhl Zplinpz
\bamZevgh]h aZdZ[bggh]h ijhkljZgklI\Z > @

>Zgguc mqg_J[guc |j_gZ _j m~h\le I\hjy | Zhgigyf\guf
kh\j f gguo \ _jlhe lguo I|j_BE kijhq #bx iheghc b~ _glbqg
JZ[hlu bfblZlhjh\ ijb[hjh\ b dZ[bggh]h_Kdaymdh\Zglhy Iguf
kbkl_fZf qlh y\ey Iky g_hlt_fe_ fuf mkgZ\ibelvguemgpZ \glu \
himq _gby gZ Z\bZpbhgghf lj_gZ _j_

< ijhp_kk_h[mg_gby kim”_glh¥h dinfjkixgdkihevah\Zg "e

i bamqg_gby g9gZagZq_gby khklzZ\Z jZaf_s[lglluy b
\_jlhe_lgh]h h[hjm~h\Zgby

i ijh\_jdb b gZkljhcdb [hjlh\h]h h[hjm~h\Zgby

i | _ogbqg_kdh]h h[kem b\zZgby \_jlhe _1IZ

>Zgguc mqg_J[guc |j_gZ j dZ[bgul\ [UbebKkZzh&wah\Zg ij
ijh\_~ gbb wdkiemzZlZpbhgghc ijZdlbdb dnKIKZ g lih\
ki_pbZevghklb L ogbq_kdZy wokiephbihXpHhpguaveb
ibehlZ-glZ\b]Zpbhgguo dhfie_ dkh\

P_evx ijh\_"~ gby ijZdlbdb vy\ey |ky ijEREbfibigy |
1jZdlbg_kdbo gZ\udh\ | _ogbqg_kdhc wadkkérk ZI|Z ppb Ohibise dekid
Z\bZpbhggh]lh h[hjm*"h\Zgby \ha“mrguqgZking*hd iKljjEZtkgl
ijZdlbdb \k_ azZgylby ~he gu ijh\h*blvkyghd&Zd[ZgeZz |jlZodZ
g _ihkj ~kI\_ggh gZ Z\bzZpbhgghc | _ggbdd kihN\hIkV&émgsbi
mq_J[guf jZ[hlZf

ljZdlbg_kdb_ aZgylby ijh\h*bebkv dZdhegd j-Fbevghf
mqg_[gh]lh Z\bZpbdlyghkdh]h p_gljZ Bjdmlkdh]h nbebZeZ F
gZ mg_|[ghf lj_gZ j_ dZ[bgu L jlhe |Z Fb

lh hdhgqzZgbb wdkiemzZlZpbhgghc ijZdibdd dhlehguih”!
blhl]b b kjzZ\g_gb_ ij_bfms_kI\ b g _"hElgdgh\ £k gl
\ jlhe _1Z b lj_gzZ _jZ

=eZ\guf g _~hklzldhf bkihevah\Zgby | Zewegyhllky \ j
hikmlkl\b_ \hafh ghklb ih~"]Jhlh\db d aXidhigdpmheWbijB[h¢Xfb
jZ[hlu ™\b]Zl _ey b j_~mdlhjzZz jzZigl\biZetbllzggho ijb[hjh’
Z\bZ]hjbahgizD:=we dljbg_kdh]h mdzZazl_ ey ihkukjhhf\ VM I
<> b mdZaZl_ey kddbhklb MK

GZ lj_gZ _j_ wlzZ \hafh ' ghklv \bjlmZevgeyhbtaZihklydZ
fh gh ihemqgblv gZ\ud ih~ ]lhlh\db h[hjmZphhBghhcbzdhZjmimj
d aZimkdm e_\h]h b ijZ\h]h "\b]Z| Ay gm&le wZilmkdZhlihem
bgnhjfZzpbx h jzZ[hl_ bfblZIhjh\ ijb[hjh\ |zZfZgfhfijhjh\b
| _jfhf_Ijh\ baf_jyxsbo |I_fi_jZImjm b ~"Z\eohbysbbkéZah\
lzd™ | _fi_jZIlmjm \ dZ[bg_

LZzd _ fh gh ihemqgblv ij_"~klZ\e_gb_ h[ h&kgh&vah
mijZ\e_gby \_jlhe_|Z b jZ[hlgz\béBpbgdguo ijb[hjh\ ijb gZ
\ukhlu baf_g_gbb m]Jeh\ _]h ijhkljZgklb_ggl@ HMHb gHZ
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gZlex"Zlv “"bgZfbdm baf_g gby mleh\jlEg]ZZZitb ithjdHazZgb
bfblZlhjh\ Z\bZ]hjbah®lZ :@; im(ehlZ WMIjb \ha”_ ckl\bb
gZ hjl]Zgu mijZ\e_gby \_jlhe |Z jmgdaemijzkenlgbly Kdhjhk
<> b MK qglh g \hafh'gh gZ j _Zevghf \_jlhe | aZ®@bhwdj:
fh gh m\b” _Iv jZkdjmldm ehizZkl_c g _Jlkhmsoghh\b & kgh\db
ijhkljZgkl\_ggh]h iheh  _gby \ _jlhe IE gjd hihlaZgwkiipZ\e gt

LZd dzd ijz\Zy ijb[hjgZy iZg_ev mqg Z[dhgh \jjlde |z
kh~ _j"bl j_Zevgu_ ijb[hju baf_j-kgblyjh\ikgilghizjzf_ Ijh\ |
hljZz[Zlu\ZeZkv ijhp_"mjZ ijh\_jdb gZ ]Jlbkfidbhghtkdghih b
klZlbgq_kdh]h ~Z\e _gbc k bkihevah\Zgbmfgujd *fghdZgbab
I<> F b ijh\_jhgghc mklZghddb DI:

;hevrbf ij_bfms_kI\hf y\ey |Iky gZebqgb_mdbthyblb jH* \
gZoh”blky Ij_gZ j gZ dhlhjuo dmjkZghu dblalmxyZ avle bpd grp b
ijb[hjgh]h h[hjm~h\Zgby \ _jlhe_ |Z hnpjbdyebghly ijZkdlibdb
lj_ithrz\zZl _ev bf_e \hafh ghklvibkiloghah\blly *ey » fhgkljZ
JjZ[hlu Z\bZpbhggh]h h[hjm"h\Zgby\ jlhe |Z

Gh \ Ih "~ \j_fy gZ I|j_gZ _j_ g_\hafhlghzZ\ighklplv
g _dhlhjuo we f glh\ k\ |Ihl ogbg_kddpid m[bjm“gmhlhgbyZd
\gmlj _gg _Jh hk\_s gby \ \b}mahkimdkdZjpgu b o\hklh\hc [Z

AZdexqg_gb _

:gZeba g_"hklzldh\ b ij_bfms_KkI\ bkihl@vdah\ggby Zmq
dZ[bgu \ _jlhe -1Z kWdZau\lZ_ | qlh _]Jh fh 'gh k [hevrbf
bkihevah\zlv ijb ijh\_~ gbb wdkiemZlZpbhgmgemgblyZc
khhi\_IklI\mxsb_ gZ\udb b knhjfbjh\ZIv dimfgZl fgupb bihm
ijh\_~ gbx hi_jzZlb\gh]h | _ogbg_kdh]h hh[kem ™ \& gdlyx |
| ogbg_kdh]lh khklhygbyjéjghjjih h[hjm~"h\Zgby \_jlhe_|Z
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M> [681.2.082

WDKI?IJBF?GL:EVGH? BKKE?>H<:GB? :E=HJBLFH<
NBEVLJ:PBB IBEHL:@GUO I[:J:F?LJH< ;E:
D<:>J:DHIL?JGH=H LBIl: ITHEMQ:?FUO K>W@EBDH<

Kzgvdh * dzZg” | _og gZmd
R _cgbdh\ % dZg”™ | _og gZmd
B\Zgh\kdzy ? E

- ehjmkkdZy Jhkm~Zjkl\_ggZy ZdzZ~_fby Z\bZpt
<h_ggZy Zdz~ _fby J _kim[ebdb ; eZjmkyv
] Fbgkd J kim[ebdZ ; eZjmkyv

cgghlZpby<s KklZIv_ ij_"~klzZ\e_gu |j_amevizZlhu Ighjmllggokdbo
bkke_"h\Zgbc ih ZgZebam Ibih\uo Ze]hjblfh\ nbevljdpbbjbm]eZz
fbgbfmfz kj_~g_]lh d\z~jzlZ hrb[db k mq_Ilhf IbZZ bljagd&idjhby i
ly]h\hhjm  _gghklb<;H:Zg_kI\_ h[bkdlez "h\Zgby [ueb bkihevah\Zgt
d\z~jzdhil_jgh]MaVvieciBEFPV ~jhg k ih~\_kguf fhme_ f gZ hkgh\_ gZ\b
ieZlWMPU-6050.1jb\h~ylky \u\h”u ih j_amevlZIZf ijh\_~ gguo bkke "h\z
azZ”"Zgqb gZ "Zevg_crb_ bkke_ _"h\Zgby

Dexq_\u_ kebhA _rghklv nbevljZpby ibehlZz guo izjzf_Iljh\ [_
e |IZl _evguc ZiiZjZl nbevlj DZefzZgZz

EXPERIMENTAL STUDY OF ALGORITHMS FOR FILTERING
THE FLIGHT PARAMETRS OF A QUADROCOPTERS UAV OBTAINED
FROM MEMS SENSORS

Sanko A. Al, Candidate of Technical Sciences
Sheynikov A. A%, Candidate of Technical Sciences
lvanovskaya E. L.

'Belarusian State Academy of Aviation
*Military Academy of the Republic of Belarus

(Minsk, Republic of Belarus)

Abstract. The article presents the results of field and theoretical studies on the analysis of
typical algorithms for filtering the pitch angle by the criterion of the minimum of the mean square
of the error, taking into account the type of flight trajectory and the thrust-weight ratio of the UAV.
A Mavic quadcopter-type UAV and an FPV drone with an outboard module based on the MPU-
6050 navigation board were used as the object of the study. Conclusions based on the results of the
conducted research are presented and tasks for further research are set.

Keywords: error, filtering of navigation parameters, unmanrmedial vehicle, Kalman
filter.
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<\_"_gb_

Ki_pbZevgZy \h_ggZy hi_jZpby \ MdjZbg_ k\b" | evl
agZq_gbb ;E: gZ oh” b j _amevlZlu [hy Kihkh[ghklv
mgbqlh” _gb_ kj_~kI\ ijhlb\gbdZ \h fgh]hf hij_"~_ey_ |Iky ¥k
ihemqg _gby ibehlZ ghc bgnhjfZpbb \ukhdh]h dzZq_klI\Z D
bgnhjfZpbb az\bkbl g_ lhevdh hl \b”Z h[t_dIlZ b ihd_oh\}
hl Ze]lhjblfZz __ h[jZ[hldb > @

>\b™ _gb_ ;E: fh'gh jzZkkfzZljb\ZIv dzZd g_dhlhjuc
kemqgZcguc ijhp_kk gZ dhg_gghf ijhf_"mld_ \j f gb dzd
"b® _gb_ e 1Zl _evgh]lh ZiizjzZIZg Nipewl\gipbwhkijhba\l_ " ¢
I _j_f _gghc y\leyxs_ cky iZjzZf_Ijhf gZ[ex™ Z_fh]h kemqgZcgd

AzrzZqZ f_Ih” h\ nbevljZpbb khklhbl \ ihemqg_gbb gZ
bgnhjfZpbb gZb[he_ _  ijb[eb  _gghc d |j _Zevghc F
hilbfZevguf _keb ex[hc "jm]hc Ze]hjblf j rZy "Zggmx a
emqgr_ “"Zggh]h ihedpdddfml _jbx > @

< dzZqg_kI\_ djbl_jby hilbfZevghklb nbevljZ bkiheva
kj_~g_]lh d\Z~jZ1Z hrb[db > @

lhklZgh\dZ az~"Zqb bkke ~h\Zgby

< ~Zgghc jzZ[hl_ ij_"ezZ]Z _Iky ijh\_klb gZIlmjgu_ b
bkke ~h\Zgby ih ZgZebam Ibih\uo Ze]hjblfh\ nbevljZz
1ZjZf_1jh\ ih djbl_jbx fbgbfmfZ kj_~g_]h d\Z*jZ1Z hrb[db
IbiZz |jZz _dlhjbb ihe 1Z b agZq_gby lyl]h\hhjm™ ™ _gghklb ;E:

J r gb_azZ”Zqb

<u”™_eyxl "\Z hkgh\guo ih*oh”Z d j_r_gbx :aZ”"Zc
klZlbklbqg klddbfc j gby aZrmfe _gu b kh” _j ZI kemgZcgmx
\_ebgbgm dhlhjhc fu ijbf_jgh i(nbkMi\eyDiZefZgZz <bg_
FZ \bdg | » b Ze]lhjblfu k nbdkbjh\Zgghc \u[hjdhc beb
wdkihg gpbZevgh_ [ _]Jms__  kj_"g__ [ Ims__  kj_"~g.
f "bZgguc nbevlj dhfie f glZjguc nbevlj b | ~ < dZqg_|
1ZjZf_1jZ bkihevah\Zeky mEthe 1Zg]Z Z

1. >ey dhfie_f_glZjgh]lh bNeblhdh\Zy \_ebgbgZ m]ez |
ij_"klZ\ey | kh[hc kmffm bgl_]jbjh\Zggh]h agZqg_gby
kdhjhklb >MK b flgh\_ggh]h agZq_gby Zdk_e_ jhf_IjZ

o G X W-)i )iOw

" & *agZq_gby mleh\hc)kiddpmkibbpb gl dhfie f _glZjc
nbevljZz hl A h > @ AgZq_gb_ mlez Izgl]z Z ih "Z

w

6WP:‘erér |§Oi6r E Oi6rpq
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]™ Os 0, bO; tagZqg_gb_i_j_]jmadb ih khhiI\_Tkl\mxsbf hk

Bkke_ _~h\Zgb _ wnn_dlb\ghklb nbevljZpbb m ] ¢
dhfie_f _glZjguf nbevljhf ijh\h*behkv ijb g )wQ,0% ®HZq _gb

b

2. ; _Jms__ kj_~g__ ZjbnfKAbg>Kdlyuc Ze]hjblf jZ[hlZ _
ijbgpbim [mn_jZ \ dhlhjhf ojZgylky g_kdhevdh nitkg ~gb

mkj_~g_gby ”“ey ijh\_* gby nbkke_ ~h\Zgbc ljb dZ ~hf
\uah\_ nbevljZz [mn_j kM\b]Z_ Iky \ g_]h ~h[Z\ey_ Ilky
m[bjZ_ Iky kzZfh _ kKlZjh _ NZe [mn_]j mkj_~gy_Ilk

Zibnf_Ilbg_kdhfm
0s @igdss AJ Ow OWE Oy

3. Wdkihg _gpbzZevgh [ _]JmRN: kj_"*g__

~

A Qv KowF KAl @ Hyy 0 JoI @4 By OWE Oy

] Goi dhwnnbpb_gl nbevljZpbb 7~ey ijh\_~ @by bkk
b
4. Bkoh”gu_ ~Zggu_ "ey nbev(ND DHEedZgZfuc rmf

baf_j_gme; b 1jz~ b jza[jRk hp_]lgan

Dhwnnbpb gl mkbe gDy H—bﬁg—yfl,_jz
Ew>Coor

Hlgh\e_gb_ hrb[db dh27jkZFB,02, ¢ E ko, F D, oP.4

High\e_gb_ hpy & tE D kdyF 6,0

5. Nbevlj FZ"\bNE >Zgguc nbevlj \ugbkey | d\ZI
hjb_glZpbb iml_f bgl_]jbjh\Zgby jZkq_lghc kdhjhklb baf
"eyihemq_gby ih]j_rghklb gZijZ\e_gby |]bjhkdhiz \ \b"™
d\Zl_jghhi¢pZjh[gh nbevlj FZ*"\bdZ hibk2g@\ EHfghhugbkey_
d\zZl_jgbhg hjb_oMZpbb f gbke_ggh]lh bgl_]jbjh\Zgby |z
kdhjhklb baf_g_gby hyavénliZpbdbbey Iky ke_"mxsbf h[jZahf

M6= M6 M65U
]~ M6 tkdhjhklv baf_g _gby hjb_glZpbb \ugbkey fZy

baf_j_gbc Zdk_e_jM63jz= kdhjhklv baf_g_gby hjb_gl
\ugbkey fZy gZ hkgh\Zgbb baf _j gbc ]JbjhkdhiZz
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M6- L rawMF 5% Q5 1" Qs Lad X —;§ %;§X%yg

A Xs4 X4 Xtdhfihg _glu \_dlhjZ m]eh\hc kdhjhklb baf_j
+dhfi_gkZpby hrb[db baf_j gby

0 o &R

]"_Ij'go@i hrb[db baf_j gbc gmey >MK Dbklhggbdb hi
NZlgbdZz k]eZ b\Zxsbc nbevlj hrb[db d\Zglh\Zgby hrb
hrb[db mklZgh\db b \ujzZ\gb\Zgby ~ZlgbdZ g_ hjlh]lhgZe
[5]).

Bkoh”gu_ ~Zggu_ “ey bkke_~Pggby nbevipz Kjz"
BaaZ hlkmlkl\by \ kbkl _f_ fZ]gblhf_ |jZ [ueZ AHRS h\Zg:
| ZebaZpby Ze]hjblfz

OzZjzZdl_jbklbdb bkihevam_fuo ;E: < b <« ij_"klZ\e_gu

>ey \uqbke _gby ml]eZ 1Zg]Z Z bkihevah\Zeky jZajZ|
gZ\b]Zpbhgguc fh"mev GF dhlhjuc dj _ibeky \ jZchg_
jbk-2).

LZ[ebpZ
1Zjzf _lju | FZkk|] Ly]z Ly}h
1izff| \bglZz \hhjm* gghMly
T E o« 560 6 §
T E o« 800 3 §
GF 250 -

OZjzdl _jbklibdb @&didjhdhgljhdsuino Nano c¢ 1Zdlh\hc
gZklhlhcF=p g9gZ\b]JZpbhggudJRU-60b@Vv "bZiZahg baf_j gbc
Zdk_e jhf_1jz J* ~bziZahg baf_j gbc k ]bjhKdkiZz
Wdki_jbf _glZevgu_ hp_gdb dhwnnbpb_glh\ *"eyWRU-jbZpbl

ij_"klZz\e_gu \ IZ[ebp_ > @

N

» 0

JbkmghdE: < JbkmghdE: «
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LZ[ebpZHptgdb dhwnnbpb glh\ *"ey \ZjbEPDOb :eefhzZ "e:

qZklhl_ hijhkz ~Zlgbdh\  =p
Dhwnnbpb_glu ih@bighé¥ fbdjhf_oZgbg_kdboMmji6esdhih\
KemqgZcgh | Nebdrmf beb Ih]j_rghklv
Rmf mOhEgL- [em ~Zgb_ m] g_klZ[bevghK fZkrlZ[gh]H
kdhjh k¥ kf s _gby ¢fé&g| dhwnnbpb<g
_ 6 U _ -4 B~oT _ ’ _ U
R= JEC|K=19 * H¥'U B =0,005,EC 0=0,0038,BC
Ih]j rghklv fZkrlZ[gh]h dhwr Kem‘izaczgi‘ﬁnck;j—
0=0,06,B.C B = 0,008, [g]
LiZ _dlhjlkEy khklhyeZobaZkl_c ©\ae 12 |jZ _dlhjby

2) ©ihe_12 e _Ibl ih weebikhb”ghc IjZ_dlhjbb \*hew "hjh"
kihjlb\gh]h klZz*"bchgd amevlZlu bkihevah\Zgby jZaebqggu:
Ij_"klZ\e_gu g&B.jbk

JbkmghdjzZnbd baf_g _gbfyemm Jbkmghd=jZnbdb hinbevljh\:
T E o< agZq_gbcom¥Xedhqgzkld_ IjZz_dl
"ey ;E: <EEl+[_a nbevIjEgPhDN

EE3 +CA; EE4 +RA;EE i NIEE6+NF

JbkmghdAgZq_gb_ KDHyanheqZkldZo”ey ;E: < ijb jZaebq
1ZjZf_ljZo nbevibBWN N-D NF RAS5 zCA;6t[_a nbevljZptk
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lh j_amevlZIlZf ijh\_~ gguo wdki_jbf _glh\ fh gh k" _ e
\u\h”~u
< agZq_gb nKB&E|[_a nbevljZpbb gZ mqgdkdt jgh\dae 12

jZaZ [hevr _ ijhlb\ g fgZ mgzZkld_ ©ihe_ 12 qglh
dZq_klI\m nbevljZpbb kb]JgZeZ gZ \ae | ;;E: g_aZ\bkb
j b 15);

< deZkkbg_kdbc MmDbelwtlZzaZze kZfh_ \ukhdh_ dZqg_kI\l
g_aZ\bkbfh hl j_ "bfz ihe |1Z kf jbk Ijb azZzr"ZPggihf rm

1iz”» G2Z \lhjhc ihabpbb nbevlj FZ*"'\bdzZ ijb h b"
baf_j_gbc gmefssMKjZ k

< nbevlj DZefZgZ g_ |1Zd gm\kd\bl_g_ gbfgZ b gZ
10 j_bf « d ihA[hjm \oh”guo iZ&&;bjR\ g _f nbevlj
FZ’\‘\bdZIj'gg,@kf jbk7). HiIghkbl _evguc g_"hklZlhd nhevljZ
Zelhjblf \_kvfzZz 3ly zeuc” \ugbke gb_ "eblky a fdk
gZklhl_ F=p gh ijb kbkl_fghc qgZklhl_ FIpI32g Zijbf_
\ugbke_gb_ "eblky a fdk qglh \_kvfZ ijb_fe_fh “ey d
\ukhdh]h dezZkkZz

Bkoh”y ba \ur_baeh'fhggh]hk” eZlv \u\h™ h \ukh
wnn_dlb\ghklb dZefZgh\kdhc nbevljZpbb ibehlZ guo
hlghr _gbx d jZkkfhlj _gguf nbevljZzf b ]h p_e_ _khhZaghl
gZ \k_o wlZiZo ihe_|Z ;E:

JbkmghdjZabd baf_g _gby m]JeZ j ijb bkihevah\Zgbb nbe

<ebygb_ baf g gby agZq_gby Ily]h\hg nwnmgdlbghElv
ZelhjblfZz nbevljZpbb ih djbl_jbx fbgbfmfz KDH [m~_f
lhevdh ”“ey nbevljZz DZefZgZ k jZaebqgufb gzZkljZb\Z _f
h"brzZ fuc rmf baf Pjggbc b 1iZ~ b jZa[jPk=B2 _gdb
11Z7jbk
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Jbkmghd=jZnbdb agZqg_ dbtey Jbkm@hd=-bklh]jZzffZ baf_g_gby
' E: <« ijbPypil [_a nbevlja 0 ijb jZaebgguo adg@gi_gby
ljz~n liz~ ljz»  liz"

| h j_amevlzIzZf ijh\_~ _gguo wdki_jbf_glh\ ih
lyl]h\hhjm ™ _gghklb ;E: gZGadlgZgh &k eZlv ke _"mxsbc \ul\l
m\_ebq_gb_f lyl]h\hhjm  _gghklb ;E: \G gZajZ ®JZ© \@xr |2
ijbf_jgh \  jZazZz Z gZ j_"bf_ ©ihe_ |2 \ ijbf_jgh \ 'y jZa
E:k f_gvr_c ly]h\hhjm ™ _ggBklvx jbk

AZdexq_gb_
lh j_amevlzlzZf ijh\_~ gguo wdki_jbf _glh\ fh gh k~ e
\u\h”u
kZfuf wnn_dlb\guf nbevljhf ibehlZ guo iZjzZf_Ijh\ il
KDH k mq_Ilhf IbizZz [jZ_dlhjbb ihe_1Z b agZq_gby Ily]h\]
yley |ky nbevlj DZefZgZ
c m\_ebqg_gb_f Ilyl]h\hhjm _gghlxHhInjleevljh\Zggh]h
1\ ZjZf _1jZ mf_gvrZ |ky
lhemqg _gb_ \b”"Z fZl fZlbg_kdboKRaBAhnbehnlkh\Zgguo
gZ\b]Zpbhgguo izZjzf_Ijh\ hl agZq_gby Ily]l]h\hhjm g
ij_ ~f _Ihf "Zevg _crbo gZmgguo bkke ~h\Zgbc
lhemq_ggu_ |j_amevlZlu fh gh bkihevah\Zlv ijb
AhjzZlhld _ Zelhjblfbg_kdh]h h[_ki_q -glZyb]Zipkeihdghdh
h[hjm~h\Zgby ;E:

' B;EBH=J:NBQ?KDBC KIBKHD

1. Abgh\Z <Kbgl_a b bkke_"h\Zgb_ Ze]hjblfh\ nbevljZpbb ij
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M>D
D <HIJHKM H KHA>:GBB FGH=HNMGDPBHG:EVGUO
PBNJH<UO BG>BD:LHJH< K BKIHEVAH<:GB?F
FLASH- L?OGHEH=BC

N _~hjd_\bg B

‘\_jbg
<MGP <<K ©<\thadgtrgZy Zdz”_fby bf ijh@nkkhjEdG]R b
X : =Z]Zjbgza
1 <hjhg_-
gghlZpby klIZlv_ ijb\h~blky f IhAbdZ kha”rZgby fgh]lhnmeg

pbnjh\uo bg”bdzZlhjh\ k bkihevah\zZgb_f ijh]jZffgh]h h[_ki_qg_¢c
BURIHVVLRQDO < ~Zevg _cr_f jZajZ[hlZggu_ fgh]l]hnmgdmbhkgZevg
ijhljzffguf h[_ki_gmagtlab&simulinkbkihevamxlky \ ibehlZ guo kl_g~Zo
Dexgq_\u_ keMGREH#)ODVK bfblZpbhggZy fh”_ev fgh]lhnr
pbnjh\hc bg”"bdzlhj ijb[hjgZy iZg_ev Z\bZ]lhjhbahg!l dhfie_dk

ON THE ISSUE OF CREATING MULTIFUNCTIONAL
DIGITAL INDICATORS USING
FLASH TECHNOLOGIES

Fedorkevich I. A.
Averin A. A.

OLOLWDU\ 7UDLQLQJ DQG 5HVHDUFK &H QMPH LD RV NI |
SURIHVVRU 1 ( =KXNRYVN\ DQG < $ *DJD!I
(Voronezh)

Abstract. The article presents a methodology for creating multifunctional digital indicators
using Adobe Flash Professional software. In the future, the developed multifunctional indicators
together with the matlab&simulink software are used in flight stands.

Keywords: Adobe@Flash, simulation model, multifunctional digital cador,
dashboard, aircraft horizon, complex.

271



lib kha”Zgbb ibegZAbdhEpbhgghc bg~rbdZpbb bkih

ijh]ljZffguc dhfiddabk@Flash Kh]l]eZkgh <zZg”™_j ? : KijZ\hqg
Abobe@Flash@Professional CC.hk d\Z 695 ¢.).
Adobe@Flash+ wlh fmevlibf _“bcgZy ieZlnhjfZ ij_~gZagZ

kharZgby ZgbfZpbhgguo ijbeHjZgbp b>¥ggZy kbkl_fZ iha
jZ[hlZlv k \_dlhjghc jzZkljh\hc b Ij_of_jghc ]JjZnbdhc

< wlhf ijh]jzffghf h[_ki_q_gblldsh-ggbzhlkygby dhlhju_
ij_™"\Zjbl _evgh ijhjbkh\u\zZxlky ijh]jZzffbjmxlky ~\b" _gb\
\oh”*ysbo \ ijbeh” _gb_ b \ ~Zevg cr_f im[ebdmxlky \ \
nhjfZIKIR b e BWF.

< dzZq_kI\_ yaudzZ ijh]jzffbjh\Zgby bkihevam _ Iky \
Adobe@Flash * ActionScript >Zgguc vyaud y\ley |lky h[t
hjb_glbjm_fuf yaudhf ijh]jzffbjh\Zgby h""EGMAScriptbZe d
dhlhjuc ~h[Z\ey_ | bgl_jzZdlb\ghklv h[jZ[hldm "~Zgguo |
\hafh ' ghklb |j_ ZebRBlash-ftbeh gbyo

K bkihevah\zgb _ f ijh]jZffgh]hAddbe@d-lastkizh a™Z xIky
bfblZpbhggu_ fh”_eb +i02hWEZphhgghc bg*bdZpbb d
itheghklvx khhlI\_Ikl\mxl j Zevghc bg”"bdZpbb Z bf _ggh

< ijb[hjguo iZg e ¢ kZfhezlh\ KhReghgh JZam\zZ \
KzZfhe |-BE> Mq _[gh_ ihkh[b_ <hjhg_~ <MGP <<K ©O«<
G ? @mdh\kdh]h b X : =Z]Zjbgz?2 +

JbkmghdBfbtZpbhggZy fh” _ev ijb[hjghc "hkKiéb kZfhezl

< fgh]l]hnmgdpbhgZevguo pbnjh\uo bgrbdZlhjh\
jbkm g hd];
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JbkmghdBfbtZpbhggZy fhc _ev fghlhnmgdpbhgZevguo r
bgr"bdzZlhjh\ kZfhe #Z Be

< ijb[hjguizg_e\ cjlhezhbkmglhd

JbkmghdfbitZpbhggZy fh” _ev iijddhjgguo\ _jlhezFA €b

< fgh]hnmgdpbhgZevguo pbnjh\uo bgrbdZlhjh\
jbkmgihdKkh]eZzkgh FZdZj gdh < G Dhgkljmdpby b ijhgg
ZiiZjZlh\ < _jlhe :IFER Mqg_[gh_ ihkh[b_ <hjhg_ =~ <M
©<<: bf ijhn G ? @mdh\kdh]h b X : %8]K.jbgz?

I+

JbkmghdBfbtZpbhggZy fha _ev fghlhnmgdpbhgZevguo r
bgrbdzZlhjh\ \_jlhezFA FDb
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lj_~klZ\e_ggu_ fh”_eb kha”Zgu \ ijh]ljzffghf
Adobe@Flash K ihfhsvx wlh]h dhfie_dkz fh gh kha”z\Zlv
1Zg_eb fgh]l]hnmgdpbhgZevgu_ pbnjh\u_ bg”*bdaglhju L
eh[h\hf kIl _de_ ex[uo keh ghkl_ c¢c b ”"ey ex[uob\b”h\
\_jlhezlh\

| j\uf wlZihf 7~ey kha”Zgby bfblZpbhgghc {fh”_eb
gZ\b]J]Zpbhgghc bg*"bdZpbb y\ey I|ky k[h]j bgnh)\apbb h
bgrbdZpbb

Bkoh~rgufb "Zggufb ~ey ihkljh_gby fh™ _eb y\eyxlky

< \g_rgbc \b” ibeh¢yZ\phZpbhggh]h dhfie_ dkZ

< bgnhjfZpby h eh]lbd_ jZ[hlu dZ ~h]h ijb[hjZ \oh?”y
dhfie_dk

ljhp_kk ijhjbkh\db gZgbgzZ Iky k kha”rZgby keh)
jZkihezZ]zZz |ky 1jZnbg_kdh_  bah[jZz _gb_ j _Zevghc ij
bgr"bdzZlhjz gzZ eh[h\hf Kkl _de_ beb fghlhnmdgtipibhgZe
bgr"bdZlhjZz dzZd ihdZaZgh gZ jbkmgd_ bfkKhjhfps\zZtvdhfz
jZ[hgmx h[eZklv "h[Z\ey |ky gZ jZ[hg_bghedZpbab[j2Zegl
kharZgguc kehc "“ey m~h[kI\Z i_j_bf_gh\u\Z _Iky]lh\ kh
nmgdpbhgZevguf gZagZq_gb _f b kfukeh\uf gZiheg gb
kdju\Zlv [ehdbjh\ZIlv b I_j_mihjy*hqb\Zlv Dhebc
hljZgbgb\Z _Iky ebrv \hafh ghklyfb \uglb koegdbldle vgh
bkihevamxs cky “ey jZajZ[hldb bfblZpbhgguo fh” e c
nZceZ aZ\bkbl Ilhevdh hl \gmlj _gg _]h aZiheg _gby keh _\

Jbkmghdfikjlbjh\ZggZy dZjlbgdZ fgh]l]hnmgdpbhgZevgh]
bg"bdzZlhjz \ $GREH#)ODVK

274



lhke  Dbfihjlbjh\Zgby ]jZnbg_kdh]h bah[jZ _gby gZ
hkms_kl\ey |ky [ehdbjh\dZ jZ[hq_]h kehy >Ze_ _  kha?”
kehb gZqbgZ_ I|ky ijhjbkh\dZ dzZ "h]lh wgZ¥bjgd@gbhigghiZ
bgrbdzZpbb G_h[oh”~bfh jZkiheZzZ]Zlv dZ ~uc ijb[hj gZ k\
ith*oh” hl[e_]JagzZ_I| jZ[hlm jZajZ[hlqgbdZ bg”~bdZpbb b et
JZ[hlZlv k wlhc bg”*bdZpb_c¢c "Zevr _

GZ ke _"mxs_f wlzZi_ kha”Zxlky q_luj_ ijbgpbibZe
ibehlZ-giZ\b]J]Zpbhggh]h dhfie_dkZ

< bg”bdZlhjh\ k \[ZsZxsbfbky klj _edZfb

< Z\bZlhjbahglh\

< bg”bdzHhjk ihkilmizZl_evgh f sZxsbfbkywbZaZl _evgufb
we f glzfb

< kb]JgZevghc bgnhjfZpbb

>ey dZ "h]h we_ f _glZ gZbehMM@gbdlylgh dhfie_dkZ kha”
kh[klI\_gguc kehc \ dhlhjhf b”~_| ]jZnbqgq_kdZy ijhjbkh\
ih"\b guo we f _glh\ jbkmghd

JbkmghdzZajz[hldZ fh”_e _c \Zjbhf_IjZ b Z\bZ]hjbak
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AZdexgbl _evguf wlZihf yley I|ky ijh]jZffbjh\Zgh
i j_f s _gby h[t_dlh\

JZ[hlZ gZzijbf_j Z\bZ]hjbahglZ h[_ki_qgb\Z Iky ijh]jZ

{

Shkala.y = 300 + f [i];

Metka_sam.rotation = f [j];

2

]*i £ghf_j kb]J]gZeZ hl\_qgZxsbc aZ bjafgbf gbkbilgZezZ
hi\_gZxsbc aZ baf_g _gb_ m]eZ 1Zg]Z Z kZfhe 302 Qbke
kKhhi\_Tkl\m_| gme_\hfm ihel¥ kfbbvhe&hkelaf§2].

< ~Zevg_cr_f jZajZ[hlZggu_ fh”_eb bgl_]jbjmxIlk)
"bgZfbdb ijhkljZzgkl\_ggh]l]h ~\b" _gby kZfhe |Z jZajZ[h
Matlab@ Simulink [3].

LZdbf h[jZahf jZajZ[hlZggu_fh” _eb fgh]l]hnmgdpbhg:
bgrbdZlhjh\ bkihevamxlky ijb ijh\_~ _gbb .ihkefmgkimjgdo
ibehlZ guo kl_g”*Zo

B;EBH=J:NBQ?KDBC KIBKHD

1. ?nj_fh\ N\bZpbhggu_ ijb[hju b bgnhpf&Zfphbhggvgu
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3. N_"hjd_\bg Bgl_]jZpby 6LPXMWOL@N “bgzZfbdb ihezlZ kZfhe:
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K?DPBY
©lJH;E?FU 1?JKI?DLB<U J:A<BLBY B IJBF?G?GBY
;?KIBEHLGUO<B:PBHGGUO KBKL?F?2

lj_~"k_"Zl_&Zpfeh\ : < azZf_klbl_ev *bj_dlhjz Bjdmlkdh]h MEd
dzgt ~ gZmd

M>D -519

IH>OH> D FH>?EBJH<:GBX >BG:FBDB IHE?L:
?KIBEHLGH=H <BGLHDJUEH=H E?L:L?EVGH=H :11:J:L:

Dh\Zevgmd > < dZg” | _og gZmd
.eoZgh\ D >

<MGP <<K ©<\hagdgirgZy ZdZ” fby bf ijh@nk&hj2dB]R b
X : =Z]Zjbgz?
] <hjhg_-

:gghlZpbyx klzZlv_ jzZkkfhlj_g ih”~oh” d fh” _ebjh\Zgbx "bgZz
[ kibehlguo \bglhdjueuo e_|ZI_evguo ZiiZjZIh\ fhZ hekghg k#l$b §ly o
jme_\h]lh \bglh\

Dexq_\u_ keh\kibehlguc e_|ZIl_evguc ZiiZjzl fh™_ebjh\zZgb_
jme _\hc \bgl fgh]hf_jgu_ fZljbpu

AN APPROACH TO SIMULATING THE FLIGHT DYNAMICS OF AN
UNMANNED ROTORCRAFT

Kovalchuk D. V., Candidate of Technical Sciences
Alkhanov K. D.

Military Training DQG 5HVHDUFK &HQWHU RI WKH $LU )RUFI
SURIHVVRU 1 ( =KXNRYVN\ DQG < $ *DJDI
(Voronezh)

Abstract. The article discusses an approach to modeling the flight dynamics of unmanned
rotorcraft based on matrix models of the main and tail rotors
Keywords: unmanned aerial vehicle, modeling, main rotor, tail rotor.

< ihke_"gb_ 2~ _kylbe_ Iby gZ[ex*Z_|lky Kklj_fbl_e\
[ _ kibehlguo e_|Zl _evguo ZiizZjzlh\ ;IE: ih \k_fm fbjm
ki_dlj ijbf_g_gbc \ Ihf gbke_ b \ \h_gghf k_dlhj_ " _e
\hklj_[h\Zggufb

Hiul ijbf_g gby ;IE: \ dhff_jg_kdbo p_eyo ihdZec
gZb[hevrbf kijhkhf ihevamxlky \bglhdjueu_ e _|Zhjevgu_ .
h[mkeh\e _gu m~h[klI\hf bo bkihevah\Zgby \ khgh\@ghbb k
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[ ahiZzkghklb ihe_Ih\ b h[_ki_g_gb_f ijb dgebduddbeo |
o0ZjzZdl_jbklbd

< ijhp_kk_ ijh_dIbjh\Zgby ;IE: gZ wlzi_ jZajZ[h
Z\IhfZlbgq_kdh]h mijzZ\e_gby K:M \hagbdzZ_| g_h[oh”Dbi1
azZ”"Zgguo oZjZdl_jbklibd _]Jh mklhcgb\hklb b mijzZz\ey_ fhk
\ukhl b kdhjhkl_c ithe_|1Z WIh j_Zebam_Ilky aZ kq_l ij
dhwnnbpb_ glh\ mkbe gby \ K:M Ihkdhevdm ih*"Z\eyxs
\uihegyx!l ithe_lu \ hlghkbl_evgh g _[hevrhf ~bZiZahg_ k
bkdexq_gb_f y\leyxlky ;IE: \h_ggh]h gZagZq_gby ij_*»
\ A gby jZaebgguo \b”h\ jZa\ _~db gZ [hevrbo \ukhlZo
k _jv_aghc ijhjzZ[hldb Ze]hjblfh\ K:M hlkmlkl\m I |
ijZdlbg_kdb g_f gy Iky H~gzZdh \ azZ\bkbfhklb hl j_ rzZ_ fu
azZ"Zq_c y\ey |Iky gZkljhcdZ dhwnnbpb_glh\ mkbe gby \

MdZazggh_ 1j_[h\Zgb_ fh gh j_Zebah\Zlv ijjphJihfhsb
fhr _ebjh\Zgby dhlhjh_  iha\hebl ijhba\_klb hljZ[hldn
Zelhjblfh\ K:M gZ __ ]Jhlh\hc we f glghc [Za_ aZf_gb\ |
fZzl_fZIbg_kdhc fh”_evx _]h “~bgZfbdb ihe_IZ LZdhc
kms_kI\_ggh khdjzliblv \j_fy gZ ijh\_~ _gb_ bkiulZgbc
fZl_jbZevgu_ aZljzlu bkdexqgb\ ijb wlhf jbkd mljZlu e_Ilgt

HAgZdh gZ wlhf wlZi_ \hagbdzZ_ | g_h[oh”*bfhklv jZa]
fhr _eb ~bgZfbdb ihe [Z ;IE: <hijhku fh”_ebjh\Zgby 7t
e 1Zl _evguo ZiizZjzZlh\ kZfhe Igh]h IbiZz ~Z\gh bamqg_gu |
baeh” gu \ jZaebqgguo ,jZ[@lZebgZfbdZ ihe 1Z \bglhdj
e 1Zl _evgh]lh ZiizjzlZ kms_klI\_ggh hlebqZ_Iky hl kZfhe
h[mkeh\e _gh g_ Ilhevdh kihkh[hf kha*Zgby ih”t_fghc kbel
bo "\b" _gby Z 1Zd _ mklhcgb\hklvx b mijZ\ey fhklvx K
K < K\bjbrh\ G : >bgZfbdZ ihe_ 1Z mq_[gbd “ey kemr
<h_gdha”mrghc bg _g _jghcbddgb ifjlhm G ? @mdh\kdh]h
j_~ K< E_\bpdh]h F Ba” <<B: bf ijhn G ? @mdh\kd

Kms_kl\mxIl jZ[hlu \ dhlhjuo hibkZgu fzZI_fZlbq_
"bgZfbdb ihe 1Z \_jlh&@ |Izh~gZdh _“~bgh]h ih"oh”Z d bo
\ujzZ[hlZzgh g_ [ueh LZdbf h[jZahf p_evx jZ[hlu y\ey
ithr"oh”"Z d fh” _ebjh\Zgbx ~bgZfbdb ihe |Z \bglhdjuel
ZiiZjZlh\ dhlhjuc iha\hebl kms_kI\ _ggh khdjZllulvijbj f
ijh_dlbjh\Zgbb gh\uo ;1E:  \_jlhe_Igh]h Ilbiz b fh
kms_ kl\mxsbo

JZajZ[hldm fh”_eb ~bgZfbdb ihe_IZ ;IE: \_jlhe._
ij_~iheZ]lZ_|ky j_Zebah\zZlv \ "\Z wlzZizZz 1_j\uc wlZi khijy"
ly]h\uo b fhf_glguo oZjZdl _jbklbd g_kms_]Jh b jme_\h]h
ijbezZ]lZ Iky bkihevah\zZgb ijbeh” _gby 6LPOHFKD
Matlab 6 LPXOLQN Ij_"gZagZg_ggh_  "ey fh”_ebjh\Zgby
"Mb® _gbc I\_jAhl _evguo f_oZgbafh\ Kh]JeZzkgh FmkZeb
Fh” _ebjh\Zgb_ f_oZljhgguo kbkl_f \ kj_~ 0$7/%%
6LPOHFKDQLFV mq_[gh_ ihkh[b_ “ey \ukrbo mqg_J[guo
BLFH Kk
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GZ jbkmgd_ i Feirdizkgfh » ev g _kms_c  kbkl_fu ;I

\_jlhe_lgh]lh Ibiz *65 = kha”ZggZy ijb ihfhsb kj_"kI\ 6L
Jbkmghdh”~t ev g _kms_c kbkl_fu \_jlhe 1Z *65 =\ hdg_
;eh-ko_fzZ fh”_eb ij_"klZ\e_ggZy gZ |bEkimgidk, \

mqgblu\Z | ] _hf_Ijbg_kdb_ jZaf_ju b fZkkm \k_o we _f_glh
Ij_"gZagZq_gZ ey hij_" e _gby ly]lh\uo b fhf_glgu]jdh 0ZjZ
\bglz \ _jlhe 1z \ az\bkbfhklb hl j_"bfh\ _]h ihe_|Z h[*m)\

Jbkmghdh™ ev g _kms_c kbkl_fuSkniliike 1Z \
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wjh*"bgzfbg_kdb_ kbeu b fhf_glu AN ckl\mxsb
hij_~ eyxlky gZ hkgh\_ | _hjbb we_ f_glZ ehiZklb dhlh
]bihl_a_ iehkdbo k_gq_gb&bd&h]ezZiEghb ] < _jlhezlu JZI
ijh_dlbjh\Zgb _ L wjh*bgzZfbqg_kdbc jZkq _| \
FZrbghkljh_gb_ Kk Ehizklb jzZ[hlZx]l \ keh'g
hij ~ ey fuo baf_g _gb _f ih _ jZ"bmkm b ZabfrmhZevgh
Z1Zdb k_gpo pbgbkre < hkgh\_ ~Zggh]lh f Ih"Z e "bl gZoh"
Z1Zdb b gbkedZ "hf k_q _gbb ehizZklb

K ihfhsvx jZajzZ[hlZgghc fh™ _eb fh 'gh ihemqgZlv ly]h\t
o0ZjzZdl_jbklbdb \mglbwkbfhklb hl m]eh\ gZdehgzZz 1Zj _ed
i _j_dhkZ b \_ebgbgu h[s_]h rZ]zZz Z 1Zd _ ihklmiZl_evg
kdhjhkl _c ihe_|Z \_jlhe _|Z

lhemqg_ggu_ j_amevlZlu dhfibebjmxlky \ fgh]hf_j¢
fZkkb\u KhleZlgdhZzo_j N J L_hjby fblgbp F NbafzZlek

k dhlhju_ ij_~klZ\eyx| ba k_[y aZ\bkbfhkdbokbel

0ZjzZdl_jbklbd g_kms_]h b jme_\h]h \bglh\ hl 1lj_o b
1ZjZf_ljh\  LZd fh gh dhfibebjo\zZflvjgdzZzd fZljbpu {Bd Db
f jgu_ GZ jbkmhgldazZgu fZljbpu o0ZjZdl _jbamxsb_aZ\bkl
fhf _glh\ \hagbdZxsbo gZ g _kms_f \bgl_ hl m]JeZ gZdeh
I _j_dhkzZ b \_ebgbgu h[s_]h rzZ]lZ klZlbg_kdb_ oZjzdl_
gZdehg 1Zj_edb z\IhfzlzZz i_j dhkZ hkms_kl\ey Iky \ 72\
jbkmgd _ ithdZaZ§ujgu_ fZljbpu o0ZjZdl _jbamxsb_ aZzZ\
\_ebgbg kbe b fhf_glh\ g _kms_]h \bglZ hl ihklmi&l_evg
kdhjhkl ¢ _]Jh ~\b"_gby Z 1Zd _ \ _ebqbgu h[s_]h rZ]
0ZjZd!l_jbklbdb

Jbkmgh&KIzZztbq _kdb_ kbeh\lu_ b fhf_glgu_ ozZjzZdl_jbl
g_kms_]h \bglZz
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JbkmghdbgZfbq kdb_ kbeh\u_ b fhf glgu_ 0Zjzdl_jbklk
\bglz

<oh”gufb izZjzf _ljzfb y\eyxlky agZqg_gby m]eh\ gZ
Z\Ihfzlz i_j_dhkz Z IzZzd _ \_ebgbgZ h[s_]h rZ]Zz baf_j_
itheamgZ \ fbeebf |jZo < _ebqbgu kbe b fhf_glh\ hij_ ~ €
1E: kbkl_f_ dhhj*bgZl

Lzd  Matlab/Simulinkbf__Iky \hafh ghklv azZ”-Idbki\hgdv
fZkkb\u < wlhf kemqzZ_ ijhbkoh”bl h[t_~bg _gb_ kl&Zlbqg_k
oZjzZdl_jbklbd \ h~bg fZkkb\ lh”~  iylvx \oh”gufb
ith*jZamf_\Zxlky m]Jeu gZdehgZ 1Zj_edb Z\IhfZlZ ioj_dhk:
ithkilmizl _evgZy b \ _jlbdZevgZy kdhjhklb ~\b" gby g _km
kdhjhklv ihe_ |Z ;IE: b \_ebgbgZ h[s_]h rZ]Z GZ jbkmq
[ehdIb f _jgh]h fZkkb\Z oZjZdl _jbamxsbc baf g gb_\ etk
kberm \ k\yaZgghc k ;1E: kbkl_f_ dhhj*bgZl

JbkmghdylBf jguc fZkkb\ ijhrhevghc kbeu
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lhemqg_ggu_ klZlbg_kdb_ b ~bgZfbqg_kdb_ o0Zjzdl_jhb
jme_\h]h \bglh\ h[t_"bg_ggu_ \ h”"bg [ehd blad\lgeyghbl hi
\_ ebgbg kbe b fhf _glh\ ~ ckl\mxsbo gZ ;IE: \ aZ\bkbfhk
ihe 1Z b dhgnb]mjZpbb kbkl_fu mijZ\e_gby Bkhtehdmy ij
fhgh k ihfhsvx ijh]jzZzffguo kj_~kl\ Matbb(simdidld
\hkijhba\h”blv “"bgZfbdm ihe_1Z ;IE:Ib\iZjlhelhlgmjd\hebl g
gZqZevguo wlZiZzo bo ijh_dlbjh\Zgby h[_ki_pdlhldgpZklj
Zelhjblfh\ K:M
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'NbebZe I'H ©YdHPeghg dhfie _dkbjh\Zgby
Fhkdh\kdbc Z\bZpbhggucgBghhgmdvguc bkke ~h\ZIl ev
mgb\_jkbl_|
] Fhkd\z

:gghlZpby klZlv_ jZkkfhlj _gh fh~_ebjh\Zgb_ azZ~Zqb ihbkdZ I
h{t_dlIZ nhjfZpb_c ba 1j_o E: gZ hkgh\_ f_Ih"Z fmevibZ] ¢

N | _jfbgbjh\Zggh]lh 1jZ"b_glZ MADBRBGbdbJ r gZ azZ”"ZqZ kh\f_Kklc
mijZ\e_gby Jjmiihc ;E: \ Ij_of _jghf ijhkljZgkl\_ k mqg_Ihf “bgZfbqc
hdjm™ _gby

Dexqg_\u_ kelp\Ribehlgu_ e 1Zl _evgu_ ZiizZjZlu g_cjhggu_ k_
himqgq_dADDPG kbkl _fu mijZ\e_gby ijbgylb_j_ r _gbc
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MODELLING THE TASK OF SEARCH AND TRACKING OF AN OBJECT
BY A UAV GROUP USING DEEP REINFORCEMENT LEARNING

Neretin E. S:2 Candidate of Technical Sciences
Golovin D. Al?
Sukhomeylo N. ¥

'Branch of PJSC Yakovletintegration center
2 Moscow Aviation Institute (National Research Unive)sit
(Moscow)

Abstract. The article considers modelling of the task of searching and tracking an object by
a formation of three UAVs on the basis of the multi-agent deep deterministic policy gradient
method (MADDPG). The problem of joint control of a group of UAVs in three-dimensional space
considering dynamically changing environment is solved.

Keywords: unmanned aerial vehicles, neural networks, deep learning, MADDPG, control
systems, decision making.

G_kfhljy gZ klj_fbl_evgh_ jZa\blb_ [ _kibehlguo
ZiiZjzZlh\ ;E: \ kh\j_f_gghfaZbjhaj&klZxs_c¢c keh ghklb a
hl]jZgbqgq_gbc gZ \j _fy ihe_ 1Z J]Jjmahih~t_fghklv b | th \hafl
E: kbevgh h]jZgbqg_ gu

GZ nhg_ wlhc ijh[e_fu \u]ey”yl ijb\e_dZl _evgufb
bkihevamxsb_ ]jmiim ;E: “ey j_r_gby aZ”~Zq k wnn_dlb\g
“ey _“bgbqgh]h JE: > @

=jmiiZz ;E: Kkhklhbl ba hij_~ e ggh]l]h qgbkeZ h~g
jZaghjh”~guo e |Zl _evguo ZiiZjZlh\ bkihevamxsbo
\azZbfh” ckl\b_ h[jZlgmx k\yav b klbfmeu 7~ey “hklb _
<aZbfgZy dhhj*bgzZpby ih\_~ gby ihfh]zZz_ | \ Z*Zidgpbb ]]
baf _gyxsbfky kj_~Zf ijb wlhf fZdkbfZevgh bkihevamy \h
E LZdhc 1ihl_gpbzZe gZr_e ijbf_g_gb_ \ IjZgkihjlgh
dhff_jg_kdhc kn_j_ Z ihimeyjghklv kh\f_klghc jZ[hlu
ihimeyjghklv ijbf _g _gby h”bghqggh]h [_kibehdgilZ)jzl2 1ZI
DZd ijbf_j bkihevah\Zgby Jjmiiu ;E: \u®_eyxl

i \uiheg_gb_ ihbkidkWh evguo azZ”"Zq 1 nhjfb
[ kibehlguo e 1Zl _evguo ZiiZjZlh\ fhlml \uihegwydvrhtbkd
iehsZ”b azZz dhjhldh_ \j fy

i ebd\b”"Zpby ihke_ 7~kl\bc e_kguo ih"Zjh\ b klbobcgt
nhjfbjh\Zgby ho\Zlu\Zxl [hevrmx | _jjblhjbx | Zebamy
h[gZjm  _gb_ b ij_~hl\jZs _gb_

i bkihevah\zZgb_\ k_evkdhf ohaycklI\_ ijb m~h[]j_gb
k fyg b hp_gd_ mjh Zcghklb qglh kh]JeZkm_ Iky k gZi
bgl _ee_dimZevgh]h k_evkdh]h ohaycklI\Z b Ihgghijh a_fe
kljZghc
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Kh\f _klgh_ mijZ\e _gb_ g_kdhevdbfb ;E: aZdexqgZ _ Ik
jZkij_~_ e _gbb ]jmiiu ih jZaguf ithabpbyf Z 1Zd _ dhgljhe
ileZgbjh\Zgbb fZjrimlZ b ijbgylbb j_r_gbc h fbklighh P _¢
mijZ\e_gby ]jmiihc ;E: vyley |Iky fZdkbfZevgh_ = m\_e
wnn_dlb\ghklb k fbgbfbaZpb ¢ aZzZljZl

<Z guf gZijZz\e_gb_f bkke_ _"h\Zgbc yley |Iky mem
dhhj*bgZpbhgghc kihkh[ghklb nhjfbjh\ZgblhfBlbph\kdbghb
kljZl _]Jbg_kdbo fzZg_\jh\ \ khhI\_IklI\bb Kk jZaebqguf
ijhbkoh”"ysbo \ hdjm Zxs ¢ kj_~_  Kh\f_klgh_ieZgbjh)
"\b®" gby g _kdhevdbo [_kibehlguo e |Zl _evguo ZiiZj
g_h[oh”*bfhklvx i_j f s _gby nhjfbjh\Zgby ih hij B e ggt
hdjm Zxs_c¢ kj_*_ Ke_"h\Zl _evgh galZ[ohlvbbh ka&zZgdpih\Z
[ ahiZkguc b dhjj_dlguc fZjriml qglh[u [_kibehlguZlwe |ZI
fhleb \uihegylv azZz”~Zgb Kk |j_[m_fhc wnn_dlb\ghklv.
leZgbjh\Zgb_ fZjrijmlZz k bkihevah\Zgb_f g _kdhevdb
e |ZlI _evguo ZiizZjzlh\ 1zZd" _ ijbf_gy Iky \h fgh]l]bo h[ez
wdkij-&lk]bklbdZ kiZzk_gb_ \ ahgZo klbobcguo [_"kl\b
e _kguo ih"ZjZo b I ~

HArghc ba azZ”Zq y\ey |ky ieZgbjh\Zgb_ hilbfZevgh]t
gZgqZevghc Ihgdhc b f_klhf \uiheg_gby fbkkbdfh Iwlhwlh"
hkms _kl\blv IZdbf h[jZzahf qlh[u g_kdhevdh ;E: fh]ljeb [uk
\uiheg _gby fbkkbb ba[_ "ZIlv g _ba\ _klguo ij _iylkl\bc \ hd
mf_gvrblv ihl_jb ;E:

?s  h~rgZ az~zZqzZ j_rzZ fzZy \ jZfdZo kh\f_klgh]h mi
;E: 2wlh ijbgy]Jbr gbc h fbkkbb G_h[oh”bfh qlh[u ;E: i]
kh\f _klgu_ bkke_ _~h\Zgby b dhjj_dlgh nhjfbjh\Zeb azZz~Zqt
hkgh\_ bo kh[kI\_gghc bgnhjfZpbb h klZImk_ hdjm Zxs _
>799Zy hkh[_gghklv ih\urz | kl_i_gv Z\lIhfZlbaZpbb k
g_dhlhjmx Z\lhghfghklv nhjfbjh\Zgby \ \uiheg _gbb fbkkbb

Hkgh\u\Zykv gZ \ur_baeh _gghf \ ~Zgghc KklIZlv
bkke "~h\Zgb_ az”~Zqgb ]jmiih\h]h ihbkdZ b khijh\h "_
g_kdhevdbo [_kibehlguo e_I1Zl_evguo ZiiZjZlh\ AZ
khijh\h"~ gby \ hkgh\ghf bamqgzZ_ | dZd mijZ\eylv nhjfbjh
Z\lhghfgh b kdhhj*bgbjh\Zgh bkihevah\Zlv_mjyZlp @Z 6 4/l 4
hi" _evguo beb ]jmiih\uo h[t_dlh\ G2Z jbk b MNkdHBE\e ¢
bah[jZz  _gb_ az”~Zgb jzZkkfhlj_gghc \ ~Zgghc klZlv_ ]
khxaguo ;E: bagZqZevgh hkms_kl\ey | ihbkd Z azZl_f kh
\ "bgZfbggh baf_gyxsboky mkeh\byo < ~Zgghf kemqgzZ_ \
ithbkdz \uklmiz_| “jm]hc ;E: P_eyfb khxaghc ]jmiiu
"hklb™ _gb_ fbgbfZevgh]h \J f gb h[gZjm _gby h[t_dlIZ Z
]jmiiu d fzZdkbfzZevghfm \j_f _gb m~_j Zgby h[t_dlzZ \
Afm® _kI\_ggh]h ;E:
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Jbkmgh&Ko #fZIlbg_kdh_ ij_~klZ\e _gb_aZ”Zgb h[gZjm
khijh\h "~ _gby ]Jjmiihc ;E:

JbkmghdZjZf Iju mqgblu\Z fu_\ fh~_eb :E:
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Bkihevamy iZjzf lju ij_~klZ\e _ggu_ gZ jbk fha e
fh> 1 [ulv hibkZgZ \ \b~_

]"p bv xihabpby b kdhjhkinf, El \j ftghb

>ey |lh]h gqlhJu fh” _ebjh\Zgb_ mijZ\e _gby [ueh [eb _
j _Zevghc h[klZgh\d_ ;E: mijZ\ey_Iky ih "\'mf dZgZeZf L
"Mb® _gby b kdhjhklvx ihe_1Z [_kibehlgh]lh e _[Zl_evgh]f
mijZ\eylv g_ihkj_~klI\_ggh mijZ\eyy \_dlhjhf kbeu k dhl
Ke ~h\Zl _evgh bgnhjfZpby h khklhygbb ~ ckl\by ;E: azZ”®

A [F .F F,]

1" F .F,F, ij_"klZ\eyxl kh[hc kbeu *_ckl\mxsb_ oZbZE: ih |

khhi\_1kI\_ggh
Mkdhj _gb_ [ _kibehlghlh e 1Zl_evghlh Ziizjzlz th* I [ulv

a a,a,a? F,F,Fa/mu

I 1 xwlh fZkkZ ;E:

Jbkmghdzjzf_lju fZzl_fZlbg_kdhc fh”_eb bkihevam_fu_
h[mqg_gby k ihA"dj_ie_gb _f
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< p_eyo kh\f_klgh]h mijzZ\e_gby nhjfbjh\Zgb_f ;E:
bkihevah\zZlv fgh]hZ] _glgh_ ]Jem[hdh_ h[mqg_gb_ k ih”c
aZf_gy_| Iljz*"bpbhggu_ ]_g_Ibg_kdb_ Ze]hjblfu | _hjb
Zelhjblfu iezZgbjh\zZgby |jZ_dlhjbb b mijZ\e_gby n
1ZjZf _Ilju bkihevam_fu_ Zelhjblfhf h[mg_gby k i
Ij_"klZ\e_gu gZ jbk

=em[hdh_ h[mqgq_gb_ k ih*dwlhe _dlbf[bgZpby ]Jem[hd
himq_gby b h[mq_gby k ih~dj_ie_gb_f H[mqg_gb _
(Reinforcement Learning y\ey |ky \Z guf f_Ih~hf j r _gby azZ"Zq
j_r_gbc 9gZ” _eyy Z]_glZ Kkihkh[ghklvx d kZfhklhyl evq
<aZbfh” _ckl\my k hdjm Zxsenvirokinenthc Z] gl ihklhyggh
I _j_kfzljb\Zz | k\hx iheblbdm potcycklkbchfhsvx nmgdpbb
\hagZ]jzZz " _rgwayd function P _evx Z] glZ y\ey |ky fZdkbfba
gZ]jZ"u dhlhjZzy \u~Z _|ky dZ ~uc jZa dh]*Z -2pb[dl kh)
A ckl\ction \ hdjm Zxs_c¢ kj_~_ < k\hx hg_j_"~v ~Zggu_
Z] _glz \ kj_~_i_j_"Zxlky q_state kinlkdhlgghy Z] _glm j_Z]bj
gZ baf_g _gby

Jbkmghdbz]jzffz \azbfhr_ckl\by hdjm Zxs_c kj_"u b

=em[hdh_ h[mReegHdearning) x wlh Zelhjblf bkihevamx:
g _cjhggu_ k_Ib 7~ey bamqg_gby beb kha”Zgby keh gu
g _ebg _cguo k\lya ¢ f_""m \oh”gufb b \uoh”gufb ~"Zgg
ithkljh_gb_ k\ya_c¢c ~Z_| kihkh[ghklv ]Jem[hdhc g_djhggh:
j_rZlv az”"Zqb gZ jZaebqgguo ijhkljZzgkl\Zo khklhygbc b ~_
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DeZkkbqg_kdb_ Ze]hjblfu h[mg_gby k ih~dj_ie_gb _f |
K_ [y nmgdpbx hp_gdbv, s ebibhjZzy hij_~ ey Iky dZd h'b
blhlh\Zy gzZ]jz~"Z iE&blbdims_f khklhygbbjhp_kk_ jZa\blb
ihy\bezZzkv ~jm]Zy hp_gdZ iheblbdb Z]_gQ&alle][hagggzZy fZ
hp_gdZ \ujZ Z _lq(saddd \ hlebgb_ hl nmgdpbb \ur_ ijk
"hihegbl _evguc iZjZfdims_ _ ~ cBR&Z h]jZgbg _gbc \ualZg
deZkkbqg_kdhc hp_gdhc ih@bdbaib[jZahhZe hI® evguc Ze]h

Q-learning mkljZgyxsbc g_dhlhju_ ijh[e_fu k\yaZggu_ Kk
ijbgylb_f j_ r _gbc b g \hafh 'ghklb h[mg_gby > @
>ey |j_r_gby azZ”Zq ithklZ\e _gguo \ jZ[hl_ \ul]

fmevibZ] glgh]h Jem[hdh]h A 1 _jfbgbjh\Zggh]h liz"™b
(MADDPG > @ WIh Ze]lhjblf bkihevamxsbc g _cjhggu_ k_Ib
ke _"mxsbc ijbgpbim p_gljZebah\Zggh]h h[mq_glyhb *
bkiheg_gby Fh”_ebjmy ijh@-valkenMAPOPGWVY h" bl \u[jZggu _
A _ckl\by ba |I_dms_c kljZI_]lbb ~jm]bo Z]_glh\ \ dZqgq_k
bgnhjfZpbb ~ey j r _gby ijh[e_fu g_ klZpbhgZjghklb hdj
MADDPG agZ_| \k_ kljzl_]1bb Z]_glh\ Z klZ[bevghklv kj_"u
ijb baf_g_gbb kljzZl_]bb hI*_evgh]h Z] _glZ

< hlebgb_ hl h~ghZzZ] glgh]h h[mqg_gby k ]Jem[hdbf il
fghl]hzZ] _glghf h[mqg_gbb k Jem[hdbf ih~"dj_ie_gh_§ Z] ¢
lhevdh mqgblu\Zlv hdjm Zxsmx kj_"m b bgnhjfZpbxbh k\h
1Zzd " mqgblu\zZIlv iZjzZf_lju “jm]bo Z] _glh\ \ iheghklvx dl
dhhi_jZlb\ghc kj ™ DeZkkbnbdZpby \u”® ey | g._
\azZzbfh”_ckl\by f_""m Z] _glzZfb ]~_ hkgh\gufb y\leyxlky ¢
dhffmgbdZpbb b \azZzbfgh_ khljm~gbqg_klI\h

JZggb_ fgh]hZ] glgu_ Ze]hjblfu h[mg _gby k ]Jem[hdl
hilghkylky d 1Zd gZau\Z _fhfm g _k\yaghfm Ibim ]*_
fmevlibZ] glghc kj_~_ \uihegy | k\hb ~ ckl\by g _aZ\bkbf
\u[jZg Ibi \azbfh”~_ckl\by ;E: \ \b”~_ \aZbfgh]h khl
] _Zebah\Zggh]h q_j_ avADBPBjbl& azZ”~Zq_ ijbgylby j r_ gt
fZg _\jbjh\Zgbb ijb khijh\h "~ gbb k mqZklb_f gu&dhev
e |Zl _evguo ZiizZjZlh\ dZ ~uc ;E: "he” _g \uihegblv kh\f_Kk
ihkj_ ~kI\hf wnn_dlb\gh]h jZkij_~_ e _gby j_kmjkh\ b jZajZ]|
|Zdlbqg_kKIgZI_]bb b fZg_\ju ~ey ~hklb _gby azZo\ZlZ hJi
p_evx “ey dZ "h]h [_kibehlgbdZ y\ey Iky ijb[eb  _gb_
"bzljzff_ \azbfgh]h jzZkiheh _gby khxaguo ;E: b h[t_
\hagZzZ]jz ~_gb_ azZ ijb[eb _gb_ ;E: d h[t_dIm mklzZgZ\eb
h[jZahf

Ry
Roe”

_ Ror _ BFE Y
2K Q8 _N?F>-F§}F_N'.)P_-rgl—,_l—TU

N e 2K, K1
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A F 4
?KOTL=N—?—_E&:F=N?P—J Bk ¥

§RGE R, §SRLE R FSRLE R,

"' +Zabfml fi"@m;E: b h[t_dih£m]he f_klZ FufrpE: b

h[t_dlhf

GZ]jZ"Z [ueZ ij_"klZ\e_gZ kdhjhklvx ;IE: b hlghkbl
hl ;IE: “h p_eb Dh]*Z [_kibehlgbd ihe_Ibl d p_eb k
kdhjhklvx hg ihemqgbl [hevr__ \hagZ]jZz "~ _gb_ Djhf_ Ih

[ kibehlgbd fh] Z\lhghfgh i _j f sZlvky b ba[_]Zlv
\hagZ]jz ~ gb_ azZ [ _ahiZkguc 1ihe | ;E: mklZgZ\eb\Z
h[jZahf

--10, dio Rij_iylkl\b_beb ’[_ \L. Kp_g¢

o
rsafq @min |1~16 L
o

, \'bghf kemqZ _

L

]"L £jZ"bmk h[gZjm  _gby ;E:

Lh _klv dh]*Z ;E: klZedb\Z _Iky beb i_j k _dzZ_| ]jZ
rljZzn < ihe_|_ dh]*Z ~Zlgbd ;E: h[gZjm ' b\Z | ij_iylkl\b
E: gZoh”blky [ebadh d ij_iylklI\byf b [m”~_| gZdZaZg
ithemqg _gby gZ]jZ”u

Djhf_Ih]h kms_klI\m_1| iheh bl _evgh_\hagZ]jZz ~ _gb_
fZg _\j_ k bkihevah\Zgb_f g _kdhevdbo [_kibehlguo e Iz
aZ\_jr_gh

n 1
_ °10, : i OSuiuilE S‘Jlufun b Gd a§0\ZI
rfinish - ®
0, bgZgqg_

1" s,, ., tnmgdpby khklhygby jE:

LZdbf h[jZzahf nbgZevgZy nmgdpby gZHhZEu Ty dzZ "]
\u]Jey”™ |v dZd

ex
ri Plrnear 'quafef 3’Dfinish

1" A, xij_"klZ\ey_1 khhI\_lkl\mxsb_ \_kh\u_ agZq_gby

3
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<u\h”u

lh \h”~y blh]l]b gZ hkgh\_ bl _jZpbhggh]h gjlcghgghch]|r
kK _Ib bgl_]jbjh\Zgghc \ dZ ~uc ;E: ]jmiiZ kijkifbfifiy gith \uk
gZljZz " "_gb_

Hkgh\gu_j _amevlZlu jZ[hlu aZdexqgZxlky \ ke _"mxs__

< Kha”zgb_ kbkl_fu mijz\e_gby gZ hkgh\_ Zesjhjblf
] _ZebaZpbb Z\lhghfgh]lh mijZ\e_gby [_kilbfdhlguZpzéZzZi@z!
b ijbgylby j_r _gbc \ gZklb nhjfbjh\Zgby dhjjrddghgbhjz dlI

< < jZfdZo Ze]lhjblfz 0$%$''3* ij_~eh _gZ kbkl_f& \hag.
bkke_ "h\zZgZ ijh[e_fzZ ex[hiulkI\Z hI\_ITkb\_dgXyglallbbam
khhi\_ITkl\bb k bo kh[kI\_gguf khklhygb_f b khklhy\gb f h
ij_~ijbgylufb b \hafh gufb » ckl\byfb

< QlhJu k[ZeZgkbjh\Zlv bamqg_gb _ hdjm Zxs_c¢
\aZbfh”~ _ckl\b_ f_""m [_kibehlgufb e_|Zl _evgufb ZiiZjZ
\uiheg_gby azZ~ZgbyMAODR&” khqg_|Z | \ k_[_ ij_bfms_Kk
ijbkmsb_ \ujZ\gb\Zgbx h b~Zgbc b m]lem[ey | YwaZbfh
Afm® _kI\_ggufb [_kibehlgufb e _|Zl _evgufb ZiizZjdlaib \
lj [h\Zgbyfb azZ”Zqb >b\ _j] _gpby \ualZggZy qj_af_
hdjm Zxs_c kj_~u fZeh\_jhylgZ qlh _s_ [hewvdb\ghkinzZ I
Zelhjblfz
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H;?KI?Q?GB? K<YAB ;?KIBEHLGUO :<B:PBHGGUO KBKI
I1JB IHE?L:O < ?>BGHF <HA>MRGHF IJHKLJ:GKL<?

Jm[ph\ ? dZg” | _og gZmd
Dm~jydh\ K-j:i1 o9 gZmd
Fmdkbfh\Zz J J dZg”™ | _og gZmd

Jhkkbckdbc mgb\_jkbl | 1jZgkihjlz FBBL
] Fhkd\Z

:gghlzZpby klzZlv_ jZkkfhlj_gu \hijhku bgl_]jZpbtbh{pkhogeguguo
kbkl_f \ _~“bgh_ \ha”“mrgh_ ijhkljZgkl\h BekRbbo GZjHYeo lilg"_ gptk
b glbnbpbjh\Zgu | ogheh]bg_kdb_ ijh[_eu akZf Vogeyysilgby ijt
[ kibehlghc Z\bZpbb \ |jZ"bpbhggmx Z\bZpdhgghwgb fEigll  fm” _HK C
ebgbb dhgljhey b mijzZ\e _gby K b jzZ"bimqgZkHhhHpghdnmg Zimgdghj\\g_BD
ij_"eZ]Z _ lky \u™_eblv ki_pbZevgh ey ebgbph¥c Z\logpehylgh o k\y
L-'$&6 yl\ey Iky ihl _gpbZevghc | _ogheh]b_c h[*&y ppoegtyp|klyfhc d
l1Zd b “ey [_kibehlghc Z\bZpbb Hp_gb\ZxKkyfa-H§& 6" bchkifby lb g
hilbfZevguc khklZ\ b jZaf_s_gb_ gZa_fgbd_jklZQBabbglhd]jZ kdhc
h[eZklb ~ey h[_ki_qgq_gby k\lyab gzZ\b]JZpbb IbebblgwdbsbdZplohg ¢ uk
kbkl _f ijb ihe_1Zo \ _“bghf \ha“mrghf ijhkljZgkl\_ Jhkkbb

Dexq_\u_ kejidZbhk\yav ;:KCzZhgb&6 ahgz ~_ckl\by

ENSURING COMMUNICATION OF UNMANNED AIRCRAFT SYSTEMS
DURING FLIGHTS IN A SINGLE AIRSPACE

Rubtsov E. A., Candidate of Technical Sciences
Kudryakov S. A., Doctor of Technical Sciences
Muksimova R. R., Candidate of Technical Sciences

Russian University of Transport (MIIT)
(Moscow)

Abstract. The article discusses the issues of integration ofasmmed aircraft systems into
the unified airspace of Russia. Based on the latedtagltrends, technological gaps have been
identified that slowly down the process of introdycinonmanned aircraft into the traditional
aviation system. Particular attention is paid to ttZen@nitoring and control link and the radio
frequency spectrum, which at the ICAO level is megd to be allocated specifically for the C2
link. L-DACS1 digital aviation communications technology a potential communications
technology for both manned and unmanned aircrdfe doverage areas of the L-DACS system
are assessed and the optimal composition and placemeraurfdgstations is determined using
the example of the Kaliningrad region to provide commuiooat navigation and identification
of unmanned aircraft systems when flying in the comraiospace of Russia.

Keywords: radio communication, UAS, C2 line, L-DACS, coverage.
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<\_"_gb_

< ihke_"gb_ ~ _kylbe_Iby ih\k_f_klgh gZ[ex”~Zeky [uk
1iZ "Zgkdhc Z\bZpbb Ilhfbfh [jZ*"bpbhgghc ibehlbjm_f
1iZ "Zgkdbc k_]f_gl klj_fbl_evgh \kljzZzb\zZ _Iky [_Kkibe
G _h[oh”bfhklv [he_ _ wnn_dlb\gh]h mijZ\e_gby \ha“mrgu
\ha“mrguf ~“\b" _gb_f gZaj_ ezZ m _ ~zZ\gh Z jZa\blb_ [_|
mkeh gy | wlm azZ~Zgm [fhkZy gh\u_ dhgp_ilmZevgl
hj]ZgbazZpbhggu_ ghjjZd¥ibdgh \uah\u lhwlhfm kK ]I
[hevrbgkl\h kbkl_f \ k_dlhj_ ]jZ2 "Zgkdhc Z\bZpbb ijhc
fh™ _jgbazZpbx < klzZlv_ jzZkkfzZljb\Z _1ky | _ogheh]by pbnj
k\yab-'$&6 dzZd i_jki_dlb\gzZzy kbkl _fzZ jZ~"bhk\yab "ey
Z\bZpbb

P_evx klZlvb y\ey Iky jZajZ[hldZ ij_~eh  _gbc ih h[_
[ kibehlguo Z\bZpbhgguo kbkl_f ;:K ijb ihe_IZo \ _~k
ijhkljZzgklI\_ JN \ gZklghklb ih \g_"j-'§&8 kZklijbd |
DZebgbg]jZz®*kdhc h[eZklb

:gZeba ghjfZlb\guo "hdmf_glh\ j ]JeZf glbjmxsbo ihe

<hijhk ]jZ2 " *Zgkdh]h ijbf_g_gby [_kibehlguo Z\bZpbh
[ ahiZkgh]h \ha”“mrgh]h 2~\b" _gby 7ey ibehlbjm _fhc Z
f ""mgZjh~guo ihe_Ih\ ;:K \i_j\u_ [ue ih”gyl gZ mjh\g_
]h*m < ke _“mxsb_ ~\Z ]1h”Z Jueb ijbgylu j_ r _gby h Ih
ith*oh”bl \ iheghc f_j_  gZ jhev hj]J]ZgZ dhlhjuc [m~_
klZg~Zjlu b ki_pbnbdZpbb gZ | _ogbqg _kdb_iZjZf lju b o
L ogbq_kdb_ |j_[h\Zgby k\yaZggu_ k h[_ki_qg_gb_f e |
mijZ\e_gby b dhglj@RKRIPRARDODQAEGC DQG &RQWURO kihkh[ghk
b ij *mij_"~Zlv hiZkgu_ kblmZpbb Z I1Zd _ ~jm]bo nmg
jZaebqgufb hj]l]ZgbazZpbyfb \ fbj_jZajzZ[Zlu\Zxsbfb hljZk
|Zdbfb dZd 57&% 5DGLR 7THFKQLFDO &RPPLVVLRQ IR
(The European Organization for €iLO $YLDWLRQ (TXLSPHQW W
dhhj*bgbjm_| kh\_| khklhysbc ba ki_pbZevguo jZ[hgb
yley |ky dhhj*bgzZlhjhf \ h[eZklb _“~bghh[jZaby ihg\
dhgp_ipbc kljZl _]Jbc b iheblbd \ h[eZklb [_ahiZkguo ih
"he gh J[ueh 1zZd _ ijbgbfzlv mqzklb_ \ jZajzZ[hld_
kKi_pbnbdZpbc *jm]bfb hj]l]ZgbaZpbyfb b hij_~ eylv Ij_[h
K > @

< f_""mgZjh~rghc ghjfZlb\ghc ijZdlbd_ dexq_\u_
] _]Jmebjmxsb_ ihe lu [_kibehlguo Z\bZpWwhiggidd ghklZkluf bzt
j dhf g~ m_fZy ijzdlbdZ BD:H <u”_eyxl Ijb hkgh\guo ~hd

©; kibehlgu_ Z\bZpbhggu_ kbkl_fu? 'RF ©Jr
"bklZgpbhggh ibehlbjm_fuf Z\bZpbhgguf kbkl_fzfa 'RF
ZwjhgzZ\b]Zpbhgguc iezZzg?& =:GI

< Jhkkbb |I|j_[h\Zgby d ;:K mklZgZ\eb\Zxl <ha”m
N " jZevgu_ Z\bZpbhggu_ ijZ\bezZ Z 1Zd _ ijbdZau Fbglj
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Pbjdmeyj dexqg_\uf nzZdlhjhf bgl_]jZpbb ;:K \ _“bg
ijhkljZzgkl\h <1 gZaulZ_1 kihkh[ghklv ;:K \_klb k_]J[y
ZgZeh]bggh ibehlbjm_fuf \ha”mrguf km~Zf Pbjdmeyj] mc
bgl ]jZpby ;:K \ _~bgh_ <l b Zwjh”~jhfgu_ hi_jZpbb
kj_~g_kjhqghc i_jki_dIb\_ ijb khhI\_Ikl\bb fbgbfZevguf
hfyaZl _evguf ijb \uiheg_gbb ihe _I|h\ ibehlbjm_fuo <K W
]Jez\ghc p_eb Z\bZpbhgghc ghjfahb\VghicZpdbaxu f£ZdkbfZevg
_"bghh[jZagh]h mjh\gy [_ahiZkghklb ihe_Ih\

Jmdh\h”*kI\h ih ~bklZgpbhggh ibehlbjm_fuf Z\bZpbh
'RF k1Z\bl k\h _c p_evxX ij_"hklZ\e gb __ | o
wdkiemZlZpbhgguo | _dhf_g”*Zpbc k\yaZgguo k bgl_]j
ibehlbjm_fuo \ha”“mrguo km”h\ \ _“bgh_ \ha“mrgh_
Zwjh”jhfu

J _dhf_g~Zpbb hkgh\lu\Zxlky gZ ij_"iheh _gbb ql
1i1Z “"Zgkdhc Z\bZpbb K [mAmI jZ\ghijz\gufb |
nmgdpbhgbjh\Zgby Z\bZpbhgghc kbkl _fu [m” ml| bgl_jhi
mqZklgbdZfb \ha“mrgh]h "\b" _gby Z I1Zd _ k hj]ZgZfb mi
Mbb' _gb_f M<>

=eh[Zevguc ZwjhgZ\b]Zpbhgguc ieZg '‘RF y\le
ZwjhgzZ\b]Zpbhgguf kljZl _]bqg_kdbf “hdmf_glhf BD:H b ie
kilbfmebjh\ZIlv w\hexpbx ]Jeh[Zevghc ZwjhgZ\b]Zpbhgghc |

Dhgp_ipby =:GlI aZdexqZ_lky \ kha~Zgbb bgl_
ZwjhgZ\b]Zpbhgghc kbkl _fu k mqg_Ihf gh\uo I _g”* _gpbc \ |
| ogheh]bc Qlh dZkZ Ilky ;:K dexqgboubghf]jgihdb\ y\ey |
\uy\le _gb_ \hafh 'guo jbkdh\ b bo kgb  _gb_ ~h Ij [m_1
hkgh\guo [|j_[h\Zgbc fh gh gZa\Zlv kihkh[ghklv ;<K KkkF
f _klhiheh _gbb \ I _g_gb_ \k_]h ihe_1Z Gh\u_ | _ogheh]
ki_pbZevgh 7ey ;:K "he ' gu Julv kh\f_klbfu k hJl
ijbf gy fuf \ gZklhys_ _ \j fy \ M<> ebgby K dhlhjZy h]
\g_rg_]h ibehlZ k <K “"he'gZ jZ[hlzZIv \ gZklhlghf ki_dlIj
Z\bZpbhggufb kbkl_fZfb 1Ijb wihf g_h[oh”bfh mqgblu\Zlv
\hafh ghklyf | _ogheh]bc [m”ml \hajzZklzZIlv ih f_j \hajZz
hi_ jZpbc \uihegy fuo ;:K ihe_lu azZ ij_~_eZfb ijyfh
%9/26 ihe lu \ JThjh"kdbo mkeh\byo 8%0 iheghklvx Z)\
;K i_j_\hadZ ex™_c gZ [hjlm ;<K

BD:H \u”_ey | q_luj_ ]JezZ\guo |j_[h\Zgby ”“ey bgl_
kbkl _fm Hj<> > @

1) Bgl_]jZpby ;:K g_ ih*jZamf_\Z | hdZaZgby agZqgb
gZ | _dmsbo ihevah\zZl_e_c \ha”mrgh]h ijhkljZgkl\Z

2) ;K ~“he gu khhl\_TklI\h\Zlv kms_klI\mxsbf b [mA"mst
ijhp_"mjzZf mklZgh\e _gguf “ey ibehlbjm_fhc Z\bZpbb

3) Bgl _]jZpby ;:K g_ ~he'gZ ih™\_j]Zlv jbkdm kms_KkI\
[ ahiZzkghklb ihe_Ih\ b g_ ih\urZlv jbkd [he__ q_f \hafh"
ih\ur_gb_ \ ibehlbjm_fhc Z\bZpbb
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4) Hi_jZpbb ;:K ~he gu ijh\h~blvky 1Zdbf ~_ hJ[jZa
hi_ jZpbb ibehlbjm_fuo <K b “he 'gu jZkkfZljb)Eibky M
ithevah\Zl _eyfb <I dZd wd\b\Ze glgu_

Qlh dzZzkzZ _|ky ghjfZlb\gh]h j_]Imebjh\Zgby ihelhh\
fh gh hif_Iblv jy® hkh[_gghkl_c

1) dhgdmj _gpbx aZ bkihevah\Zgb_ <I f_""m wé#kiem2zZI
AMmf jZaguf wdkiemZlzZglzf g_h[oh”bfh \ h~ghe \jufy kh)
hrghc h[jezZklb e 1zZIv [m”_| Ihl dlh i_jNugpvbm"bBglag Wdo
[ue \\_~ g \j_f gguc f_klguc j_"bf

2) hljZzgbqg_gby ih bkihevah\Zgbx <I ibehlbjm_fhc Z\|
<K g_ bf_ x|l ijZz\Z gZ \oh”™ \ ahgm k mklZghejgflgwfgtifklg
j_ " bfhf

3) agZqbl_evgh_ khdjZs _gb_ _fdhklb \ha”mrgh]h ijhk

4) keh ghklv hi_jZlb\gh]h baf_g_gby thjyrdZz bl
\ha”“mrghlh ijhkljzZzgkl\Z gZijbf_j ”"ey ijh\_~_ gly kiZkZl_

MdZaZgguc ihjy~hd gZijZ\e _gguc gZ [_amkeh\
hl_ki_q_gby [_ahiZkghklb kbevgh kgb zZ | _tghdkkV\Xha"
b kha”“zZ | dhgdmj_gpbx f_""m ibehlbjm _fhc b [_kibehlgh

< khhI\_Ikl\bb k ~_ckl\mxsbf azdhgh”~ZIl_evkl\hf J
ithe _lu ;:K b ibehlbjm_fuo <K nZdlbg_kdb ihegWKhvx b
hl]jZgbg_gb_ h[mkeh\e_gh hlkmlkl\b_f | _ogheh]blgWhdkem
ithe _Ih\ [_kibehlguo b ibehlbjm_fuo <K \ _JhghZ k& mrg
kljZgu hlkmlklI\b_f kh\f_klbfhklb [hjlh\h]h d&Z@jnghtZg
bgnjZkljmdImju ey h[hbo \bAh\ <K hlkmIKj\bh\Zgg€E¢ZIb
glh bkdexgzZ | \hafh ' ghklv ]ZjZglbjh\Zlv gZ~"e_ "B&blxt mjh
kh\f_klguo ihe_Ih\

Hkh[_gghklb bgl_]jZpbb ;:K \ h[s__ <I

AzZ"ZgqZ bgl_Jljzpbb [_kibehlghc Z\bzZpbb \ _"bg¢
ijhkljzgkl\h j_rz _1ky fbjh\uf khh[s_kI\hf m 'lh[k\eyaZgh ek |
h{sbfb |_g~ _gpbyfb ih Z\IhfZlbazZpbb jh[hlbazpbb p
bgnhjfZlbaZpbb h br"Zgbyfb glh  qgzZklv ihe_Ih\ dr
hkms_kl\ey | ibehlbjm_fzZy Z\bZpby [m"mlf_Qg Zdbdh\Z
[ kibehlguo \ha”“mrguo km~h\ b ithyle _gb_f gh\u
kms_klI\h\Z\rbo k_dlhjh\ wdhghfbdb b [bag_kZ

>ey bgl _]jZpbb ;:K \' _~bgh_ <I \i_j\mx hlg_glhyu g _|
\k_ "hdmf_glu 1ijZ\beZ b |_ogheh]bb klZebki”?Qkligiigu
[ _ki_j_[hcghc b [_ahiZkghc bgl_]jZpbb ;:K \ kbkl_fm Hj<

Ibehlbjm_fzZy Z\bzZpby kqblzZz_Iky ijb_fe_fh [_ahiZk
\deZz"m fgh]lbo nzZdlhjh\ |Zdbo dzZd i_j\hgZqZevgZy
dhgkljmdpby dZg_kI\h ba]hlh\e_ghby ihklhyggZy
| ogbq_kdh_ h[kem b\Zgb_ b wdkiemZ|lZpbhggM<>jZaj_
kbkl_fu [_ahiZzkghklb ihe_Ih\ Z\IlhfZlbaZpby dZ[lkgu kbel
fghlhe _Igbf hiulhf b ijbe_"guf ijbf_g_gb_f ngwahba ba
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f jhijbylbc ih h[_ki_q_gbx [_ahiZkghklb <hijhk
[ ahiZzkghklb ihe_Ih\ ;:K [jhkZ _| \uah\ \k_fm Zl\\trﬂpbhggh

AZNZqZ bgl ]jZpbb <K \ _’\bgh_ \ha”“mrgh_
ih~jZzamf_\Z | ih™ kh[hc \uiheg_gb_ [_ahizZkd¢ub_ lblguon_d
ithe Ih\ [ _kibehlguo b ibehlbjm_fuo \ha"mrguoZ\mZpbb<
[ _ ahiZzkghklv ihelhhkhklhygb_  ijb dhlhjhf \hafh ghklv ij

s j[Z ebpzf beb bfms_klI\m kgb  _gZ “~h ijb_fe fh

ith~ ™ j"b\Z _Iky gZ wlhf beb [he__ gbadhf mhklNgygghkh A
ijhp_kkZ \uy\le _gby hiZkguo nZdlhjh\ b mijjb\ledgbyeynZc
[ ahiZzkghklb ihe Ih\ >ey j r _gby azZ”~Zqgb bgpb]jz\zob [u
jy» | _ogheh]bg_kdbo ijh[_eh\ < gzZklhys  \h\BghyxXqg \
fbj_ ngJZ\e gu gz > @

i ij_"mij_"~_gb_ klhedgh\_gbc

| ’\kangbhggmx b glbnbdZpbx

i dhgljhev b mijZ\e _gb _

i g_eh\ _g_kdbc nzZdlhj

i ijh]lghabjh\zZgb _

i bkke ~h\Zgby ;<K

i mijZ\e_gb_ jbkdZfb

Fh gh knhjfmebjh\Zlv [Zah\u_ ijbgpbiu bgl _]¢Zpbb
Z\bZpbhgguo kbkl f \ _~bgh_ \ha”mrgh_  ijhkljZgkl
N JZpbb

i bgl _]jZpby [_kibehlguo \hamrguo km”~h\ g d ~he"
kgb™ _gbx kms_kl\mxs_]Jh mjh\gy [_ahiZkghklb ihe IF
Z\bZpbb m\ _ebq _gbx jbkdZ "“ey "bagb b\la&dhjhdvyb]jgZ-
a fe_Z 1zZzd _ ijbgbg_gbx \j ~"Z gZa fghc bgnkRZ\ijmd]I
112 "Zg

i mjh\_gv Ij_[h\Zgbc \ h[eZklb h[_ki_q_gby ihe _Ih
wIZiZo "he g [ulv ijhihjpbhgZevguf ihl_gpbZjdWwggl jb

_[h\Zgbc \hajzklz _ | \ khhI\_lklI\bb k mjh\g_f jhklZ jbkd.

i \' j_amevlZzZl bgl _]jZpbb [_kibehlgZy b ibehlbjr
"he ' gu ithemqgblv g_h[oh’\bfuc mjh\_gv Zwjkgz\b)Zgblygly!
jZ\ghijZ\guc “"hklmi d <l JN

i [_kibehlgu_ \ha”“mrgu_ km~Z \uihegyxsb_ ihez
\ha“mrghf ijhkljZzgkl\_ Jhkkbckdhc N_"_jZpbBh\Zhe gu
mklZgh\e_gguf |j_[h\Zgbyf Z 1jZ_dlhjbb bo IhezlZz
h"ghagZqgh b”_glbnbpbjm_fufb ihgylgufb b i)k2kdZan
mqZklgbdh\ \ha”“mrgh]l]h ~\b" " _gby b hjJZzgh\ h[klem b\.
"\b®_gby mijZ\e_gby ihe_|Zfb

i "he'gZ J[ulv h[_ki_q_gZ bgnhjfZpbhggZy aZsb
[ j[_ahiZkghklv Z\bZpbhgghc ljZgkihjlghc k\kklofu \
fihg _glh\ _z bgnjZkljmdImju

i g_h[oh”bfh nhjfbjh\Zgb _ ]hkm~Zjkl\ _gg-hc (
| ogbg _kdhc b ghjfZlb\gh [Zau

db
dh
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Fh™ _jgbazZpby kbkl_f Z\bZpbhgghc jZ*bhk\yab

Fh™ _jgbaZpby Z\bZpbhgghc we dljhk\yab yley |
ijbhjbl_lguo gZijZ\e_ghbc JZkkfZIjb\Z _fuo \
ZwjhgZ\b]Zpbhgghf ieZg_ BD:H =:GlI Kms_ klI\m_| ~\_ h
h[kem b\Zgby ih ebgbb i _j "Zgb ~Zgguo h[kem b\Z
"b' _gby dhlhjh_ k\yazZgh k h[_ki_q_gb_f [_ahiZkghklb
klZzg~ZjlbazZpbb b ghjfbjh\Zgby ozZjzZdl_jbklbd ijhp_"m
kj _~kI\ h[kem b\Zgb_ k\yaZggh_ k ij_"hklZ\e_gb_f bgnl|
ijbf_gyxlky f g "~ _kldb_ Ij_[h\Zgby < kemqgZ_ ihe _|Ih
f ""m <K b gzZa fghc klZgpb_c¢c djhf_ kemqgZ_ \ i_j ~Zq
gZ]jmadb hlghkblky d h[kem b\Zgbx gZijyfmx k\yaZggt
ithe Ih\ hkh[_ggh _keb j_gv b”_ I h kh\f_klguo ihe_IZo k
_"bghf \ha”mrghf ijhkljZgkI\_

Kms_klI\m_1 Ijb hkgh\guo h[eZKklb dhlhju_ jZkkfZz
jZajzZ[hldb klzg”~Zjlh\

1) Zwjhihjlh\u_ hi_jZagld[BldZ gZa_fghc kbkl_fu EI> \
ijhimkdghc kihkh[ghklb 7~ey h[_ki_gq_gby Zwjhihjdh\uo
highkblky Z\bZpbhggZy ih"\b gZy Zwjhihjlh\Zy kbkl_fzZ k)

2) SATCOM £ gh\Zy kimlgbdh\Zy kbkl _fzZ EI> 1ij_"~gZag.
hd Zgbg_kdbo b m~"Ze _gguo jZchgh\ dhlhjzy fh" |
dhglbg_glZevguo jZchgZo \ dZq_kI\_ “hiheg_gby d gZa _f

3) gZa fgzZy kbkl fz EI> "ey dhglbg _glZevguo it
Zwjh~jhfZ b ihe _lu ih fZjrjmim =:Gl jJZkkfzZljb\zZ | "e
pbnjhimx Z\bZpbhggmx kbkl_fm k\ya'bhZi\bZpdAQHh]h /

< dhgp_ipbb &16 &RPPXQLFDWLRQ 1DY¥LJdDWLR
gZ\b]Zpby gZ[ex” _gb_  BD:H ihy\beZkv ghtrBlkelkgisygh
dhgljhey b mijZ\e_gby ;:K &RPPDIQG W&ROMWWBRO F ~Z
NZgguo g_ \dexqZy ihe_agmx gZ]jmadm h[ _Kki_qgb\:
mijZ\e _gb_ ;<K \g_rgbf ibehlhf k a _feb < ij_"eZ]Z fl
f ""mgZjh~guo klZg”~Zjlh\ b j_dhf_g”m_fhc ijZdIba BD:|

©:\bzZpbhggZy we _dljhk\yav®d d Dhg\ _gpbb h f_ ""mgZj
Z\bZpbb Ihf 9, ©Kbkl_fu b ijZ\bezZ k\yab hlghkysb_
"bklZgpbhggh ibehlbjm_fuo Z\bZpbhgguo kbkl_f2 ebgby
eh]bg_kdZy gh nbabg_kdb j Zebah\ZggZy k\yav Dbkifl
bgnhjfzpb_c f_""m imgdlhf "bklZgpbhggh]lh ibehlgphh\Zghb

ibehlbjm_fuf \ha”“mrguf km~ghf HgzZ iha\hey | i_j_*".
\g_rg_lh ibehlZz Z hl ;<K ihemqZlv bgnhjfZpbx h _]1h khk!
K y\ley |ky khklz\ghc qzZklvx ;:K Ij_"~_ \ ijZdlbd_

Z\bZpbb g_ [ueh g_h[oh”bfhklb mijZ\eylv \ha”*mrguf km?*"
K ihyle _gb_f ;<K 1ZdZy g_h[oh”~bfhklv \hagbdezZ Lj_[h\]
K [m~Aml kzZfufb °~_kldbfb \ qgzZklb gzZ”~_ "ghklb ba \k_
kms_ kl\mxsbf jZ"bhebgbyf 1Ihl_jy k\lyab K wd\b\Ze g
ibehlZ hl mijZ\e_gby \ha”mrguf km~ghf

< k_glyl[j_ ]h~rZ Ki_pbZevguc dIibfb&$l \@&mklbe
| _j\uc klZg™"Zjl gZ eb@bb&KbfZevgu_ hi_jZpbhggu_ oZjzZdl
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0236 ebgbb dhgljhey b mijZ\e _gby K gZa_fgh]lh<[Zabj
NodZ[g L ]h~*Z \ur_e h[gh\e_ggw62RlZg"Zjl '2

Klzg~zZjl ij_~mkfzljb\Zz_1 bkihevah\Zgb_ / b & "bZiz:
h~rgh\j _f ggh_ bkihevah\Zgb_ ~\mo ~bZiZahgh\ “ey ih\i
ebgbb i _j ~"Zqb "Zgguo

leZgu (852&3$( jZ[hqZy ]jmiizZ :* ith klzg”~ZjlbaZp
K \dexqgZx!l jZ[hlu \ |j_o gZijZ\e _gbyo jZ"bhebgby
bgnhjfZpbhggZy [_ahiZkghklv *ey k_jlbnbpbjm_fuo ;:K

ljb kha”*Zgbb dZgZeZ i_j_~"Zqgqb "~Zgguo \ha”“mo ¢
bgnjZkljmdImju k\yab [m”mfstuld com&unigation infrastructure)
BD:H j _dhf_g”m_1| bkihevah\Zlv "bEZmhKhey kh\f_klbfhklb
kms_ kl\mxsbfb kbkl_fzZfb k\yab BD:H klZg™Zjlbabjm
gZa_fghc rbjhdhihehkghc I _j_"Zgb'$&&ggubhlhjiZzy
ijh~_fhgkljbjh\ZeZ k\hx aj_ehklv \ oh”_ e _lguo bkiulZgbc

L-DACS + kh\j f gguc dZgZe i_j ~Zgb "~Zgguo "ey 2Z
JZa\blb-'$&6 [ueh bgbpbbjh\Zgh m _ \uyle _ggufb h]jz
ithehku ijhimkdZgby \ kbkl fZo i _j ~Zgqb "Zgguo "“ey Z\b.
dZgZeu k\lyab H<Q >ey ih~™_j'db [m$&€bofhmhkem]
h]_ki_qb\ZIlv ijhimkdgmx kihkh[ghklv “Zgguo hl \D[bl
aZ\bkbfhklb hl \u[jZgghc ko_fu zZ~Zilb\gh]h dhMbj#i\Zgby
D$&6 1Zd _ mijzZ\ey | ijbhjbl_1Zfb h[kem b\Zgby b |
1ZjZglbjm I ijhimkdgmx Kkihkh[ghklv gbadmx az”_j°
g _ij _julghklv h[kem ' b\Zgby 7ey djblbg_kdb \Z guo Kk
[ ahiZzkghklb ijbeh” _gbc

JZkkfzljb\Z |ky \ZjbzZgl ~hjzZ[hldb ~\mo -\$&k6bc Zkbkl
bf _ggh'$&6 b-DACS2 [5].

L-'$&6 bkihevam_ | nbabg_kdbc m]B&6gvbkéBeviam |
fhmeypbx *06. ]JZmkkh\kdmx fZgbimeypbx k fbgbfZev
k"\b]lhf bkihevam_fmx \ hjb]l]bgZevghf *60 *60 jZ[hlZ |
F=p F=p b F$& & ij "gZagZq_g “ey bkihevah\Zg
dzZgZeZ d=p \ *bZiZakgp WIh hg _gv [ebadh d "bZiZzc

b ihwlhfm [hevrbgkl\h ijh_dlguo iZjZf_|jh\ *60 fh]ml
bkihevah\Zgu'$\&6/ WIlZ dhgkljmdpby 1Zd" _ iha\lhey |
bkihevah\zIlv h[t_fgudhfi*ed glu glh ijb\h~bl d g_"h
] _ZebaZpbyf

L-'$&6 "ey p_e ¢ ZwjhgzZ\b]Zpbb b h[_ki_g_gb
ibehlbjm_fuo <K k gZa_fgufb klZgpbyfb y\ley Iky |
kbkl _fhc €eDACS2

y
he

Hp gdZ ahgkl\by gZa fguo klZgpbc k\yab

JZkkqgblz_f ~Zevghklv gZa_ fghc klzZzgpbb k\yab Ijt
mgblu\zlvky izZjzf _lju Zlfhkn_ju b \ebygb_ j ev_nz >
jZkkgblu\zZxlky k ijbf g gb_f pbnjh\uo fh”"_e c j ev_nzZ >

Hp _gbf hilbfZevguc khklz\ b jZaf_ s _gb_ ¢gA&Siguo k
gZ ijbf_j DZebgbg]jZz*kdhc h[eZklb DZebgbg]jZz*"kdZy h
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dZzd km[t_dl JN dhlhjuc m~h[gh bkihevah\Zlv ~ey fh"
ilehsZ”v khklzZ\ey | df FZdkbfzZzevgzZy ijhly zgghklv
gZ \hklhd #df k k_\ jZ gZ xf t<kohefezggZy jZ\gbgZ hlI~"
mgZkldb dhlhjhc gZoh”ylky gb _ mjh\gy fhjy khklz
jZaghh[jZaguc j_ev_n gh g_ hlghkblky d keh ghfm qll
fhr _ebjh\Zgbb

JZkkfhljbf \ZjbZgl \g_"j _gby gZa fguo klZgpbc k\
Zgl_ggu f < wlhf kemqgZ_ ihgZ~h[blky ithabphb
;Z]jZIbhgh\kdbc G_fZgkdbc Ha_jkdbc jbk

JbkmghdAhgZ ihdjulby ijb ih~t_f_ Zgl _ggu f gZn a_fe
ithe 1Z <k f

>ey h[_ki_qgq_gby mklhcgb\hc k\yab gZ” \k_c DZebghb
ihlj_[m_Ilky ~hklzZzlhggh [hevrh_  dhebq_klI\h klZgpbc
wnn_dlb\guf j_ r gb _f[m~ _| baf _g gb_\ukhlu ih?t _fZ Zgl

ljb bkihevah\Zgbb Zgl _gg \ukhlhc f ihlj_[m_Ilky
gZa_fguo klZgpbc k\yab \ ihk_edZo ;Z]jZlbhgh\kdbc b G

ljbf _g _gb_ ~\mo klZgpbc y\ey |ky hilbfZevguf \ZjbZg
hldZza_ h”"ghc ba gbo \ [hevr_c qZklb dhgljhebjm _
ijhkljzgkI\Z [m”_ 1 h[_ki_gb\ZIvky |j [m_fZy jZ~"bhk\yav
kl\lyab k ;<K dhlhju_ kh\_jrZxl ihe_lu gZ \ukhlZo hl
ijbf_g _gb_f kbkl-'$&6/ lj _ [m_Iky h[hjm~h\Zgb_ kh ke_
0ZjZdl _jbklbdzfb

i fhsghklv i_j ~ZlgbdZz ANt

i mkbe_gb_ Zgl _ggu i_j_"~ZlgbdZz N

i k_dlhjgzZzy Zgl_ggZ k ml]ezZfb ~bzljzffu gZijzZ\e_
\ _jlbdZevghf k_dlhj_ b f \ ]hjbahglZevghf

i mkbe _gb_ Zgl _ggu ijb_fgbdZz N

i gm\kl\bl _evghklv ijb_fgbdz + AN f
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JbkmghdAhgZ ihdjulby ijb 1th~t f Zgl _ggu f gZzn a_fe
ihe 1Z ;<k f

ljb wlhf \ukhlZ Zgl _ggu gZ a_fe_[m”_| khklZ\eylv
NZevghklv jZ"bhk\yab khklzZ\bl df LzZdbf h[jZzahf g_h]
f ""m "\'mfy gZa_fgufb klZgpbyfb khklZ\bl § df

AZdexq_gb_

H] _ki_qg_gb_ bgl _]jZpbb ;:K \ \ha“mrgh_ ijhkljZgkl\h
\g_"j_gby gh\uo k_j\bkh\ ZwjhgZ\b]Zpbhggh]h h[kem b\Z
[ a jZajZ[hldb Zijh[Zpbb b \g_"j_gby khhlI\_IklI\mxsbo
j_r_gbc D 1Zdbf | _ogheh]bg_kdbf j r _gbyf hlghkylky
kbkl_ fu k\ydB&6 L_oghehPACS/fZkrlIZ[bjm_fzZ [_ahiZkc
wnn_dlb\gZ \ bkihevah\Zgbb ki_dljz b h[_ki_qgb\Z_
ij_bfms_kI\Z "~ey 1ihevah\Zl e ¢ b ihklZ\sbdh\ mkenm
jZa\ _jgmlv k_lv gZa_ fgtDAd3.Zgpbc /

Ba “\mo Ibih\ KkbBACS: L-'$&6 b -/$&6 "ey p_e_c
Zwjhgz\b]Zpbb b h[_ki_gq_gby k\yab ;:K b ibehlbjm_fuo
klZgpbyfbb&6 yl\ey |ky [he_  wnn_dlb\ghc L _ogbqg_ kdb _
kbkl fu-'$&6 ihal\heyxl ihfbfh k\yab h[_ki_gblv gZ\k
br _glbnbdzZpbx ;<K WIZ kbkl_fz fh _| bkihevah\ZIvky
|1Zd b [_kibehlghc Z\bZpb_c¢ h[_ki_qb\Zy \ukhdh_ dZqg_Kkl

lhemq _gu ahgu » _ckl\by gZa_ fgue'k&bgpblekgabg/u
Ney ijbf_jzZ jZaf_s_gby Zgl_gg \ DZebgbg]jZ*kdhc h[eZKkll

' B;EBH=J:NBQ?KDBC KIBKHD

1. IJm[ph\ ?:g9gZeba ijh[e_f ijbf_g _gby [_kibehlguo Z\bZpbhggu
ithe 1Zo \ h[s_f \hamrghf ijhkljZgkI\_ ? : JIJm[ph\ B < Dbjb
ijhfe_fu b i_jki_dlb\u jZa\blby ]jz'"Zgkdhc Z\bZpbb K[hjog
F_""mgZjh*ghc -gjZdbgh_kdhc dhgn_j _gpbb Bjdmlkd * hdly[j
Bjdmlkd Bjdmlkdbc nbebZe n_"_jZevgh]lh J]hkm~ZjkI\_ggh]lh [x"" _|
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CREATION OF A CLOSED TEMPERATURE CIRCUIT FOR THE
PURPOSE OF USING UNMANNED AERIAL VEHICLES IN COLD
CLIMATES

Feoktistova O. G., Doctor of Technical Sciences
Rybyakov A. V.

Moscow State Technical University of Civil Aviation
(Moscow)

Abstract. This article is devoted to the problem of passengers and cargo transportation in
remote areas. It is proposed to use unmanned aircraft systems for vertical takeoff and landing for
these purposes. Their utilizing is associated with some restrictions, the reduction of the impact of
which is proposed in the article.

Keywords: unmanned aviation, cold climate, cold, aviation, EVTOL.

P_evx ”"~Zggh]h bkke_"~h\zZgb_ y\ey Iky ijhjZ[hldZ
p_e_khh[jZaghklb bkihevah\Zgby [ kibehlguo e |1zl _
\_jlbdZevgh]lh \ae_|Z b ihkzZz”*db k ]b[jb”ghcd bihehgdhfmk
debfZl_ ijb mkeh\bb bkihevah\Zgby aZdjulh]h |_fi_jZImjc

H[ahj kh\j _f _ggh]h khklhygby i _j \hahd \ oheh”~ghf de

Kh\j f ggZy ljZgkihjlgZzy kbkl_fZ g _\hafh' gz [_a
ljZgkihjlZ kh_~bgyxs_]h hl*"Ze ggu_ jZchgu beh[g&u gb\:
ihk _e _gby b ijhba\h”*kl\ _ggu_ iehsZ”~db \g_ gZk _ecgguo
jhkl zZ\bzi_j \hahd \ khhiI\_Ikl\bb k ijh]jghazfb dhjihjZy
khklZ\eylv hdheh _~_]1h~*gh k g _[hevrhc jZaglg It ih
fZzdjhj_]Jbhgzf > @

JhkkbckdZy N_~ jZpby y\ey |ky kZfhc [hevrhc ih iel
kg | wlh]lh gZrz kljZzgZ h[ezZ”Z | [hevrbf dhebq_kl\hf j_
ahehlh g nlv ZefZau ;hevrZy qZklv j_kmjkh\ gZoh”blk
jZchgZo Kb[bjb b DjZcg ]h K_\ jZz > @ g_ bf _kbkhbdZddm]e
ljZgkihjlghc bgnjZkljmdIimj_ glh azZljm~rgy | " eiZlmi d
dim]Jeh]h*bggmx “h[ugm [ _ a ijbf_g_gby Z\bZpbh@gh]l
g _\hafh'ghc DZd ke_~kl\b_ dZ ~uc ~_gv [hevrh_ dhe
Z\bZpbhgghc | _ogbdb bkihevam_Ilky ~ey kh\_jr_gby i_j_
lhe lu \ IZdbo mkeh\byo ihklhyggh k\yaZggu k ih\ur_
wdbiZz Z 1Zd dZd \ kemqgZ_ \ugm ~ _gghdebhXKdbkdlpbj
mkeh\by g_ \k_]*Z iha\heyxl hkms_kl\blv J[ukljuc |
g_h[oh”bfhklb w\ZdmZpbx L _jjblhjbb \ dhlhjuo 2Z\
_"bgklI\_gguf \b~hf ljZgkihjlZz ih ~Zgguf JhkZ\bZpbb |
dim]Jeh]h"bgqguc "hklmi d ljZgkihjlghc bgnjZkljrkdImj_ hlif
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Jbkmdghd.  jjblhjby ]~ _ Z\bZpby y\ey Iky “bgkl\_gguf
h[ _ki_qg_gby IjZgkihjlghc “Bklmg g httdd/favt.gov.ru/novosti-
novosti?id=3566

K p_evx kgb _gby jbkdzZ ij_"ezZ]Z_ |ky ah\Zglhqgblv
[ kibehlguo kbkl _f k cqzZzk hkgh\gh_ ijkbkd _fib £ 12
Zwjhnhlhkt fdZ G_h[oh”bfh 1Zd _ hdZdbt*Zgghlh\ fi2 jbz
ij_~ezZ]lZ Iky jzZkkfzljb\Zlv |lhevdh ]JjmeadhBugZZJbKibe¢hllyu
kbkl fZo \ _jlbdZevgh]h \ae |Z b ihkzZz~dd fHZdgtdzdj \\gZHkh
iZkkZ bjh\ gZ [_kibehlghf Z\bZljzZzgkihjl _W*Z|Zayki\lgfZ @5
g_h[oh”bfh hiIf_Iblv glh  kgb  _gb_  azZ]jmlidbgm ]Jfmldzfl
Z\bZpbhggh]h ljZgkihjlz ihalhebl m\_edlgbdvbjhelyg &AM h
\ha~mrghf km~rg_ aZgbfZxs_fky i_j \haé¥fb bj_m”glybwo
khklhygbx glh fh™ _|I ihablb\gh hljZablwkyb ghe[ lBAhiZ
ibehlbjm_fh]lh \ha”mrgh]h ljZgkihjlZz @dandkoemXxlibehyg i
kbkl f \_jlbdZevgh]h \ae |Z b ihkz~db\Zha\hed| hy\gotbxa
Ahklz\dm g _h[oh”bfuo Jjmah\ gZ m~Zehfgglh]hiehi®Z"dbglD
[ kibehlguo Z\bZpbhgguo kbkl_f \_jlbdihenZg¥diin ifaae\ hieb Ik
khdjZlblv dhebq_klI\h Jjmah\uo j_ckh\

Ihl_gpbZevgu_ ijh[e_fu b “hklhbgkl\Z i_j oh”Z gZ |
kbkl_fu \_jlbdZevgh]h \ae_IZ b ihkzZ”~db

WdkiemZlZpby [_kibehlguo kbkl_f k\yaZgZ k g_h[oh”
dhebqg_kI\Z hlI*® _evguo e_|Zl _evguo ZiiZjZIlh\ glh k\y
]Jimahih”t_fghklvx hl* _evguo e _|Zl _evguo ZiiZjZlh\ >Z
ihgb Z Iky aZ kg_| h~gh]h ba ij_"eZ]Z _fuo j_r_gbc
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i kharzZgb_ ©jhy2 dhlhjuc [m~_| kihkh[_g i_j_\hat
hit _fu ]Jjmah\ aZ h”bg jZa

i kharzZgb_ihklhygguo g_eghgguo j_ckh\

i "ey ih\ur_gby [_ahiZzkghklb hdjm'Zxs_c¢ Kkj_"u
Z\bZpbhgguo ijhbkr_kl\bc \hafh gh ijbf_g_gb_ [bhlhieb\Z

Djhf_ Ih]l]h ”"ey kgb _gby \_jhylghklb q_eh\_q_kdbo °
hkms_ kl\eylv ihe lu \g_ gZk _e _gguo imgdlh\ b kms_k
jZaf_s _gby i_jkhgZeZ qlh ijb Z\bZpbhgghf ijhbkr_kl\bb k
g eh\ _q kdbo " _jI\ gZoh~ysboky gZ a _fe_ Kgb _gb_\
hkms _ kl\ey |ky aZ kq_| \kljh_gguo kbkl_f ih " Zjhlmr_gby
\halhjZgby

< |th ~ \j_fy \g_"j_gb_\ wdkiemzZlZpbbkI _fkibet
\_jIbdZevgh]h \ae 1Z b ihkZ~db iha\heblhkkvx[hévr
wnn_dlb\ghklvx ih?*oh”blv d "hklz\d_ dZ{hd¥Zb & e]ynrehh\l Z \
kjhgghlh ]Jjmaz Z]j_1Zlh\ b ~_1Ze_ c_héyh bffthklld igbVlegdZ|
e 1Zl _evgu_ ZiiZjZlu hlez~"Zxsb_ [hevrbflibdhikhyhagbfb
lj [mxsb_ ih\ur_gguo nbgZgkh\uo aZljZljgkhatibngbggmx i

JZkkfhlj_gb_ ij_"eZz]lZ_fhc kbkl_fu \_jlbdZevgh]h
ihkZz~db b __ ~hjZ[hldb *ey bkihevah\Zgby \ oheh”ghf de

lj _~eZ]zZ fzZy kbkl _fzZ \ _jlbdZevgh]h \ae IZ b ihkZ”"c
]b[jbrgmx kbeh\mx mklZgh\dm ehiZklb \jZsZxl we _dljh
] g _jZlhjhf bkihevamxsbf lhieb\h \ | dms f
ijbkihkh[e _gghf d jZchgzZf k mf_j _gguf debfzZlhf Kkihkh[
dbeh]jzff ihe_aghc gZ]jmadb JZkq_lgu_ aZljZlu gZ i_]

]imaz v+ jZazZ gb _ g_f azZljZlu gZ wdkie@dkohpbk~Eb]h
[ kibehlgh]lh ZziizjzIlZz ebljh) \jZkdkh " rir Bl ebljh\

][jmahih”~tzfghklv [ kibehlguo ZiiZjzZlh\ ZgZeh]bqggZ ]
Fb GZ jbkmgd_ Ij_"klz\e_g h[sbc \b" ij_"eZ]Z fh]

e 1zl _evghlh Ziizjz1Z \_jlbdZevgh]h \ae 1Z b ihkzZ~db

Jbkm@hdhfihgh\hgozyfZ [_kibehlgh]lh e 1Z1_evghlh z
\_jlbdZevgh]lh ‘ae 1Z b ihkz~db
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>ey wdkiemZlZpbb \ jZchgZo DjZcg_ _]Jh utk_\_jZ
e 1zl _evguf ZiizjzlZzf g_h[oh”bfh \dexdptohl | \iedh\dKhjm
dhglmjzZz > @ dhlhjuc [m”~_1| kihkh[_§Zabsblghv\kli\ibjimelvg
d i_j_izrzZf | _fi_jZIlmju b ijb g_h[oh*Ibffuklibljmapy \lraey
hkms_kl\e_gby i_j_\hadb [hjlh\h_ jZ*bhaAj[hgmbh\aZgi k
lhieb\Z jZaf_s _gu \ hl* _evguo dhglmjZohk ]]jjmath\\thfc h
hik_d \ i_j *"g_c gqZklb kem _[guc Hbk_ld bashzwhghtzZqgidkh
kbeh\uo mklZgh\hd "b]zZl ey gZoh”ys {tzkkib \ b kj.
we _dljhfhlhjh\ gZoh”ysboky ih” \bglZfib iWwdhhedbd™\le
\j_fy ih]jmadb b jZa]ljmadb khojZgblwen_ figjZfinnjirn_d k b
ij_~hI\jZIblv _1h baebrg__ hoezZ "~ _gbZlbgydh kWbZdZdvky ¢
JZ[hl_ jZ"bhh[hjm~h\Zgby b [ZIZ]_b LkhahXYhNZ ftilhg ||
ij_~klZ\e _gghf e 1ZIl _evghf Ziizjzl_ Kiilnekdnth | ge vig hel h ~
ith h]j_\Z i_j_g_klb Ihgdm aZzZf_jaZgbwyhfdhzZ | KE&Zglglwn
jZ[hlm hkgh\guo kbkl f ihke_ hkms_ki\é &by jihkgoMdb
ihe 1Z "~hihegbl_evguc h[h]j_\ Jjmah\h]hIlk_ dhem ijbgh
g_h[oh”bfhklb hkms_kl\ey |ky aZ kghd hidfdbd¥la&kghp
hlk _dzZ iZjZee _evgh hkms_kl\eyy "hihglgbI"\djygh efioeZ’

Dhff_jg_kdZy khklZ\eyxsZy ijbf_g_gby kbkighHuh\_jlk
\ae 1Z b ihkz”~db

K mq_Ihf kha”rZgby jZa”_e _ggh]h | _ieh)\jy]h dl
dhff_jg_kdhc aZ]jmadb h b”Z Iky gbf[h¢jZahf dihd zzdZ
aZfdgmluc | _ieh\hc dhglmj e |1Zl _evguchdhieBjzl | _jy

ihe _aghc gZ]jmadb < kjZ\g_gbb k |[jakqgwldkiepaddh”h-c
JZkg _lu ijb\_~ gu \ur_ \ k- FpZaz dhff_jg_kdZy khklZ\ey
©ml_ie_ggh]lh? e 1Zl _evgh]lh ZiiZjZ N kihddZ gy hNgy g Z

jZaZ

Bkihevah\Zgb_[_kibehlguo kbkl_f \_ jlbdidh&Zdg]h \\a
m~Ze _gguo | _jjblhjbyo g_ ih\le_g_| "hihedidl_@vguo
bgnjZkljmdImjm lZzd dzd |[_kibehlgu_ kbXx]Jhfdlvkikkh
lehsZ~"hd bkihevam_fuo “ey \ _jlhe _Ighc I _ogbdb

AZdexq_gb_

NZdlbg_kdb \g_"j_gb_ [_kibehlgh]h lgbgbijpgtg \|hz
K_\_jZ iha\hebl kgbablv | _dmsb_ ba”_ihtbgmbZkvmg]hl
m\_ebq_gby [_ahiZzkghklb ihe_Ih\ h[ekgugbl\ujhttuedlely
wdkiemZlbjmxsbo hj]lJ]ZgbaZpbc >ey whkgemZd Zhdb ev duk
ZiizZjzZlh\ k ]b[jbr"ghc kbeh\hc mklZgh\dh&khp”2r2gkhhl]\.
e_1zZl_evghf ZzZiizjzl_ azdjulh]lh |_fi_jZImijkgitn]kh [ glth]dl m
khojZzgblv jZ[hlhkihkh[ghklv hkgh\guo ZkbkKhfa®ZdghZj:
| ieh\h]h dhglmjZz g_ hdZ | agZqgbl_evgli]hg \etdmxby
khklZ\eyxsmx wdkiemZzZIlZpbb [_kibehlgh]h ZiizjzlZz

304



' B;EBH=J:NBQ?KDBC KIBKHD

1. Ju[vydh\ : Hf¢ahj Zevl_jgZlb\guo \b~h\ Z\bZpbhggh]h Ihie

Ju[vydh\ H = N_hdlbklh\Zz ‘\bZpby b dhkfhgz\lbdz | _abku
dhgn_j _gpbb Fhkd\Z + ghyl[jy ]h~rz Fhkdh\kdbc Z\bZz
gZpbhgZevguc bkke_ _"h\Zl _evkdbc mgb\_jkbl_I Fhkd\zZz B-a"Zl_e\

168. +EDN KKWTAW.

2. B\Zgh\Z HHKB[_gghklb j_dmevIib\Zpbb b hojZgu a_f_ev ijb ~
bkdhizZz_fuo gZ |_jjblhjbb DjZkghyjkdh]h djZy H B B\Zgh\Zz
?\jZabckdbc khxaguo - < K -8. = DOl 10.31618/ESU.2413-
9335.2020.6.71.609+EDN JAINED.

3. Q_jgyd F l1jBrh\hevkl\ _ggZy [_ahiZkghklv :jdibg_kdhc ahgi
KZoZ Ydmlby F B Q_jgyd WdhghfbdZ k_evkdh]h ohayckl\ZzZ
< K EDN ECDRCJ.

4. Ju[vydh\ :Kgb  _gb_ g _]Zlb\gh]h \ebygby jhaeb\h\ Z\bZpbh
iml_f azZzf_gu Z\bZd_jhkbgZ gZ Z\bZpbhggh_ [bhlhXebAhlZih\Z Ju[v

GZmqguc Zki_dl L  -1057. HEDN MNSXSS.

5. RzZ\g_\ : <ukhdhl_fi_jZImjgu_ | _iehbaheypbhggu_ | _ieh
miehlgbl _evgu_ fZl _jbZeu : : Rz\g _\ Kh\j f ggu_ \ukh
\hehdgbklu_ | iehal\mdhbaheypbhggu_ fZl jbZeu k[hjgbd ~hd
gZmglglogbg_kdhc dhgn_j gpbb Fhkd\Z N dZ[jy ]hnz <k _

bkke "~h\Zl _evkdbc bgklblml Z\bZpbhgguo fZl jbZeh\ Zmhhtgh\Z <
bkke ~h\Zl evkdbc bgklblml Z\bZpbhgguo #ZA5. gEPM NALKPKI. K

M > [B329.7
D<HIJHKMIH>=HLH<DD2:>JH<;?KIBEHLGH&B:PBB

RZc mjmB &’
RZcAmjd\K?

'Fbgbkl_jkINtzLgkihjlBAhjh ghpthayckBja mlkdh[e Zklb
‘BjdmlkdbtebEe L M:
]Bjdmlkd

:gghlZpbyIimzZevghlkiphnkzhjfbjh\Zgbhd"jh\hhH _gpb héjZ ke bK
h[mkeh\eZzdyB\gwbfkihevah\ZjglkibehlghbZpbjZzagumn _jZp eh\_q_kdhc
Nyl _evghklblZlvizkkfzljb\Zxillkyoh”rpuZagubljZg\ Ihf gbkelJhkkbd
nhjfbjh\ZgbddZebnbdZpbHgghdZgbeyih*]hlh\dbZ”jhhkh mijZ\e gbx
[ _ kibehlgufEgkihjlgukh_~kI\Z#" _eZXg\h”rqlhghjfZlb\gid¥\h\Z[wZaZz
Neyih~lhlh\d«&b_pbZebkIK\\ Jhkkbpbey Igykh\ jr_gglgckhhl\_ITkl\m_|I
mkeh\bybkcjb_glbjh\Zgghtbh”Zijbf_gy_ fh\h Jlhkm” Zjkl¥Zqge_gZo
f ""mgZjh"gjiZgbazljgibr"ZgkdhoZpBD:HIj ~"eh  _gdgudhf_g"Zipbb
kh\_jr_gkl\h\Z(glkI\mxs\ Jihkkbjphn_kkbhgZekigdghZKiZ pbZebklZz
wdkiemZIZkbbehlgd\d Zpb hgigokd. f

Dexq_\ukeh\Z4 _kibehldgAbZpbhlkdcjb_glbjh\Zghdohth” ]hlh\dZz
dZz~jhYey;:K d\ZebnbdzZpbhggth\Zgblyp _gdibkdh\ijhn_kkbhgZevguc
klzg~Zjl

305



ON THE ISSUE OF A RISK-BASED APPROACH IN UNMANNED
AVIATION

Shaidurova I. V&
Shaidurov V. S.

Ministry of Transport and Road Facilities of the Itkk Region
“Moscow State Technical University of Civil Aviation, t8éuBranch
(Irkutsk)

Abstract. The relevance of the issue of the formation of the personnel potential of the UAS
industry is due to the active use of unmanned aircraft in various spheres of human ddtevity.
article examines the approaches of different countries, including Russia, to the formation of
gualification requirements for training personnel in the management of unmanned vehicles. It is
concluded that the regulatory framework for the training of UAS specialists in Russipedact
and does not meet the conditions of the risk-based approach used in the member #tates of
International Civil Aviation Organization ICAO. Recommendations for improving the professional
standard of a specialist in the operation of unmanned aircraft systems operatingsia &e
proposed.

Keywords: unmanned aviation, risk-oriented approach, personnel training for UAS,
gualification requirements, risk assessment, professional standard.
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bxgg021l ]h~"Z 1630-f ©OHmMI\_j ~ gwlhz!l JhBa\blhykibehlghc
Z\bZpbBbbkkbckthe jZpddd jbh~h2030 |h*"DH gz jki_dlbAm
2035 ]h~*"bBiezZgiZ jhijbylbb | ZebaZpbbWe dljhggkmjk@
2023. URL:
http://static.government.ru/media/files/3m4AHa9s3PrYTDrBUGYEVUPNRT2x.p
df ~"ZIB[jZs gy k_gly[p923 |h~rZ \ jZzfdZdhlhjhltR[hagZqg_gZ
azZ"ZgBarZgkyk! fg _ij _julghhhjZzah\Zgly]hlh\dkz”jhh
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h[_ki_q_gb¥ebnbpbjh\Zghd¥fjzfbljZkelb kibehlghbhZpbhb
<f_klkl_fzZdImZevighhlce _fhtj r_gbmdzZaZgghcZzgklZ Iky
hij_~ e _gbkl_ fdihfi_|_gpleorh” ]hlh\dd rgbidehlh\
G_dhlhjbkke ~h\Zkgebzxglh”_yl _evghklmijZ\e gbx
K g_"he ' gzh]jZgbgb\zZIvkylhlh\dh\g rgboibehlh\"ey
dhgdj_Igwarhy:K bgzZaqgwlhk\_" Tkyijbh[j_ | _gbwj_"~_e _gguo
gZ\udhmijZ\e _gbk\h _gthlhjug |Ij_ [m K _jv_aga®Zg .
>Zgguw\lhjlklzZzb\Zxlabtklhf glhih"]hlh\é&dm pbZeblkglhigh
hkms kl\ay&AfdZAdXV (Unmanned Generic Vehiclee] | _jh] _gguk
h[fh[s_ggh]éx[h]hdeZkkEh]eZkh\Zggdhkl\mxsbogZaebqguo
kj ~Zldh~ "h[ghHg gbfh™ Ibf I¥_klhjbgZebqlbbbgZdhjulodh\
ijb mijZ\e glhle |Zf\bjZaebggjo”"Ze jZfdZigbf_ g _glplyk-d
hjb_glbjh\Zgighphhhzd ZaZd'dwh*y\eyxlkyhjgufb

Jbkdhjb_glbjh\Zgghitoh" [ _kibehlgh\dwZpbb
Kn_j¥Yukhdbooghehybhey Ik9yghltagZb[hemya\lbflko j
k\yazZgglupbkdzZfb bodhgljhe \fdhlhjhlekh[mgbrmazZgbfz |
hl[ezZk[vahiZzkghklb Ihyl\eyylovmgb\ jkZedlyfiimgbdZIlhhhf
bgl JjZlhjAhkkbbjm]bkljZg\k_JHbjh\h]Jkhh[s_kI\Zkn_j_
\ukhddoogheh]@c3G _kemqgzZt¢ghZ[ ahiZkghklb Ihjey Iky

ZdlmzZevehyd g kI\ _gogaZogm[_ ~dokke "h\Z[8-El].c

Kh\j f ggy_kibehlguha”mrgukm”Z;<K ij_"klZ\eyxl
hiZkghlglyhevdfeyex” _bh[t _dllg\Zza_feghb”eybehlbjm_fuo
\ha"mrguwan”~h\Nuihegyyhe lugZagZqgbl_evjgakklhyghy
g _\hafh ' ghlkld\bamZevgdhdhex” gky k\yalk wlbfZ\lhju
Dhgp_iplbdl ]JjZpblkibehlgbha"mrgbm” R\ _"*bghha”“mrgh _
ijhkljZzgkl\hhhkkbckdhih ~ jZpbblzZkihjy ™ ghjzZ\bl_evkl\Zz
Jhkkbckdhc jZpiblb hdly[j3021 |h~Z 2806-f ©H[mMI\_j°~ gbb
Dhgp _iplbdl JjZphblkibehlgtha”"mrgkm”~h\ _ ~bgRha”“mrgh _
ijhkljZgkldhkkbckdhe jZpbb*We dljhgglkm)k@23. URL:
http://government.ru/docs/43502/*Z 1A [jZs _gbly k _gly[j3023 |h™Z
hlidjul\Zxlgh\u \hafh ghklipbf_g gbly kibehlglZadbZpbbey
j_r_gbyazZ”r"zZpghkm~rZjkN\ZgzfdZgbk-dcdjb _glbjh\ZgghMoh”Z
hkgh\gazAd” ZzailZlhjhYg aZ\bkbfhlklb[eZklIBhHjbf g gklgklhbl
\"hklb"  gilhlklZ\e gpue ackq Kgb _ gjdykd hl2].

Hp _gdbkdhijb \uiheg_ghibe _|h):K hij_ ~ eykbkl fm
dZl _]hjbc;:K ij_"mkfzZljb\Zxsmkh\hdmighkly [h\Zgbc
h[_ki_gb\Zxab®dZgdgwhémklbfmgh\ powkdH\ ahiZzkghlkeéb [h\
ijb~r"bklZgpbhgghZ\e dbé &K

< _\jhi_ckdhRha”mrghihkljZgklI\ ckl\mxjZ\beZ?K
2019/947 b2019/945,hkgh\Zgguhp _g@bkdh\dhlhjudbeZkkbnbdZpby
ith dzZl_]hjbyfK ij _"mkfzZljb\Z ]Jlh 1| _ogbqg_kdb \ kh\u_
0ZjzZdl_jbklEdBd \b~M\uihegy_fhc_jZpbKh]eZkg&Z\bezZf
hij_~ e @Qhldjulu©ki_pbnbqg_k®k_Jlbnbpbjh\Zdgu ]hjbb
oK
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OHIdjulZ¢ZI|_1hjby_ _kZfugbadi_jZpbhgghukdib g_
lj _[m_jlZzaj_r_gbg¥wdkiemZldppxNae |hZlZd ki _pbZevghc
ith~]lhlh\dbYbg _rg_JhbehlZKZfu_\ukhdbjbkdbkms _klI\mbjlb
bkihevah\Zgb®k jlbnbpbjh\Zdgghdhjbhik\yalkqg f\ *Zgghc
dZl_Thjbig_"mkfhlj_ghp_"mjEbp_gabjh\Zlgblk jlbnbdZpby
hi_ jZIhj€Kb;:K

Hkgh\gujZ ~"Zgkdb\bzZpbhggai[hlu\ _\jhi_ckdklgZgZo
\uihegyxlky dhlhjuhlghkylk®ki_pbnbqg_kidhcfhjbbf_ xI
\ k<Kk\ur25d]ijbwlhhi_jZpbn\h*blgY ukhl[he 120f gZ"
mjh\gfhjybeb ki_pbZevgha™mrgigbkljZgkl\Zo

< khhl\ _Tkl\bphkkbckdhecZkkbnbdaydZgh\e g #hdJ
59517-20215 =HKLJ 59517-2021. ; _kibehlgwZ\bZpbhgdkbkl! fu
DeZkkbnbdxgpdly |hjbaZpbklzZzg~Zjlbgn2opil. 5k kms_kli\m _|
ljbdZIl_1hjhK: ©hldjulZd/2l _]hjby ©ki_pbZevdZlydhjby
©k _jlbnbpbjmdZZyPhjiKy

Ilh ZgZeh]bob\jhi_ckddheZzkkbnbdZpgbtZevgjbkd f_ |
dZl_Jhjby\ k\yak hlkmIkI\b\_khklZ\:K \[]ZsZxsboRylZe c
dhlhjufthlmigZg_klp dbl _e_kguh\j_ "~ glmgy eh\_d&mk; <K
"he _dqulvg f g 025 d]b g [he 30 d] Bkihevah\zZgK
hkms_ kl\eyhkkwdhebgguo eywok\ leh] fykmlhkh]jZgbg_gb_f
\ukhluihe |Ih¥Wh 150 f bebki_pbZevgih e gghha”mrghf
ijhkljZzgkI\ _

FZdkbfZevphicdhafh ™ igb bkihevah\Zghzl ]JhjKB
aZy\e _gdefZkg _k _]j_]bjh\zggdYmrghjkljZgkli\zijZ\beZf
\bamzZevglhdhlBEihijZ\bezifhe Ihhijb[hjZzfWdkiemZIZKby
"ZgghaZl _]hjBthe gXuihegylvkykhhl\_ITkI\BEbN » jZevgufb
Z\bZpbhgguyuZbhbeZi@®K jlbnbdZpb¥pbhglglhgbd]ZgbaZpbc
jZajZ[hlqhda]hlh\bl_@Z&lv2(2019).

ljb \uiheg _gbl "Zgkdb\zZpbhgpddhI\ JhkkbdZd \
_\jhi_ck&kbzgzZdjhdbkihevamx4<kKy khfmB0d]\dexqgbl_evgh
dhlhjuluihegyxihe Iw khklz\,;:K hlg_k_ggudZl _]hjBp
bf xs_ &) _~“ghbkdb h*h[j _gghdywlh]WwdkiemZI|Zpbh[gghf
\u™_e_gomjamrghhkljzgkl\z

>bnn_j _gpbjh\Zdggabadkl _i_gph *"iheZ]Z jbhklzZK *ey
his_kI\ _gghahizZzkglkld*24] |"ihkueddypkihevah\EHbly]h
Abnn_j_gpbjh\Zidgglhddah~]hlh\dZ*"jMey kibehlghdZpbb
G_kemqgZdghjuDhgp iplhdl JjZpblkkibehlgWha”mrglom”A\
_"bghhamrghhkljZgkldhkkbckdhe¢ jZphbdZaulkdlzg klI\ _
hrgh]ba[Zah\uojbgpbihVWgl ]JjZphbK \ _~bgh\ha“mrgh _
ijhkljzgkl\hhkkbdzZebgmmjh\glyj [h\Zgbch[eZklth™]hlh\db
\uiheg_gby[ _ki_g_glhg Ih\ _kibehlguoK ijhihjpbhgZevgh]h
ihl _gpbzZevputiztq fur_jbkd _ fl\ur_I|j [h\Zgby
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ljb  1Zdboh[klhyl_evklkdbbl kh]J]eZkblvikyg_dhlhjufb
bkke "h\Zl _eykb\ Imxsbfbbkihevah\ZlvZjm[_"guchiul
Abnn_j _gpbjh\Zgdbphhdth[mqg_gibxkhgzZeK[13].

lh~rThlh\ddZz " jhAey : K \ ?\jhi_

F_""mgZjh~gay]ZgbaZphyZ "Zgkdh&\bZpbbBD:H
jZajZ[Zlu\ZxsZlygmkeblbdnklzg*rZjteWk _dghkm~”ZjkINhf
gbke\ kn_j [ _kibehlgZdbzZpbmI\_j ~Z dlh lj_[h\Zgbd
dhfi_ | _gpb¥éym~Ze gghbehlhYhe guhljZ Zlwmjh\_ gwkdZ
hi_jZpbc

<gbadbcjbkd \dexqzZ_[Zah\mxih~A]hlh\dmhkj_"~kI\hf
"bklZgpbhddmlp_gby

<gbadbb kj "gbg¢bkd \dexqgZ ihemqg _gb hj Ibg_kdh]h
K _jlbnbdEZilihoh ~ ghZdlbg_ kil dhlh\dipZzdlbq_ kthKhz

<ih\ur_ggubdkd\dexqZgdebqgbbp gagHhHpZ~bhl_e nhggmx
k\yakebhiuljZ[hlIu ibehlbjm_ A\ Zp@EYLOS), eb[hebp gabb
m~"Ze gglhdhlZz

Hkgh\gujffZ\beh\fih*]hlh\th*"Ze gidguwedlhhfg gbBD:H
yley lkjyz\beh khhiI\_IklNkbdhlhjulj [h\Zghy "ty\ey_ fd_
ibehlbjm_fhZ&\bZpbbg_ ~he gui_j _ghkblvigZ |j [h\Zgby
ij_~ty\ley fd\g rgbifbehlZmijZ\eyxspK Ke "ngZclhZeZgk
f_ ""my_h[oh”"bfwfipZgby¥eyijh\_~ gby jZpkagbadiijh\g_f
jbkdd[he_ ~ kldbflg_[h\Zgbyfphe |y eukKMbkihevam_ fuf
"exeh gua jZpbc

>ey deZkkbnbdZpKb \ =_jfZgbbjbf_ gy |ky JeZf gl
?\jhi_ckdRkhxap19/947h|[_kibehlgaiolZl evgu@jzZlZhlhjuc
[ue\\_ " \g ckI\BL”~ dZ[34820]h~"Z? KOVO (EU) 2019/947),kh]leZkgh
dhlhjhkms _ kl\hjbd Z!l ]hjhK

HidjulZdyZl JhjlhydjulzZy

Hkh[Zdy¥| ]hjlky pbnbq_kdZy

DZIl _]hjbyre_ "Zsifly _fmk _jlbnbpbjh\ZggZy

>Zgguwjbl _jbkohhI\ TkiI\mxd!l jbyfi pbZevdyhic 1hjhb K
(B) ihjhkkbckde@kkbnbdzZpbb

Dd\ZebnbdZXgbbg JjbehlZwdkiemZIlZglZkh[hdZ]l _Jhjbb
\ = jfZgbbh_ "ty\ey Ikiyevdhj _[h\Zgbh gZebqglk jlbnbdzlZz
dhfi | glghkdb

<kljZgZ2&K kh[ex" _@Zdhgh”"Z|l g¥kbBbgZkhkygzZdhfekgby
ghjfZfbb ijz\bezZfbbkihevah\ZdgEky | _klbjh\Zgbhydhlhjhf
mki_rguiffhoh ~_gbkdblZ_ Ikyf g _75% ijZ\bevgiud\_|hyZ
ihklZz\e _ggujhkwlZzd ihemqg_gWbblh]k jlbnbdZlZ

<:\kljbbdzZd \ =_jfZzgbhK ih*jza”_eyxyldyb dZl_]hjbb
hidjulZyki_pbnbq_k&Xy jIlbnbpbjh\ZggZywezZhkms kl\e _gby
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ihe _IMeydZ ~"hdZzl _JhjhK 1Zd b _glbqigd\bezjfzajz[hlZgguf
\=_jfZgbb

lhemqg _dgblbkljZplbebp gagh<Khkms kl\ey\ hige Zcg
j_"bf_ihkj_~kl\hieZlnhjfuwronespace.at H{mqg_gbeyihemq_gby
ebp _gagB”™"ZgghieZlnhjfl\dexqgZ \l k_[ydlgl _glbah[eZkl _c
Z\bZpbhgglZMzZhi_jZpbhgghe ~mjh[sbagZgh¢_kibehlguo
e |1Zl _evdgunZjzZlZo Ihf gbkeh [_ahiZkghikld_IhVh blh]Zf
himg_g\Wwy rgbibehlurhe guhdzZaXZMhhxdhfi_ | _glghkho”™
hgeZtgklZhklhys bja \hijhkhhNhkeijhoh ~ glbykIZbp gabx
fh ghkjZzamzki_qgzZlzZdebghkblk kh[hc\ nhjfzl PDF. HgZ
N ckli\bl _evd¢Zqg _gbylbe |IHgeZdgnjkh”*]hlh\dbhge Z¢t gkl
yleyxlkykieZlgufb

lhAThlh\ddZz”NjhAey :K \ Jhkkbb

< khhl\ _Tki\tkh klZlv_195.3 Ljm~h\h]dhh” _dKihkkbckdhc
N N jZphhpm~rh\db” dkkkbckdlhe jZpbbdkdbaf g gblfb
"hiheg_gby28 fZjl20221h*"@& iml_\h~blihekkm”™_ [ghZdlbd _
< : =jZgh\bgkdtbhE Wkfh2022. + 869 k hkgh\gufhdmf_ glhf
mklzZzgZ\eb\Zkjsdh\Zgbyl\ZebnbdzZgbb[oh*bfE¢hIgbdmy
\uiheg ghyj_ "~ e _gd¢jmc*h\hemgdpbtbey Ikyhn kkbhgZevguc
klzg”zZijjlzajz[Zlu\Z_hueé _jZevghjffZzghbkihegbl ewgZ&lb
hkms_ kl\leyxstmigdphb \ujZ[hld]hkm”~ZjkiIhcgbeblbdb
ghjfZlbtYgjlz\h\hfimlmebjh\Z\gdnx _jljm~Z

< g9gZklhys \j fy ~ ckl\m _iljhn_kkbhgZevgluzg”Zjl
jZajZ[hlZggdkkhpbZpbZ[chlh”~Zl _eb cij_"ijbylbcbg"mkljbb
[ kibehlgi\dZpbhglgnkd @:WIHG?DKILS klI\hkh]jZgbg_gghc
hi\_1klI\_gghkkihgkZelbgdih¥zzZghbybzZi_ jkhgdeRh\ _|hifh
ijhn_kkbhgzZedyznébnbdzZpbhafrmrghjEgkihjlih® dhgljhe f
Fbgbkl jklIyih"D khpbZevghsbldhkkbckdhc* jZpithb\b"m
ijhn_kkbhgzZevghcevghckkh pbZebkddkiemZIZplilbehlguo
Z\bZpbhgklibl fdexgZxsbhb&k [y *glheby kdheVydkibehlguo
\ha”mrgukan”~hk fZdkbfZevdhe_ Ighfkkh80 d] b f_g__2
mi\_j°* gdultdZall bgljmAdhkkdl4 k _gly[2022 |h"Z g
ljbdZRbgbkl _jkl)@"BEkhpbZevaghsbldhkkbcktlhe jZphlb
14.09.2022 « g OH[ mlI\_j '~ gbiphn_kkbhgZeviglg"rZjlZ
OKi_pbZebwldkiemZIZgkhbbehlgd\dZpbhglghukd YdexqZxsbo
\ k_[yh*rglbebg kdheydkibehlguma"mrgum” K fZdkbfZevghc
\ae IgHEZkkh3D d]b f g /A >We _dljhgjgkenjk#2023. URL:
https://docs.cntd.ru/document/352000920?ysclid=Imx1b@75913170 NZIZ
h[jZs_gly k_gly[2923 1|h*Z >Zggufhdmf_gihf*mkfzljb\zZ Iky
kjZagn kdhewviddhfh "guwazbf_gh\Zdbec ghklijon_kkkhadhlhjuf
mklZgh\en”gpb!l ~ Ij _[h\Zgdly[jZah\Zplhxmq_ gdXdIhb”rgh
bdZ[ebpdu
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LZ[ebpZD\ZebnbdZpbkghn\Zghki pbZebkiBA Jhkkbb

<hafh ' ggZbf _gh\Zg
"he ghklijbn_kkbc

Lj [h\Zgdhyiulm
ijZdlbq_kjd{dlu

Lj [h\Zgdy
h[jZah\Zdphxmqg _d

Ki_pbZebikl wdkiemZ
[ _ kibehlguo Z\bZpbhg
kbkl_fl\dexqZxsblo k_|
h”~gh beb g _kdhe
[ kibehlguba"mrgkm?”
k fzZdkbfZzevghae |Ig
fzkkied]lbf_g_

<g_rgbdbehl[_kibehlg
\ha”mrgh]h km~gZz K
fZdkbfzZevide IghZkk
10dbeh]jzfftnf\_g_ _

Hi_jZIhj [ _kibehlg
Z\bZpbhggud&bkl f K
fZdkbfZevihae IghZkk
10dbeh]jzffthf\_g__

G.ij_"ty\ley_lky

Ki_pbZebikl wdkiemZ
[_kibehlguo Z\bZpbhg
kbkl_fl\dexqZxsblo k_|
h~gh beb g_kdhe
[ kibehlguma"mrgkm”
k fZdkbfZevghae_|Id
fzkkB@d]bf_g_

<g_rgbdbehl[_kibehlg
\ha”mrgh]h km~gZz K
fZzdkbfZevyde IghZkk
30dbeh]jzffthf\_g_ _

Hi_jZlhj [_kibehlg
Z\bZpbhggud&bkl_f K
fZdkbfZevpde_ IghZkk
30dbeh]jzffthf\_g__

G f g _ 1 ]1h"Zgl
Z\bZpbhglgBfkihj\|
"he ghklydyaZggk
e _lghc wdkiemzl
\ha"mrgud&m”h\be
[_kibehlguda”“mrg
kbkl_f beb K
Abki_lq_jkdbf
h[kem b\Zgb _ f "e
Ahimkdd \uiheg_g
nmgdpbc dhfzg”
[ _kibehlgBtbZpbh
kbkl_fu

ljhn_kkbhgZevgh
h[mq_ghk _ijh]jZffy
ijhn_kkbhgZevgh
ih~"Thlh\db ih
ijhn_kkbyf jZ[hql
"he ghklykem Zs
ijhljzffu

i _j_ih”~lhlh\j@ghqgl
kem Zsboijh]jzZffl
ih\ur_gby
d\ZebnbdzZgBbhql
kem Zsbo

ljb khihklz\e ohzdl jbkipmdn kkbhgZewdEphZjlz
jhkkbckdhdBkkbnbdamklZgh\e gdKB59517-20215hibkZggh]h
\ur_fh ghihgylyglhkhhlg_ k&kK\ khklzZ).:K wdkiemZlbjmbfh _
ijb_f gzjZz[hlmh mdzZazZgguhn_kkbhgzZeM@lypirZft\he ghklyf
ijhn_kkbykK dzZl _]Jhjb;:K ih deZkkbnbdzZdhjim ~"klzZ\ey Iky
\hafh guf

GZijbf_j\ oZzZjzdl_jbklbgZo*he ghklvg_rg_JhibehlZz
ki_pbZebkiZjZzlhjZ kibehlghh"mrghm~*rgZfZdkbfZevghc
\ae IlghzckkhH@dbeh]jzffhlh g g mdZaZdjgpkmlkI\nedl ; <K\
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KhklzZY:K \jZsZxsb_kylZedhlhjufthlmbZg_ Kkl dbl e kgu_
ih\j_"~ glgyeh\_dmemqgZlkmlklI\lizadb® [Ze fle ' gh[ueh[u
hlg_klIb:K dhlhjuffhe  _gnijZ\eyNg_rgbdbehl ki_pbZebkl
hi_jZlhjijbgbfzZz_ fuxZjZ[hind dZ|l_JhjkBfh]gbadhjlihkd®D:?2
F_""m_fr"Z \wlhkemggg fh™ _lJulvhlg_kd®Zgghkh&l_]hjbb
k\yak!| f glhhgd) "mkfzZljb\@dkiemZIlZpkXhevdhebgguo
p_eyo

< o0ZjZdl_jbklbglZdhe ghki\g _rglhibehlZ ki _pbZebklZz
hi_jZlhjZ kibehlghia*mrgkph*rgkfZdkbfZev\gghec IghLfkkhc
30 dbeh]jzfflhY _g_g mdZaddwd) Igunkeh\WwdkiemZIZKbb
deZkkihevam \hhelhmrghjjhkljZgklNjZ\beihe I|¥Xukhlihe |Z
bl ~ \ klyalk gq_fhij_"*_ebdZIl_]hjhbkdd deZkkbnbpbjh\Zlv
bkihevam ;$K\ khklzZz}y:K g _ij_"klz\ey \lkyfh gufjb wlhf
khbkdzZl igvl g"mxsigZ”he ghklg rg ]JhbehlZki _pbZebklZz
hi jZIhjZhe hy[ezZ "ZAgZgbyjbn_ kkbhgZeeglhhdgZf g 1
]h~rzgZ Z\bZpbhgdhdgkihjl\ ~he ghklylol\yaZgguoe Ighc
wdkiemZlZpa mrglm”h\

lj _~"klZ\ey Ilkyh *Zggudjhn_kkbhgZewddg”"Zj§ evay
JZkkfZIjb\dIZAdIh]h\uthdmf_Ydybkihevah\4gphyih*Z1 _elyfb
JZfdZKk _Jh~rgyrgpoZebdj_ "mkfZljb\Zxgbkdjb_glbjh\Zgguc
ih"oh _kibehlghboZpbb

AZdexq_gb _
:dib\ghbkihevah\ggkibehlgudgkihjlgkjo "khh™ k _]Jh”rgy
\e _g_Il\hagbdgh\ _g\b_ijz\h\hf ijhkljZgklI\ fgh  kI\_gguo
g _hij_~ e ggkkh ghklbigh[e fl14]. Bkke_ _"~h\ZdpgbdZaZeh
ithA]lhlh\dZ "jMey,:K \ Jhkkbg bf_ _§gzZk_Jh*gyrgbgv”bghc
ijZ\h\hcheblbdkihkh[glh&kihegbdZ"ZgbZy\e g§uKljZIl_ ]bb
jZa\blpykibehlghoZpbibkkbckNheé¢ jZpodbd jbh2R030]h" B
gZ _jki_dIbAnR035 1h*"ZGhjfZlb\giZg\h\Zlywa¥Zkn _jih~]lhlh\db
ki_pbZebklkibehlghoZphb[mlijh\_~ gl _evgBlpZelbaZ
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