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FORM OF SUPERPOSITION OF WAVES WITH LINEAR AND CIRCULAR
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MoscowState TechnicalUniversity ofCivil Aviation
(Moscow)

Abstract. An analytical representation of an elliptically polarized wave in a form convenient
for further consideration of information transfer issues is of particular interest when modulation of
the paramets of the polarization structure of the wave is used. Knowing the polarization basis of
the decomposition of twvoomponent receiving antennas, it is possible to determine the polarization
of the field at the input of the antenna system by the ratio oamglitudes and phases of the
signals at the output of the antennas of the receiving devices. The components of the bases are the
signals taken from the corresponding receiving antennas.

An elliptically polarized wave is often described using two orthodprmlarized waves.

This view is not the only one. The presentation of an elliptically polarized wave in the form of a
superposition of a linearly polarized wave and a wave with circular polarization is considered. This
representation is convenient for dizang some types of polarization manipulation.

Keywords: polarization basis; polarization modulation; elliptically polarized wave;
superposition of waves with linear and circular polarization.
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COMPARISON OF THE RESULTS OF THE NEURAL NETWORK
ALGORITHM IN DIFFERENT SOFTWARE ENVIRONMENTS AND ON
DIFFERENT DATASET S IN AIRCRAFT CLASSIFICATION TASKS

Arefyev R. O., Candidate of Technical Sciences
Karelin V. E.
Mareninov N. S.

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

Abstract. The article discusses the topic of the relevance of the improvement of the avionics
and its hardware and software systems, in particularEttancedVision System (EVS). In the
study, instead of the MobileNet v2 neural network model, YOLO v4 tiny is used, which surpasses
the first one in terms of accuracy to spe€be key features of the architecture of this model are
considered. The neural network is trained gdime Darknet framework on two different datasets
with further training using the TensorRT development kite evaluation of the learning process
according to the main indicators and the analysis of test results were petformed

Keywords: computer vision,neural network, object detection, darknet, python, tensorrt,
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Abstract. Existing satellite navigation systems (GN$@ye been an integral part of the on
board equipment of the aircraft and the teaffic control complex as a wholer a long time In
accordance with the strategy of the global air navigation plan, one of the directions for improving
the accuracy of aircraft location determination is the deployment of GNSS functional augmentation
systems. One of such systems is the GBAS (Ground Basgohentation Systemi) a ground
based system of functional addition. The main idea of GBAS is to use a GNSS receiver with known
coordinates, which makes it possible to determine the errors of determining the-Eseyelto the
observed satellites. Calatéd errors on the VHF channel are transmitted to consumers located at a
distance from the receiver within 40 km. As a GBAS system, many Russian airports have deployed
a domestic local correction station system (local monitoring and correction st2@idl), which
provides both an increase in the accuracy of determining the location of aircraft in the airport traffic
area and a landing approach in the first category by transmitting up to six types of messages. Due to
the high intensity of aircraft flights the airport area, the possibility of distortion of information
during the transmission of messages from the local monitoring and correction station should be
completely excluded. A promising direction for solving this problem is the use of-resistet
coding methods in the formation of messages.

Keywords: antinoise coding,generatingpolynomial data field, remainder in division,
Galois field, register.

l'ojHJdad]

] s o sipdndstis)? S tsHdtse Oded slsdzts fipd Is fqw
fsdidj nskMmiss2 ydoatsmisd MmMdmisjds fjtejHOyd y
dMmf sdz' L 59 Odzd W s Olsdmisdyj M¢ da teOL dzd yd :
MdedzOdzORd d YtsdiBjaOokd. }twddydifdod dowv .
tOL dzd ydi2 Mo dzOd d ¢ a3

JrOdd Hdzv {ftsor
md mlsj d3r MowiLd HBCOLORZO sdisHBA Zzj dzdzts dzs
f sdsj » OB . ltesyi MM o99jHjddWw dLB' stsydasml
ZOLM 90jlsmMw YRk askMmMists2yder &3 ¢ sH dEdDd Pldzd .
Zz0 f todj dzdats ? Mmls tsto ts dzj 5B dzOtclzy d & Ols d dzd
otsLdzdC O ls 9 twjLEd IsOIsj] tj OdzdL Oydd f{tetsy,
MeowrLd ftoed dOdzduydd fsdiin, ilstsdklz 1Isd ¢t
l OBl twOMMBOIsted o Owls fij s dz € stz thfis'ts 2 futd &
H dzW CsHttse Odzd W fJtjHODOF @0 @ dhig Gsdz® Y 4
oL Iy dzgsets dMEC Oy J dzgd VW ethdz20B1 &30ydd [ Ak mai k
A j dz! MlsOls d: tejh jdedj f c@% OO dzts@ts2 L
dmMmdzi Hse Odzed W tsMtsB § dzdesMis§ 2 € tsdfi [ fetsdz'Odad & O d
tcOL dzd ydz' n CHB H dzw fsor hjdedw fsd3j - s
H Odzdz" .
rdzv  di¢dz yj dzedvw shdessc ftd f§jtejHOYd

WistedzOls Ctlstste’r n ftojHMIsOodzjdz © IsOBdzdyy

ftoddyd devIs! v  Mdzj Hiz® N 669 OdBfire:ts te § B &) BN Jd®
mMdMmisj BOdyj M st EHBEBENRSRPDI N RSB BOs 9 @ de@is:
yde¢ q’u;fr]gisdis gL ssydesets S sHO (CRC) . I
ZOdetsdzy §J Bl jlsMmilse j dadzts?2 dJdaW sted3Oydd ( d daw
dqd¥tcZOydwy  btcOjSlstedd Hody jdedWw oBLHEDNC
Hisf sdzdzd Isj dzt dets ftedd3d dzv j sfpw  IsOC Y Jd yd& dzd ywd

23


https://translate.academic.ru/generating%20polynomial/ru/en/

v OB dziy@&HY ey Oded ] HOCjIsO MtssBh | da

Yucno dur
Hauarno naxera 15
CHHXpOHN3aIA 1 pa3pelleHne HeoJHO3HAYHOCTH 48
CxpeMOIIpOBAHHEIE TAHHBIE:
-IIEHTH(UKATOp BpeMEHHOro nHTepBana ctanmi (SSID) 3
-JUTIHA TIepe1adll 17
-FEC ycTaHOBOUHOIT IIOCIE0BATENIEHOCTH 5
-JTAHHBIE TIPITOKEHHA (mo 1776)
-3ar0JI0BOK COOOMICHIA 48
-co00IIIeHITE 1o 1696
-CRC 32
-FEC npnnoxenns. 48

{ OfMsslstcdds Bodjj (GHEEBEMGS ShEBEj dedesi
CsHdse Odzd W .

Il dzsydzr 2 CtsH (25, 20)

FEC (ForwardError Correctio) bkMmilsOdztse sydzs?2 f sdzj HS9
CBHO SfftejHjdvjlshhy 6 ffosdvds ¢cdHjdzlsdW d ¢ C
(SSID) € d cHdhzdd JqffcgdzOnngeaOdzdj d3 (25, 20) |

RHjdsdWd¢C Olstste o tod d3j dzdzts G s d dglsQ dedz’ RdzO

qHj dzsdi dS Olstste MsHjydl OO ste deO s
BlzGC o Jjdzdzsegts tsBtSL dzOyJ ded v sis () H S H dzO
9" HJ szdz,tsGts H dzw dzOL J dzdzts 2 f sHmdmisy d3"
mMdse j sMiseazjls O, O MisOd d@ &3 B EZS 9 j dzdz’ d3
RHJdZ gV e Olstste fjtcjHOjIsMw IsOCdd3 BBtOL 50
BzOHNM d2 tOL toW H.

[ dzd dzO § j oy @G 2 5 OL Olsj dz mMsH ey dlIs

COC 9 HOdzdz' » ff tod ddsytf tdaffczts ) jlsddkd .d loj et E O
ftojHT HEN | BET dp@ tofojdig dstedgs d3j Misj dzOSHdIsMY o

1" 60y j dzdj Hdv FEQAEsQdiadyy dzs2  f 5 dzj H
ddsd dIs odH

[P1, ..., P5] =[SSID1, ..., SSID3, TL1, ..., TL17],H

GHJ Ttnm2 Bdls zMEOdtse sydets?  sfydzj Hise Olsj dz! «
it &) ;

SSIDnin?2 Bdls dHjdsd¥dSOistc® otcj d3j dedetsc ts d dz
TLnin2 Bdls ® HA&ZJd fjtjHOYyd (TL1 = LSB),;
H'ilstcOdzmlf sdzd totso OdzdzOW BOIsted yr yd sdesmisd,

24



00000000111 111111111Y
0011111100001 1111111
11000111001100001111
110110110101001100T11
01 101001111001010101)

I s OBDE] Witsj H s Oo fidy Ea " jodidlyy DDl H J et ddjls
IsY 100, i sdzj Hdzd 2O ff jtejHOYd MmtsHjtey d
stcdzd totso Odzdz 2 dL LIsdn Ho lzn f sdzj 2 {
dztsy O Isfw HEZO teOuUskedf' y&Ols s d3 [z d3dats YPY, dadP®, W o
Oyd ded § LSOl ey s § t6d FEQ iB{) 8 @dg o oy dz
Mdzj Hs9 Ols j dz' desfisde ( d3dzOH N DB & Asistc W1HODA® O
dJj dddes? fls tste'widzjf sdOdytg dsin® H Hdded ydes?2 BOIs
MoH jty Odedj kx4 btejrn dJdaWtsted3dOydtsdadzr =

g TNT o
OF 0 §& =

[SSID1, ....SSID3, TL1, ..., TL17, P1, ..., P5]'H

-

f(00000DO0O0O
00111111
11000 1 11 0
11011 ! 0 1

01101 11110

1111111
0011111

1 1
11
1 1

L= == I = N
_— O OO e
[
=
L= == R -

0
0
1

=
—_—
o o o O

L= == = I = I
=R = = N
e

L= R =
e T
L= Y s BN = |
= s O
-
L= =

HT =

Oyd Mmtstseh j dad W

(fdzd © tjLbd O i H
Iz sOlstsd3 zdgdatsy § dzd W

dzj fHtesdL sh dzts, Ists toj L
BzHEIS MtH jty Ols! dzgzdzd ( O

 silstsd dzfiso sd3 H Odzdzgff s
oBLBEydE =« Hot2dzr = BIsts
shde ¢ d.

0000) .
fr) t€ BsdatOMn Isv o darT j Wsendzw k
o' 0 whdetS d dft

CRCC tsH

CRC32 (cyclic redundancyode fsLoatsdzv J Is ftoctso J tod Is!
WstcdzOydys dz0 dodzdydj shdett¢ d dmftcOe d
dqdzydyf tOBTIsT sO¢dr CtHjtotse L OCdzs yO |
sdydetsds o dHj, Hjdzjdedd { Istsets yYydmdzO dzO
SOt Jtuilg dzdpticdste W § dzj dzd W dmf sdz L s9 OIs!
dzZlstetsdz! dets?2 MmMEedzdzr . 1 0 ftedj dzdets? Mmiststcts dzg
2Mmlsedd, d JdMmoizd tdzzyd dzdz" 2 @ tMisOkBS I

25



HOdzdz' & ftedzsy j dzdv n SDESHEOLE 0 di dzf tsd
Crlster 2 dzj SBRBSHIBE ©OLHj &dls! dd¥f stedgOYyd &

RAM StedsOydsdedzs sz §f sz CRC M( x) Mmsslkej
0 @ G 6o o E & o8

Mx) W stedzsd tclz j IsBndflstforsc4s8 L O s dzso C O B dzs € O
J n BdIlstse mMetse M j dzd W 4 tcd d3d dzdats ? H dzd
sOdzOo dzd 9 O Isfqw & steWwHC | i jifsiHs®yds s
tcosdBdz f jtcj HOO O BBz BdlEZz LHEGKEH EHIsa
fpdzy Hdzi Bz 1 J 6 H @8] dpsiftzts o8 dfistizts edhLj dgdh™ .
sO0Cddz BBtOL B5d3, m WAOmAEdAOF ds®)dzd ji ¢ sSdzv ¢ |
BdzsC O Mswp=M0jmdzdlwms=0, m=1m=0,me=1m=0me= 1 d
L OCOdeudo O s BdlsOdd HRisigdzj MdzSe s j flad dzy  § J
CRC o ydmdzw jIsmpw C0O¢C MisOBE, R(x), tsls
i tsdzd dats d3ts @ :

dz
S
J

=t T O

s
fr
J

s
dz

WL .. Y
prp— VW ———
Ow Ow

CGHJiClsdzdyj Mlsoets Bdlstse o CtdeStcjsdatsdz StsHj (
M) T ddaW stc 3Oy d ts dzdzts f sdzj , Cslststots 9 CcC
f sHdzj YOO ]IS | ;

GX)if stetsy HOs M d2 { tsdzd dzts d3;

QX)T yOMmlsdetsj fsIs HJ dzj dad v ;

RX)IsMlsOlsts¢ tsls Hj dzj dzd v .

T

Y w W 1w 1w [

#dzj Hts9 Ols j dz' dzfs, f sm¢ CRE CBlAzts HAZ] dE@s ts Hf fisjd
MeMisOadzv jIs 32 BAdlB®, wsis wrdgdatgysj dgdcjj H Mis O 9 dz
s jteOyds HBBOo dzj dzd "M(J 2 (flindkPEEC Gl Ist gl
R(X) LOf dMmMr o OjJCRGB dzs C @ Slilpptsgh j dzd v e, o IsOB
11000010111100110000101111001010.

[T itOydw HJjdzjdedwVw sy jls By, &€ EAXdzdt tisSo
4Zz0 tod Mk dZONtsal, 2016

26



(oplob(e rlaplab (s plablab( ol be]
—> 7 10 11 12 13 14 15
(OO M (O

(bl abab O ER (e

R
tdfmizdis§ Olzd L Oydw Y j § &tpdsd HIOF dzjfdd Y tsdid deats

lted CtHdtseo Odedd dJdaW sted3Oydd € sdzj ydz
PBLHEN dgsedts fkH d2AC s dsf) dz'F o€ Is j ted Mlsd & Od
orhj, O Hdv SCsHJusoOdd" ddo¥ sttBOYyd™ 8
CSERCGLE M sy HOE h dd f tsdd dzts i3ts o3

VO ® ® » P

ltejdikzh jlso® HOdEscs SBHO fMehmsswil o
o ydmdzj dzd 2  do St tistORYsEBEG Ols dzts 2 toj Odzd L Oyd d .

S BH tudHdes ists-®O (R

[ Odedz" 2 S H WwWodzv jIlsMmw f sH d3dzts GH@) Is entxieg df s
n=Q-1, Q@dJjogf tcsMmistsjm-adg@Ezis ©dz' dzts j ) [ e Cto" ff dzd €

J Mdzz yOja “Casdz"H jOIs fiqw MsMmils 0o daB&Y™ 1y O fiflde' d
dimY teOo tiag daffefts €, 4 dzj GFqtlpls ©  fYtafdedgOH dzj » O d §
BRdzts ) j s odZ, a’¥( é ,a%) BzHEzls wodzwliss fyw ¢ tstecdaV ¢
d3dzts ¢ tsglelzj dald ¢ dzd ug MC sqMe  UEDED. H dzd dzf _

FEC ftoddztsyjdedv o" yudfdzvjlsmw ff Sy sq f
CtSHO -4HEdOBs&HD RMisW ddats?2 Hdzd dz" | s5BN GO teC
Hdzd dzO0 C s dz@ 4PdeW ste 3Oy d sdedets?2 yOMmisd .

Il MmMewrLd M 1 IsddS oldmH :sdzd des 3O R

Ao & & o p8 (1)

[BOLEshd2 (fGtesyHOSH (REH Ofeyddoiixdd | R f
9" Oy § dzd § d3:

g(x)=b @ 1 =x3+ U+ 0%+ &%+ O%2+ O% 2°((2),

27



GH]y U wodwjlsfpv Ctstcdaj O3 p(x), dfmftsdzt L Iz j c
2B(lsOBdzdy0 2)it IGF (PBEHRJIsPo d 2 + dzj d3j dals o

s Qg YO ®dzj 4| Odzkz O

0 1 0 0 0 0 0 0 0
ol 0 1 0 0 0 0 0 0
a? | 0 0 1 0 0 0 0 0
a3 | 0 0 0 1 0 0 0 0
410 0 0 0 1 0 0 0
5 0 0 0 0 0 1 0 0
61 0 0 0 0 0 0 1 0
al | 0 0 0 0 0 0 0
8
9

1 Lt ol o] olo
1ol ol 1] olofo
gol 1 [ ol 1o 1]o0o7]o0

fdv fedBdlsde desets fsdddsho (1) §6dj
SBtOL 5d3:
P sk yOj sfw dzj § ) tef+xiHed+ixdzdatl , d L s By =1 jxts
dzj olz¥ yYOMmls: o" Oy jdedY d L O dets?2 =7 dz0 U

U= "0 28 U +1

fsfdzd HizE M dj df) k) febdzd § sdzz yoOs sfpv  fzilsj &3 |
ftocjHr HEN jes { dzj &3] dels©® dzO U.

P= %W 6 20 U
d LOBfHAsR dLo jfisdy i3 o' 6Oy j ded j B
P= 1+U%¢Y U +3W) 20+ UU
or fsdzdgw j sy Mmdztsy jdzgdj 5 BsSHEd: 2 d Jmst
P= "8 S,
Mtstsls o j IstifsE®# diaetd=(U7 + U2+ U+1)+ U+ U= U7 + U + (P +1.
[ dzv tsteecOdzedL Oydd FEC ftoddztsy j dedWV H Odzdz
COLEBYHA & Mmhss, O BdsCd HOdd 5 dd&jvhdj
L g dgv & Isfyw flls | dsdzl dajseB'OD dzj dztky o yd 2 9

fsfidzj Hse Ols j dz dzsfls ! .
[ Odzdz" J , m(x), HdzjxO0hd] SCHdtetse Odad

28



M(X)= apag X?*8 +8p47 X2 +...+ Bpag dzq’-]i7)©248‘H T dzd w38 24 €0 + ayx +ay,

GHJ] H&QEdO yJ-gBo W 8dz' » dNdasdes{ g OR®Jzdzr =~ § tcd
T JH Jdz2sdW S Olstste BdzcC O MssBh jdzdw, o Ctsls
BZzOHh dd3z, O ffjteor 2 Bdls © HOdzdzr = ftoddztsy j C
dssn g azbismdzi Hdzd2 BO2ISs © CRC BA&tsCO MtsseBh |
Bdko dzv j sqpw MiIsOteh d d3, O ftsmdzjHdd?2 BJdIs 9
hdWtcOlststec B dIstso ;
Qoagn dzd azo. 1.9 RIS kgoOdz! dzr §J BdIsr L Of sdzdaj ded W ( 4 Mz
z4dMmb! Yo jtesyds (B) Muffdeisidgsey sRsmy ¢ OC
sMisOIsC O Gls H jigy &l j°rdfdsedyd ddsazGsB e OL 28 h 2

Wwa ® a¢&Mw

LEOL OdatlzO) teBH dz" | ftotse j oSy df tgd Misd dgaf EHalz
HOdzdzr &3 f tod dztsy J dzdte@QL tcvsHOdg'H? 2 ff 8o j tesJ dzr 2
fJ ®@ijHsmw MisOteh ddi3d 6Oy ey OdE. ojf.j tof # toey 2k
ftoddzsy jdedw, fjtojMmr &zOjd3" 2 © hdWicOIlsste BJ
cOL oWy sd® bf smdzj Hdzd?2 Bdls FEC ftoeddztsy j dzed W
wWodw jlsfipw dBRdzOHA dds tcOL W HtSAdZ b

1o 3z j )ldpOsd® | fi3sRB ¢ &8az0j sy dzOdzd ud §
dmMf tcOQo dzj dedw MmddBotsdz! dgr = wthdBtsS 9 tOL B 6]
ltoeddzj o W istodzd g @dza v daPs dridetse j H Odzdz 7 s O
sOB dzd y4 3.

v OB dZfiy @& d&¥mn(x)

0 0 1 0 1 0 1 0 1
] 0 0 1 | 0 0 0 0
2 | 1 0 0 | 0 | 0
3 0 0 0 1 0 0 0 0
4 1 0 0 0 0 0 0 0
5 1 0 1 1 1 1 0 0

| | 0 1 1 1 l
0 0] 0 0 0 0 1

0 | 0 0 | |
0 1 0 0 0 0
0 0 | | 1 1
) 1 0 0 0 0 l 1
) 0 0 0 0 0 0 0
) 0 0 0 0 0 0 0
) 0 0 0 0 0 0 0

v
o o]
el e

60

(
(
62 (
63 (

253 | 0 0 0 0 0 0 0 0
254 0 0 0 0 0 0 0 0

29



[ Odzj § ddeW sted3sOyd tsdzdetsj f ts dzjfn Isitdstsf Stsdiizdz™ § Is fn)
[ d dzi ddf(ix) dz2O0 BtOLEZE N2 odzddsd g ( x)
fsdssh 8 Mmad d3f , §tcj HMISIOEQH] salfzs 22 WAO6 tc d Mz dzs

176

o

5
n

HJ dzd gded W dzO

W iG] dad Y e n

{ dMzdes G O2zdL Oydv ©fjteoOydd t

] sh Oetso OV tOBKSISO Ma j d3r
hOcj t©OBBIsr Hjddlsjdv BEZHEIS L Of sdzdzj dz@r o
BZHJjIs dOmrBHdIk! MW L dOyjddy 01010101 Mt
2. Cltdkz L &Oyj dds ke jil@Eiie®ddsizd y®j dfj)
Mz Hiplsadd yj ¢ts, 2O o jtendzd?2 onBH f jtcot
a%a?®=g3%1% H Odzdzr 2 1 dzjBBjdzls ftcjorhOjls teOL d&3j t
yd S d&zd ydesmls d tsdz § o] SBEQT I jols fifiys ls o jdisjfitlsj oddls]

141 Istsls 1 dzj d3gj dzls © Hotsdydesds edHy dd&3jdls od
Mz BRFOI O fsmiskzyf Oj Is syJj toj H dats 2 BO2Is d
Mz teso Odedj] 5 BSHEZRZE 2 M 1 dzj d3j dzlstsdz 0 C

00010111

A 00111011

00101100

tiLkd sOls
H O dzdzts d3lz
e dZOH'™ 0 O Isfyw

LOf dMmr 9 Oj Isfqw o t g*wad*>=a?4 dz0 dzts
| dzj ) delsk  Msslse jlkMmlsokjls BO2Ik C
) MsHjtey Odedj g t 60 101111C¢C

v OB dzdigq @z04y J dzd 4 toj e dMmildyse Ma J O3
fde | tde | tdge | tdge | tdge | tj@

H o

©)

00000000

00000000

00000000

00000000

00000000

00000000

01010101

00000000

00000000

00000000

00000000

00000000

00110000

01010101

00000000

00000000

00000000

00000000

11001010

00110000

01010101

00000000

00000000

00000000

00010000

11001010

00110000

01010101,

00000000

00000000

10000000

00010000

11001010

00110000

01010101

00000000

10111100

10000000

00010000

11001010

00110000

01010101

N[OOI~ |WIN|IFL|O

00101100

11011010

10000010

11001101

00111100

00110010

30



10 sMmdzj Hdzgj 8 h Ocj (255) fodkkzy0jd
Clstster 2 HBBOodv jlsMy ¢ Jd¥ StesOyd sdadats?2 Y

t dMedis Y LIZdz IsOls OB BIST Odze RIS Is BO € SH

102", ftjHMmisOo dzj dzedz' j 20 tod Mk dis] o4,
f SAGECHE ted dzsy j dzd W & :

011000111110100111100000111011010010100101110101.

10 ftodj dides? Mmisstetsdzjy s jteOydw wEdzj dzd
fsolststew jlsmw ftod slsikzlsflss d FECS tefddstsy, j dAd ts
BEZHjl dd&gjls! dkdjotj L dzOuj ddj .

v OB dAiy@EOG di3j dzls fteddsj e©® VDB MstsBh j &

PA3PELLA-
OLLIAA
MCI. PA3- JMATNA30H CNOCOoB- JBOW4YHOE NPEACTABNEHWE

OMUCAHWE COOEPHAHWA JAHHBLIX PAObI 3HAYEHKIA HOCTb 3HAYEHMA (MPUMEYAHIAE 1)
COLEPXAHWE [AHHBIX MAKETA
HapacTaHue u cTabunusauma MoLLHOCTH 15 000 0000 0000 0000
CMHXPOHM3aLMA W peLleHne HEOOHO3HAYHOCTH 48 0100 0111 1101 1111 1000 1100 0111 0110 0000

0111 1001 0000
CKPEMBITMPOBAHHbLIE JAHHLIE
Wpentndmkarop BpemeHHoro wHTepBana cTaHuum 3 - - E 100
(SSID)
[nuna nepepaqm (but) 17 01824 bur 16ur 536 000 0000 1000 0110 00
FEC ycTaHoBOuHOW NocnefoBarensHoGTH 5 - - - 0000 1
BJIOK COOBLUEHWIA C NPUKMAOHLIMA OAHHGIMA
Bnok coobweHwnii (coobueHne Tuna 1)
3aronoeok 6noka coobLieHnit
Wnertudmkarop bnoka cooBuieHui 8 - - Hopma 1010 1010
GBASID 24 - - BELL 0000 1000 0101 0011 0000 1100
Wpextudvkarop Tvna coobyenns 8 1-8 1 1 0000 0001
[nuHa coobiyerna 8 10-222 baitta 1 bait 61 0011 1101
Bs 8 16,35 m 0,05 m 0,50 m 111 0110
Bs 8 +6,35m 0,05m He ucnonb- 1000 0000

3yeTcn

CRC 6noka coobweHnit 32 - - - 1100 0010 1111 0011 0000 1011 1100 1010
FEC NPUNOXEHUA 48 - - - 01100011 1110 1001 1110 0000 1110 1101 0010

1001 0111 0101
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MODELING OF THE PRINCIPLE OF OPERATION OF THE SOPKA-2
ROUTE RADAR COMPLEX

Arefieva N. G., Candidate of Technical Sciences
Mezhetov M. A., Candidate of Physical and Mathematical Sciences
Krupenko V. A.

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

Abstract. For air traffic control, the ATC authorities use various types of technical means
operating in the microwave rangA. separate category of sucheans isradar systems, which
include track radar complexes, which include Sepkahis radar complex (RLC) gesigned for
the tasks of reviewing the airspace and obtaining radar information in the area of air routes, and the
subsequent issuance of this information to the ATC authorities. To study the operation of this track
radar (TRLC), a simulation of the reemg part of the radar was performed, followed by signal
processing to identify the presence of moving targets in the viewing area.

The article shows the results of modeling the TRLC signal and the principle of determining
the presence of an aircraft inet observation zone. A block diagram was created and the TRLC
signal was shown in the LabVIEW software environment.

Keywords: radar station, Sopka, modeling, processing.
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HanvmenoBanue XapakTepHCTHRH 3nagenne xapakTepucTarn PUIC “Conra-
2'!!
[Ipeaeast padoThL:
Tlo ganeHOCTH, KM ([TPTTMBPII) 370/450
TTo asuMyTy. rpax 360
Ilo yray Mecta. rpan 45
Ilo BEICOTE, KM 35
Tounocte onpeaenerns koopauaar (CKO): 50
Ha TTPIT:
Ilo zansHOCTH, M 10
TTo asuMyTyY. VI MHH 15
Ilo yrmy MecTa, yra. MHH 50
J1a MBPJIHP3:
Ilo ganpHOCTH. M 6
Ilo aspnvyTy. yra. Muau ]
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Paspematomasd crnocoOHOCTS:

Jlza TTPJT:

Tlo maneHOCTH, M 250

Ilo asuMyTy. rpan 1.3

Mz BPI:

Tlo maneHOCTH, M 100

ITo asmMyTy. rpag 0.6
BepoATHOCTE 00OBEIHHEHHA KOOPIHHAT

TIPJI 1 BPJI ¢ Berxona AITOH:

Tlo omHOMY caMoaeTy He menee 0.95
TloneTHoil HHGOpMALIHH 0,96
Temn obHoBACHHA HEbOPMALIHHE, ¢ 10
Koapdpuunent nogasaeHHa oTpakeHHE OT

HENMOJBHKHEIX MECTHBIX MPEIMETOB. 1b He menee 50
Koan4ecTB0 OJHOBPEMEHHO COMPOBOMKIACMBIX He menee 300
HeleH

JHepronoTpeoIcHne, KBA He conee 40
Cpeanee BpeMA HapaOOTKH Ha OTKa3, 4 20000
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Md ¢ dzO dzts o ; ofMmMstetsj dedzr 2 @ dwsdesd B dz' Mder 2 o ls
dmilsd dzdz 2 34 Isd 5§ Odz0 dz; Qo lssdizOIsdL dtets o OdzdzO
[Akmaikin etal., 2021].
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MODEL OF THE NOISE AUTOMATIC GAIN CONTROL SYSTEM OF THE
cUTET® TRACK RADAR

Arefieva N. G., Candidate of Technical Sciences
Mezhetov M. A. Candidate of Physical and Mathematical Sciences
Noskova M. Y.

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

Annotation. The signal level coming to the input of the radio receiver, for various reasons,
can vary hundreds and thousands of times, and the average signal level at the output of the receiver
should not change noticeably. To ensure that this requirement is matit@natic gain control
system (AGC) is introduced into the receiver circuit.
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The purpose ofAGC is to control the amplifying abilities of the receiving path in
accordance with the amplitude of the input signal. As the input signal increases, the gain shoul
decrease and vice versa. According to the main functions of the receiving path, there is no task of
strict constancy of the output voltage and, to simplify the design of the control device, some voltage
changes are allowed, provided that there is n@ealile distortion of the signal.

Keywords: automatic gain control, noise automatic gain control, LabVIEW, track radar.
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INVESTIGATION OF ROLL DETECTION ERRORS USING ATTITUDE
INDICATORS WITH VARIOUS TYPES OF INDICATION
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Malishevskii A. Vi, Candidate of Technical Sciences
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Abstract. The results of an experiment are considered, during which the errors of
determining the roll with the help of attitude indicators with various types of indication were
investigated. The heat maps and gaze trajectories obtained using the Eye TrackREXobere
analyzed. Correlations between the results of the experiment, the data of the eye tracker and the
results of the diagnosis of temperament and neuropsychic stability of the subjects are also
considered. The size of the surveyed sample was 46 pédptudentsareof the 5th year of the
St . Petersburg State University of Civil Avi a
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FEATURES OF CONSTRUCTION OF INTEGRATED INERTIAL -
SATELLITE NAVIGATION SYSTEMS
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Abstract. The article deals with the construction of integraiteettialsatellite navigation
systems. The analysis of the main features of various ways of integrating information in such
systems, as well as their shortcomings, is given. In order to increase the noise immunity of the
satellite navigation channel, aslivas the reliability of the navigation data issued to the consumer,
it is proposed to synthesize an algorithm for closely related integration of inertial and satellite radio
navigation systems at the level of primary processing of navigation information.

Keywords: integrated inertiakatellite navigation system, integration by inputs,-siage
and twastage signal processing of inertial and satellite radio navigation systems.

stso jtoh jdzMlsotso Odzedy ISjrdesdzsed?2 tBicOBTSEk

mMWJjtel O iy dzOolsdSd, ftLoatsdwjls ttOMmh dts
dzj sOIsj dz¢ dzr = Of f OtcOIsts o (11 ¢) . VI md
or ftsdzdzv s Isfmv L OHOYd ©OLO JH'™ 90Isj dz’ dets?2 (
EHOtdzr = 11[ ¢ o© 1 O0ctstcdzetds s OtcOB Orn jj d=tvtc j +
EmMss2 ydotsmisd tOBBIST &ZzOo de Oydsdzdzs?2 O f (
stsydetsmisdzr = R OtOCIsjtedmisd <.

51



l SL i3y dz" a3 fzlsy o3 ted h J ded W
dmf sdz’ L s9 Odzd j dz0o d ¢ Oy d s dedats G 5
MflsdzdStsots2 d&zOo de Oyd B izizs 2y i) ¢ f§ k)
sBtcOB Ols’ 9 Ols ZzOo deOyddedz" §j MmMdec
(R &) d mMfEzlddSttets?2 t©WOHdBdROsdecOYy(d
fsLodzdls MrtcOdzdls! sy dlsjd dr j ¢
MdedL dIls o difs @dd § salal H 1S

s ftjddikzh jMise O3 Ru1 & o MOodej dedd M
dz0o d ¢ Oy d ts dadzts 2 JgdeW stcd3sOydd Blsdetsmwis: dzd
sftoj HJ dzj dad W 0o d ¢ Oyd tsdzdz’ n f OtcOd3j Istets o
e dztso 52 Me stotsmis d d MsMlsOoe dzwsd I j dzg j ¢
fsd3j ntsL OF dh jdadetsmisd d dzOH jy desfylsd m o' fr
[ stsdzj fipdzd yj dzS s, 2012, fy. 434].

J ZOMlstswh j j otcj BB tOL dzdyoOsls yYjlbsr toj
Rl b, dmn MtecOodzgjded] fHtocdojHjdes dzdy ] © IsOE

Eos

v OB dzdiw@ OB gaiz! dzOW R OtOCIsjtedMmMisdEC O Mrd &

TH KOMIUTEKCHPOBAHT 1A OCHOBHBIE 0COOEHHOCTH

OrpaHIYeHHOCTE OIHNOOK OLEHOK MECTONOIOKEHIIA II CKOPOCTI, HAIIYIIIe

o ~ -

PaSOMKI—IyTbIH nHE(GopMarI 06 OPHeHTANNN H YTTOBOI CKOPOCTH, MHHHMATEHEIC II3MEHEeHNA B
GopToBOIl annapaType

Bce nepediiciieHHbIe KA9eCTBA Paz0MEHYTOLI cXeMBl, BEICTABKA I KannGporka ITHC

CnabocBsa3aHHbII B TIOTETE

Bce IepedIc JIEHHBIE KAYeCcTBa ClTab0CBA3aAHHOIT CXeMEI, IOBBIIIEHIIE

TBCHOCBHBaHHBIH ]'.[DMeXO}'CIOI“I‘UIEOCTII

ObecniedeHITe XapakTepHCTHK TOYHOCTII I HOhlﬂXG}’CTOﬁ‘HIBDCIII. ONIIBKITE K

rHV6OKOHHT€TDIiDOBaHHBIﬁ noTeHOHAaTLHEIM. TpebyeT cymecTeenHoil nepecTpoiikn HAIT CPHC 1 BEICOKHX
BBEIYIICINTENLHEIX 3aTPaT

RHJW GCtdi3fdzj CmMdes?2 eBteOBBISSd d&OoadeOy(d
hJtesC s ftodd3j dzgv j Isdg@o des O ]  tztezO§ dzt§€ ts 3§ dzj ¢
Of f OtcOIstseo. v ittejlsdudmMeédd BMdser d didd S5+
A~ fostcOBBISOdRZO d dJL Azt j &Z0 9 IstekzH Or IsC
10oBdy, ¢.RrR. ljttse, J.1. MmOtdmse d ®WHO

[fteiHjdzddl Gflkd®BOod dts?2 MsttkzClskzter d
smdztso § Isj sted d sflsd &3O dz! dzts 2 wWddz steOydd .
S dzj € Mdzs?2 MdMmisj di3r wWddz steOydd Offttssmd

CHXk T syJdzdo O a3r 2 o J Clststc fijis iy loEwdazfwO & 9
H Odzdz" | ts e dzO A stedJ dzsOydd d mMtsslse § Is
MemisOe dzvw & h A 9JSCItsticO® bkMEstej dzd W d m¢ ts1
L OH Odzdz" n ) ddzj tyd Odz! dzts 2 md mMisJ d&3d Ceistel
9jClststetseo kZedztso 52 MS tstefipthfsle ts W dzadzin € X5,tc j dizg ¥ dats

52



leukzh(%)k-h’

CHRji 8 j SlsstedzO" WhkdeS ydw, feslsse jlsiisglzs hC
i9jClste addWdd" §ctejh dsflsj?2 dL &) tej dzd 2
ftojyimmdy cdomSsiss, HEj2¥ dzdv OSCM] dj

10 onkH,] Bfzscts bhbts2mssO® flstejrdls,
tcOH d sMdsOENsls oMjn dOodeOydsdadz » MY kzls

(16 Hj ZOT ftew sl odHdBshsd.
YO=4 S (XY #().

[Odzjj fteddgvilsr j MmMdedzOdr biddde 0y lsfiyw
OO dapdfiiistc s o sdisz  f toj 5B tcOL 50 Odzd ¥ o WjlLlb
M klsded S 5o N OB dz¥ H j dzd 2 o Neslse jlsflse
ten =t, 0 F, GHEBGBL dZOQ@OjHsdMCtej IsdL Oydd

N
yutl('t-k):lal SX; 4ok a) Wy,
j=1

GHy, | ROLOSkjtedLijls odlzlstej dzdzd? " b
fslstejBdlsjdv.
¢ dL R dzj dzdj a3 ots otej gy deff o d iz@dgtEO f do | &
NdcdOd ftodj Bdesets bknlstes2fmlss® §slstj b dLk
Mddemr totsdzd L Jtotse Odzr LOHOYO MmMddalsjL O Ru d
d&d s OOl Istelz 3 dzed Bz BO HIMY Jjtemdd
Isd dizO dz! dzts 2 Rd) ¢, f ted Hdztsy § dzdz646], o |

tsu4
a4 =Y
ftcjJ HMIsOoadzj dz dzO todmMkzd¢ 6~ 1, 2 d 3.

|

|

|

|

|
il .
il PaM09aCTOTHEIH Ananoro-uudposoi

|

|

[

|

610K ™| npeo6pazoBarems |7 |
[

HHATerpupoBaHnas
7 12 (o | | cucreMa o6paboTkm

[

|

|| AxcenepomeTphl Kommencamat | | yypc e |
! P —| HHCTPYMEHTAIBHEIX

| OIIHOOK |

___________________________________________________________________

t dez dest@G jJIBO S lsd i3Odz! dets?2 R Y ®

53



RfMfsdz L so Odzdj HEMsOsYds2 MisoldnlsdcS
SftejHjd dedgr & bkfdseodwn, B lkfdueGdiEs s st

y(; [stgtgzké. y b(F 11H)S(X i, ’t l,k)’
i=1

G HYX )=S0 1) S X 1)) Tod Slsste S ted 7 fdc d

[ Odzdzts§ BOI§ BBOBdUd MEBJ o 6Oy jddd Y dim
Cotetcj dzv s stc. g nj @30 Ctsi3f dzj € Mdats 2 mMdMmisj o3
ftcJ HMIsOo dzj dzdzO WY tedp® isfMPE RI Js B tcOBtSISCEZ dHf
9 ~tSHAZ @3 Md e dzO dzO 3. v OC 52 mMf smtss C i3t o
Codiff dzj S MJteso Odzed jd&3 85 o - SH O, dq ®dz 6§
MdedzOdzse R1 8 d w1 d.

B e e D]
: : — HAII CPHC | i
1] 1
1 l U
| I
: Pmoqamm | AHMOPO'Im(prBOﬁ | . MHOI‘OMCPHHfl | yl(opp,l(
} 610K npeobpasoBaTens KOppensaTop T
| | i
| I o
e e s KOoMILIeKCHBI X,
I e y rmstp !
I I
Kommiencamus
'| AxcenepoMeTphl | YUHC k
I —
/| wrmpockom |

_______________________________________

{ Mz di®S j28O0 s lsdBOd ds?2 Ru| o sk tdds e s d

l dzj HMise dj Mzsy desmisd toj OdzdL Oydd Is O
MowL Odadzs? o©  jteobks wyjtejH! @ Mkh jmise j d
ftod]j dddese s EkMstes2Misoa ® Y wlstcjBdlsjdzj?2 st ¢
Odze stodIsds" Stz dzj SMdtctse Odiy WH o0 WROCIKHQ Y REIC 6
MdecdzOdzse fftodj dGigdesets kMistes2Mlsoa © f slstcj BdIs
9r AasHOB tsyj detsC WwOHdBROO e Oydsdzdz" » f Otc OcC

HCHt
[ AHTeHHA SE
E :FTA___;::::G::::__:__:::::::::::::,_l‘_ﬁiﬁ_ci,ﬁ(_: __________
P! I X
| U] Pdwmamatn L oc3 coo (cow) fHARHILE drmtp sropmaoi i
Pl KOppEATOPH 1 o6paborku HAII
T T S | N N | B
"
B U s
______________________________ KomnnexcHutH H Xucuc k
TMHC ] dumerp HICHC T
I 1 ;
Komnencanns / :
I Ax | YHUHC k '
] copolePs = HHCTpYMEHTANEHEIX I 5
H TAPOCKOITE i X
| omu6ok | ANTopHTM  AHHC k
e ! caucnenus MHC ‘;:>

{ M dEE j350 Rul & M Ctdfdj ChHdtesse Oded |

54



Fdv fdddsjL O Odestedlsdk® o COYjMmisoj

ftodJ dddzsdz kMmlstes2Mlseo ] &OodeOydooddzse s  tsis
md c dzO dzts o i1 ¢ [ s tsdzH Z dzts o 20009, fn. 6
tcOHdBdz09o d 6 Oyd tsdzdz’ = UthtGQdBJtﬂﬂj'tmathSEfr]ﬂ@mdeGn
Yyofmissisr, LOHjtyCd) ddzd Byj det)d s O alza @ dada

dz0 fmn Jylzy. ¢ OC

yt 1} k:f(X )-kn &
yllk thn 1!
GHJn ,\n ., T f8Gtejh datsfyls sy dzd © Odzed W tc OH

0o dcOydesdzdzr » §f OO stetso .

ltcdo jHj dgdzOW fMa J BO fsLotdzY jIs mkzh j M
ftoesf MC Odedw MdzjHwhdas MdMmMisjdsa L O L OHj o)y !
L Oy dzdy fod3jnrntiMiss2ydetsmisd {2 j ddts dts
Codikf dzj S MJteso Odedj] fHtesdmMrtsHdls dzO f j tco d ydzt

I's ftHdts) j ddg" = Ma HBO~BEPISIES spiPfvis ds' yj ok
Of f OtcOlskztej Ytedj BO w1 e o wixddd MmO
H dzW Zdgj dz' h jdedw BdZOMIsd TdMEO 5 HBHC
LOHJj Y ] .

s O0Cdd3 tsBtOL 503, 9 wjLikzd O] 0O0dzOdzdL O
fMH j dzOIls!' fydzg HEetsA

f tod d3j dzj dzd § Codstf dzj S Mdtetse Odzed W d dzj t61
tcOHdBdz00 e Oydtsdzdz" = MdMmisj &3 dz0 Ektetseodzj ols:
fsdzdets? Bjtej] TwLeotdvwjls tBjMijydo Ols! i s
ddeW sted3Oyd d, sO¢ GCO¢ o Muffivin BddiEs Mils@ o dirfrfdidds o
ZOo e Oydesdzdzse s fted) d3dzd $ © d ddzd eyd Odz! dats 2
ssydesmisd MddemrtesdzdL Oydd ftetsyj Mmtse tBicOB
M s Isd 30 dz' dz" R Wddz stetso d sBh j2 Bistolst
BON d dz" ;

HdzZw EmMY Jhifdeslaty dzgf v BBjOots2 L OHOYd dzj

&zOo d e Oyd s dzdz § f OtcOd3j Iste l L OH Odzdzts 2 IS t
Emists?2 ydoe tsfyls- tcOB SIS &zOo d ¢ Oy d s dzdzts 2 of {
EmMzsedwr tj Odz dz" » BfSjoO" R HJ2Mlsoad?2 (o
ftetfsdzed ¢ O) , H dzw YJ e ts ftcj HdZOG O] Ismw (
Col3f dzd SMdeseo OdedJ ddzj eydOdz! dets?2 d MY Elsded ¢
tctso dzj fJtco dydats? sBtcOBBISC d&ZOo dec Oy(dtst
ddzlsj Gted tets o O dzdzsMt IHlddgfid oG’ detisO o d ¢ O d € tetzs &

fjtejCtejMmisdy 8 d ©BEOd & MowLwdd oo
ftedd dsded ¢ (o yYOfMmbsdesMmisd, Jets HIME ted d3d dz
COHdE®ZOs dcOydsdzdzs2 MmdMmisj s’ SBLOB OIS’ 9 OF
Wddaz' stej Mo i3 Misdets f ddstEledadyOapdhj 22, g dande

55



OCMj dzj etsdzj Istetseo ddzj eyd Odz! dzts?2 dzO9 d ¢ Oy ts dac
Hisfisse jtodesMis! dz0o dcOydtsdedats?2 ddaW stedzsOydd
fslstcjBdls] dzj 2 .

IdedkdscwO dyimMSd2 My dmsc

1L {1 0ouu. Vteddeydt W A myld istelzff degds Odzed v /  tsH

1. MOtdmtsea ® [ .: tOHdGBL]JRrdd¢OG. 2010. 800 M.

2. stsdzj mded yJj ¢ sz @dz! der.j] o i tocdt | dgOBdEOn] d tsrlzpApt
Coff dzj CMdtetseo Odzedz" = MdMisi 3 2 o dzj dedw f tsHo dx dz' -
X111 [ joHHdR0 telz@ DG detd yi MEs2 CtsdeW jtoj dzydd ¢ ¢ dzOdzd L
PftcOodzj dgdve. vy. 1. w449 .: 1,30l y, 2012. w. 434

3. sBdzHizdzs 9 sz ISR Odzs e j f desdalscdd bk tcOo dzj dedw
dzj sOIsj dzt dz2" iz Of f Ot Ol ORd: EkyjBdetsy smtssdji-/ Gt
s. w3lB., 2009. 89 fMm.

4. [ OteS soaMEOWw Isjitstedw tsyjddoOdedw o w©WOHIBIS] A
t OHdBIjrnddstO. 2004. 504 .

5, ctodzr § sowtlsOlsdMmisdyd MSOVY Isjstedw ©WOHdBdZO0 d G O
334 M.

uvrs 656. 7

t o1t o4 J
11 dd

usd [fruvfrrsrR [1J1dAndsuvft1dB [A]
b1y JovuRrR Y [fruf)l 1 JtoérrodresfB ¢
tJegRrRBUYS B AT [T OARR

Il jsesdise 1. 1.
st dzjle BDOdzH. Ijnd. dOkES
Lh OCEO2[ . ¢.

Odll§IsjteBzteeMSd?2 etskzHOtemise j dedzr 2 kdzd o |
(6. dQ@dsljkdeB ztca)
RteCklsMSd2 WddkzdOd [ LuvUv | 0
(6. RtSEklMEC)

¢ dedztsIs Olyd dzOMmlstswh jj otcj dBY cdzOodzr d&z W OCIststetsdi
fsdzj stso wo dzv j sttets Q€ tisdzd w) fdlE e sOo d O\id ¢ dzulg A j diisttssor I
ftesdmh jfMlsead?2, O Hwtked] dBhtsetydimdzj ddr j] § OtcOd3] Is
Bsebkls odzdwls! &O BjLGfOMdshs! f§odjlstss, dj bydl
J s Ols! j ftci HdzZOG OJ Isfw 9 Otec sty OL B ts to @&l & Is St
WiClsdoe detsfmisd sBJ M Jyd ddw BJLBY OMmdesmis d f tsdzj
fsdzdzv ® " dn  fsdzjls’ o twOLde' °n Mjedisi desOR GO H
sy Mot tsyjdsyd » 0L Olj dj 2.
S&“uiafJBﬁimwwm@BmBl f sgzj fteas,d MO hB o d §F dzdet® o
dqdzydHjdals, CctcO)HOdMSOY OoadOydw, 1 CMf kzzOlOdzs ¢t

1
)
Bdz

56



DEVELOPMENT OF A METHODOLOGY FOR MULTIFACTORIAL
ASSESSMENT OF THE LEVEL OF FLIGHT SAFETY IN CIVIL AVIATION
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Abstract. Currently, the main factor in assessing the level of flight safety is the number of
aviation events that have occurredncidents and accidents, and other numerous parameters that
directly affect or may affect flight safety are not taken into accountendin in the shadows.

The article proposes a variant of developing a methodology for multifactorial assessment of
the effectiveness of flight safety applicable to operators flying in different segments of civil aviation
and absorbing many evaluation icaliors.

Keywords: flight safety, aviation accident, aviation incident, civil aviatagperator
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Abstract. An extensive applicatioof the radio polarimetry methods to solve the most
varied tasks of radar location, radar navigation and air traffic control has occurred recently which is
inevitably faced with the relevance of describing the reflectance profile for surveillance objects of
such ambience as (earth surface, flora, atmosphere), -gbawed facilities, air targets (aircraft,
helicopters, unmanned aerial vehicles), etc. On the whole, in all the events formulated solutions are
based on the evaluation and dynamics of alteringotheeipal radio polarimetry characteristic of
surveillance objects, i.e., their scatter matrix (SM). The present paper is devoted to the laws of the
SM elements probabilities distribution.

Keywords: radio polarimetry, scatter matrix (SM), law of distrilom, polarization
characteristic.
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THE TECHNIQUE OF DETERMINING THE OPERABILITY SCOPE OF AN
AIRBORNE FLIGHT NAVIGATION COMPLEX ON A SET OF INVARIANT
CONTROL RATIOS

Bolelov E. AL, Doctor of Technical Sciences
Shalupin S. V.
Malisov N. P?

IMoscow State Technical University of Civil Aviation
(Moscow)
Moscow State Technical University of Civil Aviatitnkutsk Branch
(Irkutsk)

Abstract. In the process of using airborne flight navigation complexes (AFNC) for their
intended purpose, a change in the operating conditions or the failure of its elements leads to various
consequences, depending on the structure of the complex or the clasds dfeimg solved. Firstly,

a change in the operating conditions (failure of individual elements of the complex) leads to a sharp
decrease in the efficiency of solving flight and navigation tasks. At the same time, the AFNC as a
whole can exist in one of twstates: operable or failure. However, this model is typical only for
particular problems. Secondly, the AFNC is reconfigured, when the operating conditions change.
This allows to temporary solve flight and navigation tasks with acceptable, albeit loaldy.q
This is the most typical situation for navigation tasks. Both in the first and in the second cases, the
technical condition monitoring algorithms of the AFNC should inform the user about the violation
of the operating conditions within a specifidgithe with required detection and false alarm
probabilities. The paper presents a technique for determining the operability scope of an airborne
flight navigation complex on a set of invariant control ratios, which allows development of optimal
control algeithms.

Keywords: technical condition, control algorithm, airborne flight navigation system,
technical condition diagnostics, invariant ratio.
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METHODS FOR ASSESSING THE INFLUENCE OF EXTERNAL FACTORS
ON AIRPLANE FLIGHT ACCORDING TO THE DATA OF THE FLIGHT -
NAVIGATION EQUIPMENT

Verstiuk A. 11

Kovalenko G. \4, Doctor of Technical Sciences
Fedorov A. At
Patrikeev O. \2

1Saint Petersburg State University of Civil Aviation
(SaintPetersburg)
Moscow State Technicblniversity of Civil Aviation, Irkutsk Branch
(Irkutsk)

Abstract. The article proposes three methods for predicting deviations from the specified
parameters caused by an unfavorable environreemicrease the flight safetievel. The most
effective methodas been established for each stage of the flight. The corresponding functions with
stationary coefficients for calculating the probable force impact of factors on the aircraft have been
determined.

Keywords: forecasting, deviation, external conditionlgtt safety, information.
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Abstract. The air temperature and its profile is the most essential parameter of the
atmosphere subject to be measured and predicted. It has a significant impact on engine thrust and
fuel consumption; aircr af -bfbasd landing;dbdresultafmeatherc h ar
and dangerous meteorological phenomena forecasts, etc. Currently, civil aviation airfields are
beginning being equipped with the systems of remote temperature profile measuring. These systems
include the MTR5 microwave temperature piefr. Experimental comparative studies of the MTR
5 profiler and radio sounding data allow us to make a conclusion about one significant disadvantage
of the MTR5, which is associated with the necessity of its calibration. The lack of calibration or
insufficient frequency of its execution may lead to substantial deviations of a measured temperature
profile from a real one. In order to increase the efficiency of the #ERplication, it is required to
develop a mathematical model of the MBRemperature npfile measurement errors. This paper
deals with the temperature profile measuring statisticars determininghe methodology and the
temperature profile measuring errors model.

Keywords: temperature profile, measurement error, remote temperatureunngagadio
sounding.

t OmMMdsslsteddz B ssHSCE ftejH]dzjddYy {§tc
B JcOsBterm fogdo dzy yd dedd €3 H Odzdz" = t©OH( 5
C fsCOL"90jl fOCIsdSCO Bjlsj stesdztse dyj i
09], d ey dDdz’ e QIs! H Odzdz" §j dL B tejdedv
e yd dzdz5) HuHOdzdzr | ©OHIBLtSdzH Jtetso Oded W
Odzj dzdd o3J MIsO5 b OftAs@RZE HO [ BPH 5L BSdzH J o ts
O HJMWICO Cdztsdjlstctse . [ dzv i to WHfjdo?j dzd
Isj B J cOlskzter By des dMf tsdz! L s9 Ols H Odzdz" J
fsdzzyj dzdzb j O dzj M j dzdlzse 58 dzO O! etsHiBA U
tcOHdBL BdzH qetso Odzed W ¢l sotsmMdedtemC e . ] (
dmfsdzr L ¥ Isfqw  HOdzdz" | tcOH qttsd dasjdaH jJ detis 0 @ @Ad i s
fzdzCIsO ©COHdBL tsdzH Jtetso Odzed W ¢l so smMPe dded < ¢
Ol tBHGEd3] uUvisdkziZOYJ 9 5.

Is d
s O
20
s
z H
Ho

tdmzdeg OMY sdztsy j dzedd T E2dzCIsO tOHIBL SdzH d to 15 ¢
EmMlsOdzs9-8§ ddzPu PL esHtctdzd visdzdZ3OYyJ ot (1

83



I jLbkd lsOfssij dff WasR o dB 6 OB S5IsC d  5dzlz Y ¢
fesWddvr Isj&fjcOlskier, Wsttdkdteks sfjw dOMh
j & j cOkztsr gL &35 toj dzdzse ®dzdz] Bt s ji dBfcjste Bls b
L sdzH Jtetso Oded W s O) EadjHd]ttsoL 2818AH f 6 s az@ dgf M2z
COL des sV dzf te Is | BY YR @ls ket OH d j dzls O  YE¥Q, d L &
Sftej HjdzVveElsw MmdzjHizeh di3d Mesisdsh j dd W i3 :

yYYQ Y Q YT, (1)

&

YOYQ QY Q QYQ, (2)

cHJY VY Qi fesWdd Ij&fjtcObzter d MCt
ftsdzzyj dzdzr § 5 -5H0@R"E if HttsW d dz Isj B j o O
M stetsmlis det  dL i3 dzj dzd v, i s dzlz ygj jodsizs g o S t
L sdzH Jtetso Odad v .

vu0O¢ C0O¢C &OMMIBYQ d HEXYQ] flzg 2 H Mils Oomity X Is
tej OdzdL Oydd Mmdzzyo022dzr » ftetsyj Mmtses, s HO
B s5HOB dBOIS] BOIIyYJ MEs2 MisOlsdmisds d. |
nOtOCIsjted s F¥YQ d MPNQ) tiitetdo sH dlsMY 5B OB SIS ¢ ¢
L O dfj 2 sHO®dzdz'tes]a[, 2009

[dssHGET @) H] dzj ded¥ MIsOIsdMmMisdud MEdr - Ot
dL Bjtejdzedw HosWddy Ij&fjteOlkzter o MjClt
sdzs o Odz0 dzOY If dsdiArdz'j dizd ] tsy j dats ¢ Offo Gstsodp jc ldctg e
cOEmMmMseaMSdrn ftesyjmMmses 5 + SMYjtedd dals ©dz

l 2Mmls! jozdziclsOlsy fteso jHjdedzr 7 1 S jtedo
fsdzzyj dz BOMMmde eorBtesyds 7 L dOUj dd?2 Moz
lteesHdUyuj MSsets fesyj MMO:

L LOrQ plghs A . (3)

[Bi jdi3 orBBtSd fdkOcOjlsMmMy HBMlsOlstsyds
Od3d BOIsj BOdud ME B2 MisOdMisdsd dsy
d LOSCBdz0 twOmMYtejHjdzj dzdw, BOIs j di30Is
dydd dsse +CMmyj MmO d OMmd d3djHAsddyld, d
? (ol sdfdsr fesyj mMmho
cjHf sdzsy ddg, vy, MtsecdkzOmdzs < T sy,
d v cokmMmtse MC dd3mY) .d dH I§ Bls didifds dd3jj J tefipisd
YydesdzOtedzs?2 cOkmMMsoMS B2 §sMdzj Hise Olsj dz
Ote®o dzj dzd j 03 Qo lststej ctej MMdd (dt) odHO:

S
| dz
W
H

@=OI

I B |[L a 47 (4)

il 1 BOlktedyr tc OL dfpris dzts fif bs fds s W dzdz" A dzj c
L WWdyd jQdsesjeS Istste dzj L O N d3" 7 Mz yO2 dzf A

84



delz dzj o " d3 ROl BBOIBd U MS dd3 53 d H CGlediz) df L ¢ j jnis dia
BOtednf® , ( S lststcOW B4 L sGtcOdzed yd dzd W tsB
Stejzetsdz dzts?2 d dzjorf oty H j dzdats?2 . 1 tetsyy HEZter
ftesyd MMO Oelststejcted MMdd d ydugdod & Bty
SftejHjdZY jB 7 oLojhjddets? MezdiBs2 dLojflsd
MCOd" s s Mz yO¢ o folstsdkz HOd]j daj twOh

lequsisd3 (4) dweydts s$OLOl!, vyt ¥dd
COMtejHjdjdd] GyjddeoOjd ° §O0LOdk]sttss
ej OdzdL Oydd (3) d&idls odH:

n || A hpst —

Qon -B I B |2 a o Lo B |L7Q &

CHEILC sdzMIs Odzls ©, ClststcOW dzj L Ooadmdls 6BIs tsy
sftejHjdwjlsmy Mtstsisdatsh j dad j d3:

T : (5)

[fIsd ©30dz! dzr | syd dzf C 54 Y| WlgOF disjHazldsEpY
dzj sBrtsHdBses EMdzseadw 1 CMistej BBEABO ¢ 9 OHtcOL

0 -B I B L2 a o Lo B |41 a ,(6)
Celbtster 2 dd&sjdls oadH:
—— ma  pB MNEQ piB 8 (7)
ltotsdL o sH dzOVY RO ldmjdeys  jfjts 1 Sdey Cdig) delizs Iz :
—L o056 ot is ®)
11 i HMs @sdsRls BOsdyk, Lk Cslstes?2 ofj +d

L dzj 3 dals © Mij)d,dzHtg @ena@sefts (1 dzd yJ .
H Eyjlbtsd (8) ©0Osjdhsets (7) &syds i)

B F tQa o Lo B |[LQ a mh 9)
d dzd

B F L2 a odl7
B F ta o B |LQ an (10)

85



Il sdzdzdo bkdgdetsy Jdzdd © C9OH©GOIsdzr = MEtss.
Eyjlbtsd (8) d tfjttOyds btoOdhf sddtctse Odzd v,

B F LQa 4 L0 B Lo adQp +h

CHgioG@istsde jy, bk Ctbttsct oMmj 1 dj dj das:

) sk O OdOdscdudy 3 SBLOLSd M oo i
SfdBOd d 7 tsy|j dstl g dz HEs 2 hdhls
BOlted ydey & ktwOo dzj dzd 2 :

B |*B L9 al Q 4 B Lyl 9 ah (A1)
rdzv fsdzzyj dedvy tflsddizOde d 7 tyj GsS
ftojHMisOoadds ftcOoalkzs YOfmls! Wttdlzd W ddzOdz
o o9dH]:

Y QG0 T Qon -B Lo, L0 h (12)
GHJ] Hdd&vw MsCtcOh | dapvs Lidaydjfoled jo:o j H | dzts

L o0 B ||°'LQ a8 (13)

l tsdzsc Oted¥ 3dkj 5 sBj YOMIsd t©0Os j dzilse C
Bodslssdzdets oL EOMSOE M j2 WekdCydj2, dL daj
Cs1 WWdydj dels GgdBgPsted y-

—

0 e —B Lo, Lo m (14)

16 LOfdMmd (14) Eydlr oa0jlkmvw kit fslylks
BOlstedyr ftojHmMisOodw jls M2 EOBdylk:

'" '" _“1r Y
- c{“aaQQp T
stesdy ksets, dO hmdse Oddyd &O IsabHjy dzts ¢
J Hd dzd ydzOw BOtdyoO, dBydts ¢ O0L Ols!, ylsts:
— 1 F7 - (15)

I sl lstsdzsz Hdzv B lsdd3Odz dzf = tsyg dets$¢ L dzj d3g

86



~

MM O nf B L 9 479 ,AQ phegEs (16)

[ftejHjddes 5 Wstthkkdod (16) ofj 1 &
or {sdzdzd ® S jwOyds jj SBLOLjddY, {&
sflsdBOd dkzs tyjdSk ddydd?2 bktjlzctd dts2
sOCdd GBELOL B, sBh OW  dEigHSsEd] S @ j Sflastd
Iz g

cokmmsemMEdn (o Phtpsdzd » OGoflsigtej ctoj Mndd
HOdzd® SRz yOjIs MdzjHkze hdj mdsedsy | ftesyjHlEz
L Of d MO dadz" | GOMMdor 9" Btstetsydz' L dac

mMsslse jIsmMisadd M (3);
MY seBdese Odzdz’ | BOMMder dMisd Ly Isw

o Moo jlsfEdotafjdh jfgzy (s sh)v L dzOyj ded™ fls
Hdzw EZtcQodzj dzd?2 ¢t L OHOdzdzgsets ff tstcW HGC O;

fl Eyjlbsd fdzyjdd = o Mttslse jlmissdd
LOHOdEses §sEYHCO, dmMitd Lkw (13) @
sflsd 30dz dg'3’s tsyd des €

s of cOf) M tsd L v § sdkzyj dde j H v
fsE"HCO ®Otedyr sfkdEal db B o dghigjzdstseh v
9 jChcdsets cOkMMsoaMS et Mz yo2 dsct § tosq

dz0O sfdztso Odzd d f sdzlz yj dzdz = BsH j dzj 2
9jSCbtodzsets cOkZMMmtse fififffs s Mdzz YO2 detse s ff tots

Hdzw ftotseo jteCd HBMistse jtodesMmisd tOL tcOB 't
fMlsOlsdmisdyj Ms Ow SBCOBEBIE O Mejdzj tedtotse C
COkMMBse M BE Mz yO2 dscts fesyj MMo.

IdeddseeOY duj MSd?2 Mifdmsg

1. 1 50 dfemeson . Oo JOyddedes?2 Bj s stesdzse d d .
339 f.

2. 1l sdzj dzsd te®MistcOdzMis o j dzdzOW L o3 deydo siyls: ftets
tcO2dzj O totsH tetsd), dzsp. Gl . ¢l OMmddzr j/lof, 1sQkz yrza 2 | © gz
I BM RR 1 ¢. 2021%4. "~ 29. wu. 146

3. 1l sdzj dzso) So.r hdedj HftcOoHT 90 @dBsMIsd B Isj 51

SgYf dzj CMdtese Oded ™ dL d3j tedlsj dgjQ@z ydif B tsoff jOdL
019. u. -5 2, - 5. o . 4 3
OH' Clesfpd (ot g Sdzdztso OV tOHdBAE] Istedw OlsdBsmW
Of f OtcOlskztc®, tojLbkzd IsOI"™ dqLBjtejdd2. [/ [

(11);

87



urs 621.396.969. 13

Red[ [ JIJo 1R PHITUSAMROI LSJTIRUS S ZNARC
10roy RISt eeamgftUrrRL O 1 RYSRMIUC2
torrRIJISOARI VL 3 A ]

[ ted3OC 8 . s.
] 5o Otej dzSld dL QdzH J . Isj Adz. dzOE ¢
[ Odzd s 8 1 1.

YOddl§lsjeBteeMSd?2 ctmikzHOEmse j dzdzr 2 [k dzd o
ftcdBstetsMmistetsj dad W
(¢. dQdsSjlicB i)
RicCksMCd2 WddzdoOodz [ juvu [ ¢
(¢. REBCEIMS)

b dzdets s Oy v . tcOB tsls j fsHdW IsO f tetsB dzj 3O ts B dzO
COHdBdESS Oydsdedy 7 yjdzj?2, dhidjHse 0dz0 L Oo d d ditsf
O stedlsBsds Mo FRPRIEOK e j ezdzj S o OHL O Yj NS sets ¢
fso jtendesfisd d s CsdduimseO  dj di3j delstse  Odzls j dzdzts

sdzs yjor j dAfiz€es@zj swh ) wOHdsdsS Oydsdads j yj dzg
[ OC Mo j zdzO, Odctted sESPRIMS j R ttOL 6 h j dzd v ,

RESEARCH OF PROJECTION ALGORITHMS FOR SOLVING PROBLEMS
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Abstract. The paper raises the problem of detecting-flying radar targets, examines the
dependence of the error of measuring angular coordinates by the ESBpdfresolution
algorithm on the standard deviation from the mirror surface and on the number of antenna array
elements.
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AIRCRAFT POSITION -FIXING IN A MULTI -POSITION SURVEILLANCE
SYSTEM ON THE BASIS OF MULTILATERATION TECHNOLOGY
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Abstract. The problem of increasing the level of civil aircraft flight safety in the zones with
no radar control for economic argkographic reasons is solved by applying a npdsition
(multilateration) (MLAT) surveillance system. A promising means of data exchange between an
aircraft and an air traffic controller (ATC) is automatic dependent surveilarzeicast (ADB)
which dlows aircraft navigation information to be transmitted.

The problem of aircraft positiefixing in a multiposition surveillance system on the basis
of multilateration technology in a stochastic statement was formulated and its solution with the help
of modern methods of optimal signal filtration was proposed. To implement MLAT psande
measurements and range tracking, the authors proposed applying a@eeorfdter. An a priori
model of signal delay dynamics was proposed in order to synthekitaz af the tracking system.
Using the selected model for signal delay time, a Kalfmtan-based algorithm of optimal
estimation and its characteristics were examined.
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The paper describes theoretical and experimental studies of a multilateratiofiasueei
system and factors influencing its operation. The accud@racteristicswithin the system
coverage in accordance with the presumed location were analyzed. The research of characteristics
of the MLAT system located in the Bodaybo region of Irkutegional center of air traffic
management (ATM) was carried out.

Keywords: Multi-position System, Multilateration, A priori Model, Tw#tage Processing,

Signal Delay, Kalman Filter, Radio Navigation, Transponder.
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Abstract. A problem of implementing methods of optimal signal reception, particularly
algorithms of optimal filtration and smoothing is in selecting parameters of message and
observation models corresponding to real data. An urgent scientificpeaadical problem,
therefore, is research of peculiarities of methods for optimal information processing in regard with
real signals of modern radtechnical facilities. To solve the problem, a scientific and experimental
apparatus composed of an antersystem, an attenuator, a digital receiver and a PC was
constructed. The authors formulate the essential problems of the optimal radio reception theory
regarding SSR and ADB signals. The paper presents the research results of correlation processing
regardng real RTF signals. The paper demonstrates the effectiveness of a correlator, as a desired
signal is detected in accepted implementation, and determination of delay time.

Key words: automated dependent surveillance, correlator, signal preamble, a grosteri
probability, signal delay, estimation error, correlation function.
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ALGORITHMIC REPRESENTATION OF DIGITAL
AND TEXT INFORMATION IN MESSAGES
LOCAL MONITORING AND CORRECTING STATION

Erokhin V. V., Doctor of Technical Sciences
Patrikeev O. V.
Turintseva M S.

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

Abstract. The local monitoring and correction station is a grebaded functional
complement system to the global navigation satellite system (GNSS). The main functionality of the
local monitoring and correction station consists in the formation of differentrabatimns to
pseuderange and information about the integrity of navigation satellite signals, operational
availability, accuracy and availability, followed by transmission to aircraft and other dynamic
objects. Together with GNSS navigation satelliteg ktcal monitoring and correction station
allows performingarea navigation procedures and provides{pigitision aircraft navigation in the
airport traffic area. All information, including differential corrections, is transmitted in the VHF
band in the drm of messages, therefore, monitoring these messages on the transmitted frequencies
is an actual task, the solution of which will increase the throughput in the airport traffic area,
provided that the specified level of flight safety is observed.

Keywords: local monitoring and correction station, true form, diminished radix
complement, identificator, encodingsolution ability range of values.
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Abstract: Theissuesof modeling the signahterference situation for solving the problems
of certification of airborne weather radars and the use of tools for the development and validation of
grourd-based weather complexes of the near airfield zone are considered. The method of forming
the initial data set of the weather situation for creating simulation scenarios of hazardous
meteorological phenomena is shown. The simulation result according pootnesed algorithm is
demonstrated.
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Abstract. The automatic dependent surveillafmeadcast technology is classified as
promising, however, it has a number of shortcomings and vulnerabilities, because of which ICAO
indicates the need to confirm AEES data by other surveillance aids: radars and ML&Hhjch
significantly increases the total cost of the infrastructure. For regional aerodromes in the Arctic
zone of the Russian Federation, the economic component plays an important role; therefore, the task
of ensuring surveillance only by ADB stations ging alternative methods of confirming
coordinate information is urgent. The article provides an overview of methods for algorithmic
confirmation of the reliability of ADSB information, which can be used for cases of aircraft
movement along the workinges ofthe airfield, as well as aircraft flight in the airfield area.

Key words: ADS-B, data confirmation, gate, antenna radiation pattern, aerodrome area,
surveillance aids.
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Abstract. The paper proposes a method for increasing the runway throughput by choosing
the optimal sequence of aircraft departures, taking into account their weight characteristics.
Evaluation of efficiency using simulation showed the feasibility of introducingrhigosed method
into air traffic control systems.
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COMPARATIVE EVALUATION OF THE METHO DS USED BY PILOTS TO
DETERMINE THE STATE OF A MODERN AIRCRAFT AT VARIOUS
STAGES OF FLIGHT
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Muravyev |.St, Candidate of Technical Sciences,
Turintsev S.\2, Candidate of Technical Sciences
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Abstract. If the complexity of the flight situation increases, th®t needs to control more
parameters than in normal modes. Howgeitdeads to a high workload of the pilot and an increase
in the likelihood of making mistakes when controlling a highly automated aircraft. In such
situations, there is a contradiction, which is expressed by the fact that, despite any complication of
the sitiation, both in the aircraft control circuit and in the air traffic control circuit, the pilot is
obliged to operate the aircraft safely, even if the number of information signals that he must control
exceeds the psychophysiological capabilities of that.pilhe article presents the results of a study
on the evaluation of various methods by which the condition of the aircraft and its control systems
is determined. The relevance of the study is due to the high requirements for flight safety, which is
assocated with the reservation of automation by the ciéilets need to form an integrated skill for
processing static and dynamic information coming to them from various séoipEr$orm

Keywords: information, efficiency, condition assessment, pilotingoeation.
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DEVELOPMENT OF A METHOD FOR TRAINING PILOTS TO CONTROL
MODERN AIRCRAFT USING AN INTEGRATED INFORMATION
PROCESSING SKILL

Kovalenko G. \4, Doctor of Technical Sciences
Mihalchevskiy Yu Yu.l, Doctor of Economics, Candidate of Technical Sciences
Muravyev |. St, Candidate of Technical Sciences
Turintsev S. \2, Candidate of Technical Sciences

1Saint Petersburg State University of Civil Aviation
(SaintPetersburg)
Moscow State Technical University of Civil Aviation, Irkutsk Branch
(Irkutsk)

Abstract. Performing flights on highly automated aircraft, there is a problem with the
transition from automatic control to manual and vice ve@a.the one hand, is due to a high
increase in the information workload of the piltis releasingfrom duties involing tactile
perception of controls and overloads of the aircraft. The developed method for training pilots using
the processes of cognithmeformation converters of activity algorithms does not take into account
the processes of pilot control of the dynarwharacteristics of the state of the aircraft in flight. The
article proposes a new method that allows the formation of an integrated skill in the pilot, which
takes into account both static and dynamic characteristics of the state of the aircrafte\idnece
of the study is due to the high requirements for the pilots of modern aircraft to reserve automated
systems.

Keywords: teaching method, skill, information processing, stimulus, control effect.
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METHODS OF COMPENSATION FOR HARMONIC INTERFERENCE
WHEN RECEIVING SIGNALS WITH MULTIPLE PHASE MANIPULATION

Kulikov G. V., Doctor of Technical Sciences
Do Trung Tien

MIREAT Russian Technological University
(Moscow)

Abstract. The efficiency of three methods a@ompensationapplication of harmonic
interference when receiving signals with myplgisition phase shift keying (®SK) is investigated:
a digital adaptive filter (adaptation algorithms using information allmitonstant envelope of the
useful signal and information about its phase structure), an optimal receiver with incoherent
processing of harmonic interferenaad a quastoherent receiver based on an optimal nonlinear
filtering algorithm. With the help ofsimulation modeling and methods of statistical radio
engineering, graphs of noise immunity were constructed depending on thetsigosle ratio at
different intensities of interference. It is shown that the greatest energy gain is provided by a quasi
coherent receiver based on the optimal nonlinear filtering algorithm, but its scheme is very
complicated. The most optimal for compengatf harmonic interference seems to be the use of a
digital adaptive filter with an adaptation algorithm for the phaseire of the useful signal.

Keywords: multiposition phase shift keying, harmonic interference, additive filter,
incoherent processing, optimal nonlinear filtering, noise immunity, bit error probability.
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