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INVESTIGATION OF THE ACTUAL ACCURACY CHARACTERISTICS OF
THE UAV SATELLITE NAVIGATION RECEIVER BASED ON A NATURAL
EXPERIMENT

Arefyev R. O., Candidate of Technical Sciences
Erokhin V. V.,Doctor of Technical Sciences
Karachentsev V. A., Candidate Béchnical Sciences

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

Abstract. The paper shows the investigation of the actual accuracy characteristics of the
different manufacturers satellite navigation receiver which inetathe UAV based on a natural
experiment. The technique of the experiment is presented and the main conclusions are formulated
based on of the results obtained.

Keywords: UAV, satellite navigation receiver, dilution of precision, positional precision.
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PHASE FREQUENCY CHARACTERISTICS NORMALIZATION OF
TELECOMMUNICATION NETWORKS ANALOG TERMINA TIONS

Batenkov K. A., dctor of Technical Sciences

Academy of the Federal Guard Service of Russian Federation
(Oryol)

Abstract. It is shown that the measurement of the phase frequency response due to the
diversity of reception and transmission of multichannel transmission systems is extremely difficult,
therefore, the measurement of the group transit time idlyisaaried out. It is shown that the group
transit time is normalized in the form of a minimum value for channels with different types of
terminatiors.

Keywords: phase frequency response, tonal frequency channel, group transit time,
transmission systemguality parameters.
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AN ANALYSIS OF THE USE OF VISUAL OBSERVATION EQUIPMENT AT
CIVIL AVIATION AIRFIELDS

Vihrestyuk M.

Moscow State Technical University of Civil Aviation
(Moscow)

Abstract. The article presents the results of the analysis of the use of visual surveillance
equipment ativil aviation airfields. A number of shortcomings of the requirements of regulatory
documents and shortcomings of Russian and foreign technical solutions have been identified. The
results obtained make it possible to increase the efficiency of the usesuall observation
equipment.

Keywords: air traffic control, airfield dispatcher service, remote video surveillance,
optoelectronic means.
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SPECTRAL STRUCTURE ANALYSIS OF POLARIZATION -MODULATED
SIGNALS WITH A CONTINUOUS CHANGE IN THE ELLIPTICITY
ANGLE

VlasyukA. P.
SirboV. A.
YamanovD. N., Candidate off echnical Sciences

MoscowStateTechnicalUniversityof Civil Aviation
(Moscow

Abstract. The spectral composition of orthogonal linearly polarizing components of the
field is determined when the ellipticity angle is modulated by an elementary sinusoidal oscillation.

Analysis of he spectrum of orthogonal components of thelarizationmodulated
oscillation depends significantly on the initial values of the polarization structure parameters of the
unmodulated oscillation. Amplitudef the carrier oscillation anaimplitudes of theide components
depend significantly on thdlipticity angle deviation and its initial value. Selection of the deviation
value during modulation leads to a repartition of energy between the harmonic components. The
polarization ellipse of even harmonics is orthogonal to the ellipse of uneven hesm®he
orientation angle of the ellipse axes of even harmonics coincides with the orientation angle of the
carrier oscillation ellipse, and axes of uneven harmonics are orthogonal to the corresponding axes of
the polarization ellipse of even harmonics aadier oscillations.

Keywords: polarization modulation, ellipticity angle, spectral analysis.
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SPECTRAL STRUCTURE OF SIGNALS WITH MODULATION OF THE
SPATIAL ORIENTATION ANGLE OF THE POLARIZATION ELLIPSE

VlasyukA. P.
SirboV. A.
YamanovD. N., Candidate of Technical Sciences

MoscowStateTechnicalUniversityof Civil Aviation
(Moscow

Abstract. Parameters of theolarization structure (amplitudes and phases of the polarization
orthogonal components) are modulated, and the sum of the squares of the amplitudes of the
orthogonal components remains constant during modulation.

Issues of control of oscillations by modtibn of the spatial orientation angle of the
polarization ellipse are considered in this article. The spectral composition of orthogonal linearly
polarizing components with this modulation is determined.

Selection of the orientation angle (withomiodulation) determines the orientation angle
deviation. It affects the spectrum of the polarization orthogonal components of the modulated
oscillation. A change in the number of terms of the spectral decomposition leads to a change in the
amplitudes of hanonics and phases. The presence of phase shifts between the orthogonal
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components of harmonics leads to elliptical polarization of these harmonics. The direction of
rotation of the electric field vector of all harmonics is identical and coincides witthirgetion of
rotation of the field vector of the carrier oscillation.

Keywords: polarization modulatiorellipseorientation angle, spectral analysis.
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INTERFERENCE AND HARDWARE INACCURACY INFLUENCE ON
INFORMATION QUALITY TRANSMISSION IN AN ADVA NCED
BROADBAND ACCESS SYSTEM FOR AIR PASSENGERS

Kulikov G. V., Doctor of Technical Sciences
Dang Xuan Khang
Lelyukh A. A.
Matyukhin M. A.

MIREAT Russian Technological University
(Moscow)

Abstract. Mobile services for air passengers and aircraft crewthe world are mainly
provided by broadband communication, which is organized with the help of ground base stations
(usually using LTE radio channel communication protocol) and with the help of satellite
communication channels. The development of sintdtanestic systems is underway in Russia. At
the same time in LTE protocol radio channel communication multiposition signals with quadrature
amplitude modulation (QAM) are used, in satellite communication channamsplitudephase
manipulation (APSK) witha ring form of signal constellation. Reduced reliability of
communication with aircraft during transmission of information occurs due to the presence of
various kinds of interference and hardware inaccuracy, such as synchronization errors and
nonlinearities of signal processing paths. The purpose of the work is a comparative analysis of the
effect of interference and hardware inaccuracy on the quality of information transmission in the
prospective system of broadband access for air passengers.

The following types of noffluctuating interference were considered: phasmipulated,
frequency scanning and retransmitted. The synchronization errors were modeled by the phase shift
of the reference oscillations in the operation of the phase synchronizgstems and the clock
desynchronization in the receiving device. A logarithmic amplitude response was used as a model
of the nonlinearity of the receiving signal processing path. The values of energy losses arising in
these cases have been estimatedl analyzedThe research has shown that the use of QAM and
APSK signals in broadband access systems to provide mobile services to airline passengers and
crews is very promisingn a complex interference environment and in the presence of amplitude
and plase hardware inaccuracy the main parameters of the noise immunity of the satellite radio
channel using APSK signals are almost as good as LTE communication systems using QAM
signals, and in some cases, for example, with nonlinear effects in the rectiveupaass them.

Keywords: broadband access system, amplitpdlase manipulation, quadrature amplitude
modulation, satellite communication, nflactuating interference, hardware inaccuracy.
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MODEL OF A DEVICE FOR GENERATING A SECONDARY RADAR
REQUEST SIGNAL OF DISCRETE-ADDRESS MODE

Lezhankin B. V., Candidate of Technical Sciences
Churbakov V. P.

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

Abstract. Technical means using various methods, modes and algorithms of operation
operating in the ultrahigh frequency range are used to control aircraft. The most widetyazsed
of remote monitoring of objects is a secondary radar, but in areas with heavy traffic congestion, as
well as areas with a low number of grodmaksed surveillance equipment, their use with standard
operating modes is ineffective. The introduction ofp@mising discret@ddress mode will
significantly improve the efficiency of air traffic management, flight safety and the regularity of
flights. The introduction of a new mode into the secondary radar system is associated with the need
to analyze the p@armance of the specified characteristics in terms of bandwidth, noise immunity
and observation accuracy, determines the relevance of the study of the process of using the radar
channel, which is possible by creating a model of a signal generation device.

Keywords: secondary radar, discredeldress mode, modeling in LabVIEW.
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SIGNAL GENERATOR SIMULATION OF THE DATA TRANSMISSION
SYSTEM LDACS-1

Mezhetov M. A., Candidate of Physical and Mathematical Sciences
Dragailo L. P.

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

Abstract. The rapid development of the aviation industry gate/ard new requirements for
data transmission systeni@TS) associatetvith an increase in controlled parameters, monitoring
of which must be carried out online. The existD@§Ss do not allowit to be implemented due to
the limited speed of informatiomansmission. At the same time, the problem arises of choosing a
particular rangeneeing the highspeedDTSs requirementsSuch sections of the spectrum can be
located between the DME request and response signals in the L band. Therefore, the development
of a promising LDACSL1 system is relevant today. The article considers the LDACSS signal
generatosimulationin the Labview 2010 software environment.

Keywords: OFDM, LDACS 1, data transmission system, modulation.
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SIGNAL RECOGNITION ALGORITHM  IMPLEMENTATION IN THE
AVIATION COMMUNICATION LINES MONITORING SYSTEM

Mezhetov M. A., Candidate of Physical and Mathematical Sciences
Shalaevp. ¢.

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

Abstract. With the increase in the load of the bands of the radio frequencies used, the number
of unintentional interference caused by the peculiarities of the operation of radio systems inevitably
increases. In addition, such a direction of cybercriméradio hacking" is rapidly developing
unauthorized access to the radio channel of professional communication lines for the purpose of theft,
substitution or damage of transmitted information. Applicable to aviation radio communication lines,
the abovedctors directly affect flight safety, most strongly manifesting themselves at tiheffeked
landing stage the most difficult stages of flight, where information exchange is carried out almost
continuously. In turn, the rapid detection and recognitibmterfering radio signals allows you to
quickly eliminate sources of interfering influences, and thereby improve flight safety. Moreover, on
the basis of signal recognition systems, it is possible to carry out indirect monitoring and evaluation of
the gerability of radio equipment vith signal parameters are known in advance.

The purpose of this work is to describe the ways of possible signal recognition algorithm
implementatiorby type of modulation based on thepghase and quadrature componeamislysis

Keywords: radio broadcast monitoring, radio engineering intelligence, signal analysis,
interference detection.
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POTENTIAL ACCURACY OF AUTOMATIC HYBRID SURVEILLANCE -
BROADCAST

Plyasovskikh AP., Doctor of Technical Sciences
Nesterovich A. V.

Russian ScientifiResearch Institutef Radio Equipment
(Saint Petersburg)

Abstract. The paper considers an aerial surveillance method calledmatic Hybrid
SurveillancéBroadcast AHS-B). The article proposse a method for calculating the potential
accuracy oAHS -B.

Keywords: aviation surveillance, MLATAHS-B, ADS-B, position estimation algorithms,
multi-position surveillance system, position estimation.
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ON THE APPLICATION OF THE ABERRATION LAW IN AUTOMATIC
DEPENDENT SURVEILLANCE

Rubtsov E. A., Candidate of Technical Sciences

Russian University of Transport (MIIT)
(Moscow)

Annotation. Carried out the analysis of the possibility of the aberration law (deviation of the
measured parameters of the object of observation when it moves towards or away from the
observer) applying in relation to automatic dependent surveillance broaticasiependences of
the difference between the observed and the true object paraareteistainedThe calculations
were made for velocities of 250 and 600 m/s, which corresponds to existing and perspective
aircraft. The effect of aberration can be detectedjt@mntities, which observed with high accuracy
with a sufficient dynamic range, in particular for the time interval between-BD&&ssages. An
assessment of the sensitivity to errors in the measured value and the velocity of the object of
observation wamade.

Keywords: aberration, true parameters, observed parameters;BADS
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AUTOMATION CONTROL OF THE VISION SECTOR OF THE ON-BOARD
IMAGING SYSTEM

Stukalov S. B.Candidate of Technical Sciences
Kostenkov V. A.,Candidate of Technical Sciences
GavryushinR. S.

Moscow State Technical University of Civil Aviation
(Moscow)

Abstract. Approaches for theautomationcontrol of the vision sector of the onboard
imagingsystem of helicopters are considered. The currently used manual channel for controlling the
rotation of the onboard camera limits the possibilities for using these devices and performing the
aircraftpiloting. To automate the work as part of the onbaardgingsystem, it is proposed to use
a set of devices associated with the rotation of the pilot's head based on the information of the
sensor for determining the position in space located in the aviation headset. The board camera is
proposed to be contreltl by two servomotors through the control controller. The paper describes
the hardware and software of control devices. An algorithrnthBsautomationcontrol of the vision
sector of the onboarighagingsystem is proposed. A prototype of the vision sectmitrol device
has been assembled. Experiments have been carried out showing the possibilities of a promising
implementation of the proposed approaches.

Keywords: onboardmagingsystem, vision sector, aviation headset, gyro sensor.
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SOFTWARE IMPLEMENTATION OF THE ALGORITHM FOR CODING
AND DECODING THE LOCATION OF THE TARGET IN THE DISCRETE -
ADDRESS MODE OF SECONDARY RADIOLOCATION

Turintsev S. V., Candidate of Technical Sciences
Turintseva M. S.

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

Abstract. The use of discretaddress mode (mode S) in air traffic control redutiee
likelihood of false alarms when solving the problem of detecting aerial targets, significantly relieves
the radar channel and increases the accuracy of determining coordinates. When using the extended
squitter, in S mode, the following informationnclhe transmitted: the current position of the aircraft
(in the air or on the ground), vertical speed, coordinates (latitude and altitude), etc. When
transmitting location in the air, algorithms are used to encode and decode latitude/longitude data
using canpact location reporting. Decoding algorithms are divided into algorithms of local and
global scales. The use of one or another algorithm affects the accuracy of determining the
coordinates of the location of the aircratft.

Keywords: discreteaddress mod@dvanced squitter, latitude, longitude, coordinates, bit.
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CHARGE PUMP DC/DC CONVERTERS FOR BATTERY -POWERED DEVICES

Babenko V. P., Candidate of Technical Sciences
Bityukov V. K., Doctor of Technical Sciences
Lavrenov A. I.

MIREAT Russian Technological University
(Moscow)

Abstract. The results of the analysis of the charge pumping process in switapaditors
DC/DC converters, as well as specific processes in transient operating modes are presented. Prior to
carrying out simulation of a converter, the main parameters of theylimadel IRFZ44N transistor
were determined, when working together with the driver, and then these parameters were compared
with those from the Datasheet. As a results of the simulation of a voltage doubler, that was also
carried out, some of the practical features of the circuit and its adjustment were noticed. The circuit
modeling allows for specifying the processes characteristics, minimizing conversion losses,
formulating recommendations concerning the choice of thanpeters of converter components,
and generating of control signals. The dependences of the energy characteristics of the converter on
the load current were studied. These were the load characteristic for the capacitance of the "flying"
capacitor of 0.2F and 1.0eF, output power, and efficiency. The resulting load characteristic of the
DC/DC converter is of a linearly decreasing character. The output voltage ripples consist of two
parts: one is exponentially increasing voltage associated with the chalgestbrage capacitor at
t he moment the Aflyingo capacitor i's connect
exponentially decreasing voltage associated with the discharge of the storage capacitor on the load
resistance. It has been found thag thaximum efficiency, ~91%, is achieved at relatively low
output currents of ~50 mA. The dynamic resistance, which characterizes the load characteristic of
the DC / DC converter, decreases with an incr
the conversion frequency, and with a capacitance of €H,.@ decreases to ~2 Ohm, limited by
MOSFET switching losses.

Keywords: DC/DC converter, charge pumping, "flying" capacitor, efficiency, circuit design,
simulation, recommendations, energy charésties, electronic component base.

JHdts?2 dL fwssdjd fshistesjddy Mtet] dj
B WodW bW dm 1 dzjteetstse My udldd Is
Isd o dzts § d d ted M J dzd 4 ftcd BOdzr = BO
xd;’ztlsdzﬁ]Ldfsﬁ)GldmijthjjtSBtGGL[ﬁ]aOIsJdzJQ

Sdzdzs Mrd BSlSjrdzd O EMlstets?2 Mise
rd3 fdlsOdzed j &3 B OLDLCIDE § &) B AL SHotdsS
Hsdzj dedv fedmizh dn kOCdd i) 5B sl
tso Odzdz" A md mls j OSIDC { figls ®dzde O U ticod @iy jdz
oder n L dzj d3j dzlstso . ANzd2C yd sdzOdz! dzts Is
tcOL s Odad W dz0 § te texsjndrd) vz dz'yds,s d dgs ¥ Isf to
sfrtsHdy | BOfMMtse OB Otcdlsdz” j R OtcOCIsj tod
CteOdz! dets? Isjrmdesdztsedj 2, dzf dMfsdz Lz
f4ydoe O Is GOdzJaOdzdu;anlzs tcOLowL Clz o~
f sdztse d W DO¥DB Uf thog) 'sB te OL 59 Ols j dzj 2 tOMMdzs
JHBa Odzr Mrj BBISJrddyd MEdy tMise | dedzets
Os h d dze CsdzH | dzMOlststesds d ddzo jtelsdtolzs

o~
- s =

&+ o
ZRRELes

TESFERRO T =o
Q—UTQ_.Q—IUTEUTC
SO @FNS Og

.0

I

Q,

D,

7]

(§)

o &

g3

00 FossooT
==

123



1

9o0dzdyj MEB2 wWOLOWLCES2 9 n BH dzts 2 d or
sdlsd dzj &3 dzOf tew 3 4 dzd v , dzs BJjL GOdz 9 Odzd
J 2.

T 0
N

Q—
o O

dnjBBlsjrddyj Mis] d&BsHj dzJdtcseo Odzdj §toj tsB
sdz L 59 Odzd j dElecttorics Wackbazchr O MOt &BBHJ d&z
o jHjdet 5 B IstsHEZJL st Pulaizsyzzdzdes @36 1 d  tcj
[ dzv BsH ] zP@BD Pz B tcOL 50 Ols j dzv ) dzOC O
o' B t@ddzO ZM@BFRT[ 7] It QdRFZsAENe d L IstrthBfifizd 5 1s
f Ot O3] Is tbarakeet f EzO 1 toW ¥ - dgdp ¢ CHiIds G0 Misf totsils 9 dz
COBOBZO o IsC to'YilstsAd8 friogffis, swWifiaftdseso s dzOff to
4] ptej BY LOHJjtSd oCdzs yjdedw 12 dzfp, otej 3
or Cdzg yjdedw 44 dzfp, otej Y My OHO 45 dzf.
Vg Hd UJdB o' f Sdzdzg¥ Is! BsH J dzd tesyed@fdsd j |
f OtcOd3j ster BdBAZdtSlsj Yydes?2 dBsHjdzd | RFZ44 N |
M HtcO29 jtotsdz d Ml s hisDatastidet wdhnj AP fH@EY O dfjfrjd:
Cztyjo'n Mots2Mmilse ItcOdaldMmlststcO® fHtedo j HJ dzO

G
z
oy
d
f to

@ =

[Space] +U V3 V5
Q1 1V

V1 [
L )
"v4
20.9Tmy
V2 <> 1V | ‘
1 MHz/50% ~ -

L '

- R1

=
-
e,

t dimz disés J IO Hdzv dMmMmodzj H 59 Oslafl 8 dzcf 548 jyy dets T dy
IRFZ44N

RMMdzy HIzj d3" 2 Qls tOszzdiNldsdsislz § Is  Is 5 CVIElO) s 5 y dac
dzj Rl 0dzQ dafge z LIC S OyJ Miseo j HO220 ]

ro2 Va s i3 Wwiiaged2ntrolled Voltage Source
hd2 ftj sBteOLsoaOdzdy dzsedyd ME:
Cts1 WW dydy/dyls dfjtoyjHdB O ldse tOtdas iy
CGOdz! 90dzd yj MEdd3 t©WOL HJ dzj

124



1 jtoj G@ds jSiiz' fsLotsdzv jIs dL d3j dgv Ise Wiz dzC yd
frd 3" . 1ted fdsyjddd ¢dsf by dfsdsy i bad s d
f5COLOdets 1 (20O MBIPHBO CodWdektocdtotso OdzO H dzv
~nOtcOCIsj tcd Mis d ¢ VIQRIkup ©sistopr  dz®@ deBBR2soAtaiGf tsH O Is fr
or MsCd?2 dsecduyujmMcéd?2 ke j dz , sBd My j ydoe O
Q1 . 1 OH J dzd 4 zOf tew 3 j ded W zO0 C O0dz0dzj sils ¢
o sdz' Isdfjlls tctsd3

lted it Co® g def thaztsy j dzdy ¢cle oW diskze
G j dzj tc U0z szHts?2 5 1 d yofmlstslsts?2 VH#, [ 1y
Colster 2 Wosttdsdqtelzjls cO0dzt 9 Odzdyj MSd dzjL Ood
o n BH i MdsastStc iz y @ dzOdzs ¢ d Y dzV52,  HiftaHCoadgstey j d
f OtcOdzdzj dz' dzts - fijle ts®H Old3tc @RS & 6 tetc ® Oalzd ) MO s t
ftcjtsBtecOLZjIs dOftewyjdzdy dO GOdzOdzj IstcOdal
slsdesmdIsj dz' des tsBh j 2 h ddz , f L otsdwvw C s
f sd3tsh 1 & smMyd zdzsc tc OW O. 1 sdzlz y4 dedzr | smyd
ot d3v o Cadzs=y jldgd wdzfp o & £ dB QjdAd WIsteOdzL d s ts
Yylsts Mtscec dzOMmiz j Is fipatasheel ©@d2Ld3]] filpldctOy.

lted dLdijtejddvn o MisOldud MEs®B t6j ) dd3d,
fsHO]jIsMw §tshistsw dtzts | + 520§ tow Y jGadjjdzdY; dz@zOf to
slsCter Issd3 Istc OdaLjdsifdd t tc ji s(dstOdz'ddydgls a21 o3l ,
2ZOctelQ CYjY=1¢ Mtsle jlkMisoalzjls Mtsftetslsds dzj d
stcOdzL d Mls sKE-PO 1 p'. vOCts] wEBEPHAjdzts Rt
mMstslse jIsMmise zjYs, O@BOES d3f atagheet d f sHIso J t6
yJjdzj MstsBtocOL desmis IBFZSAbds O GgjOfigds o j IsAsdeOy O

 dzw dmmdzj Hso Odzedw o j sSBCOL SO OIsj dzv M
rdz0 9" BEEORRO Maj BO, ) ¢ tsls tstcts MOSWEA dz6 y d
JLlzd sdlzs h OV Mnj BO d3ts HigOdzdi@oiee Q dpf ), U d $ ©
sz IsOyds stsCso L OteWHO/ tcOL tal § @ g g ls®Y
tcOdzL d P E@QOBAzf tcOo dzvv jJ 3" HEVH e O2 9 j tc O3]
u.-.cid30 HiY tsdzdzj dzO Motslse jIsmisekzs h ddz 1 d
sBatSHJA d&d 1 dzj d3d dzls O d3d C ts dzls to ts dzw . R ) ls
dzv j Isfw B d B dzd ts [Bgttergel 2 MC HaBY Wz deldz® j 3. 1 °
JBBKOL 59 Ols j dzw ZzOG tolzy § dR3 dz@  teligQiSattdgdts e
dzH j deff.Ols s to
1l oW sz sdz! dzr | d &3 Mz fifris fis 2 § O ezl tc @Ot i s t
zdz Mse kY tcOoidajtead y JHipesdyQsdu2) dig dzls dzj d3d
| d3d dzdzts 2 RICBH. j oy ©d o' RtsH zse dqugj Y2 d =
i3dt€|2*‘|5fr]w d BY z dz' O dadk § Qo dij il dzlflsdzsj  ff &
fn ¢

N W

g- (73

N =
& o

osmcr,

d ddizjehd] BdztsSCdtkze b OR j dfidsgztc o O@h ¢ s
CotsL dgrfrs ddzm e d 2 Dedddimee@ dgddj tedso tsj. o toj
BmntSHJAGSJ 9 teTdtys J A H P OG Ismw o) 6 zdzd te't
j &3] dzdRICR J f @02 § sMiskzf Ot s dzO { tslsj da
2 9 Y ¥, Clstster § ftoj sBteOL 28 Is dzsecdyy m
COdz 9 Odzd ud MCd dzj L OodMmddssy dzOftew >y jdedj, t
MOSFETS dzt ygj 2 .

I O~ P =00
FE- 0 OF §&

(ORal”’)

125



V4 éVe
slstf O Isfiyw
HicO29 j tcO
9" Cdzs YyoOLE h jots "Mzeltgw. ) j dad W

s dz¥ W, Q2
flsts¢ j .

)

@3

] 51 s &k
N-C O dzO dzts RRFEMNG O H dzw
J H{ded ydz' o3

fd

u1

9

¢ Oud mse J

Zf tcOo dzj dzd W

f5HOYJ
sl JeOs NYe ©®HAOYde v b Piied 6 Os(Is fyw

&3 I HE

(

V6

WdC ydesddtelze s ftod § sdsydls
L ls f EMOSEETfiy j 2 -
Colster dgd ¢
fis] 82 g§Qy $ ozB dzdz” .

U te O dzL
L Olso stets

% V4
5 TN i ~ 2|
02 :
R1 u2 — "—‘—'1
1k Ohm ] A /S
4
1 - D2 s
&5 ;2 N T4T
T 100 pF v i @
T etdn  [BA0BTA] w2
o
o RS |
ci

irlz44n
D1

[ 500nF

Q2
irz44n

Q4
irfro014

| RFR9014.
ftcjorh Os5j j
f SHG dzt yJ dzd W7 H ted2® o telo j dzd yd Is
lted WdisHj dzdtetse Odzd d
HdBHO, Colsster 2
Msf totsilsd o dzj dad |

dmists¢ sd3.
HYf 2Mmisd 3O,
¢ dzv y GBBdQ4

MOSFET f{ tc d

o J dzd yd o Odzd

GO dz" &Bd

{ Hd&OC 5

Yls ts

hzdzlsdtelz § Is

Cdzs yo f(ted Mmd3j dzaj

{ HdzOC 5,

Yls s

Hist sdzded Is § dz! dz" =

fd3j dzj

H dzw

I3 A
t Mz dem&G j2A3O Hdzv dMmMmdzy His9 Odad W
o Ydd3d BEZHotsdIlsj dzv
0 CdMue MRjdsi o f Sdde s

f slstc] Btso Odzts

H dzw

dmidzy HizJ B2

jets Sy w

B ' MOSFETUE O tz® L dHOdkE d
C OdzO dz

ftc] SBiOL ts

dzOf tow ¥y § dad W

CodBRZzISOYds
Yyt flstejBso Odzs (M tsdz' MASEET 6)tcC Q des@3iztsiny d3ls ok
J s ts j BdEQjHIS) fywdzts BE@® 1 tdsiisy

¢t
d

dzj Is t5 dz!

Istc O dzL ©
] 5 dz¥ to dzts
fMrd &'

ftdo j dris & d® ydpjdm{p'n St fggismHst

126

f sdzv e dztsfls d .
C sdBREIsOydsdzdz j
fslsd oW di3dR2, QF Pteds ds QOEIs |
fsdzv tedetsmisd dzOf oW ¥ J§ ded v,
1 sflstsW dzdzOW
dmlstsydzed ¢ O

i jtoj d3j dadzts 2

d ©dzd dzJ
fMsmisQo dzv & h OWTY 1 st @i coth sdz
¢ Bdzls tots dzd 65D O gzO MP'A3Y g [e2dzy Is S diglks s 3

s fls O dAy v n jfip

fots df < dzdy

Da,dD8 1 dz'Bazts € dztc g §f !
YIstsB '
fsisjted,

Hd
dzj

ftotsdf
Istcj Blz¥ I

dzJ

smydd



shyd s Oy &syjlk tjcdfsedess Ok! Issd §
or 9SHO. )} tilts®z HAv dOBds Hj ddv tsfyyd dzdzt
yif' dHVsEyBEd® yj dz ¢t S0 tck o gasifagzent IstsC

Controlled Voltage Sourcé , ftcj sBteOL z8 h d 2 Ists ¢ )
¢ Odz a@dzo[u; fr]Qo[ teOL ®@W L Odzdzts j 2Ot tow y J ded |
Q Yjo p"i! p.

) 5COL Odgdw  dL Bjtedlsj dz2 ¥ Mshbgy sigse 2 Is
HsMisOlstsydsts Bsdz h @ 3OS 83 BREOE M €5 | & = &
ZOf Wy ddi ftd YItE Osils.0sldasdeslz d3j dz' b j dz

Hs 1...3 dd of "Hdts] d@Oftewy jdedj HBMIsdE
1001, Is. j. 1 WWjiCl EHotjddwWw dOftewy jdedwWw HSH
tdekdzdtesa CO Mnj B , o dQfce kg dsryg teigH ' g

LOH j DS dfted Ctbtstsd JqEfbd f' MCotsL dsdts
CsBBsOydd wslhksmisoksls, d orf § sdde j Isfyw
9T IHdE2 Yjfj2 ftjsBOL 50 Olsj dzv .
15 dsedyuj nS o SoL usjsh GrElls ¢ | dast®ls § w® yu
@ d fesdmoisHdls LOLWH cdljls®kh ffdtsdsy
SHoGEEE O v | dabe d uj IS s dP p flg G 14 tOeH iz |
| dzj GOBEO L ORQS OGP MY OFC dgvdnyidls O% h 28l € ts5d
HC dzs YO, lsfw fsimdzj Hiso Ols jddd fdis ¥l dadivs H dats o3k
| gz HICHERRE t@BES DC/DC f 6 5B GOL 50 Ols j dzv 1 &
Jejdk™ L OHJtd®d MG GikE & Hfee0s dzj dzd v ¢
LGgZ;S  dME Oy Jddd i3 R&BUSiAsESWIASPAsY € @ d 12
sedyujMStsj Ctsdedddetb Odd jo Rded dats dzs o3 jd o
@cidad. . 3) d ddi3f zdz2 MORCGYY @ e @ ddmipfthy. s 3
otz s fsdzzydls! dJd&fkd ' bkftwcOs B ded ™
e&tcdm. 3). It BBk s@zExCd bikkEds @b bt &
s @i, ybts HEMsOsydsts HoEY BESS s C

P33 =00
000 @EF-1F
cfHara. g

N F s
ot
oX

SOIFT

1 5COL OdzdzOVY H 2P . Hd D W StcdzO o R BHAMSEE Ist
sHjteydls CtttslsCd] dikfkzd fr IssCO, oL dzd ¢
ts dzHQ)Isdisftic O . l1dSsatsy L dzOyJ dzd j8 09 nis H dAStE fipls Hsv
sflsOo dzvw s h QW o ©E0682t,6 5 ( Usds S ©vd3jf ¢ @evd3 jfldlis s d3
Eh jMmlse j dedets d3j dz' N B o @6 Is tiigi§ @& ifls dd. H c

1 2dz MOydd o1 - tsH dz®¥ s ¢ 0 {( e Qjedim| v fr) . 3)

zOHT 9 O Isfw  dL FyomlsSC O ¢lé 1 CMY tsdzaj dzy

oW L OQdzgdetsets ) L Otcd2H tsady RBtsdigH dplslzmPs is @ yj dzd
sdzH j defgD s tedPmistsyded € 2 o - WH defs clasy Qs )¢ joddd
s dzH | dz8g20 Isdz@ Ofm ts § teds@sdt® RE j Cdz]

lted Maj @Sl nddud MEBd BSH] dzdese O@Id
ZOctedL © -~ SH dzis G 5 YA dasMosidedderts 0 O dzd 8 [ tc OB t5
WstedBO fkd MOYyd?2 of ntsHUSES dzOf tew y j ded W
ontsH C(tlttesets Bddiz ofulzs (Uug da off oflsits W dzdats 2
ZOctelzL € d o 0Ot! qteseo Oz o' Bstetsd3 MssRAP j IsMl

s
¢
fr
g
fn <
) &
¢
¢

127



: ANENRNENRNE

Jisustiavavauava)
Niuialin

0 2

8 10 12 t. MKC

it dMzdgd Qe 33 dzdz | H ®OEEGIOHR | i3 2 dx2mr GJ
BI dzOff tow 3 J dzd J deOulS tsdlzkeQ Elai)'Osjsdediy L OH j to) O dzdz
dZzO or ntH jJUR[ isslse | ISifplasjHddea®; ISHSC 1 toj tsB t6C
j1dz0f tew ) j dzd j wivdz@® HORGER ] ftoj SBLOL 59 (

) sz yj dzdzO"  zO¢ ez L DGO & F OO0 Ustg do@ i) jsdfC
&0 #wdfhcewow. 1 d 2). 1 dmdiHbk] Bsd HdOYf O
ddzj 2dzts kBT 9 O8N d2 LSOLOSCIK] s, sj &3 Sk
HddoBd ud MSdd MEY YEBOy dzjodddijdds dsj dzj dedJ o " nf
GO Wy Yo s slse jIsMiso k¥ h jsjsC @ L dgPdzjetizd £ . v
Csdzd Uy Mlso j dzdzOW tsuUsO o jdkRdEtiEdids | ¢ dzj s O uj @ e ¢
yoMmstsls fto]fse @ Audse @eES jd j &3C slsh0, 5 &S A
o dzd W dB@ , 2 [ dswl = SR ofit, ) 6 BOd 5 or ot
5S¢ 00, ] KdDEOCHEY ©jdBO fodshssets KtHO,

HeMisdedjlss19, 8 fc0SkdujMSd kHotj dzdgscts o R
4 el EokOsuEra Cd dddj2ds zej dkduyde 0jls
O (tedfy. ceO%. 3). sl HEMlsd O jflds dosaSsidjds g
25630 &0 d (WOHPGE HEHOD BIYH04). 4, cCLOW.

Us, B Pq, Bt

19 KL %
7 Hoo
Ny
18 | Wl 16
= ] ¥ L
S 5 | g
| |4 AN
= 3 |80
16 1 3 2
P 1 70
15
I

0 100 200 300

{ {fkdis ok g BeEMOZOEEL EEEDj s yj MSdE = Ot
f toJ 5B tc OLdAED sk LAOGAEWIS | ¢ i &) led] €&%bd3C A (T Hed2ve
ul=108C A3i o " A SH dzOV @™ iAtsyi s -

H, MA

128



1 Oodmd d&ssMmis! HJdOBRd WY 56t ¢ thilgEdf gstols o ) dzjts
CtsdeH J dzOIststc® d yYOfifY telde j ffitg (4B dOL twaf @dzd W

Rji

N T
XL
BN

‘@M

0,2 0.4 0.6 0.8 C1, mx®

{dMzdg VeI M BBEMIS! HJBOBJUFMS Bt MG
Bls JBECBMisd GIsdffigAUEPEB GO d <1409 0(

'y zdyfdzddzj dz' " ©0jIsmw  fted ko] dzduj dadd
dzH | dz2gDIsFtc QO Missisr f L sidieRl sIOEIfOIs sy dzets B B¢
dzH | dzBy10 IsisGefpf tsdzj dzyd O dz! dzts I telz], d3dfsis fipv) dfts o ailzjj
Isjtewvwddd o ¢ dz¢t yOn.
UOQdd3 sBtcOL 543, dZzO BOL J OO zPC/MC Ists{q
sBtOL 59 Olsj dzj 2 fn dZzO¢ OYy¢< 2 L QW H O,
| dzd tots 0 MMIA@BFET C gz y O d3d , d fttse jHjdets Mmoo
GijlsdyijmMeédr ROOCIjtedmisdC. L Mis @dzts 8 dz
deOjlsmw e | MtcOo dzd Is j dz! dzts dzj B tsdz' h
Bdud Mc sy Mofesisdeodiddi, -~ OttQiclymisds
ficj sBtcOL 59 Ols j dzv Zdzj dz# h OjIsfqw fted [z¢
Hj dzZlhOlststc® d yOmlstslsr o] sBtcOL s Odzadw
J &3, G tcOdzd Y JMREEETS dfstsusQ e d3d o

V)

S =00

te
B
dz
S
d
C

s
2

tcG
Is
0]

g_s‘Q—q_Q—

@]

D

l DO I~
§&

4} ReRrU [ YL RS J

1. mOtyj dzS s rR. ¢.sddazazgdd fsmen: 1 d, Mtcj HMiso O
COyjMmMloa® 1 dzj Cstetst dgj tec d mMdMmlsjdd 1 dzj S lstetsdzOB Y
mModssdzj Isse / 1 tSH tGJH.-a.[ Ppr, MBBYF d2¢XB56 [ . : RLH

2. 1dlss Ctso 1. s ., d4d 3OyYSCtso RMlstsydzd S d 1 Ois sdzg
L ¢ Istetstf digOadpd .. , 4 § j toj tc OBR.dzyd] dridfd.W . fn.2:0 2rROdzY 8 6

3. (BizsC Soutsg toj d3j dzdz j Bd ¢ tc tOC-BG tofj e jdy s td @Ljs o Ols
ZOoftewy jddw M dOCOYSEts?2 LOWHO HAEZY ftodBttese MM
sjodzsdzsedd. 9BMW.O05. -~ 2. w.

4. DC-DC conversion without inductors. Maxim Integrated Product. Tutorial 725uB2
2009. P 8.

129



5. 10BjdSs5 1. 1., Cdgeeitgyjmédsg. d hEedgser j
fsor "OCfFEBgdy O jets ff cJERIEG Oz tded Pisgztztsdzr i3 d B d{ 5dzW
Il 1t smimhd2Med?2 Isjrdsdztse dyj S §29. DPlogH62362/2200 2 1 .
316X-2021-9-4-9-109.

6. 1 OB Jj dzC 8 ]. | RI dddsls @usthts dztlzis ] s d3tsH J dz tets 9 O
fJted Cdzt yjdedwv MmMddzser n  sdzj o ELECTRGNIRVARKBEDNGHE/o o
t OHdBI i rnded SO d { dzj € B tcts éx05.000:9.2.10134650033849418020025 "

7. 1P wWCtsddseh db'.j] ftsdzjor j IstcOdidandslisdej : d d ks ts g
b OdZdIsdyui MSd2 tBLBt // wddd8@Dvw 1 dzj Slstesdzd ¢ O. 2

vrs 621.396. 914

Jafrri1vfe8uvRrR 10l RLIOGARSUVVLLL Lol Yy

(osh dldzitt Isj Rdz. dzOE¢
[ 4 dzig. ¢

RESEISMS 2 WdddOd [ Lfuvu 40
(¢. R©SEISMEC)

0 dzdzts s Oy  deslsdzr j dzjlsOlsjdz dz j Of § OteOlsr (1}
Micj Hiplso O dzOB dz* Hj dzd¥, COlscwOW dese Oded™ o
or ftsdzdgj dzgdw § tsMlsOodzj dzdz" = L OHOY dzj SBRrtSHI BB ISty
feshstcOdhlso] J Z§OcOGIgLt §Pu@iglstcss. | 0odc0Oyds
slsdzd yo,j lsfpw 9 fjtcalzs syj toj H! sfls tc 5@ O B @jcty s %iAs Y
f5COLOIjdd. ¢dOddL Mkh jmlsobksh i d&Oo dcOydsddy
Wodzw jlsmw  fted B3] dended s dad djisinj o QDD Oy d d .

sdz¢b ujerj fMydidejak” dz0esdecOydd JlI¢ B J fﬂ‘fdd215|5<
qd byd G | Mdnkjd @Osdcoudd, mykld q S0 §
0o decOydd, &Odzj d Mmwjrddd 11] 9, s By dzj & MdzOW

FEATURES OF UAV NAVIGATION SOFTWARE

Erokhin V. V., Doctor of Technical Sciences
Del A. E.

MoscowStateTechnicalUniversityof Civil Aviation, Irkutsk Branch
(Irkutsk)

Abstract. Unmanned aerial vehicles (UAVS) are promising means of observation, mapping
andexploration of the earth's surface. To perform the assigned tasks, it is necessary to know exactly
the location, orientation in space and the nature of the change in these parameters. UAV navigation
support is distinguished primarily by the urgent neecotmply with weight and size indicators. An
analysis of existing navigation systems has shown that the use of inertial satellite navigation
systems is promising.

Keywords: unmanned aerial vehicles, UAV navigation systems, inertial navigation systems,
satellite navigation systems, optical navigation systems, small and msiechUAVS, complex
processing of navigation information.
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DIRECTIONAL ANTENNA FOR THE UAV COMMUNICATION
Mayorov I. V.
lvanov |. M.

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

Abstract. The concept of a directional anterfioa the UAV communicatiorcomplex using
a directional antenna is considered. At the same time, a directional antenna, a rotary mechanism and
an antenna guidance unit for the UAV are allocated as the main blocks. The first task is to maintain
communication between the base statiod the UAV. The second task is to maintain the position
of the antenna in an optimal state for communicafltre thirdoneis to develop commands for the
control mechanism. The principal solutions for the implementation of algorithms are given.

Keywords: concept, UAS, UAV, directional antenna.
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INCREASING THE PILOT ING RANGE OF UNMANNED AIRCRAFT
USING THE RELAY OF CONTROL SIGNAL S

Maiorov I. V.
llyin D. N.
Borozdin D. V.
Klyueva A. A.

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

Abstract. This articleprovides a description of thelag, the results of testing a prototype
and the prospects for application. A feature of the device is an increase in the flight characteristics
of the UAV by increasing the line of sight of signal transmission and #émeirgy characteristics.
The tasks of unifying the &y, increasing the noise immunity of UAV channels, as well as remote
piloting via the Internet are being solved.

Keywords: 2.4 and 5.8 GHeelay, increased UAV piloting range, remote piloting.
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AIRCRAFT TO ASSESS THE GEOMORPHOLOGICAL
CHARACTERISTICS OF THE YARKY COASTAL BAR
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Abstract. Unmanned aircraft (UA) were used to study the modern m@fidfe Yarky coastal
bar. Orthophotoplaas, morphological characteristics oisthelief, digital relief model were obtained,
relief changesave been evaluate@ihe methodology for processimgthophotoplas was proposed.
The task of using the UA for monitoring the relief of accumulative formations on Lake Baikal for the
purpose of environmental monitoring and rational nature management has been formulated.
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APPROACHES TO ACCURATE LANDING OF U NMANNED AERIAL
VEHICLES IN THE TRAPPING NETWORK

Stukalov S. B., @ndidate of Technical Sciences
Kostenkov V. A., @ndidate of Technical Sciences
Gavryushin R. S.

Moscow State Technical University of Civil Aviation
(Moscow)

Abstract. Approaches to ensuring the accurate landing of unmanned aerial vehicles (UAVS) in
the trapping network are considered. It is proposed to perform a landing with a capture in the trapping
devices in the form of vertical and horizontal networks using irdfrdR®) landmarks based on powerful
LEDs located on the networks. According to the information of the location of the IR landmarks, the
UAV movement is corrected during landing. Image processing of IR landmarks is done using a modern
package of OpenCV imageocessing applications. To analyze the proposed soluigmegramwas
developed in the Python language, a layout of the landing pad was assembled with an installed trapping
network and IR landmarks based on powerful IR LEDs. Experimental resultdtshefficiency of the
proposed approaches to ensure accurate landing in the trapping devices in the form of vertical and
horizontal networks using IR landmarks located on the networks.

Keywords: UAV landing, trappingnetwork, IR landmarks, LED sources.
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IMPROVEMENT OF
PASSENGER SERVICEQUALITY IN AIRLINES

Alferova A. A.

Saint Petersburg State University of Civil Aviation
(Saint Petersburg)

Abstract. Approaches and method$ improving the passenger servigaality carried by
airlinesare studiedThe main indicators of the quality of passenger transportation, the development
of improving ways of passenger servicduring air transportationare proposedThe practical
significance lies in improving the passenger sergicality.

Keywords: Transportationairline, passengers, quality, service.
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METHODS OF ATTRACTING YOUNG SPECIALISTS FOR
PROFESSIONAL ACTIVITY AT THE ENTERPRISE (ON THE EXAMPLE
OF THE FEDERAL SERVICE FOR SUPERVISION OF TRANSPORT)

Alferova A. A.
Marihin S. V., Doctoof Pedagogical Science

Saint Petersburg State University of Civil Aviation
(Saint Petersburg)

Abstract. Various approaches attracting young professional$h® Federal Service for
Supervision of Transport (Rostransnadzargstudied in this article. The features of the youth labor
market and professional competencies of young specialists in modern conditions are revealed. The
analysis of the activity of the personnel department at the aviation state enterprise is given. The
features of the woreif young specialists in the public service are determined.

Keywords: Staff, young professionals, enterprise, management, work.
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