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High pressure turbine rotor blades heating duration experimental
estimates prior to the bypass turbofan engine start for reducing thermal
stresses

A.A. Ametovl, B.A. Chichkov'

"Moscow State Technical University of Civil Aviation, Moscow, Russia

Abstract: Reducing the durability cost of an aircraft product is an issue either addressed at the design stage or causing significant
design modifications. Turbine preheating of a gas turbine engine (GTE) allows for the thermal stress of the rotor blades (RB) to be
reduced at the engine start without making design changes, but only by implementing the engine heating technology into the
operational process. Values of thermal stresses on rotor blades of a high-pressure turbine of a bypass turbofan engine (TFE) with
and without heating allow us to determine the change in the total HPT RB damage rate. In the concept of preheating a GTE prior to
the start in order to comply with the preheating technology, it is necessary to know the duration within which the RB will heat up to
the required temperature. Thus, the research objective, presented in the paper, is to empirically determine the HPT RB heating time,
using thermocouples and pyrometers on a full-scale body depending on the methods of air supply for heating and rotor spinning.
A distinctive feature of this work is the application of the empirical approach to determine HPT RB heating time to evaluate the
feasibility of the GTE preheating technology application prior to the start and the selection of the most efficient heating method
according to the duration criterion. Several methods of engine heating prior to the start, using different sets of equipment and the
method of supplying hot air to the turbine, were considered. The results of RB heating time measurements made it possible to
establish the method of heating with minimal time expenditure prior to the engine start.

Key words: gas turbine engine, high-pressure turbine, rotor blade, preheating, thermal stresses, damage rate.

For citation: Ametov, A.A., Chichkov, B.A. (2024). High pressure turbine rotor blades heating duration experimental estimates
prior to the bypass turbofan engine start for reducing thermal stresses. Civil Aviation High Technologies, vol. 27, no. 1, pp. 8-17.
DOLI: 10.26467/2079-0619-2024-27-1-8-17

JKCNEePUMEHTAJIbHBbIE OL[EHKH NMPOI0JI)KUTEIbHOCTH MPOorpeBa padoumnx
JIONMATOK TYPOHUHBI BLICOKOIO AaBjeHud nepen 3anyckom TP/1
JJISI CHUSKEHMSI B HUX TEPMUYECKUX HANPSKeHU U

A.A. AMeTOBl, B.A. Ynukos'

1 . . . .
Mockosckuii 2ocy0apcmeenHblli mexXHUYeCKull YHUgepcumem epaxcoanckol asuayuu,
2. Mockea, Poccus

AHHOTaIMs: YMEHBIICHAES CTOMMOCTH JKH3HEHHOIO LIMKJIA M3/IeNUs aBHALMOHHOW TEXHHKH — 3a[ada, peliaeMas Ha CTaJuH
MPOEKTHPOBaHMs JMOO BJIEKYyILasi 32 coOOW 3HAYMTENBbHBIE JIOPAOOTKH KOHCTPYKIMH. [IpenBapHTenbHblil ONOTPeB TypOUHBI
razotypounHoro mpuratens (I'T]I) mo3Bosser yMEHBIIHUTh TEPMOHATIPSDKEHHOCTh pabounx stonatok (PJI) mpu 3amycke mBuraTers
633 BHCCCHUA KOHCTPYKTHUBHBIX M3MeHeHHﬁ, a JIMIIb 3a CYET BHECAPCHUA TEXHOJIOIMHN ITOJA0IPEBAa ABUTATEIIA B 3KCHHyaTaIJ,I/IOHHblﬁ
Tporiecc. 3HaueHUsI TepMUYECKIX Harpspkerwni Ha PJI TypOunb! Beicokoro nasienus (TB/]) TypOopeakTHBHOTO JBYXKOHTYPHOTO
mpurarenss (TPIAJl) ¢ npumeHeHneM mojorpeBa M 0e3 HEro MO3BOJSIOT ONPENENUTh HM3MEHEHHWE CYMMAapHOH CTereHH

8
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noBpexxaaemocty PJI TB/I. B xonuenimu npeaapurensHoro nojgorpesa [T/l nepen 3amyckoM Uit cOCTaB/IEHUs TEXHOJIOTUU
mojorpeBa HEOOXOAMMO 3HATh BpeMmsi, 3a kotopoe PJI Harpeercss mo HeoOxommMmoil TemriepaTypbl. TakuMm oOpaszoM, 3amada
HCCIIEOBAHUS, U3JIaraéMoro B CTaThe, 3aK/II0YACTCS B OMIIMPUYECKOM olpeeneHun Bpemenu nporpesa PJI TB/I nmpu nomomm
TEpMOIap M ITMPOMETPOB HA HATYPHOM OOBEKTE B 3aBHCHMOCTH OT CHOCOOOB IOAYM BO3IyXa JUIS MOJOTPEBA M BPAICHUS
poropa. OTIMYNTENBHOH 0COOSHHOCTBIO MPOENIAHHON padOThI SBJISETCS TIPUMEHEHHE SMITMPHYECKOTO T0/IX0/a B ONpPEeICHUH
Bpemenu nporpesa PJI TBJI mist omeHKH 1iesiecoo0pa3HOCTH IPAMEHEHHSI CaMOU TEXHOJIOTUH TIpeaBapuTeNbHOro noxorpesa ' T/
mepes] 3alyckoM M BbIOOpa Hawbosiee 3(P(EKTUBHOrO Crocoda MporpeBa Mo KPUTEPUIO BpeMeHH. PacCMOTpEHBI HECKOJBKO
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Introduction

The basic details which determine the TFE
durability, as a rule, are the HPT RB [1].

The HPT preheating technology prior to the
start makes it possible to reduce thermal RB
stress due to reducing the temperature deference
of a blade airfoil during the start.

Reducing thermal stresses on the RB in non-
heated cases and with the use of the proposed
technology determines the RB damage rate [2]
during the engine start which impacts the fre-
quency of HPT inspections and the reduction of
downtime during the maintenance [3].

The heating technology is a supply of hot air,
using a ground source (engine heater), to an en-
gine core from the direction of a nozzle [4].

Presuppositions

The investigations to assess the durability of
the aircraft engine units have already been con-
ducted by the specialists of the Lul’ka Experi-
mental Design Bureau (G.P. Gogaev, E.Yu. Mar-
chukov, M.A. Bogdanov, I.A. Shubin) [5].
In their proceedings, a modern mechanism of
calculating the accumulated damage rate of the
major GTE components, considering the effect
of flight conditions to increase the engine opera-
tion time, has been presented. This methodology
assesses the accumulated engine damage rate on
the whole, preventing its premature removal.

The investigations to assess the HPT RB dura-
bility suppose modelling of the stress-strain state

with the further evaluation of acting stresses on a
full-scale blade [6]. The Doctor of Technical Sci-
ences [.Kh. Badamshin, in his investigations, was
assessing the impact of static and thermal cycle
loading on the HPT RB durability by means of the
computational methods [7], considering the heat-
ing temperature as an input parameter leaving open
the question about determining the duration of a
hot air supply to attain the required RB tempera-
ture prior to the engine start.

The problem to determine theoretically the
time of blade heating up to the assigned tempera-
ture involves an array of factors [8] to be consid-
ered, impacting the heating time, such as a loca-
tion of air supply, engine heater parameters, am-
bient temperature, thermal losses related to heat
discharge into a disk, etc. Therefore, the issue of
the empirical HPT heating time determination
prior to the engine start, considering the stated
above factors, arises.

In order to form the preheating technology, it
is crucial to experimentally obtain temperature
heating duration dependencies in conformity
with various equipment configurations.

The experimental design techniques
and conditions for its conducting

For the purpose of statistical confidence and
ensuring the maximum measurement accura-
cy [9], the experiment was conducted on various
days on a completely cooled engine at the ambi-
ent temperature of 15 °C. The measurements for
each equipment configuration were conducted
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Fig. 1. Hot air source is the engine heater

&

AY

Fig. 2. Pyrometer with a flexible cable and a recording application

five times. The temperatures were assessed in
three RB airfoil sections in the radial direction
from the root to the peripheral part.

As a source of hot air, a modern engine heat-
er' (EH), applied in operation, was used (fig. 1).
Its parameters were as follows: supplied air tem-
perature 145 °C, air flow 8000 m’/h, air outlet
diameter 300 mm.

The pyrometer” parameters, used to deter-
mine the blade airfoil temperature, are as fol-

' AEROSMART SYSTEMS. 4n official site
“AEROSMART SYSTEMS”. Available at: https://aero-
smart.ru/catalogue/ (accessed: 16.02.2023).

2 TEKKNOW. An official site JSC “TEKKNOW” .
Available at: https://www.tek-know.ru/catalog/
po-vidam-izmereniy/temperatura/pirometry/ (accessed:
20.02.2023).
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lows: the range of temperature measurement is
from —30 up to 600 °C, the spot diameter is from
1.6 mm up to 6.5 mm, the distance range to a
measured object is up to 450 mm, the basic error
margin is £1,5%. An application to record the
blade temperature, which includes the pyrome-
ter, is shown in Figure 2. A smart phone was
used as an application to record.

Conducting an experiment

In the design of CFM56-5B engine, an opera-
tional plugged (borescope) port on the engine cas-
ing’ is provided. It is practical to determine the
HPT RB temperature (fig. 3) through the port.

* Operation manual of airbus family A320 (2022). 21 p.
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' Bopockonuueckoe]
wdoreeperie

Fig. 4. HPT RB temperature determination through an operational port

Table 1
Dependence of the attained temperature t on heating time t for three blade sections
Temperature ¢, °C 15 30 40 50 60 70 80 90 100
Heating time 7,01, sSeconds 0 1:42 2:39 4:46 6:16 8:34 | 11:18 | 13:03 | 15:41
Heating time T e, seconds 0 1:29 2:37 4:23 6:11 8:13 | 10:31 | 12:48 | 15:26
Heating time 7 ., sSeconds 0 1:24 | 2:31 | 4:17 | 6:06 | 8:02 | 10:25 | 12:32 | 15:07

For an access to a leading edge of the HPT
RB, a flexible cable in a set of the pyrometer,
designed to measure the temperature of metallic
surfaces, is used (fig. 4).

Let us consider the possible options of an
equipment configuration to preheat the GTE pri-
or to the start.

The equipment configuration 1: an engine
heater hose is routed towards the side opposite
from a borescope plug (fig. 5, a, b).

11

For considering the radial temperature varia-
tion, the temperature measurements of the lead-
ing edge in three HPT RB sections were carried
out: Ry, — the peripheral blade airfoil part (Rper),
R, — the mean blade airfoil section (Rpm), Riopn —
the root blade airfoil section (R;o0t) (fig. 6).

The arithmetic mean values of heating time
for configuration 1, based on the results of five
measurements, are given in Table 1. Where
T.oot — heating time measured in the root section
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of HPT RB R;, Tpean — heating time measured ing time measured
in the mean section of HPT RB R, Tper — heat-

in the peripheral section of
HPT RB Ryr.

Bxongnoe

Brixnonuoe Obtekarens
YCTPOHCTBO

YCTPOMCTBO  BBIXJIONHOI'O
YCTPOICTBO

Pyxas
noiorpesaTens

a)
Bxoxmnoe yctpoiictBo — inlet; BrixnonHoe ycrpoiictBo — exhaust outlet; O0Texarens
BEIXJIOITHOTO yCTpoiicTBa — exhaust outlet casing; PykaB mogorpesatens — heater hose

Fig. 5. Equipment configuration 1:
a — heating circuit; b — hot air supply

Fig. 6. Temperature measurement points on the HPT RB airfoil

12



Tom 27, Ne 01, 2024 HayuyHbiit BectHuk MITY TA
Vol. 27, No. 01, 2024 Civil Aviation High Technologies

TenmouzonsauHMoHHLIH
yexoJ

BxoaHoe Brixionnoe OOTekarenb Pvkag
YCTPOUCTBO VCTPOMCTBO  BBIXJIONHOTO IIOJOTPEBATEIS
yeTpoHcTBa
a)

Bxozanoe ycrpoiicTBo — inlet; BeixionHoe yerpoiictBo — exhaust outlet; O6texaTens
BBIXJIOITHOTO ycTpoiicTBa — exhaust outlet casing; Pykas nogorpesatens — heater hose;
Termmon3omsMoHHbINA Yexoit — thermal insulation cover

b)
Fig. 7. Equipment configuration 2 with the application of a thermal insulating cover:
a — heating circuit; » — hot air supply

As the longest heating time T was observed engine heater is driven into rotation, thus, accel-
in the root section of the blade airfoil Ry erating the heating process and its uniformity.

(fig. 6), the further measurements were conduct- The arithmetical mean value of heating time t
ed in the root section of the HPT RB airfoil. for the configuration, using the cover according
For the partial prevention of thermal losses, to the results of five measurements, is given
the equipment configuration was used, in which, in Table 2. Where 7 — heating time without rotor
a cover, made from the thermal insulating mate- spinning, T ., — heating time under rotor spin-
rial, is applied, allowing for air flow leakage ning.
through clearances between an air-gas channel of For more effective flow-around of the ex-
a main duct and a hose of an engine heater to be haust unit center body, a profile plug was used in
eliminated. (fig. 7, a, b — the equipment configu- combination with a thermal insulating cover
ration 2). (equipment configuration 3), which allowed for
When the cover is used, the low-pressure ro- heating time to be shortened (fig. 8, a, b).

tor under the impact of hot airstream from the

13
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Table 2
Dependence of the attained blade airfoil temperature t on heating time ©
for the configuration with the application of a thermal insulating cover

Temperature ¢, °C 15 30 40 50 60 70 80 90 100
Heating time 7, seconds 0 1:28 | 2:33 | 3:12 | 5:36 | 6:18 | 8:32 | 9:36 | 11:30
Heating time t,,, seconds 0 1:07 1:49 2:45 4:01 4:44 6:43 7:41 8:53

b\ Tennou3onsauHOHHBIH

HEX0

CDE— =

[podunbuas
3arayluka Ha
/ oOrexaresns
Bxonnoe Boixnonnoe Obtekarens Pyxas
YyCTPOHCTBO YCTPOMCTBO  BBIXJIONHOIO MOJOTpeBaTens
yCTPOHCTBA
a)

Bxozanoe ycrpoiictBo — inlet; BeixnonHoe ycrpoiicTBo — exhaust outlet; O6texaresnb
BBIXJIOITHOT'O yCTpoiicTBa — exhaust outlet casing; Pykas mogorpesatens — heater hose;
TemnouzonsunoHHbIH yexoin — thermal insulation cover; [IpodunbHas 3armymka
Ha obtekarenb — profile plug

b)
Fig. 8. Equipment configuration 3 with the application of a thermal insulating cover and a profile plug:
a — heating circuit; b — application of a profile plug

The arithmetical mean value of heating time Summary dependencies of the attained blade
t for equipment configuration 3, based on the airfoil temperature ¢ on heating time t for the
results of five measurements, are given in Ta- various configurations are given in Figure 9.
ble 3.

14
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Table 3

Dependence of the attained blade airfoil temperature t on heating time t for the configuration with the
application of a thermal insulating cover and a profile plug

Temperature ¢, °C 15 30 40 50 60 70 80 90 100
Heating time t, seconds 0 1:17 2:02 3:06 4:48 5:45 7:01 8:34 9:22
Heating time 7,,, seconds 0 0:58 1:42 2:14 3:42 4:13 5:41 6:19 7:16
16 =
iE 5477A Ya=0,001x* +0,0699x - 1,3949
; R2=0,9976
14 _
13 4 Ys = 0,0004x? + 0,0908x - 1,5121
- ' B R =0,9959
®: »
= il £ Yc=0,0003x? +0,0814x - 1,4332
10 : R? =0,9952
Bpersa 1 AT 5 £J Yo =0,0005x% + 0,0515x - 0,9193
rpozpety ® i R? = 0,9953
7 BT _O' Lo
MUK 776 A 776 £ Ye=0,0002x + 0,0601x - 1,0402
6 i ‘ R?=0,9929
5 v
4 l ‘.
®
1 ' 64
0 &
0 10 20 30 40 S0 60 70 8 90 100
Temnepamypa F/] zpad

Fig. 9. HPT RB heating time for the various equipment configuration:

graph A — the equipment configuration with an engine heater hose routed to the side opposite a borescope plug

(configuration 1);

graph B — the equipment configuration with the application of a thermal insulating cover (configuration 2);
graph C — the equipment configuration with the application of a profile plug and a thermal insulating cover

(configuration 3);

graph D — the equipment configuration with the application of a thermal insulating cover and rotor spinning
(configuration 2 with rotor spinning);
graph E — the equipment configuration with the application of a profile plug, a thermal

insulating cover and rotor spinning (configuration 3)

Conclusion

Within the framework of the method devel-
opment to increase the TFE turbine unit durabil-
ity by reducing temperature stresses in the

15

HPT RB airfoil during the engine start by means
of RB preheating, the experimental estimates of
blade heating time up to the temperature of
100 °C were carried out.

The minimum blade heating time up to the
temperature of 100 °C is attained using the
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equipment configuration with the application of
a profile plug, a thermal insulating cover, rotor
spinning and amounts to 7 minutes 16 seconds.

Within the stated time, while using the
equipment configuration under which an engine
heater hose is routed to the side opposite from a
borescope plug, the blade airfoil temperature of
approximately 64 °C is attained.

The stated result is twice as much as the
event of the equipment configuration under
which an engine heater hose is routed to the side
opposite from a borescope plug and can be used
while developing a task card of HPT heating.

As a result of experimental data processing,
significant, by a correlation criterion [10], re-
gressional dependences [11] of blade heating
time on the required heating temperature were
also obtained. These dependencies will be used
in a mathematical model to estimate a blade du-
rability [12] variation.
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Model of the process safety management system at an airline

P.I. Benyaminova', O.G. Feoktistova'
"Moscow State Technical University of Civil Aviation, Moscow, Russia

Abstract: The purpose of the process safety management system is to identify hazard factors and develop a set of methods to
prevent injuries at an airline, occupational illness, material costs in case of damage to property and the environment. The analysis of
the structure of occupational pathology depending on the factors of the production environment and the working process for the
period 2013-2022 shows that the percentage of diseases associated with the impact of production physical factors for this period
remains at the same level. This fact, in turn, confirms the relevance of the chosen study. Analysis and identification of the current
production situation is necessary to assess the impact of adverse production factors. In this study, a new approach to the
mathematical model for a process safety management system is implemented. Mathematical modeling allows a deeper
understanding of the nature of certain phenomena and to obtain information about the real situation, which in turn stimulates the
development of new scientific problems and methods of solving them, and is also the basis for choosing specific solutions for the
implementation of certain projects. The successful implementation of strategies in order to create a process safety system for a
flexible monitoring and management structure depends on how effective its functional structure is; this provision is explained by
the fundamental nature of the tasks that are solved at the management stage. The article discusses the theoretical statements
concerning mathematical modeling. When creating the model, the apparatus of abstract algebra-set theory — was used. The model
developed in the course of the study makes it possible to introduce a model of the process safety management system into the
activities of aviation enterprises.
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Moaesb cucTEeMbI YIIPABJACHHUS NIPOU3BOACTBEHHOM 0€30IIACHOCTBIO
HAa aBHANIPEANPUATHN

1 1
II.LU. BenbaamunoBa , O.I'. ®eokTHCTOBA
"Mockoeckuii 20Cy0apcmeeHHbIl MeXHUYeCKUll YHUGepCUmem padcoancKoll asuayu,
2. Mockea, Poccus

AnHoTammst: Llenblo cucTeMbl yIpaBiieHHs! POM3BOACTBEHHON 0€30MaCHOCTHIO SIBIISIETCS BISIBIICHHE (PAKTOPOB ONACHOCTEH U
pazpaboTka COBOKYIHOCTH METOJOB JUISl NPEAYNPEXICHWs TpaBMarM3Ma Ha aBHAIPEANPHSITHH, IPO(eCCHOHATBHOM
3a00JIeBaEMOCTH, MaTepHAIBHBIX 3aTpaT B Cilydae yiiepba MMYIIECTBY M OKpY)Karolled cpere. B xone aHaimsa CTpyKTypl
NpodeCCHOHAIFHOMN MATOJIOTHH B 3aBUCUMOCTH OT BO3JEHCTBYIOIIHMX (PAaKTOPOB MPOM3BOICTBEHHOM Cpe/Ibl U TPYIOBOTO IpoLiecca
3a mepron 20132022 ronoB Moka3aHo, YTO MPOIICHT 3a00JICBAHMIA, CBSI3AHHBIX C BO3ICUCTBIEM MPOMN3BOICTBECHHBIX (PU3MUECKIX
(akTOpoB, 3a JaHHBINA IIEPHOJ OCTAeTCA Ha NpPEeXHEeM ypoBHe. J[aHHBIA (akT B CBOIO Ouepelb MONTBEP)KAACT aKTyaIbHOCTb
o0nacTy BEIOPAHHOTO MCCIICNOBAHUA. AHAIN3 M BBISIBJICHHUE CKIIABIBAIOIICHCS TIPOU3BOICTBEHHON OOCTAHOBKH HEOOXOIMM TS
NPOBEJICHNS OLICHKH BJIMSHUS HEONAaronpUATHBIX IPOU3BOACTBEHHBIX (haKTOPOB. B maHHOM HcCeNoBaHMM pealn30BaH HOBBIH
HOOXO4 K IIOCTPOCHHIO MONENHM JUIS CHCTEMBl YIPAaBICHHMS IPOM3BOIACTBEHHOH Oe30IacHOCThIO. MaremaTtudeckoe
MOJIEJIMPOBAHHE IIO3BOJLIET 0ojee IIyOOKO IIOHATH NPHPOAY HEKOTOPBHIX SBIEHHWI M BBIABHTH Ty HH(OPMALUIO, KOTOPAs
OTpaXkaeT pealbHyI0 CHUTYalMIO U SIBISIETCS (JaKTOpOM, CTUMYJIMPYIOIIMM pa3BUTHE HOBBIX HAy4YHBIX IPOOJIEM U CHOCOOOB HMX
pELLEHUs], a TAKKE OCHOBOW JUIA IPUHATHUS KOHKPETHBIX PEUICHUH IPU PEaIM3alid OIPEACIECHHBIX IIPOEKTOB. Y CIIEIIHOE
OCYILIECTBIICHHE CTPATErHii B LEJSIX CO3JaHMS CHCTEMBI TIPOU3BOJICTBEHHOM 0€30MacHOCTH JUIsl THOKOHM CTPYKTYPBhI MOHHTOPHHIA
W yIpaBJICHHUsT HEOTHEMJIEMO 3aBHCHUT OT TOTO, HACKOJBKO 3(deKTHBHA ee (YHKIMOHAIbHAS CTPYKTYpa, JaHHOE ITOJI0XKEHHE
o0BsicHsieTCsl (PyHIIaMEHTATIBHOCTBIO 33/1a4, KOTOPBIE PEIIalOTCsl Ha JTare yIpaBieHus. B craTtbe paccMOTpPEHBI TEOpPETHYECKUE
TIOJIOXKEHUSI, KaCaroIMecss MaTeMaTHIecKoro MoziesmpoBanysl. [1pu co3nanuy Momenu ObLT MCIIONB30BaH ammapar abcTpaKTHOM
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areOpbl — TEOPHS MHOXECTB. Pa3paOoTaHHBI B XOZ€ HCCICIOBAHMS IOIXOJ] aeT BO3MOXHOCTh BBECTH MOJICIb CHCTEMBI
YIIpaBJICHUSI TIPOM3BOICTBEHHON 0E30IAaCHOCTHIO B ACATEILHOCT aBHATIPSATIPHUSITHIA.

KnioueBble cjioBa: Mmaremaruyeckass MOJENb, IPOM3BOACTBEHHAs O€30IaCHOCTb, CHUCTEMHBIM IOAXOJ, TEOPHS MHOXECTB,
yIIpaBJIeHUE, MOJEITUPOBAHHE.

Jna uutupoBanus: benpsmuaoBa I[LU., ®eoktucroBa O.I. Mogenb cHCTEMBI YHOpaBICHHS MPOU3BOACTBEHHON
6e3onacHocThio Ha apuanpenpustiy // Hayqnsiit Becthiuk MI'TY T'A. 2024. T. 27, Ne 1. C. 18-27. DOI: 10.26467/2079-0619-
2024-27-1-18-27

Introduction The duration of the given stage could have
been less long-term, provided field test being
substituted with process system modelling. Field
tests are very efficient indeed, nevertheless they
also have some drawbacks, such as high labour
intensity, complexity and expenditure of time
and effort. On the other hand, analytical ap-
proaches possess such benefits, as efficiency and

provide the safe labour conditions [1] in order to ~ high data processing rate, as they are based on
prevent workers from undesirable effects for powerful computer syst@m appllca?lon. At the
their health. same time the mathematical modelling of genu-

ine manufacturing processes is necessary for
their implementation. The fact of different sys-
tem functional or structural resemblance is the
basis of the modelling [5].

Airport employees are exposed to different
hazard factors, such as noize, vibration, electro-
magnetic fields, nuclear radiation, and other ones
affecting their health and working capacity dur-
ing air transportation. It is necessary to take
measures to reduce the effect of this factors and

The analysis of occupational pathology struc-
ture in Russia dependant on the production envi-
ronment influencing factor showed that diseases,
directly connected with physical factors affect-
ing health of workers take the first place, repre-
senting a respective proportion of 47% in 2022.  Research methods and methodology
The following figure is 5% more than the same

one in 2021 (42%) and 0.5% more than the one Mathematical modelling — is a method of dif-

in 2013 (46.5%)". ferent objects, processes and systems research by
Process safety management is an utter system means mathematical models.

of arrangements and technical means, necessary Mathematical modelling allows to research

for hazard factors affect probability reduction for object and process features without the necessity

airline employees, along with manifestation con- of running the experiment, which may singnifi-

sequences elimination [2]. cantly decrease cost and time expenses for re-

The process safety management service uses search. Besides that, mathematical models allow
different SOurces (SUCh as SCientiﬁC and teChnical us to Study Objects and processes in different

and economic data), presented both as scientific work environment and modes, which is also not

research works, patents, standards, handbooks always possible while conducting the expe-
and descriptions of the inventions for the infor- riment [6].

mation analysis. As a result, there is the feasibil- Mathematical model is a system of equations
ity study created for the project, which is the ba-  or inequations, describing interconnections be-

sis of system development. The feedback data tween different parameters and variables, charac-
allows to specify the particular sub-systems and  terizing the object of study. Another modelling
estimate their interaction efficiency [3, 4]. benefit is the opportunity of system parameters
change in order to study their impact on results.
This allows us to understand more clearly how
different factors influence the system, and to
choose its optimal working parameters [7].

" On sanitary and epidemiological welfare Condition
in the Russian Federation in 2022: National Report.
Moscow: Federal Service for Surveillance on Consumer
Rights Protection and Human Wellbeing (2023). 368 p.

19



HayuyHbiit BectHuk MITY TA

Tom 27, Ne 01, 2024

Civil Aviation High Technologies

It is necessary to stick to the system approach
while monitoring and managing the manufactur-
ing processes at an airline, considering that all
objects and processes, connected with process
safety system characteristics saving and enhanc-
ing with different factors exposure are to be re-
garded as integrated system. Processes of manu-
facturing system condition control, estimation
and management as a whole [8] are the elements
of monitoring and management system.

It is necessary to use the models showing all
the system work and element interconnection
aspects during the preparation stage of making
the system for efficient decision making. The
hierarchical system of various abstraction level
modelling meets the given requirements.

The recovery process modelling includes
making a model which describes the intercon-
nection between system elements. Processes may
be presented as the change of the system condi-
tion under the impact of different factors, influ-
encing various system features and its relations
with other elements [9].

The management processes in aviation manu-
facturing system have their own peculiarities,
due to which it is impossible to use the basic
principle of new management system model-
ling — a method of analogies.

The choice of the most efficient management
methods and their optimal sequence determina-
tion requires a special approach. One can imag-
ine system management process in general as a
sequence of the following stages:

e aims and objectives determination: system
management aims and objectives are formu-
lated at this stage;

e data collection and analysis: data on system
condition is collected, its analysis is run for
challenges and opportunities determination;

e management strategy development: the analy-
sis-based strategy is developed;

e strategy implementation: the arrangements are
made for achieving the goal, the performance
1s controlled;

e monitoring and control: control is provided
during the system operation;

e the analyses and evaluation of the results: the
results obtained are analyzed and the man-
agement efficiency is estimated.

20
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Such a description of the system structure al-
lows us to determine the requirements for corre-
spondences and formalize them in terms of sys-
tem recovery process system [10].

The above-mentioned theories are material-
ized in mathematical model of process safety
management and characteristics, lost under dif-
ferent factor impact, recovery. The following
model uses the theory of multitudes [11] — the
instrument of abstract algebra.

The initial system is qualitative, if all its ele-
ments and connections between them meet the
requirements. Every element of such as system is
described by the qualimetric [12] figure of
it a;:

o PO P ]

iy wee) a,.

The n total of qualimetric quality measures
united N into 4 multitude is to be considered as a
model of process system element in multitude
algebra terms. The power of this total equals to
quantity of singular measures, determined in dif-
ferent documents (for instance, public health

regulations):
n
A= U a;. (1)
i=1
In this case 4 — is a multitude, uniting quality

measures a;, which means a; € 4 and whether
any quality measure meets the singular i#;

variable it forms aq; maj —@ empty set.

This approach does not require the particular
modelling of every single system component.
The quality of system is determined by quality of
its components and their interaction peculiarities.

a; is influenced by different b; factors,
changing singular quality measures for 6a; num-
ber during the system operation:

n

AJAA = U(ai/&ll-).

=1

2)
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The complex factor impact on process system
element may be described as the factor unity:

0

j=1

bj. 3)

The change of quality measures for §a;num-
ber is f function: for factors and time of their im-
pact on the process system element:

U U a;/8a;.

Let us write down (2) the following way, us-
ing formula (4):

n m
aron=Jr(| o
=1 \j=1

The parameter extreme deviations are given
to provide safe work of the researched system:

(4)
)

AJAA = U(ai/dai max). (6)

In order to save safe work conditions consid-

ering process safety requirements and (5)
and (6), there will be:
n m
(4/AA max) > U f: U bt )
i=1 j=1

Condition (7) is checked in a real-time envi-
ronment while process safety monitoring at an
airline:

(A/AA max) > (A/AA). (8)

The system work is to be shut down whether
condition (8) is not fulfilled [13]. Then it is nec-

essary to reveal the dangerous factors, estimate
the risks and restore the system secure condition
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for working functions fulfillment (2). Neverthe-
less, there are some alterations: if monitoring is
based on parameter current numbers (5), the
fixed valuations, not meeting (8) condition, are
determined during risk factors detection.

Risk factor detection helps to detect charac-
teristics of system which need recovery, along
with determining the scale of their difference
from the ones meeting favorable process envi-
ronment [14]. This allows to develop recovery
process, its parameters and modes:

0(501’) = (O(ai / 5“1’))/(0 ai)- 9)
i=1 i=1 i=1

Limits of parameter deviation from the initial
ones are established by aviation industry regula-
tions for process safety provision:

U (da;) max max. (10)
i=1

The emergency measures are taken whether
limits are exceeded, including system operation
shutdown [15]. Whether deviation does not ex-
ceed the limits, recovery measures for parame-
ters, lost while system work, are taken.

System work seizing conditions:

n n
U(6ai) > U(&ai) max max. (11)
i=1 i=1
System parameter recovery conditions:
n n
U((Sai) max max > U((Sai). (12)
i=1 i=1

Similarly to (9), the system parameters,
which do not need recovery, as they meet the
requirements, may be written the following way:

ﬁ(aai) = (ﬁ(ai/5ai)> / (ﬁ ai)- (13)
i=1 i=1 i=1
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Shift from the state of "dangerous" object (2) to
the state of "safe" (1) one should take place during
the process safety system characteristics recovery;
total of multitudes (2) and (1) allows to model such
a shift in terms of multitude algebra:

®: (iUl(ai / Sai)) > (Q(ai / a*ai)) (14)

The formula (14) may be reconstructed the
following way, according to multitude algebra
rules:

O : <0(50i)> - <0(5*ai)>- (15)
i=1 i=1

Formula (15) shows, that deviations appear-
ing as a result of working factor §a; impact, do
not disappear after taking "recovery" measures
®, but become a (§*a;) value, to meet condi-
tion (7).

It is necessary to tend to such a deviation
value, as (6*a;) — min during the process safe-
ty management system development. The ideal
is when(6*a;) is tending to  zero:
lim(6*a;) = @.

The system element characteristics recovery
is a process, which includes different operations,
processes and systems. Certain processes, recov-
ering certain elements and fixing certain process

Vol. 27, No. 01, 2024

inefficiencies are picked out of this multitude.
This can be shown as unity:

C
o = U ;.
i=1

Formula (15) can be written this way consid-
ering (16):

(U ‘p">: (0(5‘%)) - <0(5*ai)>. (17)

(16)

i=1 i=1 i=1

The process of system element recovery is
atotal of management impact and operations,
determined to recover the initial level of system
safety and its elements quality, lost while system
work. As a result, the system returns to its initial
state. Consequently, formula (16) may be
reconstructed the following way:

D = @ r@y*x@P3*.x@Q*@Qcq*@. (18)

The management decisions and their struc-

ture are described in formula [16] (total of
measures, determined to system change, present-
ed as documents), and it is shown in (18), how
these decisions influence the real problems, for
instance, AEL, in real recovery process [16]:

(P1* P * Q3 * k@ * @1 *x@) : (6ay) = (6"ay),

(19)

(P1* @2 *x @3 x ..x @ * Qg * @)+ (8ay) = (6 ay).

System (19) does not suppose the full system
quality recovery after all recovery measures se-
quent implementation to every aspect of perfor-
mance, as the part of such measures cannot elim-
inate quality which was compromised during the
system operation: ¢; : (6a,) — @.

That is why the purpose of process monitor-
ing and lost quality recovery management sys-

tem is choosing the sequence of certain recovery
measures, resulting in the aim shown in (17).

As a result, it is necessary to find an individ-
ual product, meeting process safety require-
ments, for every single a;:

(‘Pi * ok <Pj) 1 (6a;) = (6%ay). (20)
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@ multitude in formula (16) is a submulti-
tude of Q multitude, including all scientifically
known recovery processes (c):

c
i=1

Science constantly develops and improves
the recovery methods, instruments and technolo-
gies. Power (c) in equation (21) is a temporary
function, which usually ascends. It is possible,
anyway, that some processes can be lost.

Thus:

1)

c(t)

Q@):LJ@P

As previously mentioned, recovery process
(16) is included into (22):

(22)

®c O, (23)
c c(t)
(CD=iL=J<pi>C Q(t):igwj L4

System state, in which the full recovery (20)
is gained, is described by the fact that all singu-
lar performance elements, characterizing the sys-
tem component and connections quality, become
equal to the values of these measures in the be-
ginning of system work:

((pl- * % <pj) : (6a;) - 0. (25)

Formula (14) may be reconstructed consider-
ing (20):

(@i * ..x ;) : (a/ ba;) - (a/ bay). (26)
At the same time:

6*ai < 5611', (27)

6*a; < da;max. (28)
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Here, (da;max) is an element of multi-
tude (29):

n
da; max C U éa; max. (29)

=1

Results of the research

Process safety management systems must
provide conclusive correspondence between both
right and left part of the equation (28) according
to applicable legislation. Nowadays there is a
multitude of probable recovery variants (29),
which allows us to use its different methods,
which all meet conditions (27) and (28).

(@i % v @))1: (6ay) = (6%a;)1,

.............................................. 0

(@i * o @))y: (8a) = (§7a)y.

According to equation (30), the optimal re-
covery method can be chosen based on certain
criteria (parameters d, y in equation (30)) or Pa-
reto principle [17].

There is an iconographic model of process
safety in Figure 1.

Conclusion

The new approach for modelling process
safety management system on airline was carried
out in this research and shown in Figure 1.

Mathematical modelling allows us to under-
stand the nature of some phenomena more deep-
ly and reveal the information reflecting the genu-
ine situation and stimulating the development of
new scientific challenges and approaches for
meeting them, being the basis for certain deci-
sions while running certain projects.

The main management aim is to provide the
desirable system finite state. It is possible to
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Process system components

Monitoring U(da;))=0

Working factors

. e

Allowance

System recovery

U(da;)=U(a;/6a;y) /(U (a;))

U (8a;) =U(dq;)max max

A\AA=U(QL/6al)

v

Beyond recovery

A

Singular quality measures

U (bda;) max > U (da;)

change while work
(¢

i)l (Bay) — (67ap)]

7]

(i~ ...copd: (da;) — (67a;) d S

(@i .. @)y: (8ay) = (6"ay) y

Recovery

\ 4

U (8a;)=0

Fig. 1. Iconographic model of process safety

manage different process system components of
A multitude by means of the developed mathe-
matical model, namely with resources (material,
financial, human), processes, work places. The
given managing impacts allow us to provide the
process safety acceptable level.
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Pa3BuTie MexKIyHAPOAHOTO MYJIbTHMOJAJBHOI0 KOPHIOPa
«Cesep — IOr» 1 Mepbl HHTErpalMU PErHOHAIBHON TPAHCIIOPTHOM

HHPPACTPYKTYPbI

1 1
M.A. MaabiiieB , E.H. Ko:kanos
'Mockosckuii asmomo6unbro-0oposicuiii 20cydapcmeentviii mexHuueckuii yHugepcumen
(MAJIU), e. Mockea, Poccus

AnHoTanus: IIpoGiaemsl pa3sutus TpancroprHoro kopumopa «CeBep — HOr» HampsMyro B3aUMOCBSI3aHBI C HHTErpaniiei
MH(PACTPYKTYPBI PETHOHOB CTPaH — YUaCTHHIL IAHHOTO TIPOEKTa. 3HaYeHHE KOPUIopa B HACTOSIIIEE BPEMsI 3aTparuBaeT He TOJIBKO
HKOHOMHUUECKYIO c(epy, HO Takke U cepy IeONOIMTUKU BCETO MHPOBOTO COOOIIECTBA, MOCKOJBKY 3aTParvBarOTCs BOIPOCHI
6aJIaHCI/lp0BKI/l CUJI B MI/lpOBOI‘/Il 3KkoHOMUKe. 1o uroram HCCIICAOBAHU CTATUCTUICCKUX TAHHBIX U3 OTKPBITBIX UICTOYHHUKOB, aHAIM3a
OOIIMPHOI IePHONYECKON JIMTEepaTypbl 000CHOBAHbI CHIIbHBIE U C1a0ble CTOPOHBI MYJIBTHMOJIAJIBHOTO TPAHCIIOPTHOTO KOPUIOpa
(MTK) «CeBep — HOr» n onpeneneHs! NEpCIIEKTUBHBIE ITyTH peaM3aliii M TOBBIIIEHUS ero s¢gextnBHOCTH. B KadecTse
(hakTOpOB, KOTOPBIE MPEMATCTBYIOT AKTHBHON PEATM3alliH MPOEKTa, BBIIENICHbI TOJINTHYECKOE JABJICHUE Ha sl CTpaH-y9acTHHUIL 1
acCHMMeTpHs MHTepecoB (Hanboliee 3aMHTEPECOBaHHBIMI y9acTHUKaMHU sIBIsTIOTCs Vipan u Poccrst, pyrre cTOpoHbI OT yJacTust B
MIPOEKTE MOTYT UMETh HETaTHBHBIE TEOMOIMTUYECKAE W SKOHOMHYECKHE TIOCIEACTBHS). bombiie mpobnemMbl IMEIOTCS B YPOBHE
pa3BUTHSL MHQPPACTPYKTYPHl M HEIOCTATOYHON CTENEHH TapMOHH3ALMM HHCTUTYIMOHAJIBHBIX YCIOBHH, B paMKaX KOTOPBIX
(yHKIMOHHMpPYET TPaHCIIOPTHBIA KOPHAOp. B To ke Bpemst 0e3yCIIOBHBIME MPEUMYILECTBAMU TPAHCIIOPTHOTO Kopuzopa «Cesep —
IOr» sBIAIOTCA CHIDKEHHE 3aBUCHMOCTH OT JPYTHX TPAHCHOPTHBIX ITyTEH, B TOM YHCIIE MPOXOMAIMX 4Yepe3 KOHKYpHUPYOLIUe
CTpaHbI, TIOBBIIIIEHNE HAMOHAIFHON O€30MacHOCTH U CyBepeHuTeTa Poccry, yKperieHne eBpa3suiicKoi MHTerpaliy, yriryoieHne
BHEILHETIOJIMTUYECKNX CBsi3el co cTpaHamu Azun 1 Adprku. B 1emsix MakcuMaibHO BO3MOXKHOTO MCIIOJIB30BaHMS TTOTEHLHAA
MTK «Cegep — FOr» 1 noBbIIeHHst er0 KOHKYPEHTOCHIOCOOHOCTH B CPABHEHHH C IPYTHMH TPAHCTIOPTHBIMH Y3JIaMH TIPE/I0KEHBI
clenyrompe MmyTd: 1) eIUHOBPEMEHHOE pellieHHe KOMIUIEKCA 3a[au: MOAEPHH3ALUM HH(PACTPYKTYpHL, B IIEPBYIO OYEpelb
nopToBoii — B Poccun, sxerne3HonopoxHoii — B VpaHe; mosHOIEHHas [(POBHU3aLMS TPaHCIOPTHO-JIOTUCTHYECKON c(ephl BO BCEX
CTpaHax-y4acTHHIIAX; TapMOHM3alMsl WHCTUTYLMOHAJIBHBIX YCJIOBMH peaM3aliyl MpOeKTa B 00JACTH 3aKOHOIATEIIBCTBA,
TAMOXKCHHBIX TIPOLEAYp, OM3HEC-TIPOIIECCOB, YNpaBJieHWs; 2) Oojee aKTUBHOE HCIOJB30BAHUE PEKMMOB CBOOOIHBIX
SKOHOMHYECKHX 30H M OCOOBIX SKOHOMHYECKHX 30H; 3) (hOpMHpOBaHWE CHEIMAIBHON HaJHAIMOHATFHOW OpraHM3alMOHHOMN
CTPYKTYpBIL, KOTOpasi OyeT 3aHIMaThes HenocpenctBeHHo pazsutieM MTK «Cesep — FOr».

KunroueBble ciioBa: MexIyHapoHblil TpaHcriopTHbIA kopuaop, MTK, Cesep — IOr, TpancriopTHas HH(ppacTpyKTypa perioHOB,
CcBOOO/IHAsT OKOHOMHMYECKas 30HA, MYJIGTUMOJAIGHBIC IIEPEBO3KHM, IM(POBU3AIMS HAa TpPaHCHOPTE, TapMOHH3ALMS
3aKOHO/ATeNIbCTBA, KOMILIEKCHBIE TPAHCIIOPTHBIE CHCTEMBL.

s uutupoBanusi: Manemes M., Koxanos E.H. Pa3sutue mexmyHapoqHOro MyasTHMOAAIBEHOTO Kopropa «Cesep — FOr»
W Mepbl MHTErpalllii PEerHOHANIBHOW TpaHCropTHOM uH(pacTpykTypbl // Hayunelit Becthuk MI'TY T'A. 2024. T. 27, Ne 1.
C.28-42. DOLI: 10.26467/2079-0619-2024-27-1-28-42

The development of the North—South International Multimodal
Transport Corridor and the measures to integrate the regional
transport infrastructure

M.I. Malyshev', E.N. Kozhanov'
"Moscow Automobile and Road Construction State Technical University (MADI),
Moscow, Russia

Abstract: The problems of the North—South Transport Corridor development are directly interrelated with the integration of the
regional infrastructure of the countries participating in this project. The importance of this corridor currently affects not only
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the economic sphere, but also the geopolitics of the world community as a whole, as the power balancing issues in the world
economy are engaged. Based on the results of the statistical data study from open sources, the analysis of extensive periodical
literature, the pros and cons of the North—South Multimodal Transport Corridor (MTC) project are substantiated, and the promising
ways of implementing and improving its effectiveness are identified. Political pressure on a number of participating countries and
an asymmetry of interests are highlighted as factors that hinder the active implementation of the project (the most interested
participants are Iran and Russia, other parties may have negative geopolitical and economic consequences from participating in the
project). There are major challenges concerning the infrastructure development and the insufficient degree of harmonization of the
institutional conditions within which the transport corridor operates. On the other hand, the greatest advantages of the North—South
Transport Corridor are reducing dependence on other transport routes, including those passing through competitive countries,
increasing national security and sovereignty of Russia, consolidating Eurasian integration, improving foreign policy links with the
countries in Asia and Africa. In order to maximize the potential of the North-South MTC and increase its competitiveness in
comparison with other transport hubs, the following ways are proposed: 1. One-time solution to a set of tasks: modernization of
infrastructure, primarily, port infrastructure in Russia, railway infrastructure in Iran; full digitalization of the transport and logistics
sphere in all the participating countries; harmonization of institutional conditions for the project implementation in the domain of
legislation, customs procedures, business processes, management. 2. More active use of free economic zones and special economic
zones. 3. Formation of a special supranational organizational structure that will directly deal with the development of the North—
South International Transport Corridor.

Key words: International Transport Corridor, MTC, North—South, regional transport infrastructure, free economic zone,
multimodal transportation, digitalization in transport, harmonization of legislation, integrated transport systems.

For citation: Malyshev, M 1., Kozhanov, E.N. (2024). The development of the North—South International Multimodal Transport
Corridor and the measures to integrate the regional transport infrastructure. Civil Aviation High Technologies, vol. 27, no. 1,
pp. 28-42. DOL: 10.26467/2079-0619-2024-27-1-28-42

BBenenue MBI, OOBEIUHSIONIEH SKOHOMHUKY HECKOJIBKHX
PETHOHOB M 00OecIeunBaronlei pacTymme oobe-
MBI TPY30I0TOKA JIOTHCTUYECKUMHU YCITyTaMH.

TpancnoptHelii  kopugop «CeBep — IOr»
MPEeIOCTaBIsAeT OOJNbIINE BO3MOXKHOCTH ISt
HaJIAKUBAaHUS MEXAYHapOIHBIX TOPrOBBIX OT-
HOILIEHU! 1O HOBBIM HAIPABJICHUSAM, CIOCOO-
CTBYET YCHJICHUIO HHTerpanuu EBpasuiickoro
npocTpancTBa. HekoTopsie aBTOphl 000CHOBaH-
HO MOJYEPKHUBAIOT BO3MOYKHOCTU TPaHCIOPTHO-
ro kopugopa «Cesep — FOr» B cTuMynupoBaHuu
cotpyanudectBa Poccuu u Upana [1], Upana u
Wupuun [2], pacmmpenun ToproBiu Poccuum co
ctpaHamu A3um U AQpuKH, 9YTO UMEET B HACTO-
A11ee BpeMs BayKHEHIIIee TeonoIUTUYECKOe 3Ha-
yenue [3]. PaccmaTpuBaeMblii KOpUAOpP UHTEpE-
CEH MYJbTHUMOAAIBLHOCTHIO, BOZMOXKHOCTBIO TIE-
PEBO3UTH I'py3bl O€3 KCIOJIb30BAHUS MOPTOB HA
TEPPUTOPUAX, OTPAHUYUBIINX COOOLICHHUE IS
Poccun.

Bwmecte ¢ Tem mpobnembl B popmMHupoBaHUN
CTOJIb MEPCIEKTUBHOTO TPAHCIIOPTHOI'O KOPUJIO-
pa, 06e3ycioBHO, cymecTByOT. C MOMEHTa MOJ-
IUCaHUsI POCHMCKO-UPAHCKO-UHAMMCKOIO  CO-
IJalleHusT O CO3JaHWU Kopuzaopa (CeHTSIOph
2000 r.) mpomwio yxe Oomee 20 mer. Tpanc-
MOPTHBIA KOpHUIIOp BechbMa A(PPeKTUBHO (YHK-
IIMOHUPOBAJI TIEPBBIE J[Ba rojJa, 3aTeM ero padora

AKTHBHasi cTagusi TNEPECTPONKH MHUPOBOI
HSKOHOMMKH NPUBOJUT K MU3MEHEHUIO KOH(UIY-
panuu MEXIyHapOIHBIX B3aUMMOCBS3EH, 3arpa-
TMBAcT MPUHLUIBI COTPYJHUYECTBA, IPaBUIIA
TOPrOBJIM U TPAHCIOPTHYIO JIOTUCTUKY. Takue
IIEPEMEHBI HE BCErAa MPOUCXOIAT IOJ BO3ACH-
CTBHEM ONaronpusTHbIX (akTopoB. Bo3zneii-
CTBUE HETATUBHBIX COOBITUI BBIHYKJAET MHOTHE
CTpaHbl KOPPEKTUPOBATH CBOIO BHEUIHIOIO IOJIH-
THKY, 4TO OTpa)kaeTCs Ha JIOTUCTUKE TpaHC-
MOPTHBIX NMOTOKOB. OTiIa)keHHasi TPAHCIOPTHAs
JIOTUCTHKA MO3BOJISET ONTHUMHU3HPOBATh TPaHC-
HOPTHBIE U3AEPHKKH, c€0ECTOMMOCTb MPOIYKIIMU
U yCIOyr, YTO IOJIOKUTEIBHO OTpakaeTcsl Ha
(akTOpax 3KOHOMHYECKOIO pocTa cTpaHbl. He-
KOTOpBIE HAIPABIICHUS JABUKCHUS I'PY30II0TOKOB
B HACTOSALIEE BpPEMs OTPaHUYEHBI U POCCHIi-
CKMX TPaHCHOPTHBIX KOMHaHuil. B pesynbrare
IIPOUCXOIUT IEpepaclpenciIieHUe HaIpaBIICHUS
JIBUJKECHHSI TPY30II0TOKOB, YTO SIBJIAECTCS ApaiiBe-
pPOM (OPMHMPOBAHUS MM COBEPIICHCTBOBAHUS U
PACKpBITHS NOTEHIMAJIA PaHEe HE B IIOJHOM Me-
pe 3aJIeHCTBOBAaHHBIX TPAHCIOPTHBIX cucTeM. B
3TOM CIIy4ae MYJIbTUMOJAIBHBINA TPAHCIIOPTHBIN
kopuaop (MTK) «Cesep — FOr» siBisieTcst ocHo-
BOW 111 (hOPMUPOBAHHS TPAHCIIOPTHOW CHCTE-
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NPAaKTUYECKH OCTaHOBWJIACh, YTO TPHUBENIO K
HEOOXOAMMOCTH «Iepe3arpy3Ku MpoeKTay [4].

CreneHb BOBJIEYEHHOCTH T'OCYJapcTBa B MU-
POBYIO TOPTOBIIIO — 3TO OAWH U3 (HhaKTOPOB €e
KOHKYPEHTOCIIOCOOHOCTH, YTO HANpPSIMYIO BIIHS-
€T Ha YPOBEHb SKOHOMHUYECKOTO Pa3BUTHUS CTpa-
Hbl M, COOTBETCTBEHHO, €€ HallMOHAJIbHYIO0 0€3-
OMACHOCTb, I03TOMY TPAHCIOPTHBIA PErvuoH
«Cesep — IOr» — 3T0 BO3MOKHOCTh YKpEIJICHUS
Oe3omacHocTy Kak B Poccum, Tak M Ha BceM
€Bpa3UiiCKOM IpPOCTpaHCTBE [J].

AKTyalbHOCTh TEMBI OIpeJAewia Ielb HUc-
CJIEJIOBAHUS — OLICHUTh BO3MOXHOCTH HMHTErpa-
MU UHQPACTPYKTYypbl PETMOHOB B TPAHCIOPT-
Hbli kopuznop «Cesep — FOr».

3aa4m Uccie10BaHus:

e 000CHOBaTh CUJIbHBIE U cJ1a0ble CTOPOHBI MPO-
exta MTK «Cesep — IOr»;

e OINpENEIUTh NEPCHEKTUBHbIE IIyTH pealn3a-
IIUH ¥ TIOBBILEHHS () (HEKTUBHOCTH MPOEKTA.

B kadecTtBe mpeamera HccielOBaHUS pac-
CMaTPHUBAIOTCS MPOOJIEMBI U NIEPCIIEKTUBBI HHTE-
rpaiu HMHQPACTPYKTYpPbl PETHOHOB B TpaHC-
noptHeIi kopuop «Cesep — FOr».

[IpoGnemsbl, cBs3aHHBIE C (PYHKIIMOHHUPOBA-
HUEM paccMaTpUBAaEMOr0 TPAHCIIOPTHOTO KOPH-
JI0pa, aKTUBHO MOAHMMAIOTCSI B HAy4YHBIX Kpy-
rax, IMU 3aHUMAarOTCs IOJIUTOJIOTU, WCTOPUKH,
HKOHOMMCTHL. EnnHOMymmMe ydeHbIX mpocMmaT-
pUBAETCSI  OTHOCHUTEIBHO  I'€ONOJIUTUYECKOU
BaXHOCTH TPAHCHOPTHOIO Kopujaopa. Bompocst
NEPCHEKTHB U (PAKTOPOB YCIEIIHOCTU PAa3BUTHUS
KOPUOpa UMEIOT TUCKYCCUOHHBINA XapakTep.

Teoperuuecknue BONPOCHI, CBSA3aHHBIE ¢ Oa-
30BBIM IIOHATHEM «MEXIyHAPOJHBIA TpaHC-
HOPTHBIM KOPUAOpP», BIUSHUEM (HAKTOPOB Ha
pasBUTHE TPAHCHOPTHBIX KOPHUIOPOB, MOIHH-
matoTcst B pabote B.I'. Eroposa. Hccnenosarens
NpUJAeT TeONOJUTHYECKOE 3HAUYEHUE TpaHC-
IOPTHBIM KOPHUJIOpaM M OTMEYAET yCEUEHHBIN
BapuaHT ucnosub3zoBaHuss MTK «Cesep — IOr»
Ha MOMEHT UCCJIeJIOBaHHS [6].

JoctatouyHo OOJBIIOE YHCIIO TMyOIHMKAIIHA
cBsizaHo ¢ addextuBHOCTIO MTK «CeBep —
IOr» ¢ Touku 3peHus CoKpalleHus: CKOPOCTH Iie-
peBO30K U 3koHOMMHM 3aTpar. Tak, B.M. Caxun
HOJYEPKUBAET BO3MOYKHOCTh COKPATUTh BpeMs
JlocTaBku rpy30B u3 Poccun B MHauro mpakTu-
YeCKH B 2 pa3a B CPaBHEHHH C MCIIOJIb30BaHHEM
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TpaauIMOHHOrO Mapupyta uepe3 Cysukuid
kanan [7]. E.B. KprokoBa npuBogut 000CHO-
BaHHe d(PPEeKTUBHOCTH UCIOIB30BaHUs TpaHC-
kacnuiickoro mapupyra MTK «Cesep — FOr»,
CpaBHUBas 3aTpaTbl M CKOpPOCTb JIOCTaBKHU
¢ mapuipytoM lOxHOro mMopckoro mytu. Jlo-
craBka rpy3a u3 Unnuu (Mywmbaun) no Xemisb-
cunku o MTK obGecrneunBaeT cokpaiieHue
CpOKa NEepeBO3KU B 2 pa3a M 3KOHOMHIO B 3a-
Tparax B 1,5-2 paza [8].

[IpencraBnsier unrepec myonukanus [.B. be-
PEXHOT0, KOTOPBIA B KA4€CTBE BAKHEWILIETO pe-
3epBa paszsutusa MTK «Cesep — IOr» HaspiBaeT
MHTETPAINI0 C MEXKIYHAPOIHBIM PHIHKOM Karu-
TaJ0B, CBOOOIHBIN TpaHC(hep WHBECTHUIINI B MH-
pOBOM 3KOHOMHKE, MUHUMH3ALNIO OTPAaHUYCHUI
BO BHewHel Toprosie [9]. Ucnons3oBanue ce-
TEBBIX PECYpCOB — 3TO BEPHOE HaIpaBJIICHUE
pa3BUTHS, KOTOPOE JOJDKHO NPUHECTH CBOM
wIoAbl Juist Oojiee aKTUBHOTO HCIOJIb30BAHUS
MTK, onHako akTUBHOE BOBJICYEHHUE B MUPOBYIO
SKOHOMHKY M (PMHAHCOBBII CEKTOp B Oimxaii-
1€l MEepCIeKTUBE HE MPEICTaBIIAETCS BO3MOXK-
oM. [udposuzanuio MTK «Cesep — FOr» kak
dakTop JaNbHEHIIEro pa3BUTHS U POCTa HKOHO-
MHUYECKOH 3((EeKTUBHOCTH MPOEKTa paccMaTpH-
BaeT B cBoei myoOsmkaruu C.B. [lupokux, ymo-
MHUHAs O TaKuX Ipoekrax, Kkak «IOPA-
I''TIOHACC» u cuctema «Ilmaron» [10].

BaxHoe 3HaueHHMe AAIbHEUIIEr0 pPa3BUTHUSA
MTK «CeBep — KOr» nomuepknyn A.K. Maro-
ME/IOB, Ha3BaB IOCTPOEHUE HHOPACTPYKTYPHI
«HE TOoJbKO mpeporatuBor Kurasy. Ha3zBaHHbIi
aBTOp NPUBEJ CPAaBHUTENIbHBIN aHAIU3 NEPCIIEK-
THUB JJIs1 BCeX ydacTHUKOB mpoekra MTK, yco-
MHUBIINCH B €r0 YKOHOMUYECKOU 3(pPeKkTuBHO-
CTH U TOTOBHOCTU MHPPACTPYKTYPHI TAKUX POC-
cuiickux nopros, kak Ous u Jlaranp, Kk ydacTuto
B ¢yuknuonupoBanun MTK [11]. TlpencraBins-
€TCsl BEpHBIM IIOJIXOJIOM C YKa3aHHEM Ha IEepBO-
CTENIEHHOE 3HAYEHUE CTPATErH4eCKOro IUIAHH-
pOBaHUS B TPOBEICHHM TAaKUX MAacIITaOHBIX
reONpPOEKTOB M MCIOJb30BaHUEM SKOHOMUYE-
CKUX CTHUMYJIOB Ui OOBEIUHEHUSI BCEX ydacT-
HUKOB.

I'pynma oTedecTBEHHBIX aBTOPOB 0OOCHOBBI-
BAa€T BO3PACTAIOLIYI0 pOJIb IOYKHBIX Hampasiie-
HUI TEPEBO30K M >KEJIE3HOAOPOXKHOTO TpaHC-
[OpTa, YTO JIOJKHO IOBBICUTH aKTUBHOCTH 3a-
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BepieHus npoekra «Cesep — KOr» u popmupo-
Banust MTK [12].

HNHocTpaHHble aBTOPbl MOJYEPKUBAIOT BaX-
HocTh MTK kak oOBEIUHSIONIETO MpPOEKTa U
CTUMYyJIa YIJIyOJIGHHsS BHEUTHEIKOHOMHUYECKHX
CBSI3EH, WIUTIOCTPUPYS NaHHBINA (PaKT ycuinusMu
Hpana nmo HampaBieHUIO K COTPYAHHYECTBY C
A3zep0OaiiykKaHOM B Pa3BUTHH aBTOMOOMIIBHOTO U
KEITE3HOIOPOIKHOTO COOOIICHNUS .

UM. Tynsiii ynensier OONbIIOE BHUMAHHE
TexHoJoruueckoMmy dakropy passutus MTK
«CeBep — IOr», nemoHcTpupys TEXHOJOrHYe-
CKHE PEIIEHUs], CTIOCOOHBIE TTOBBICUTH SKOHOMHU-
4yecKyto 3QexTuBHOCTH Kopuaopa [13].

Hexkotopeie uccnenoBarenu MNOIYEPKUBAIOT
BaxkHOCTe MTK 1s pa3BuTus OnpenesneHHbIX
pernoHoB. M.A. BonbplHCKUI pa3BHUBAET MBICIHb
00 HHTETpallMOHHBIX BO3MOXKHOCTSAX TpaHC-
MOPTHOTO KOPHUJIOPA, CIIOCOOCTBYIOIIMX O0b-
€IMHEHNIO SKOHOMHMYECKOI0 IIPOCTPAHCTBA POC-
CHUICKOT0 TOCyJapcTBa, a TAKK€ BBIIEISAET OCO-
Oyto posb AcTpaxaHCKOW 001acTu, MopToB AcT-
paxanb W Ons B pa3Butuu kopujaopa [14].
K.A. Mapkenos, pa3BuBasi 1o100HbIe HJEH, pac-
CMaTpUBAaET BO3MOXKHOCTH (OpMUPOBAaHUA ACT-
paxaHcKoro xaba, KOTOpBIA OyneT SBIATHCA
TOYKOM KOOPJHMHALMM T'PYy30IIOTOKOB, OCHOBaH-
HOU Ha (prHaHCAX MEXTyHapoIHBIX OaHKOB [15].
[TonobOHbIe uen He ABIAIOTCS pealu3yeMbIMH B
HACTOSAIIMI MOMEHT, OJHAKO B JOJTOCPOYHOU
MEPCIEKTUBE MOTYT HWMETh BO3MOXKHOCTU JJIA
OCYLIECTBJICHUS.

HekoTtoprsie aBTOpbl OTMEUaloT OoJbIINe
BO3MOXKHOCTH ucnoiib3oBanusi MTK «Cesep —
IOr» s skcnoprepoB Ypana, Belmenss ymo0-
ctBo Mmapupyra Kaszaxcran — Typkmenus —
Wpan nis skcnopta MUHEPAIBHOTO CHIPbSI U TO-
TOBOM Ipoaykiuu [16].

Psn aBTOpOB cuMTalOT MEPCHEKTUBHOW BO3-
MOKHOCTBIO HCIIOJIb30BATh PEKUM OCO00M KO-
HOMMYECKOM 30HBI i pazButus MTK [17].
CunTaeM HAaHHBIM NOAXOJ JIOTMYHBIM U BO3-

' Armenia and India’s Vision of «North—South Corridor»:
A Strategy or a «Pipe Dream»? [DnexTpoHHbIi1 pe-
cypc] // The Armenian Weekly.

URL: https://armenianweekly.com/2021/03/24/armenia-
and-indias-vision-of-north-south-corridor-a-strategy-or-
a pipe-dream/ (nara obpamenus: 27.04.2023).
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MOYKHBIM JIJIS JaJbHEMIIETO HCIIOJIB30BAHMS, YTO
Oynetr 000CHOBAHO Jaliee MO TEKCTY CTaThH.

MeToabl 1 MeTO10JIOTUSA

B mporecce uccnenoBaHusi ObUT MpOAHAH-
3UpOBaH OOIIMPHBIA MaTepuaia: HOPMaTHUBHBIC
MPABOBBIE UCTOYHUKH, OPHUIIMATBLHBIC CANTHI Op-
raHU3alU-NIEPEBO3UYUKOB, TIepuoauKa. TemaTu-
Ka CTaThbd MOTpPeOOBalia MCIOJIB30BATH JTHANICK-
TUYECKHUI MOJXO0M, P MOMOILK KOTOPOTO CTaJI0
BO3MOKHBIM HCCIIEA0BaTh MPOTUBOPEUUS] PETH-
OHAJIHBIX MHTETPALIMOHHBIX IMPOIIECCOB B XOJE
pa3BuTHsL TpaHCMOPTHOro kKopuupopa «Cesep —
FOr», koTOpbhle HANUIM OTpPa)KEHUE B CIOKHOU
UCTOPUYECKON TuHAMUKE (opMHUpOBaHUS IaH-
gHoro MTK. C nenpro moJHOIIEHHOTO B3IVIAAa Ha
paccMaTpuBaEeMyl0 Hay4HYIO0 TpoOiieMy MpuMe-
HEHBbI METObl UHAYKIIUU C UCIIOJIH30BAHUEM OT-
nenbHbIX pakToB 0 dhopmupoBanuu MTK u ge-
IyKIUKA JUTsE BBIBEJICHUSI PE3YJIbTaTOB, aHAIU3a
coOpaHHON HMH(pOpPMAIMM U CUHTE3a pe3yibTa-
TOB aHajgu3a B rpadUyecKod HWHTEPIPETALINH.
[IpuMeHeHrne Hay4HBIX METOJOB HCCIEIOBaHUS
MOMOTJIO BBISIBICHUIO OOIIMX TEHACHIINM, Me-
maromux paszputuro MTK «Cesep — IOm», un
OTIPENIETICHUIO  TIOAXOAO0B,  CIIOCOOCTBYIOIINX
YCKOPEHHUIO0 peanu3alliid JaHHOTO cTpaTeruye-
CKH Ba)XHOTO MPOEKTA.

PesyabTaThl

Jis  yTouHEHUs OOBEKTa HCCICIOBAHUS
HEOOXOJUMO OMpEAeNIUTh 3HAYCHHE TEpPMHHA
«MEXIYHAapOIHBIA TPAHCIIOPTHBIA KOPUAOPY.
Orta Kareropusi OCHOBaHAa Ha ONPEICICHUU
«TPAHCTIOPTHBIA KOPHUAOPY», MO KOTOPHIM TIO-
HUMAaeTCsl HOPMaTUBHAsl COCTaBJISIOUIasl TpaHC-
MOPTHBIX TIOTOKOB, a TAaKKe€ COBOKYITHOCTh Ma-
TEepPUATbHBIX, HTHPOPMAIIMOHHBIX U (UHAHCOBBIX
noTokoB [18]. MoxeM yBEpEeHHO KOHCTaTHUpPO-
BaTh, YTO J0JS MH(MOPMAIIMOHHOW COCTaBIISIO-
el TPAHCHOPTHBIX MOTOKOB Ha COBPEMEHHOM
JTare OYeHb BBICOKA, U B OyayIiemM OyAeT TOJb-
KO pacTH, TOCKOJbKY TpPAHCIIOPTHAs OTpacib
OUYeHb AKTUBHO MCIOJNb3yeT HH(OpPMALMOHHBIE
TEXHOJIOTUH, WHTETPUPYSd HUX C COOCTBEHHOM
uHdpactpykrypoit (puc. 1). Bce TpancmopTHbIE
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Puc. 1. 3HaueHne MEKAYHAPOTHOTO TPAHCIIOPTHOTO KOPHAOPA
Fig. 1. The importance of the international transport corridor

Kopuzopsl, o MHeHU0 B. Eroposa, noapasne-
JSIOTCSl HAa BHYTPEHHHE (HAIIMOHAJBHBIC), pe-
TMOHAJIbHBIE M MEXAyHaponHsle [5]. B 1o xe
BpeMs TaKO€ PA3IEIICHHE YIOMSIHYTBIM aBTOPOM
Ha3bIBAETCs yCJIOBHBIM, ockoinbkKy MTK B pam-
KaX HMCTOPUHM CBOErO Pa3BUTUS MOXKET IPOXO-
JIUTh HAllMOHAIBHBIE U PETMOHATILHBIE 3TATIbI.

[ToHsTHE «MEXKIYHAPOIHBIA TPAHCHOPTHBIN
KOpUAOp» HUcIoib3yercss KoMuTeTom 1o BHYT-
peHHemy TpaHcnopTy EBpomneiickoil 3KOHOMU-
yeckol komuccun OOH. Dxcnepramu opraHu-
3anun MTK paccMmarpuBaeTcs Kak 4acTh HAIUO-
HaJbHOM WIM MEXIYHAPOJAHOW TPAaHCIIOPTHOU
CHCTEMBI, oOecreuuBaromnias OoJIbIIOS KOJHUde-
CTBO TPaHCIIOPTHBIX MEPEBO30K, a TaKke Habop
HOPM, PeryJIMpyIOmHX nepeBosku-. Takoe ompe-
NEJNICHUe TIPeACTaBIsAeTCs Hamboyiee COOTBET-
CTBYIOIIMM MaclTaly 3a7ad, pelaemMbix Mpu
nomomin MTK. Iloxoxee ompeneneHue BKIIIO-
YEHO HETIOCPEJCTBEHHO B TEKCT COTJIALIECHUSI 00
MTK «Cesep — IOr», rne noqg MTK nonumaercs
«COBOKYITHOCTh MAaruCTPaJIbHBIX TPAHCIIOPTHBIX
KOMMYHHKAIUI C COOTBETCTBYIOUINM 00YCTpOii-
CTBOM...»".

MesxyHapoaHble TpaHCIOpTHBIE Kopuaopsl EBpA3DC:
OwIcTpee, AemeBie, 0obIe [ DIEeKTPOHHBIN pecypc] //
EBpaswmiickuit bank Pa3sutusa. OtpacneBoit 0630p, 2009.
60 c. URL: https://eabr.org/upload/iblock/eba/
Mezhdunarodnye-transportnye-koridory-EvrAzES.pdf
(mara obpamenus: 27.04.2023).

Cornamenne 0 MeXIyHapOIHOM TPAHCIIOPTHOM KOpH-
nope «Cesep — FOr» [DnexrponHslii pecypce] // Dnek-
TPOHHBIN (POHJ ITPABOBBIX U HOPMATHUBHBIX JIOKYMEHTOB.
Patudunmposano ®enepansupiv 3akoHoM PO ot

12 mapta 2002 rona Ne 24-03.
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Hcropudeckn co3naHue TPaHCIOPTHOTO KO-
puaopa MeXAy €BpPa3sMHCKUM KOHTMHEHTOM H
JIPYTUMH  TE€OrpapUUECKUMH  TEPPUTOPHIMHU
MOKHO CBf3aTh C IyremecrBuem u3 Poccuu B
Wnmuio kyma Adanacuss HUKuTHHA, KOTOPBIMA
coBepui ero B 1468 romy, OTKpbIB CaMblid KO-
porkuii niyts U3 EBponsl B Mnauto. MuHocTpan-
HBIC U PYCCKHE KYIILBI C Pa3HOW CTENECHBIO MH-
TEHCUBHOCTH HCIIOJIb30BaJM JAaHHBIM MapuHIpyT.
[ToBBICHIOCH 3HAYEHHUE NAHHOTO IIyTH BO BpEMs
BTopoil MHpOBOI1 BOMHBI, KOI'ZJa OH HCIIOJIB30-
BaJsicst g noctaBku rpy3oB B CCCP mo nena-
mu3y. B nepuon ¢ 1941 no 1946 rox mapuipyr,
COCIMHSAIOIUHI II0CCE MEXIY IOTOM H CEBEPOM
Hpana ¢ TpaHcHpaHCKOW KEJIE3HOM IOPOroi,
HOJIY4YHJl aKTUBHOE HCIOJIb30BaHUE OPUTAHCKH-
MU U COBETCKUMHU BOCHHBIMH. B 1943 rony 00b-
eM nepeBo30k gocturan no 100 Teic. T B Me-
can [7]. BaKHOCTh HCTOPUYECKH IIPOJIOKEHHOTO
MapuipyTa Obljla OIIEHEHa MPEIIPUHIUMATEISIMA
Poccun, Upana u Ungum B 1999 ropy, xorna
OBLIO TMOANMCAHO COIJIALLEHUE, MPEeayCMaTpH-
BAaIOILLIEE OKCIIOPTHO-UMIIOPTHOE HAIIpaBJIICHHUE
TPaHCIIOPTUPOBKY 10 JaHHOMY MapuipyTy. Haz-
BaHUE TpaHCHOpPTHOro kopuaopa «Cesep — FOr»
OblI0 0003HAYEHO Kak O(UIMAIBLHOE YK€ Ha
MEXIpaBUTEIbLCTBEHHOM YypoBHEe B 2000 roxmy
B COTJIAIIIEHUH, KOTOPOE ObUIO paTU(PHUIIUPOBAHO
Poccueit B despane 2002 ronga, a B Mae TOro xe
roga coctosiock oTkpeiTue MTK. B mepuop
¢ 2003 mo 2006 rong xk MTK npucoennHunuce:
Kazaxcran B 2003 rony, benopyccus u Oman

URL.: https://docs.cntd.ru/document/901828641 (nata
obpamenuns: 27.04.2023).
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OdhmumnanbHoe Ha3BaHWe MpwvcoegnHUNUCL
«CeBep — Or» Benopyccus u
AKTWBHOE MCcnonk30BaHWe Locce CornalleHve OmaH ﬂpmcoeﬂHHMnMCb
ME3[y torom 1 cesepom VipaHa u \ pamcbmunposal-lo \ ApmeHus, Cupus,
TPAHCUPAHCKOW »Kene3Hon Joporomn \ Poccuei \ Bonrapus 1 Peanusauma
\\ TKprTlﬂe Aaepﬁaﬁ,u»(al-l WHBECTUUMOHHbBIX
\ MTK NPOEKTOB No
1468 . 1999r. |\ 20031 2005rT. 2020r. passuTuio MTK
, opcaiT
2000rT. 2002 . 2006 T. top MHTerpauua s
l KOMNANeKCHble
CornaweHue, MpucoeanHuncs YTBepxaéH Komnnekc TpaHcnopTHO-

b
MNyTewecTene U3

npegycmaTtpusarLlee AaHHoe KazaxctaH Mep Mo pas3BUTHIO NorucTuHeckne
Poccun B WHanio HanpaBneHWe TPaHCNOPTUPOBKM TpaH3WTHoro cucTeMbl
v noteHumana MTK
0O6beM nepesosok 100 MpucoegnHMnca
TbIC. TOHH B MecAl Ta}])KMKVICTaH

Puc. 2. «/lopoxHas kapTa» co3JaHus TpaHCIIOPTHOro Kopuaopa «Cesep — FOr» Mexy eBpa3uiickuM KOHTHHEHTOM
U IpyTUMH TeorpapudeCKUMH TEPPUTOPHSIMU
Fig. 2. Roadmap for the creation of the North—South Transport Corridor between the Eurasian continent and other

geographical territories

TpaHcKacnuiickoe

Buapl TpaHcnopTa

&
Hanpaenexus u ¥
oTBEeTBNEeHUnA
f MHTerpauma TpaHCNoOpTHOM MHGPACTPYKTYpPbI
-
MTK MynbTumoganbHble U MHTepMoganbHble

«CeBep-tOr» TEXHO/IOTUK

.

Puc. 3. HanpaBiieHust 1 BUJIbI TPAHCIIOPTA B COCTABE MYJIbTUMOJAILHOTO MEMKIyHAPOTHOTO
kopunopa «Cesep — FOr»
Fig. 3. Directions and modes of transport as part of the North—South Multimodal International Transport Corridor

B 2004 rony; Tamxkukucrtan — B 2005 roay, Ap-
menust, Cupus, bomrapust m A3sepOaiimkan —
B 2006 roxny (puc. 2).

MTK «CeBep — HOr» npemycmaTpuBaeT WH-
Terpanuio UHPPACTPYKTyp MOPCKOTO, PEYHOTO,
KEJIe3HOJOPOKHOTO, aBTOMOOUJIBHOTO M BO3-
JTYIIHOTO TPAHCIIOPTa U UMEET TPU HaIIpaBJICHUS
(puc. 3):

1) BocrouHoe, oobenunstoniee Poccuro, Ka-
3axcTtaH, TypkmenucraH, Mpan (MockBa — Ak-
capaiickasg — bonamak — Wuue-bypyn — ben-
nep — A66ac — Mymban);,

2) TpaHCKacIUKCKOe, TPAHCIIOPTUPOBKHU Ye-
pe3 Kacnmiickoe mope (MockBa — AcTpaxaHb —
Onzenu — benaep — A66ac — MymOan);

33

3) 3amagHoe, no Oepery Kacnuiickoro mops
Ha 3aI1aIHOM HallpaBJIeHUH, yepe3 A3epOaiikan
u Poccuto (MockBa — Camyp — Acrapa — ben-
nep — A66ac — Mymban).

AKTHBHbBIE KOHTEHHEpPHBIE MEPEBO3KH Haya-
auch B 2000 roay u nponomkanucek B 2001 ronay,
3areM B 2002 roxy mnepeBO3KM OCTAaHOBUIIMC,
(YHKIIMOHMPOBAHUE KOPUIOPA MNPOJIOJKUIOCH
1o yuactky Kacnuiickoro mMopsi, COeqUHSIOIIEMY
Hpan n Poccuro. IIpyunHBl OCTAaHOBKH MPOEKTA
BCE elle 00CYXIAITCs B XOJ€ HayYHO-NPaKTH-
yeckux Auckyccuil (puc. 4). VIXx moxHO crpyn-
IIUPOBaTh M0 HANpaBICHUSIM, KOTOpPbIE OTpaXka-
I0T TPyNIUPOBKY Topmo3sumx passutne MTK
dakTopoB:
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dakTopbl, TopMmosawme passutue MTK «Cesep-tOr»
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Puc. 4. [IpruuHbI CHUKEHUST HHTEHCUBHOCTH (POPMHUPOBAHUS TPAHCIIOPTHOTO Kopuropa «Cesep — FOr»
Fig. 4. Reasons for the decrease in the intensity of the North—South Transport Corridor formation

Mpeumywecrea MTK «Cesep-HOr»
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Puc. 5. OcHOBHBIC IpEeNMYIIIECTBA TPAaHCIIOPTHOTO Kopumopa «Cesep — FOr», mpegonpenensrome HeoOX0AUMOCTh
00ecTIeueHHs ero pa3BUTHS
Fig. 5. The main advantages of the North—South Transport Corridor, determining the need to ensure its
development

e MOJUTHYECCKUE (MEXKIYHAPOJHBIE CAHKIIWU,
TEPPUTOPUATBHBIC KOH(QIMKTBI MEXIy CTpa-
HAMU — YYaCTHHIIAMH COTJIAIIEHUs, HECOTJa-
COBaHHasl HAIMOHAIbHAs TPAHCIIOPTHAs TIO-
JIUTUKA);

® DKOHOMHYECKHE (KPU3UCHBIC SIBICHUS B KO-
HOMUKE, TIOBBIIICHUE MEXTYHAPOIHBIX (pax-
TOBBIX CTaBOK);

e HH(DPACTPYKTypHBbIC (KOHKYPEHIIUS JIOTHCTHU-
YECKUX CHUCTEM CTpPaH; HECOOTBETCTBHE IIH-
PHHBI KOJICH JKCJIE3HOW IOPOTH; OTCYTCTBHE
KEIIE3HOJOPOKHBIX TYTEH HA JOCTATOYHO

34

¢ HNMHCTUTYLMOHAJIbHBIC

OoJbIION MPOTSHKEHHOCTH Teppuropun Mpana
(162 xM Ha 3amaJlHOM MapuUIpPyTe); H3HOC
TPAHCHOPTHOTO O00OpYNOBaHMSA; HEIOCTATOY-
HOE€ HCIIOJIb30BaHNE MHHOBalUi U UHpOpMa-

IIUOHHBIX TEXHOJIOTUH);
(ToproBele  Oapbephl,

HECOIIACOBAHHBIE TAMOKEHHBIE IIPOLELYPHI,
OTCYTCTBUE B3aUMOJEHCTBUSA TAMOXKCHHBIX

OpTaHoB).
B 10 xe Bpemst OTMETHM 0€3yCIOBHBIC Tpe-

umyniectsa MTK «Cesep — FOr» (puc. 5):
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e MOJUTHUYECKUE (CO3JaHUE aTbTEPHATHBHOTO
TPAHCIOPTHOTO MYTH Kak (paKTopa aHTHUCAHK-
LMOHHOM TOJIMUTUKY, YKpEIUIEHUE €eBpa3uil-
CKOI MHTEerpalun);

e SKOHOMHUEcKHe (yIelIeBlIeHUE
B CPEIHECPOYHON NEPCIIEKTUBE);

e uH(ppacTpyKTypHbIe (COKpaIleHHEe BpPEMEHHU
MIEPEBO30K B CpaBHEHUU ¢ MapuipyToM 1o Cy-
SUKOMY KaHajlly, IOBBIIIEHHE HaJIeKHOCTH
TPaHCIOPTUPOBKHU; COJIMKEHNE TPAHCIIOPTHOM
UHQGPACTPYKTYPBl CTPaH-YYaCTHHII, AKTHUBU-
3alMs  TPaHCIOPTHO-JIOTUCTUYECKUX —OTpac-
JTiell, MOBBIIIEHUE UPPOBU3ALINN IKOHOMUK);

e MHCTUTYLHMOHAJIbHbIE (CHM)KEHHE TpPaHCAKIIU-
OHHBIX U3JIEPIKEK);

e SKOJOIMYECKHE (MCIOJIb30BaHUE IKEJIE3HOO-
POKHOTO TPAHCHIOPTAa MUHUMU3YPYET OTpHULIA-
TEJbHOE BIUSHUE HA OKPYKAIOIIYIO CPELY).

[TonoxuTenbHple TEHACHIMU YK€ OTMEYa-
torcs MHoruMu ydactHukamu MTK. Tak, mo
nanabiM OAO «PX», B 2022 rony yBeIuYeHbI
00BEeMbI OTIPABOK IPy30B co cTaHuuil CeBepHON
xene3Hot goporu nmo MTK nHa 36,3 %; moBbI-
cuics 00beM mepeBo3ok Ha 18,5 % udepe3 Asep-

OaifpkaH 1o 3amaJiHoON BETKE, a TPy30000pOT IO

BOCTOYHOM BeTKe yBenuumics B 2 pa3a. Haubo-

Jiee BIIEUATIIAET IPUPOCT B 14 pa3 oTnpaBiIeHHO-

ro rpysa uepe3 nopt Kacrms”.

IIEPEBO30K

Oobcyxaenue

B urore paccmorpenust ¢pakTopoB, TOPMO3s-
mux passutusg MTK «Cesep — FOr», u nepcrnek-
TUB JIaHHOTO ITPOEKTA MOYKHO ONPEACIUTD allb-
HEHIIMe NMYTH Pa3BUTHSA TPAHCIIOPTHOIO KOPH-
Jopa.

s ctpan — yuactHuy MTK «Cesep — FOr»
JAHHBIA TPAHCIOPTHBIM KOPUIOP HMEET BaX-
HEHIee CTPATernYecKoe MU TEOIOJIMTHYECKOE
3HaueHue. B nmpoexkre MTK BaxHO yuuTHIBAaThH
HMHTEPECHI BCEX YYAaCTHUKOB, IIOCKOJBKY OHU HE
paBHO3HauHble. Poccus u Upan sBisores Kito-
YeBBIMU WIpOKaMu npoekTta. Hekoropsie crpa-

4 ITepeBo3ku ¢ CeBepHoii xene3Hon goporu mo MTK
«Cesep — FOr» BeIpociu Oosee yeM Ha TpeThb [Diek-
TpoHHBIN pecypc] // Oduunansueri cait « PYKI».
URL: https://szd.rzd.ru/ru/5319/page/104069?1d=280330
(mara obpamienus: 27.04.2023).
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HBI, HaripuMmep DUHISHANA, IPOSIBUB 3aUHTEPE-
COBAHHOCTH B IIPOEKTE paHee U NPUJAB UMITYJIbC
ero passututo B 2021 ropgy, ceiiuac B rpy3omno-
TOKE aKTHBHOI'O y4YacTUsi HE MPUHUMAET. ITO
MOTYEPKUBACT HEOOXOAUMOCTh YCTAaHOBIICHUS
Oosiee TIyOOKMX HKOHOMHUYECKUX CBSI3CH, MOJ-
Jep>KaHUSl aKTUBHBIX MOJIMTUYECKUX U TOPTOBBIX
OTHOIICHUH MeEXAy CTpaHaMu — y4YacTHHULAMU
MTK «Cesep — IOr». Peus uner B nepByto oye-
pens 00 Asepbaiimxkane u TamKukucTane.
HemanoBaxknoe 3HaueHue [ TNPUBJICUYCHUS
YYaCTHUKOB IIPOEKTa MOTYT HMETh CpeACTBa
WH(GOPMAILIMOHHOTO  B3aMMOJCHCTBUS, COBpe-
menHbie PR-texnonorun. Murepec k MTK «Ce-
Bep — KOr» aktuBHO mposBinseT u benapycs, mo-
CKOJIbKY €CTh 3aMHTEPECOBAHHOCTh B JKCIIOPTE
ynobpenuit B MHIWIO MOCPEICTBOM JaHHOTO
TpaHCIOPTHOTro Kopuzaopa. Iloka mo maHHOMY
HAIpPaBJIEHUIO OCTAJINCh HEKOTOphbIE HepelIeH-
HbIE BOIIPOCHI: HANpUMep, oOpaTHas 3arpys3ka
KOHTEIHEPOB.

Jist  moTHOUEHHOTO  (PYHKIIMOHUPOBAHUS
TPAHCIOPTHOTO KOPUJOpa HEOOXOAUMO HHTE-
rpUpoOBaTh  UHGPACTPYKTYPY  BOBICUEHHBIX
B MIPOEKT CTpaH U uX peruoHoB. Tak, B Poccun
B Bonro-Kacnuiickom MOpPCKOM CyJ0XOJHOM
KaHaje TPeOYIOTCA THOYTIIyOUTEIbHBIE PAOOTHI
¥ paboOThl O CHIDKEHHIO 3aHocuMocTH [14].
OnHa W3 BO3MOXKHOCTEHW peElIeHUs MpodIemM
JAHHOU TEpPUTOPUHU — CO3[aHUE PEKUMA OCO-
6011 sxoHomMuueckoi 30HbI (OD3). IlomoOHBIE
MEXaHM3MBbl 33/ICICTBOBAHBI B JIPYTHX CTPaHAX,
y4acTBYIOIIUX B MpoekTe. MOXHO OTMETUTh
nonuTuky Mpana, B KOTOpOM aKTHUBHO HCIIOJIb-
3yeTcs peXKUM CBOOOJHBIX 3KOHOMHYECKHUX 30H
U 0COOBIX AKOHOMHYECKUX 30H [19]. Pexum
CBOOOJIHBIX JKOHOMHMYECKMX 30H B Hpane
OYEHb MPUBJIEKATENECH i1 HHOCTPAHHBIX UHBE-
CTOpPOB, TOCKOJIBKY I0O3BOJISIET OCYIIECTBISATH
omnepanuu 6€3 BATIOTHBIX OTPaHUYEHUH, IPEy-
CMaTpUBaeT OCBOOOXKIEHUE OT YIUIAThl HAJIOTOB
Ha nepuoa nepBeIx 15-20 ser (yHKIMOHHPO-
BaHus. Ha Tepputopun cB0OOTHON YKOHOMUYE-
CKOH 30HBI «JH3€JIN» PaCIOIOXKEH MOPT C OJ-
HOMMEHHBIM Ha3BaHUEM; YYaCTHUKAMH JTaHHOU
PKOHOMHMYECKON 30HBI SBISAIOTCS HECKOJIBKO
POCCUHCKUX U POCCHUICKO-UPAHCKUX MPEINPHS-
tuil. IlpenmymecTBa cBOOOAHON HSKOHOMHUYE-
CKOM 30HBI «JH3EIW» HEOCMOPHUMBI IJI OCY-
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[IECTBJICHHUS JOJTOCPOYHBIX HHBECTUIIMOHHBIX

MPOEKTOB:

e 0CBOOOKIEHNE OT HaJaoroB Ha 20 JIeT;

e 3amuTa MHOCTpaHHOU coOcTBeHHOCTH Ha 100 %0;

e nmubOepanbHOE BATIOTHOE 3aKOHOIATENbCTBO;

e IIPOCTOTA PETUCTpALIUU OM3HECA;

e ceTh MH(PACTPYKTYPHBIX KOMIaHUM (OaHKH,
CTpPaxoBble KOMIIAHUM, KPEIWUTHBIE OpraHu-
3alluu U 1p.);

e MPOCTOTA MPOIEAYP PEIKCIIOPTA.

Takue mpeuMyIIecTBa SBIAIOTCS CTUMYJIOM
I TIPUTOKAa HMHOCTPAHHBIX HMHBeCTHIMH. [lo
OopUIMATBHBIM JaHHBIM, OpPTaHU3AlUSIMH «DH-
3enu» B 2022 romy w3 CBOOOIHON 3KOHOMHYE-
CKOHM 30HBI OBLIO PEIKCHOPTUPOBAHO 586 MIH
JOTTapOB’.

[TonoxuTenbHBIM ONBIT «JH3EIW» BOCHPH-
HAT POCCUUCKUMU BJIACTSMH U YK€ UCIOJIb3YeT-
cs B paboTe 0co00M IKOHOMHYECKOH 30HBI «Jlo-
TOC», co3aaHHOM B HapumaHOBCKOM paiioHe
Actpaxanckoit o6nmactu. B 2017 rogy pykoBoj-
CTBa CBOOOJIHBIX YKOHOMUYECKHUX 30H «DH3EIN»
u «JloToc» monmucanu corjamieHue O COTpyA-
HUYECTBE.

B nacrosmee BpeMst Ha Tepputopun «Jloto-
Ca» OCYIIECTBIISIFOTCS HHPPACTPYKTYPHBIE MPO-
€KThl TI0 00YCTPONCTBY MPUYAJIOB BaXKHOTO JIJISt
MTK «Cesep — KOr» nopra Omnst, MOaepHU3H-
PYIOTCSl KOHTEUHEPHBIM, MACIISIHBI U 3€pHOBOM
TEPMUHAJBI, TMOANKHCAHBl Ba)XHbIE WHBECTHUIIU-
OHHBIE COTJIAIICHUS [0 HANPaBIECHUSM Pa3BUTHUS
Tpy30M1epeBO30K, (DMHAHCUPOBAHUS, B3aMMO/ICH-
CTBUS C UPAHCKUMHU MapTHEPaMHU.

CBoOomHast skoHOMHUYecKass 30Ha «JloTocy
MOJMKUCaNa J0rOBOP O COTPYIHUYECTBE CO CBO-
0O0HOIl PKOHOMHUUYECKON 30HON «BureOck» st
COBMECTHOHN JNI€ATEIbHOCTH IO MPOABHKEHUIO,
MPUBJICYCHUIO WHOCTPAHHBIX WHBECTHUIUH, HC-
nonbs3oBanusg MTK niist rpy30onepeBo3ok.

Baxxnoe HampaBieHue, KOTOpoe OyIeT cro-
co0OcTBOBaTh 00JI€e AKTUBHOMY HCIOJIB30BaHUIO
MTK, — 310 pa3Butne unppactpykrypsl. Heoo-
XoauMo 00ycTpoiicTBo mopToB Kacmuiickoro

5 OdunmanbHBINA CAaT CBOOOHONW SKOHOMUYECKOH 30HBI
«Ou3enu» [DnexkTpoHHbIi pecype] / HoBocTu cBoO0I-
ubix 30H. URL: http://anzalifz.ir/page-
russianblockshow/ru/0/news/4653-
G7/tool_news_sample russianmain_block364 (mara 06-
pamenus: 27.04.2023).
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MOpsST  COBPEMEHHBIMH  HH(PACTPYKTYPHBIMU
oObekTaMu, (OPMHUPOBAHHUE CHUCTEMBI COBpeE-
MEHHBIX TOpTOB Ha Tteppuropun Poccuu. B
Wpane xi1roueBbIM MPEACTABISAETCS 3aBEPIICHUE
CTPOUTENLCTBA KEJIE3HOW JOPOTH MO HarpasJe-
Huto Pemr — Acrapa.

CymectBeHHbIN TOMUOK Uit pa3zButuss MTK
«Cesep — FOr» MoryT nate coBpeMeHHBIC HHPOP-
MAaIlMOHHBIE pelleHus. bonblme nepcrnekTuBbl B
Pa3BUTHH TPAHCIIOPTHOTO KOPHIIOpPA CBS3aHBI C
aKTHBM3AllMe KOHTEWHEPHBIX TEPEBO30K IO
MmapuipyTy Acrapa — Mocksa — Cankr-IlerepOypr.
OdhexkTUBHOCTh  OpraHU3alMl  KOHTEHHEPHBIX
MIEPEBO30K MOXKET MOBBICUTH TexHONOTHs «I py30-
Boii 3kcmpecc 2.0». Takas TeXHONOTUS yKe Mpo-
nu1a anpodarmio Ha 6aze AO «DPI'K» (moueprero
npennpusitus OAO «PX/») u nokaszana ourytu-
MBIE PE3yJbTaThl CICAYIOIIUX HAMPABICHUSIX:
COKpAILIEHUE BPEMEHU JI0CTaBKH I'Py30B ¢ 7 10 3
JTHEH; MOBBIIIEHUE O00BEMOB I'PY30IEPEBO3KH H
yYBEJIMYEHUE COXPAHHOCTU BBHUAY OTCYTCTBHUSA
copTHpOBOK. Takue pe3ybTaThl CTAIN BO3MOXK-
Hbl Onarofaps YCKOPEHHOMY I€peIBHKEHUIO
KOHTEHHEPHBIX TOE3I0B C OCTAaHOBKAMU Ha
OTOPHBIX MYHKTaX JJs MPOBEIEHUSl MOTPY3KH-
pa3rpy3ku 0e3 OTLEIUIEHUS] BATOHOB.

BnotHe 000cHOBaHHBIM TpeOOBAHUEM TIPE-
CTaBJISIETCS MCIOJb30BAaHUE AIIEKTPOHHBIX CH-
CTEM yIpaBJIeHHs, BHEIPEHUE PEUH)XKMHUPUHTA
OHM3HEC-TIPOILIECCOB, CTaHIAPTHU3AlMH Ou3HEC-
nporeccoB [9]. Ocoboe BHUMaHHE ClEayeT
yACIUTh (HOPMUPOBAHUIO HWHTEIUICKTYaIbHBIX
TPAHCHOPTHBIX CUCTEM M HMCIOJb30BAaHUIO HH-
CTPYMEHTOB HCKYCCTBEHHOT'O HMHTEJUIEKTa MpHU
BBINIOJIHEHUH TPAHCHOPTHBIX M CKJIAQJCKUX OIle-
panuii [20]. BaxxHo obecneunts enuHooOpasue
U BBICOKMH YpOBEHb HCIOJb30BaHUS COBpE-
MEHHBIX  TEXHOJIOTMH BCEMH  Yy4YacCTHHUKa-
mu MTK.

B cooTBeTcTBHM C BBIBOJIAMHU PaHEE BBINOJI-
HEHHOTO HAyYHOTO MccaeAoBaHUs P GEeKTUBHAS
CHCTEMa JIOCTaBKH NMPOIYKIMU SBISETCS HEOTh-
eMJIEMON YacThl0 YCHEIIHOTo Ou3Heca OTeNb-
HOTO TIPENNpPUATUS U SKOHOMHUKHU CTpPaHbI B Iie-
oM [21].

[Ipu pemienuu 3amay, CBA3aHHBIX C IPy30IIe-
pEeBO3KaMHM, CIIEAYeT YUYMTHIBATh KOMIIPOMMCCHI
MEXIY Pa3IMYHBIMU aTbTCPHATUBHBIMH peIle-
HUSIMH, a TaK)Ke MOCIEACTBUS ATUX KOMIIPOMHUC-
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COB JUIS BCEX YYAaCTHHUKOB TPAHCIOPTHOTO IMPO-
mecca [21].

Jlns peanuzanuy MacmITaOHBIX 3a/1a4 MPOEK-
ta MTK HeoOXomuMo o00eCTeunuTh COOTBET-
CTBYIOIIYIO KaJpOBYIO MOJJIEPKKY, COBPEMEH-
HbIE TEPMUHAJIBI JODKHBI HUMETh YIpaBJicHYE-
CKHE KaJpbhl COOTBETCTBYIOILIETO YpPOBHS, MAJIs
4ero MOXET IMOTPeOOBAThCS BBEIACHHE HOBBIX
CHEIMAIbHOCTeH B By3ax AcTpaxaHCKO#l o0ia-
CTH, MOXHO HCIIOJIb30BaTh MEXaHU3MBI CTHUMY-
JUPOBAHUS ISl TIPUBJICYEHUS MOJIOABIX KaIpoOB
B peruonsl, obciyxusatouie MTK. Cootser-
CTBYIOIIasi KaapoBas MOJArOTOBKAa JIOJKHA OBITH
ofOecriedeHa BO BCEX CTpaHaX-y4yacTHUIAX.
MO>XHO HCIONB30BaTh OMBIT COTPYIHUYECTBA B
MOATOTOBKE KaJpOB, HAKOTUICHHBIN 3a TOJBI CY-
mectBoBanusg CCCP, korpma Benach ycreuiHas
noAroToBka cnenuanucroB  Muaum, Kuras,
ctpad Abpuku 1 A3UH B COBETCKHUX BYy3aX.

Ycnenrnas peanuzais HOBBIX MTPOEKTOB Oy-
JIeT 3aBHCETh OT TapMOHM3AIMM U COBEpLICH-
CTBOBaHMS HOPMATHBHOW 0a3bl BO BCEX CTpaHaX-
y4acTHUIAX B cepe TaMOKEHHOTO Peryiupo-
BaHUs, a Takke B chepe oOpabOTKH Tpy30B.
BaxHOCTp TakuxX MEpONpUSATHA MOXKHO MpOAe-
MOHCTPUPOBATh Ha MPUMEPE MOJOKUTETbHBIX
PE3yNIbTaTOB YMPOILEHUS MOJYYSHHS pa3periu-
TENbHBIX JOKYMEHTOB (DHTOCAHHUTAPHOTO U Be-
TEPUHAPHOTO KOHTPOJIA MPHU MEPEBO3KE 3€pHa B
noprax AcTpaxaHCKOH 00acTu.

BrIBOABI

CoBpeMeHHasi KOMIUIEKCHAsE TpaHCIOPTHAsS
CHCTEMa — 3TO CTPYKTypa B3aMMOCBS3aHHBIX CO-
CTaBHBIX YacTeH, CpeACTB U YCTpPOMCTB, obecre-
YHBAIOIIAs BBITOJTHEHNE B COOTBETCTBHHU C LIEIIS-
MH CHCTEM BBICILIETO MOPSAIKA HEOOXOAUMBIX OTle-
panuii B MHTEpecax yYaCTHUKOB TPAaHCIIOPTHOTO
nporecca ¥ (pyHKIHOHUPYIOIIAs ¢ IPUMEHEHUEM
MHTEJUIEKTYalIbHBIX HTHCTPYMEHTOB |5, 20].

[Tpo6nems! hopmupoBanust U GyHKIIMOHUPO-
BaHUS TPAHCIOPTHBIX KOPHIIOPOB MHOTOCTO-
pOHHE M3ydeHbl. B pe3ynbraTe ananuza oOmmp-
HOTO MaTepualia TI0 TEME HMCCIIEOBAHUS U TPH-
MEHEHHUs AeTyKIHH YyTOYHEHO 3HaYeHHUE TepMHU-
Ha «MEKIyHAPOIAHBIM TPAHCIIOPTHBIM KOPUAOPY,
caenanbl BbiBoAbl 0 3HaueHMM MTK «Ceep —
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FOr», koTOpBIE BMECTE C «IOPOKHOU KapTOil»
(dbopMUpOBaHUSA TPAHCIOPTHOI'O KOPHAOpPA, Ha-
MpaBJICHUSIMA U BUJIAMU TPAHCIIOPTa B €0 CO-
CTaBe U NPUYMHAMH CHUKEHMSI MHTEHCUBHOCTHU
(dbopMUpOBaHUSA MIPEICTABICHBI B BUIE CXEM.

Omnpenenenbl 0e3yCIIOBHBIE IMPEUMYINECTBA
MTK «Cesep — IOr» npu ocyuiecTBieHun TOBa-
pooOMeHa Mexay crpaHamu peruoHa. O6o3Ha-
YEHBI MOJIOKUTEIbHBIE TEHACHIINHN, HAUYaBIIHUECS
¢ 2022 rona, B TOM 4HCIJI€ YBEIUYECHUE 00BEMOB
OTIIPaBOK TPY30B U 00BEMa MEPEBO30OK.

B pesynbraTe HAacTOSILEr0 HCCIIEIOBAHUS
CAENaHbl BBIBOJBI, YTO OJHHMM W3 MPUHLHUIIOB
dbopMHUpOBaHUS KOMIUIEKCHOW TPaHCIOPTHOM
CHUCTEMBI SIBIIIETCS Pa3BUTUE TPAHCHOPTHOIO
COOOILIEHUsI IO HaNpaBJICHUIO JBUKEHUS CYIle-
CTBYIOILIUX WJIM NEPCHEKTUBHBIX I'Py30- U Mac-
caXuponoTokoB. Ilpu 3TOoM B meNAX BBICHIMX
CHCTEM, HallpuMep SKOHOMUKH TOCYIapCTBA WIN
MHUpPOBOM TPAHCIOPTHOM CHUCTEMBI, 3ajade
MTK «CeBep — FOr» sBisieTcs CHUKEHUE 3aBH-
CUMOCTH OT JPYI'HX TPAHCHIOPTHBIX KOPUIOPOB.

N3 Hacrosmiero mccineqoBaHusi MOXKHO CHe-
JaTh BBIBOJ, YTO, HECMOTPSl HA OYEBHJIHBIE IIpeE-
MMYILECTBA U BHITOAY OT (POPMHUPOBAHUS TpaHC-
IOPTHOTO KOPHJIOpPA, CBSI3bIBAIOLIETO CTpaHbl
EBpomnbl u A3uu, ¥ MONIBITKA 00€CTIEUNUTD CyIIIe-
CTBEHHBI TPAHCIIOPTHBIM IIOTOK HAa JaHHOM
HaIlpaBJIE€HUU CO CTOPOHBI HECKOJIBKHUX TOCY-
JapCTB M KPYMHOTo OW3HECa, 3HAYMTENIbHBIN
nmnyisbe pa3sutus MTK «Cesep — FOr» nmomy-
YU TOJBKO MPU OINpENeTIeHHBIM 00pa3oM Cllo-
JKUBIIEHCA BHEUIHEW KOHBIOHKTYpE, KOorja 3Ta
TPAaHCHOPTHAsl CHCTEMa cTaja HeoOXxoauma Jyis
pa3BUTHSI SKOHOMHUKH W obecriedueHusi Oe3omac-
HOCTHU CTpPaH JAaHHOT'O PETHOHA.

B pesynbrare OnEHKM BO3MOXHOCTH HHTE-
rpauud UHQPACTPYKTYphl PETHOHOB B TpaHC-
nopTHeIl kopuaop «Cesep — KOr» MoxHO che-
JaTh BBIBOJ, YTO TEPMUHAIbHBIE KOMIUIEKCHI,
NyTH COOOIIEHHS U TOJBUKHOW COCTaB Maru-
CTpPAJIbHBIX BHJIOB TPAHCIIOPTa OJDKHBI obOecre-
YUTH TUIAHUPYEMBIA B TICPCTICKTUBE OJIMKANUTITIX
10 ner rpy30BOM M MacCaXUPOIOTOK MEXIY
Poccueit u ctpanamu Aszuu. Conmxenue naHdppa-
cTpykTypbl cTpad — yuyactHul, MTK «Cesep —
FOr» oGecrieunt GopMupoBaHUE B PETHOHE CO-
BPEMEHHOM KOMIUJICKCHOM TPAHCIOPTHOM CH-
CTEMBbI, & IPUMEHEHUE MHTEIICKTYalIbHbIX TEX-
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HOJIOTMH YTIpaBJIEHUsI MEPEBO3KAMU O00ECIEeUUT
KOHKYPEHTHOE TPEUMYILIECTBO JAaHHOMY Ha-
NPaBJICHUIO IIPU PA3BUTHUU LIETIEH TOCTABOK.

K cunbnabim croponam mpoekra MTK «Ce-
Bep — FOr» oTHOCHTCS yKperieHHe eBpa3uiickon
UHTETpalK, AaKTUBU3ALKA 3KOHOMHYECKOIO
pa3sBUTHS PETMOHOB, YJAEUIEBIEHHE CTOMMOCTH
NIEPEBO30K B CPEJHECPOUHOI MEpPCHEKTUBE, CO-
KpallleHHe BpEMEHH IIepEeBO30K, IOBBILICHHUE
HAJIKHOCTH TPAHCIIOPTHPOBKH W YPOBHS IH(]-
POBH3ALIMHU POU3BOACTBEHHBIX MTPOLIECCOB.

K cnabemm croponam mnpoekta MTK «Ce-
Bep — lOr» oTHOCHTCS HecorinacoBaHHas HALMO-
HaJIbHAsI IOJIMTUKA CTPaH-YYaCTHMII, HECOIJIACO-
BaHHbIE TaMOXEHHBbIE MPOLEAYpPbI, HEOOXOIu-
MOCTbh KOHKYpPHUPOBATh C Pa3BUTHIMU JIOTUCTUYE-
CKUMH CHCTEMaMM, OTCYTCTBUE JKEJIE3HOJOPOXK-
HBIX TyTeH Ha NPOTSHKEHHOM YYacTKe TpaHC-
HOPTHOTO KOPHUJOpa, HECOOTBETCTBUE IPOITYCK-
HOW CIOCOOHOCTH HMH(PACTPYKTYphl PErHOHOB
IUTAHUPYEMBIM 00beMaM MEePEBO3OK.

K mepcriektuBam moBbimeHus 3¢G¢HEeKTUBHO-
ctu MTK «Cesep — FOr» oTHOCUTCS POCT KOJIH-
YecTBa CTPAaH-YYaCTHUI] U UX 3aUHTEPECOBAH-
HOCTh B Pa3BUTUM NPOEKTA, 3HAUUTEIHHOE yBE-
JryeHne oobeMa epeBO30K, Pa3BUTHE TEXHOJIO-
ruii (OpMHUPOBAHUSA KOMIUIEKCHBIX TPAHCIOPT-
HBIX CHCTEM, HHTEJUIEKTYyaJbHOTO YIpPaBJICHHUS
Ha TPAHCIOpPTEe U HMH(OPMAIMOHHOIO B3aUMO-
JICUCTBHS.

JU1e MUHUMU3alUK BIMSIHUA CJIa0bIX CTOPOH
MTK «Cesep — IOr», ncronb30BaHus CHIBHBIX
CTOPOH IPOEKTa U pealu3alyy MepCleKTUB IMo-
BBIICHUS 3()(HEKTUBHOCTH TPAHCIOPTHBIX IPO-
LIECCOB Ha JIaHHOM HAaIpaBJIEHUU JOJKHA OBITh
MCTIOJIb30BaHA METOJIOJIOTHSI YIIPABICHUS Pa3BU-
TUEM KOMIUIEKCHBIX TPAHCIOPTHBIX CHCTEM.
Merononorus COAEPKUT AITOPUTM JEHUCTBUM,
obecrieunBarONMX pPEIICHUEe TI00adbHBIX 3a7a4
dopmupoBanus MTK «Cesep — FOr». Heobxo-
JUMO O0€CNeUYnTh JUHAMUYECKOE COTJIacCOBAaHHE
peuieHui 3aJad TPaHCIIOPTHOM CHUCTEMBI IIO-
CPEICTBOM HMHTEIIJIEKTYaJIbHBIX TEXHOJIOTUH, CO-
3/1aTh PACUETHYIO MOJEJIb, OMMCHIBAIOLLYIO BIIH-
SHUE BHEIIHUX (AaKTOPOB M COCTOSHHUS TpaHC-
NOPTHOM HMH(QpPaACcTPyKTypbl Ha 0O0BEM IEpEeBO-
30K, IPOIYCKHYIO CIIOCOOHOCTh U BEJIMYUHY BbI-
MOJTHEHHOM TPaHCIIOPTHOW paboThl, ONucaTh afn-
napaT ONTHUMH3ALUU C YYETOM YKOHOMHUYECKOTO
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o0ocHOBaHUSA (YHKIMOHHPOBAHUS TPAHCIOPT-
HOro KoOpuaopa, BbIIOJHHUTL HWMHTAIIMOHHOC
U ONITUMU3ALUOHHOE MOJICTTUPOBAHUE.

MTK «CeBep — FOr» mpomokuT cBoe pas-
BUTHE KaK KOMITJICKCHAs! TPAHCIIOPTHAS CUCTEMA,
MOKa €CTh MOTPEOHOCTH CHCTEM BBICIIETO IIO-
psAKa B TEpPEeMENIEHUU MNacCaKUPOB U TPY30B
B IAHHOM HaAITpaBJICHHUH. B ypaBJICHUN KOM-
TUIEKCHBIMUA TPAHCHOPTHBIMU CHCTEMaMHU Kak
00J1acT JeSATEILHOCTH BO3MOXXHO TPUMEHHUTD
pe3yNbTaThl HACTOAIIETO HCCIEAOBAaHUS TIpU
OCYIIIECTBIIEHUHA CUCTEMHOTO Pa3BUTHS CTPaHbI,
PETHOHOB U TOPOJOB U (POPMHPOBAHUHM HX HH-
dpacTpykTypsl. Pe3ynbraTsel HccieroBaHUs MO-
TYT OBITH UCIOJB30BAHBI MPU pa3pabOTKe METO-
J0JIOTUN q)OpMPIpOBaHI/ISI KOMIIJICKCHBIX TpaHC-
MOPTHBIX CUCTEM B MPOIIECCE UHTETPALUU MYJb-
TUMOJAJIBHOIO KOPUIOpPa U PErHOHAIILHOU MH-
dbpacTpykTypsl o HanpasieHuto «Cesep — KOr»
U OpraHuzaliu TCEXHOJIOTHYCCKOr0 Iponccca
C YUYETOM IIeJIel BBICIIUX CHCTEM.

3akJoueHue

[lo wrtoram wuccienoBaHHsi OCHOB HHTErpa-
MM MH(PACTPYKTYpbl PETHOHOB B TPAHCHOPT-
HBIH Kopunop «Cesep — FOr» BbieneHsl (hakTo-
pBbl, KOTOpBIE MPENATCTBYIOT aKTUBHOM peasu3a-
IIUH TTPOEKTA.

Bonbire npoGiieMbl UMEIOTCS B yPOBHE pa3-
BUTHS WHQPPACTPYKTYpPHl H  HEIOCTaTOYHOM
YPOBHE TapMOHHU3AIMM WHCTUTYLHOHAJIBHBIX
YCIIOBHIA, B paMKaX KOTOPBIX (PYHKIMOHUPYET
TPaHCHIOPTHBIM KOPUIOP.

Konkperunzanuss HampaBiIe€HHOCTU Pa3BUTHL
TPAHCHOPTHOT'O COOOIEHUS SIBJISETCS OJHUM M3
NPUHIUIOB (POPMUPOBAHHSI COBPEMEHHBIX KOM-
IUIEKCHBIX TPAHCIIOPTHBIX CUCTEM.

B 10 xe BpeMs 0e3yClOBHBIMM INpEeUMyIie-
CTBAaMHM  (DYHKLIMOHUPOBAHHUS TPAHCIIOPTHOIO
kopunopa «Cesep — IOr» sBisieTcst CHUKEHUE
3aBUCUMOCTH OT JPYTUX TPAHCHOPTHBIX KOPH-
JIOPOB, B TOM YHCJIE€ 3aXBAThIBAIOLINX KOHKYpPH-
pYIOLIME CTpaHbl, MOBBIIIEHUE HAI[MOHAIBHON
Oe3omacHOCTH U cyBepeHureTa Poccuu, ykpen-
JeHUEe eBPa3MHCKON HHTerpanuu, yriyojaeHue
BHEIIHETIOJIUTUYECKUX CBSI3ed CO CTpaHaMu
Azun u Adpuku.
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B nensx MmakcMMallbHO BO3MOKHOTO UCIIOJIb-
3oBaHus norenuuana MTK «Cesep — FOr» u no-
BBIIICHUSI €70 KOHKYPEHTOCTIOCOOHOCTH B CPaB-
HEHUM C JPYTMMH TPaHCIOPTHBIMU Y3JIaMU
HEOO0XO/IMMO €JMHOBPEMEHHOE pELICHHE KOM-
miekca 3amad: 1) moaepHu3anuu HHPPACTPYK-
TypBl, B IIEPBYIO ouepeab opToBor — B Poccun,
JKEJIEe3HOJOPOKHOM — B MpaHe; 2) MOTHOLEHHOM
nupoBU3aMK  TPAHCIIOPTHO-TIOTUCTHYECKON
cdepbl BO BCeX CTpaHax-y4acTHHUIAX; 3) rapMo-
HU3AlM UHCTUTYIIMOHAJIBHBIX YCIOBUN peau-
3allud TpoeKTa B O0JIacTH 3aKOHOJATeNIbCTBA,
TaMOXKEHHBIX TIpPOIeayp, OHU3HEC-POIIECCOB,
yIIpaBJI€HUSI.

VYcKOpUTh pa3BUTHE MPOEKTA MOXKET aKTHUB-
HOE€ HCIOJIb30BaHUE PEXHUMOB CBOOOIHBIX KO-
HOMMYECKUX 30H U 0COOBIX SKOHOMUYECKUX 30H.
PekoMenayercs co3gaTh CHELUAIbHYI HaJHa-
[MOHAJIbHYIO OPraHU3alMOHHYIO CTPYKTYpY, KO-
Topas OyJeT 3aHUMaThCSl HETIOCPECTBEHHO pas3-
ButueM MTK «Cesep — FOry.
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OneHka 3HAYMMOCTH OCHOBHBIX (DPAKTOPOB PUCKA
AaBHALMOHHOI'0 NPOUCIIECTBHS HA NMOCAJAKe HA OCHOBAHUM aHAJIM3a
pe3yJabTaToOB ONPOCA NMUJIOTOB IPAXKAAHCKON aBHALIUH

1
B.B. CTpeskoB
]lleHmpanbelﬁ aspoeudpoounamudeckuti uncmumym umenu npogh. H.E. JKykoeckoeo,
2. ’Kykoeckuii, Poccus

AHHOTaumsi: B nHTEpecax m3ydeHus MpoOieMsl rpyObIX MOCAOK M BBIKATHIBAHKS CAMOJIETOB C B3JIETHO-TIOCAJOYHOMN IMOJIOCHI
(BIIIT) Obina pa3paboTaHa aHKeTa Jisi MIIOTOB, B KOTOPOI cofepkaiock 22 BOIPOCa, MMEIOIIMX OTHOILIEHHE K PacCMaTpUBAEMOM
npobneme. OCHOBHOH aKIIEHT B aHKeTe ObUI C/eJlaH Ha BBIKAaTHIBAHMU camolieTa 3a 0okoByro kpoMky BIIIL. Crextp Bompocos
OXBaTbIBAJI pa3HbIE aCMEKThI MPOOJIEMBI, B TOM YKCIIE BOCIPHSTHE M CPABHHUTEIBHYIO OLEHKY IMHJIOTAMH Pa3IMYHBIX (aKTOPOB
PHCKa, JIMYHBIHN OIBIT BHIIOJIHEHHS TIOCAJI0K C TPEANIOCHUIKAMH K BBIKATHIBAHHIO, IPHHSTHE PEIICHUS 00 yXO/e Ha BTOPOH KpYT,
OTHOIIICHHE K TOJINTHKE aBUAKOMITaHUH B YaCTH OLICHKH Ka4yecTBa ITOCaIKH, IOCTOBEPHOCTh COOOIIAEMOi SKUMaXKy HH(HOpMALIH
o norozie u cocrosiuuu BIIII, kadecTBO TpeHakepHOH MOJITOTOBKH K IOJIETaM B YCIIOBUSIX OOKOBOTO Berpa M ckoib3koi BIIII,
COBpEMEHHBIE OOPTOBBIC CHCTEMBI TIPEOTBpAIieHHsI BhIKaThBaHus camonera ¢ BIII u np. beum ompomenst 6onee S0 miamoTos
TPaKIAHCKOW aBHAllMM Pa3HOTO BO3PACTa, C PA3HBIM CTAKEM M OINBITOM PadOTHI, KOMAHAMPH! BO3MYIIHBIX CYIOB U BTOpHIC
MIMJIOTHL. AHKETHPOBAHKE MPOBOIIIOCH 3209HO M aHOHMMHO. OOpaboTKa aHKET BKIIOYasIa B ceOsl AETANbHbINH aHAIN3 OTBETOB Ha
Ka)KZIbIii M3 BOIIPOCOB aHKETHL [Ipy OTCYTCTBHM OTBETa Ha BOMNPOC WJIM OOOCHOBAHHOM COMHEHHMH B €I0 KOPPEKTHOCTH aHKETa
HCKJIFOYAJIach U3 paccMOTpeHus. Pe3ynbTaTel 00paboTKH aHKET 110 BCel BBIOOPKE M I10 OTAENBHBIM IPpyIIIaM (MOJIObIe/ONIBITHEIE,
KOMAHZMPHI / BTOpbIE MIUIOTHI, TYpPOOBUHTOBBIE/TYpOOPEaKTHBHBIE CaMOJIEThI) MPEACTABICHbl U NPOaHAIM3HPOBAHbl B TAaHHOH
pabore.

KitioueBble ci10Ba: rpy0ast 0Cajika, BEIKATBIBAHUE CAMOJICTA CO B3JIETHO-IIOCAI0YHON MOJIOCH!, (PaKTOPBI PHCKA, HPEIIOCHUIKI K
BBIKATBIBAHUIO, aHKETHPOBAHHUE, YXO/I HAa BTOPO KPYT, COCTOSIHUE B3JICTHO-MOCAI0YHOMN HOJIOCHL

st uurupoBanusi: CrpenkoB B.B. OreHka 3Ha4MMOCTH OCHOBHBIX (haKTOPOB PHCKa aBUALIMOHHOTO IPOMCIIECTBHS HA MIOCAJIKE
Ha OCHOBAaHHMH aHAIN3a PE3yJIFTaTOB OIpOca MIIOTOB TpakaaHcKoi aBuarmy // Hayansni Bectank MI'TY T'A. 2024. T. 27, Ne 1.
C. 43-60. DOLI: 10.26467/2079-0619-2024-27-1-43-60

Significance assessment of the main risk factors of landing accidents
based on the results of the survey of civil aviation pilots

V.V. Strelkov'
! Central Aerohydrodynamic Institute, Zhukovsky, Russia

Abstract: To study the problem of rough landings and aircraft runway excursions, a 22-item questionnaire, related to the subject
under consideration, was drawn up for pilots. The questionnaire mainly focused on aircraft veering off. The range of issues covered
different aspects of the problem, including: pilots' perception and a comparative evaluation of various risk factors; personal
experience of landings with prerequisites for a runway excursion; decision-making for the go-around procedure; attitude to the
airline policy regarding the landing quality assessment; reliability of information reported to the crew about weather and runway
conditions; quality of simulator training for flights in terms of crosswind and slippery runways; modern aircraft systems to prevent
a runway excursion, etc. More than 50 civil aviation pilots of different age, experience, including aircraft captains and co-pilots
were interviewed. The survey was conducted remotely and anonymously. The processing of the questionnaires included a detailed
analysis of the answers to each question. If a question was not answered or if there was some reasonable doubt as to its correctness,
the questionnaire was excluded from consideration. The results of questionnaire processing for the entire group and for individual
categories (young/experienced, captains/co-pilots, turboprop/turbojet aircraft) were presented and analyzed in this paper.
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BBenenue

B HacTosimiee BpemMs COKpallleHHE KOJIM4e-
CTBa aBMAI[MOHHBIX MPOUCIIECTBUM HA MOCAIKE
OCTaeTCs B UMCJIE TPUOPUTETHBIX 3a]1a4 UKAO'.
['pyOble mocanky U BHIKATHIBAHHUS CAMOJIETOB C
B3JIeTHO-TIOcaiouHo mojyockl (BIIIT) B aspo-
noprax P® MOCTOSHHO HANOMHMHAIOT O CyIle-
CTBOBAaHMH TaKou mpobiieMbl. bezomnacHocTs mo-
JIETOB Ha TOCAJKE OIpeaeseTcs] MHOTUMH (Dak-
TOpaMH, TIOITOMY HCCJICIOBaHUS B JaHHOU 00-
JIACTU HOCST MHOTOAUCHUIUIMHAPHBIA XapakKTep.
3HAUYUTEIbHOE KOJHMYECTBO MyOJWKAIMil, UMe-
IOILIUX HETOCPEACTBEHHOE OTHOILICHHUE K JaHHOU
npobneme, Hanpumep [1-12], roBoput 06 uHTE-
pece K Hell crenuanucToB B obiactu Oe3zomac-
HOCTH TIOJICTOB.

B IAI'M mpoBoasATCS: KOMIUIEKCHBIE UCCIIEN0-
BaHUsl 0€30MACHOCTH TMOCAJIKH, TIPU 3TOM aKIEHT
JenaeTcss Ha pa3pabOTKE METOMOB BBISBICHUS
MIPEINOCHUIOK K aBUAIIMOHHOMY MPOUCIIECTBUIO U
COOTBETCTBYIOIIMX OOPTOBBIX CHCTEM MPEIOT-
BpaileHus BbIkaThiBaHus camodera ¢ BIIIT (mpo-
AKTUBHBIN TIOJX0M K oOecneueHr0 6€30macHOCTH
nosietoB) [13—15]. Ho moka uenoBek ocraercs
KITIOYEBBIM 3BEHOM B CHCTeMe obecrieueHus: 0e3-
OMACHOCTH TIOJIETOB, TIOATOMY OIHOM M3 COCTaB-
nsommx uccnenopannii [IAT'M B obmactu 6e3-
onmacHoctu Ha BIIIT cranma oreHka 3HAYUMOCTU
OCHOBHBIX (DaKTOPOB pHCKa aBHAIMOHHOTO MPO-
WCIICCTBUS Ha IIOCAJIKC Ha OCHOBAaHWUHW aHAJIM3a
PE3yJIbTATOB ONPOCa MUIOTOB IPAKAAHCKON aBHa-
un. [IpeamerHoe oOCykIeHNe C MUJIOTaMU aBUa-
KOMITaHHI BOIIPOCOB O€30MaCHOCTH MOCAKH 03~
BOJIWJIIO YBUACTH MpOOJEeMy Tja3aMH TeX, KTO
CTAJIKUBAETCS C HEH PETYJISIPHO B MPOLIECCE CBOEH
paboThl, U B ONpEICIICHHON MEpe CKOPPEKTHUPO-
BaThb HAlpaBJICHUS WUCCIENIOBaHUA B HMHTEpecax
NIPEAOTBPAICHHST TPYOBIX MOCAJIOK M BBHIKATHIBA-
Hus camojeta ¢ BIIIL

' Annual safety review // EASA, 2021. 186 p.
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ABTOp HacCTOSLIEH CTaTbU CYUTAET CBOUM
JOJrOM OTMETUTh 3HAYMTEIBHBIM BKJIAJ B Ha-
crosimryto pabory Onera AnexcannpoBuda by-
TBIpUHA — COTPYJHHKA aBMAaKOMIIAHUU «ABpO-
pa», BBICOKOKJIACCHOTO CIIELMAINCTa B 00JACTH
0€30I1aCHOCTH IOJIETOB, KOTOPOTO YK€ HET C Ha-
MU, ¥ BBIpPa3UTh 0JaroJapHOCTh BCEM MHJIOTAM,
KOTOpBIE IIPUHSIINA y4acTHE B OIIPOCE.

MeToabl 1 METOA0JI0TUS
HCCJIeI0BAHNUSA

Jnst mccnenoBanns MHEHUI JIMHEWHBIX ITHIIO-
TOB TPaXXIAHCKOW aBHAIMH IO MpodiieMe TPyObIX
[I0Ca0K M BBIKAaThIBaHUs camosera ¢ BIIII Oruta
pa3paboTaHa aHKeTa, KOTOpas BKJIIOYaia B ceOs
22 Bonpoca. [TockonbKy camoJieThl BBIKAThIBAIOT-
cst 3a 6okoByro kpomky BIII mpumepHo Tak xe
4acTo, Kak 3a TOpeL IOJIOCHI, IPUTOM 4YTO CIIPO-
THO3UPOBATh OOKOBOE BHIKATHIBAHWE CYIIIECTBEH-
HO CJIOXKHEE, IIPU COCTAaBJICHUU aHKEThI ObLIO y/ie-
JIeHO 0c000e BHMMaHHE MPOOJIEeME BBIKATHIBAHHS
camoJsiera 3a OOKOBYIO KpOMKY. K GOJBIIMHCTBY
BOIIPOCOB (TaM, TJ€ 3TO YMECTHO) Ipeaaraauch
BapHaHThl OTBETOB. DOPMYJIMPOBKH BOIIPOCOB
ObUTH «anmpoOHPOBaHbD» HA OIHOM U3 JIETYHKOB-
UCHBITATENIEN, KOTOPbIE yYaCTBYIOT B HEKOTOPBIX
paborax LIAI'U, a 3areM yTOYHEHBI C YUETOM 3a-
MEUaHWH CIENUAINCTOB PocaBuaniy U OJHOU U3
aBuakoMrianuii P®. Tem He MeHee B KaueCTBE pe-
MapKH HY>KHO OTMETHUTh, YTO HEKOTOPBIE BOITPOCHI
OKa3aJIUCh CIOXKHBIMU Il BOCIIPUATHUS MAIOTaAMU
ABUAKOMITAHUH.

Lenpro aHKETHUPOBaHUSI OBUIO OIpeIeTICHHE
HaubOosee 3HAYMMBIX, C TOYKU 3PEHHUS MHIIOTA,
(GakTOpOB pHICKa M TPEANOCHUIOK K BBIKATHIBA-
auto camouneta ¢ BIIII, a Takyke BBISIBJIEHHE BO3-
MOHBIX HEJAOCTATKOB B CYILECTBYIOIICH Mpak-
THKE BBIIIOJIHEHUS MOJIETOB M MOJArOTOBKH JKH-
nake (JOCTOBEPHOCTh COOOIIAEMOM IKUTAXKY
uHpopmaruu o noroje u cocrosiuuu BIITI, mpu-
HSATbIE B aBUAKOMIIAHUSAX KPUTEPUU OLEHKH Ka-
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YyecTBa MOCAIKU, BOMPOCHI MOATOTOBKH K TOJIe-
TaM B CJIOXHBIX METEOYCJIOBUSIX Ha aBHALMOH-
HBIX TpeHaXkepax u Jip.). Takxke cTaBuiIach 3aja-
Ya K3Y4YEHHs] MHEHUH NOWIOTOB O CHUTYyalMsX,
CBSI3aHHBIX C HEOOXOIMMOCTHIO TMPHUHSITHS pe-
IIeHUsI 00 yXOJ€ Ha BTOPOIl KPyT.

[IpoBeneHne aHKETUPOBAHUS IO3BOJISIET HE
TOJIbKO M3y4uTh MpoOJeMy WHLUJCHTOB Ha
BIIIT u3HYyTpH, MOHSTH, HACKOJIBKO CyOBEKTHB-
HbIE OLICHKU NWJIOTOB KOPPEIUPYIOT C OOBEK-
TUBHBIMH CTaTHCTUYECKUMHU JaHHBIMHU, KaK OHH
3aBUCST OT JIETHOTO CTa)a, HO U MOJY4YUTh YHC-
JICHHBIE OIICHKH TaKHUX Pa3MBITBIX BepOaNbHBIX
TEPMHUHOB, KaK «CHJIBHBINY, «CIIA0BII, «PEIKOY,
«4acTo» W TMOAOOHBIX, KOTOPbIE HCIOIB3YIOTCS
IIpY ONMCAHWM YCJIOBUM MOCAIKU U MPEANOCHI-
JIOK K aBHAIITHOHHOMY MPOUCIIECTBHUIO.

AnkeTHpoBaHNE ObLI0O aHOHUMHBIM. AHKETHI
ObUIM TepelaHbl MUJIOTaM JIBYX aBHAaKOMITaHUMN
U IPEJUIOKEHBl €I1e HECKOJIbKUM IUIOTaM U3
JIpyTux aBuakommnaHuii. B urore 6pu10 coOpaHo
U TIOCTYNHIIO B 00pabOTKy 55 3aroJHEHHBIX aH-
ker. dakTuyeckn BBIOOpKA TpU 00pabOTKE OT-
BETOB Ha KOHKPETHBIM BOMPOC AHKEThI MOTJIA
ObITh HECKOJIBKO MEHbILIE B TOM Cllydae, KOorja
NWJIOT HE JaBaj OTBETa Ha BOIPOC, WIH OTBET
ObUT 3aBeIOMO HEKOppeKTHbIM. Jlyig cTaTHcTu-
YEeCKOIr0 aHaJln3a 3TO OYEHb MaJieHbKas BBIOOD-
ka. Tem He MeHee Onaromapsi IeTalbHOMY pac-
CMOTPEHUIO KaXIOH M3 aHKeT M O000OIIEeHHUIO
BCEX OTBETOB MWJIOTOB YJAJIOCh MOJIYYUTh HEKO-
TOpbIE UHTEPECHBIE PE3YIIbTATHI.

Cpenu BceX ONPOIICHHBIX ObUTH BbIAEIEHBI
CJIEIyIOIINE TPYyTIIbL:

e MOJIO/IBIE / CpeaHEro Bo3pacta / ¢ OOJIBIIUM
CTakeM (OIbITHBIE);

e komauaupsl BC / BTOphIE THUIIOTHI;

e MWIOTHl TYpOOBMHTOBBIX W MHJIOTHI TypOO-
PEaKTUBHBIX CaMOJIETOB.

OTBeThl Ha BOIMPOCH AHKETHI AHAIU3UPOBA-
JUCh Kak MO BCei BBIOOpKE, TaK M MO OTIENb-
HBIM BBIJICIEHHBIM TPYyTITIaM.

Pe3y.]'ll)TaTbl HCCJIeaJ0BaHNA

Huxe npuBoasTcs pe3ysbTaThl aHKETHPOBA-
Husl. QOpMyJIMPOBKU BOIPOCOB MOJHOCTHIO MO-
BTOPSIIOT T€, KOTOPBIE MPEIarajiuch MUIOTAM.

45

Civil Aviation High Technologies

1. Baw 6o3pacm?

B onpoce mpuHAIM y4acTHe THIIOTHI BCEX
BO3pacTHhIX KkaTteropuit (tabn. 1). bonbmas
4acTh OINPOUICHHBIX OTHOCUTCS K KaTETOpPHH
«cpeanwuii Bozpact» (68 % ot ol1iero uncia).

Taoauna 1
Table 1
Bo3pact onpoieHHbIX TUI0TOB
Age of surveyed pilots
Kareropus Bospact, | Joas pecr:)on—
Jer JEHTOB, %
Moutonpie Jo 35 18
Cpennuii Bo3pact 36-55 68
C 0ONBITUM CTaKeM Bossiie 55 13
(oTIBITHBIE)

2. Baw obwuii nanem?

Haner ompammBaeMbIX NMHJIOTOB COCTaBIISI
ot 1000 mo 20 000 neTHBIX YacoB. 3HAYEHUS
CpeIHEro HajieTa IO KaXJIOW M3 BO3PACTHBIX
TPy IPUBEICHO B TA0I. 2.

Tabauna 2
Table 2
CpenHuii HaJIeT 0 BO3PACTHBIM IPyTIIIaM
Average flight hours in age groups

Kateropus Bo3spacr, Koa-Bo
Jjer 4acos
Mornoapie Jo 35 1828
Cpennwuii Bo3pact 36-55 8830
C OOJBIINM CTaXKEM Bosbme 55 16 800
(oTIBITHBIE)

3. Komanoup / emopot nuiom?

Bornee mMonOBHHBI OMPOIICHHBIX IHIOTOB SIB-
JSIFOTCSI  KOMAaHIWPaMU  BO3IYIIHBIX  CYJIOB
(tabm. 3). Cpennuil HaneT A1 KOMaHIUPOB COCTa-
BuJ1 9592 vaca, 111 BTopbIX Mui1oToB — 4411 vacos.

Tabaunna 3

Table 3
[To3unms OMpoOIEHHOTO B SKUTIAXKE
Respondent’s position in flight crew

IMo3unus B 3xunake |Jons pecnoHIeHTOB, %o
63
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4. Tunwl oceoennvix camonemos?

Kaxnplii U3 ONpOIICHHBIX IHIOTOB IIEepe-
YKCJIWJ BCE THUIIBI JIETATENIBHBIX allapaToB, KO-
TOpBIE OH OCBOWJI 3a BpeMs JIETHOH paloTHI,
HauuHas ¢ y4eOHO-TPEHUPOBOYHBIX CAMOJIETOB.
[ToaToMy CHEKTp MOJY4YMIICS BECbMa LIUPOKHUM.
Cpenu OCBOGHHBIX CaMOJIETOB MUJIOTAMU ObUIH
MEPEYUCIICHbl CIIEAYIOIIUE THUIIBl CAMOJIETOB:
An-2, AH-24/AH-26, AH-28, AH-38, AH-140,
A-310, A-319/320/321, B-737, B-757, B-747,
B-767, B-777, 1J1-76, NJI-86, TY-134, TY-154,
SAK-40, SK-42, DHC-6-400, DHC-8-300/400,
L-410, L-29, AK-18, SK-52. beum Takxke
Ha3BaHbl BepTosieThl Mu-8 nu Mu-24. Ha puc. 1
npuBeZieHa MHGOpMAIMs O KOJUYECTBE MHUIIO-
TOB, KOTOPbIE UMEJI OMBIT MOJETOB Ha KaXKJIOM
U3 IEPEUYUCIICHHBIX BBIIIE THUIIOB JIETATEJIBHBIX
anrmaparoB (3a UCKIIOYEHUEM BEPTOJIETOB).

Vol. 27, No. 01, 2024

BunaHo, 4TO B CIIEKTpe MpEACTaBICHBI U TYp-
OOBHHTOBBIC, U PCAKTUBHBIC CAMOJICTHI OTEYC-
CTBEHHOTO M 3apyOeKHOTO IMPOM3BOJICTBA, KaK
CTapble MOJICTH, TaK W COBPEMEHHBIC BO3IYIII-
Hble cyna. Tak MONy4Yusiaoch, YTO HU OIWH M3
OTIPOIICHHBIX MUJIOTOB HE MMEJI OIBITa IOJICTOB
OJIHOBPEMEHHO M Ha TypOOBHMHTOBBIX, U Ha pe-
aKTUBHBIX camosnerax. Cpeu ONmpOIICHHBIX TTH-
JIOTOB UMEIOT OMBIT yIPaBICHUS:

e PCAKTUBHBIMH MArHCTPAIBHBIMU CaMOJIeTa-
mu — 40 %;

e TypOOBHUHTOBBIMH PETHOHAIBHBIMHU CaMOJICTa-
Mu — 60 %.

Takxum 00pa3om, Bcex ONMPOIICHHBIX MIJIOTOB
MO’KHO Y€TKO pa3feNiuTh Ha JBE TPYIIIbI, COMO-
CTaBUMBIC IO YWCJICHHOCTH: THJIOTHI PEaKTHB-
HBIX CaMOJIETOB M MHJIOTHl TYpPOOBHHTOBBIX Ca-
MOJICTOB.

AH-38

B-747

B-777

Wn-7e

WN-86

AH-28
AH-140
A-310
TY-134

Ax-42
DHC-6-400
Ax-40

B-737

B-757

L-410

B-767

Ty-204
A-319/320/321
Ty-154

AH-2
DHC-8/300/400
AH-24/AH-26

Tun camonera

10

KonuyecTeso NnMAOTOB, OCBOMBLUMX AaHHbIW TUN camonera

15 20 25 30

Puc. 1. OcBoeHHBIE THITBI BO3AYIIHBIX CYZ0B
Fig. 1. Mastered Aircraft Types

5. Cmanxusanuce au Bvi ¢ cumyayueii, koeoa
nocie npuzemieHus 6 Cuny Kakux-mo npudum
Bam ¢ mpyoom yoanoce yoepoicamov camonem na
BIIIT nu6o npouzowino @vikamviéanue 3a OOKO-
eyto kpomxy BIIII? Ecau 0a, mo ykasxcume npu-
YuHy u 06Cmosamenbemaa.

DTO OIWH W3 KIIOYCBBIX BOIPOCOB AHKETEHI.
OTtBeyas Ha HEro, MUJIOTH (PAKTHUECKH OTBEYa-

46

JM Ha BOIIPOC 00 aKTyaJIbHOCTH MPOOIEMBI 00-
KOBOT'O BhIKaThIBaHus camoneta ¢ BIIII. Pe3yinb-
TaThl 00Pa0OTKH OTBETOB (OCPEIHEHHE 1O BCEH
BbIOOpKE) mpuBeAeHbl B Taln. 4. Buano, uto
Kaxapld Tpetud nuiot (31 % OmpouIeHHbIX)
B CBOCH JIETHOM MpaKTHKE CTAIKHUBAJICA C TPO-
Onemamu ympasisieMoctd camosieta Ha BIIII,
KOTJla UMeJl MECTO pealbHbI PHUCK BBIKATHIBA-
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Hus. To ecTb mpobiema peanbHO CYLIECTBYET
U, CJIeIOBAaTENbHO, TpeOyeT aHanm3a W IOHCKa
nyTel ee peleHus.

[Ipu >TOM B rpymnme MUIOTOB PEaKTUBHBIX
CaMoJIETOB C MpoOJIeMON CTaJIKUBAJOCh He-
CKOJIbKO OOJIbIlIee KOJMYECTBO OMPOIICHHBIX
(41 %), yem B rpymnie NUIOTOB TypPOOBUHTOBBIX
camonetoB (32 %) (puc. 2). Oxumaemo, 4TO
Cpeay NHJIOTOB C OONBIIMM CTaXeM (BO3pacT
Oonbie 55 yiet) 1o oTBeToB «Jla, ObUIH CITOXK-
Hele cutyauun» (50 %) 3aMeTHO BhIIIE, YeM
cpeau Monoabix muiioToB (17 %) (puc. 3).

Civil Aviation High Technologies

Tabanuna 4
Table 4
BapuanTsl oTBeTa Ha BOmpoC 5, OCpeTHEHHbBIE
10 Bcell BEIOOpKE aHKeT (54 aHKETHI)
Answer options for Question 5 averaged
for the complete questionnaire group
(54 questionnaires)

BapuanTt oTBeTa Hoast pecr:)onneﬂ-
TOB, %
Her 69
Ja, 6pUH CIOXKHBIE CUTYallun 29
Br110 BeIKaTHIBaHUE 2

Typ6oBuHTOBbIE

68%

80%

60%

40%

4%

m Her ® [la, 6b101 CNOMKHBIE CUTYaLMU M BbINO BbIKaTbiBaHWe

20%

0%

PeakTuBHbIE

<

59%

80%

60%

40%

20%
0%

®m Her m [a, 6b111 CAOKHbIE CUTYaumuKM B Bbino BbiKaTbiBaHMe

Puc. 2. PacnpenienieHre OTBETOB Ha BOMPOC 5 JIS MUJIOTOB TYPOOBUHTOBBIX M PEAKTHBHBIX CAMOJIETOB
Fig. 2. Distribution of the answers to Question 5 among turboprop and turbojet pilots

Monogbie NnMNOTLI

83%

100%
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OnbITHbIE NUAOTBI

/ 50%

100%
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80%
60%
40%

20%
0%

®m Het ™ [a, 66114 CAOKHBIE CUTYaLMK B BbiNo BhIKaTbIBaHKUE

Puc. 3. Pacpenesienrie 0TBETOB Ha BOIIPOC 5 AJIsl MOJIOABIX U ONBITHBIX ITHJIOTOB
Fig. 3. Distribution of the answers to Question 5 among young and experienced pilots

6. Ecnu Oviiu cumyayuu ¢ puckom 60Kk08020
BLIKAMBIBAHUS, MO HA KAKOM 2Mane 603HUKIU
nepeuvle npeonocvlIKU K IMomy?

PesynbpTaThl 00pabOTKH OTBETOB HA JAHHBIN
BOIIPOC MPUBEACHBI Ha pUC. 4.

OTBeThl HA NAaHHBIM BOMPOC AHKETHI OKa3a-
JUCh AOCTATOYHO HEOXHJaHHbIMH. Hu omun u3

47

MUJIOTOB M3 YKCJIA ONPOIICHHBIX HE CKa3all, 4TO
MPeInochUIKU K npodnemam Ha BIIIT nosBuinck
y HEro IpH 3axX0J€ Ha MOCaJKy, XOTs B aBHAIH-
OHHOM c000111ecTBe 000CHOBAHHO MPHUHSITO CUH-
TaTh, YTO MPEIBECTHUKU ABUALMOHHOIO IPOMC-
LIECTBUSI HA MOCAJKE, KaK IPaBUIIO, TTOSBIISIOTCS
elle Ha JTarne CHWKEHHs IO rimccane. B dacrt-
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HOCTH, HECTAOUIM3MPOBAHHBIN 3aX0]] Ha MOCca-
Ky SBJISIETCS TJIABHOW IPUYUHON BBIKATBIBAHUH C
BIIII. Korpa aBuakomMmnaHusi HAQUMHAET KOHTPO-
JUPOBATh BBIIOJIHCHUE YCIOBUH CTAOMIA3HPO-
BAHHOI'O 3aX0Jla Ha IMOCAJAKYy, Cpa3y CHU)KAETCA
KoJimuecTBO MHITMACHTOB Ha BIIII, B ToM umncie
BBIKATHIBAHMUSI.

[Houtu Tpu uerBeptu (77 %) NUIOTOB OTMe-
TUJIU, YTO TIEPBBIE MIPU3HAKU PA3BUTHUS CIIOKHOU
CUTYaIllW y HUX MPOSBHIUCH B IpoIiecce mpooe-
ra, (puc.4). [axe ecnu MNpennoysoXuTb, YTO
4acTh U3 3TUX NUJIOTOB HE 3aXOTEIN MPU3HATHCS
B CBOUX OIIMOKAaX, COBEPIICHHBIX IO MOMEHTa
MPU3EMIICHUS, TOTy4YeHHas udpa KaKeTcs J0-
CTaTOYHO BBICOKOM. Eciin HCXOAUTH U3 TOTO, YTO
B OOJIBIIIMHCTBE CIIy4YacB MEPBBIC MPEIBECTHUKU
OOKOBOTO BBIKATHIBAHHUS BO3HHKAIOT TOJBKO Ha
npobere, TO OCHOBHBbIE Mepbl OOpHOBI C TaKUM
ABUAIMOHHBIM TPOUCHIECTBHEM JOJKHBI OBITH
HarpasieHsl Ha noxnep:kanue BIIII B Hamte-
JKaIleM COCTOSHUM M Ha aBTOMAaTU3ALNI0 CUCTEM
yopapieHusi. B r000M cimydae pe3ylbTaThl
orpoca 3acCTaBJISAIOT YAEIUTh 0c000e BHUMaHUE
STanmy BbIPAaBHUBAHUSI CaMoJIETa, TOCKOJbKY
23 % ONIpOILIECHHBIX MWJIOTOB, KOTOPBIE CTAJIKH-
BaJMCh C MPOOJIEMON ylep:kaHus caMoyieTa Ha
BIIII ma mocangke, OTMETHIIH, YTO HMMEHHO Ha
ATOM 3Tare BO3HUKIM MPEANOCHIIKA K OOKOBO-
MY BBIKaTBIBaHUIO.

/ e
80%

0%
60%
50%

40%
30%
20%

0%

M B npouecce ycTaHOBMBLUErOCA NoAeTa

10%
0%

M Mpw BbIpaBHWBaHWM K KacaHum BN

W Yixe npu 3axofe Ha NnocagKy Dbl OTKNOHEHMA OT
"onTMmanbHoro" noneta

Puc. 4. Pactipeneneane orBeToB Ha Bompoc 6 («Ha xakom
9Tare BO3HHUKIIN MPEANIOCHUIKH K BHIKATBIBAHUIOY)
Fig. 4. Distribution of the answers to Question 6 (“At what
stage did the prerequisites for the runway excursion
appear?”)
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7. Boiiu au 6 Baweti nemnoii npakmuxe no-
caoxku c¢ nepeepyskamu oonee 1,8 (no oanHvim
00beKMUBHO20 KOHMPOJisL)?

PesynbTaThl 00pabOTKH OTBETOB HA JTAHHBII
BOMPOC M0 BCEM aHKETaM MPHUBEACHBI Ha puc. 5.
67 % ONpOIIEHHBIX OTBETUJIM, YTO B UX MPAKTU-
Ke He Obulo meperpy3ok Oombmie 1,8 («rpyOas
nocaakay). Tem He meHee TpeThsa 4acTh (33 %)
OTIPOIIIEHHBIX MHJIOTOB 3HAKOMa C Trpy0oiil mo-
cankoi. Ecnu cyauTs 1o pesynpraTaM TaHHOI'O
oTmpoca, TO HA PEAKTUBHBIX MarucCTpPalbHBIX Ca-
MOJIETaX TOCAIKHA C OOJBIIUMH IEperpy3KaMu
CIIy4aroTCsl 3HAYUTENBHO Yalle, YeM Ha Peruo-
HAJIBHBIX TYpOOBHHTOBBIX camoiieTax (4To, Be-
pPOATHO, OOYyCNOBIIEHO 0Oo0jiee BBICOKMMH IOCa-
JOYHBIMH CKOPOCTSIMH TypOOPEaKTUBHBIX CaMO-
netoB): 59 % ONpOUICHHBIX MUJIOTOB PEaKTHUB-
HBIX caMOoJIeTOB (MpoTuB 24 % muiIoToB TypOO-
BUHTOBBIX CaMOJIETOB) COOOIIWJIHM, YTO Yy HHX
ObLTH TpyOBIE TIOCaIKH (puUc. 6).

OxunaeMo, 4TO Cpeiu ONBITHBIX MHIOTOB
(c 6ONBIIUM CTaKE€M) MPOLEHT COBEPIIABIINX
rpyosle mocanku (64 %) Oomblne, 4em cpeau
MosoasIx (25 %) (puc. 7).

67%

70%
60%
50%
40%
30%

2%
20%

1% Ay

0%

®Her mHe6onee5pas mbonee>5 pas

Puc. 5. Pacnpenenenue oTBeToB Ha BOIpoC 7 IO BCEM
OIIPOILCHHBIM
Fig. 5. Distribution of the answers to Question 7 among all
the respondents

I'pyOble mocagku (pUKCUPYIOTCS B MPAKTUKE
aBHaKOMIIAaHMI JJOCTATOYHO YacTo. BEIBaIoOT Iie-
pUoAbl, KOTJa BAPYr BO3PACTAET KOJUYECTBO
WHIIMJEHTOB Takoro tumna. [Ipu 3TomM oTCyTCTBY-
€T YEeTKOE OMpeesieHue TEePMHHA «Tpyodas mo-
cagka». Bo MHOTHX pOCCHUICKMX aBHAKOMITAHH-
SIX BEJIMYMHA HOPMAJIbHOM Meperpy3kd Ha Io-
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Puc. 6. Pactipenenenne oTBETOB Ha BONPOC 7 IS MIJIOTOB Pa3HBIX TUIIOB CAMOJIETOB
Fig. 6. Distribution of the answers to Question 7 for the pilots of different aircraft types
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Puc. 7. Pacripenenenue oTBETOB Ha BONPOC 7 AJIsE MOJIOZBIX U OIBITHBIX MUJIOTOB
Fig. 7. Distribution of the answers to Question 7 for young and experienced pilots

caJIke paccMaTpUBAETCA KaK OJWH M3 OCHOBHBIX
KPUTEPHEB KauecTBa BBIMOJIHEHUS IMOCAJAKH U
KOHTPOJIMPYETCS CIy>KOaMU OOBbEKTUBHOTO KOH-
TpoJisi aBUaKOMITaHWH. Eciu HOpMalibHasi mepe-
rpy3ka Ha Tmocajake MeHsble 1,5, To mocaaka
CUMTAETCs OTIIMYHOM, eciu Ooaelre 1,8, To mo-
cajika cuutaercs rpyooit (uudpbl B KOHKPETHOU
ABUAKOMITAHUM MOT'YT HECKOJIBKO OTJINYATHCS OT
NPUBEICHHBIX ).

8. Bawie omuoweHue K NpUHAMOMY 8 A8ua-
KOMNnaHuu Kpumepuio OYEHKU Kauecmeda nocad-
KU NO GelUYUHE MAKCUMATbHOU HOPMATLHOU Ne-
pezpy3Ku 6 MOMEHM NPU3EMACHUA.

KoHTpons HOpManbHOW Meperpy3Ku mpH Mo-
CaJlke B POCCHUMCKHMX aBHAKOMITAHUSAX BBIITOJHSI-
eTCSl TIPEXKJE BCETO0 C LEIbI0 OINEHKU TEXHUKHU
nUIOTUpOBaHus. CUUTACTCS, YTO YEeM Msrde IMo-
caJika, TeM BBIIIE YPOBEHb JIETHOTO MacTEPCTBA.
Ho B aBuanmoHHOM COOOIIECTBE, OCOOEHHO

49

C MOSIBJIEHUEM BBICOKOABTOMAaTU3UPOBAHHBIX I1ac-
CaXKUPCKUX CaMOJIETOB, OOpaTWIM BHUMAaHUE Ha
HaJIMYUE B3aUMOCBS3U MEXIY CTPEMIIEHUEM
BBIMIOJHUTh MSATKYIO TOCAAKy U TOBBIIIEHUEM
pucka BeIKaTbiBaHuA camodiera ¢ BIIIL. Beicokoe
BbIPAaBHUBAHHME U JJUHHOE BbIIECP)KUBAHUE SIB-
JSIFOTCS TPEANIOCHUIKAMHU K BBIKATBIBAHUIO CAMO-
neta ¢ BIIII, ocoGeHHO Tpy HAIMYWHY IOy THOTO
u OokoBoro Betpa. CTaBUTCS BOIPOC O HEOOXO-
TUMOCTU TIEPECMOTpa KpUTEpUs OICHKU Kade-
CTBa IIOCAJKH, OJHO3HAYHO CBSI3aHHOT'O C BEJH-
YUHOW HOpMaJIbHOM Tieperpy3ku. U pe3ynbTaThl
IPOBEICHHOIO ONpOca MOATBEPKAAIOT HEOOXO-
TUMOCTD TepecMoTpa JaHHOTO Kpurepus. MHe-
HUS OTPOIICHHBIX MUJIOTOB Pa3ACIMINCh MpPaK-
TUYECKH MOPOBHY MEXIY TpeMsi BapHaHTaMU
OTBETAa, €CIIM paccMaTpuBaTb OTBETBHI BCEX pe-
CIIOH/ICHTOB (TalI. 5).

Cpenu MoJIOABIX MUJIOTOB TOJBKO 8 % OTBe-
TWIM, YTO MSATKas MOCajgka — 3TO MPU3HAK Ma-
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Table 5

MHeHHs TUJIOTOB OTHOCUTEIBHO KPUTEPHS KauecTBa MOCAIKH (BOIpoc 8)
Pilots’ opinions on the landing quality criterion (Question 8)

0J111 cpeau Bcex 0J111 cpeau 0J151 cpeau
BapuanT oTBeTa A pei o A P )10 A P )10

PeCOHAEHTOB, % | MOJOAbIX, %0 | ONBITHBIX, %
[MonnepxuBaro MOTHOCTHIO, MATKas TOCAZKa — 3TO 31 ] 29
MpU3HAK MacTepPCTBA MUIIOTa
ITonnepxuBaro B LIEJIOM, HO CUMTAIO, YTO HEKOTOPOE
CMsATYeHNe KpUTEpHs MO BEIMUMHE MaKCUMAaJIbHON 33 53 71
neperpy3ku OyAeT cnocoOCTBOBATH MOBBIICHHIO
0e30IacHOCTH MOJICTOB
Kpurepuii nomkeH yunTHIBaTh KaK BEIHMYHHY MEpe-
TPY3KH, TaK U KOOPAUHATY TOUKH MPU3EMIICHUS Ca- 36 33 50
Moiteta Ha BIIIT

CTEpPCTBA, M IPOT0JIOCOBAJIN 3a CMATYEHUE Orpa-
HUYEHUS MO Teperpy3ke Ha mocaake (58%).
bonbmmHcTBO OonbITHRIX THIIOTOB (50 %) moa-
Jilep>Kalld TPETUM BAapHUaHT OTBETA: «KPUTCPUU
JIOJDKEH YYMTBIBATh KaK BEJIMYMHY IEperpyskH,
TaK ¥ KOOPJIWHATY TOYKH MPU3EMIICHUS caMoJie-
Ta Ha BIIII».

9. Kaxoti u3z snewnux gpaxmopos, no Bauie-
My MHeHUl, Haubolee CUNbHO 6lusem Ha Oe3-
onacrocms? Ilponymepyiime 6 nopsioxe yowiga-
HUSL CLOHCHOCIU.

N3 55 aHker mocie UX NpeaBapUTEIBLHOIO
aHanM3a ceMb ObUIM MCKIIOYEHBI U3 paccMoTpe-
HUS TIpU 00pabOTKE OTBETOB HAa JTAHHBIN BOMPOC
(HeT oTBeTa WJIM OH HemoHATeH). MTtoro ObLIO
oOpabotaHo 48 anker. PacmpeneneHue oTBETOB
Ha TIPEJIOKEHHBINA BONPOC B MOPSIKE YOBIBAHUS
3HaunMocTu (hakTopa (mecta ot 1 mo 5) mpen-
CTaBJICHO B TabI. 6.

BonpmnrHCTBO MHUIOTOB Ha MEPBOE MECTO
cpenu (aKkTOPOB, BIUSIOMIUX Ha OE30MAaCHOCTD,
MOCTABHIIN «HEIITAaTHYIO padOTy WM OTKAa3 JIBH-
raTteis, WIM CHUCTEMBbl peBepca, WU CHUCTEMBI
TOPMOKCHHS, WM CUCTEMBI YIPaBICHHUS HOCO-
BBIM Kosiecom» (43,8 % OT uncina OonpoIeHHbIX).
Cpenu nuaepoB Mo KOJIUYECTBY HAOpaHHBIX IoO-
JIOCOB HaxoJsATCs Takxke ckonb3kas BIIIT u Go-
KoBO#l Betep. Takoi ¢akTop, Kak OCBEIOMIICH-
HOCTb JKHIIaka 00 OCOOEHHOCTSAX IOCAJKH Ha
JAHHOM a’poJpoMe, OKa3ajcsi Ha IOCIETHEM
MECTE IO KOJUYECTBY HAOpaHHBIX TOJOCOB —
64,5 % MHI0TOB MOCTaBUIN €70 Ha MSTOE MECTO.

50

Ecnu nmpocymMMupoBaTh KOJTUYECTBO T'OJIOCOB
0 TPEM CaMbIM 3HauYUMBIM (hakTopam (cTouo-
16l 1-3 mpuBeeHHOW BhIE Tabm. 6), TO MOy-
YUM TPOHKY Hamboyee KPUTUYECKHX (aKTOPOB
pucka: HemratHas pabota u otkassl (83 % ro-
JIOCOB BCEX PECHOHJIEHTOB), ckousb3kass BIIII
(75 %), 6okoBoii Betep (60 %). Ha uerBepTOoM
mecte ¢ 50 % ronocoB okazanach Mjaoxas BUAM-
MOCTb. 3aMbIKaeT IepeueHb U3 MATH Mepedrc-
JICHHBIX (PaKTOPOB HEIOCTATOYHAsI OCBEIOMJICH-
HocThb (31 % ronocoB). Jluarpamma pacmpenesne-
HUsl PaKTOPOB PUCKA TIO UX 3HAYUMOCTH TIPHUBE-
JIeHa Ha puc. 8.

/ 83%

i

75%

90%
80%

70%
60%
50%
40%
30%
20%

0%

B Cronbskana BNM

B OTKa3 TEXHUKM
BokoBoiA BeTep B [hoxas BMAUMOCTb

u HEGCBEADMHEHHOCTB IKMNama

Puc. 8. Bremnue dakTopsl, Hauboliee CHIIBHO BIUSIONINEC
Ha 0e30MacHOCTh
Fig. 8. External factors most strongly affecting flight
safety
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Table 6
KonnyecTBo (M MPOIICHT) TOJIOCOB B TIOJIB3Y MEPEUUCICHHBIX (haKTOPOB
Percentage of the votes in favor of the listed factors
. KosmuecTBo roJiocos
Buemnuii paxrop
1 mecTo 2 MecTo 3 MecTO 4 mecTo 5 mecto
BoxkoBoii Bete > ? 1 8
P (10,4 %) (31,3 %) (18,8 %) (22,9 %) (16,7 %)
[Tnoxast BUIUMOCTD 2 16 17 7
A (4,2 %) (12,5 %) (33,3 %) (35,4 %) (14,6 %)
15 9 10 2
Cromp3xas BITI (31,3 %) (25 %) (18,8 %) (20,8 %) (4,2 %)
HemraTrHas pabora niam oTka3
ABUTATEIA, W CUCTEMEBI pe- 21 12 8
BEpca, Wi CUCTEMbI TOPMOIKE- (43 8 %) (14 6 %) (25 %) (16 7 %) —
HUSI, WJIA CUCTEMBI YIIPABIICHUS ’ ’ ’
HOCOBBIM KOJIECOM
Henocrarounas ocBenomieH-
HOCTBH dKHUTIaka 00 0COOCHHO- 5 2 2 31
CTSIX MOCAJKU Ha TaHHBIN (10,4 %) (16,7 %) (4,2 %) (4,2 %) (64,5 %)
a3poJpoM
10. Maxcumanvuas cxopocms 6OK08020 omnacHbIX (hakTOpoB Ha mocajke. [locne nmpenBa-

eéempa, npu KOMOpPOU NpaKmuyecku Hem 3d-
MpPYOHeHUll NpU BbINOJHEHUU NOCAOKU NpU Jio-
oom cocmoanuu BIIII (3a uckntouenuem ciyuas
Koappuyuenm cyennenus u < 0,3).

bokoBoii BeTep SABISETCS OJHUM W3 HAMOO-
Jiee 4acTO YNMOMHHAEMBIX BHEIIHUX (PAKTOPOB,
KOTOpBIE COMYTCTBYIOT CIIy4asiM BBIKATHIBAaHUS
camorera 3a 6okoByto kpoMky BIIIIL. IIpu sTom
HUTJIE HE YKa3aHOo, MPU KaKOM 3HaUY€HUU CKOPO-
cti 60KoBOrO BeTpa Wz ero MO>KHO paccMaTpu-
BaTh Kak (DakTop, OKa3bIBAIOIIMI BIHSHHUE Ha
MIOCAJIKy CaMOJIeTa.

OTBeTHI Ha MPEIJIOKEHHBIA BOMPOC AHKETHI
UMEIOT HEOXKHJIAHHO IIMHUPOKHH pa3dpoc. DTOT
pa3dpoc MMeeT MeCTO Kak B TpYIIe PeaKTHUB-
HBIX, TaK ¥ B TPYyIIe TYpOOBUHTOBBIX CamoJe-
ToB. [Tunotamu ObLIM yKazaHbl CKOPOCTH BETpa
B nuamna3oHe ot 5 10 20 m/c. Bo3moxkHo, Botpoc
OBLT HEJIOCTATOYHO YETKO CHOPMYIHPOBAH H,
COOTBETCTBEHHO, HE IMOHAT yYaCTHUKAMHU aHKe-
TApoBaHUsA. MHave TPyaHO OOBSICHUTH TaKOM
LIUPOKUM [UAaNa30H MHEHUN OTHOCUTEIIBHO I'pa-
HUYHON CKOPOCTH BETpa, MPHUTOM YTO IHJIOTHI
Ha3BaIM OOKOBOW BETEp OAHMM M3 Haumboiee

PHUTENBHOTO aHAJIM3a BCEX OTBETOB HA IAHHBIN
BONPOC W3 JaybHeHmell o0paboTku OBUIO HC-
KJTIOYCHO 8 aHKeT (HeT OTBETa WM OTBET INpe.-
CTaBIISICTCSI HENOCTOBEpHBIM). Pe3ynbraT 00pa-
OOTKM IpeICTaBIICH Ha puC. 9.

18

16 Wiep = I m/c
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Puc. 9. MakcumanbHasi CKOpocTh OOKOBOTO BETpa,
IIPY KOTOPOH NPaKTHYECKN HET 3aTPyIHEHUH
B IMIWJIOTHPOBAHUU IpH JitoboM coctosianu BIITT
Ha IT0Ca/IKe
Fig. 9. Maximum crosswind velocity, at which there are
practically no difficulties in controlling aircraft under any
runway condition on landing
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3HayeHUE CKOPOCTH, MOJIYy4YEHHOE KaK pe-
3yJbTaT OCPEIHEHHUS MO BBHIOOpKE U3 47 aHKeT,
coctaBnseT Wz = 9 m/c. [Ipu Takom Gosbiiom
pa3bpoce OTBETOB JOCTOBEPHOCTH MOJyYSHHON
nudpbl HEAb3sT CUYUTATh BBICOKOM, MOITOMY
OHa NNPUHHUMAETCS JIMIIb B KaU€CTBE HEKOTOPO-
ro MpeaBAPUTEIIBHOTO OPUEHTHUpaA MJISI BEJU-
YUHBl CKOPOCTH OOKOBOTO BETpa, KOTOPBIH
MPaKTUYECKU HE BBI3BIBAET 3aTPyAHEHUH IpHU
MOCaJKe.

11. Cxopocms 60Kk08020 6empa, 6viuie KO-
MOpOU CYWEeCMBEHHO YCILONCHACMC NUIOMUPO-
saHue Ha nocaoke oasxce npu cyxou BIIII?

OTBeThl Ha JaHHBIM BOMPOC TaK JKe, Kak
W Ha MPEAbIAYIIUNA, OTIUYAIOTCS  OOJBIIUM
pazopocom (puc. 10). [TomyueHHoe cpenHee mo
BbIOOpKE 3HaueHue Wz = 12,8 m/c paccmarpu-
BaeTCAd TOJBKO KakK IpeaBapHTENbHAs OICHKA
BEIIUYUHBI CKOPOCTH «CHJIBHOTO» OOKOBOTO
BeTpa. YpOBEHb JAOBEpUS K NaHHOU mudpe He-
BBICOKHI TakXe M3-3a TOT0, YTO MOcajaku ¢ 00-
KOBBIM BeTpoM Ooiee 10 m/c ciaydaroTcst oueHb
penko [13].

18
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psdke yovisanuss munsi 3aepsasvenus BIIIT (1 —
Camblii ONACHbIl).

[Tocne oTOpakoBKM B BBIOOpPKE OCTajach
51 ankera. Bce oTBeTH Ha JaHHBIM BOMPOC pac-
MPEIeTUINCh CIEAYIONMM 00pa3oM B TMOPSIKE
YMEHBIICHUSI YPOBHS OMAacHOCTH (Tab. 7).

[To pe3ynbraTtam ompoca MUIOTOB BBISIBICHBI
Tpu Thna 3arps3Henus BIIII, npencrasisromue
JUISE HUX HauOOIBIIYIO OMACHOCTh C TOYKH 3pe-
HUSl PUCKA BBIKATHIBAHUS 32 OOKOBYIO KPOMKY
BIIIT:

l-e MecTo mO YpOBHIO OMACHOCTH — JIEJ
(75 % Bcex 0OpabOTaHHBIX aHKET);

2-e MecTo — cIKOTh (39 %);

3-e mecTo — MOKpBHIii cHer (41 %).

Ecmu mpocyMMHpOBaTh KOJIHMYECTBO TOJIOCOB
M0 TPEM CaMbIM 3HAYMMBIM (PaKTopam, TO MOIY-
YHM MPEXKHIOI0 TPOUKY Jmaepos (puc. 11):

1-e mecto — n1ex (92 %);

2-e MecTo — CIIKOTh (75 %);

3-e mecTo — MOKpBIii cHer (71 %).

92%

100%

90%

80%

70%

B0%

40%

30%

20%

0%

B CnAkoTb

W WUHeh

H flep
W Boga mectamu
W CyxoM cHer

MoKpbi cHer

] YI'IJ'IUTHEHHDIU‘ cHer

Puc. 10. CkopocTb G0KOBOTO BETpa, BHIIIE KOTOPOM
CYILECTBEHHO OCJIOKHAETCS MIJIOTHPOBAHHUE Ha [IOCAKE
naxe npu cyxou BIITT
Fig. 10. The crosswind velocity, above which controlling
aircraft on landing is considerably complicated even in
case of a dry runway

12. Kaxou mun 3azpsazuenus BIIII, uz Bawe-
20 onvima, npedcmasiiem HAUOOILULYIO ONAC-
HOCMb ¢ MOYKU 3PEHUsl PUCKA BbIKAMbIBAHUS 3d
ooxoeyio kpomky BIIII? [Iponymepytime 6 no-

52

Puc. 11. HanbGonee onacHble 115t 60KOBOTO BBIKATHIBAHMUS
Tunsl 3arpsizHenus BIITT
Fig. 11. The most dangerous runway contamination types
for veering off

Nuen, cyxo# CHET U YIUIOTHEHHBINH CHET, I10
MHEHHUIO OOJIBIIMHCTBA NMHUJIOTOB, HE MPEACTaB-
JSI0T OONBIION OMACHOCTH M MO3TOMY HIYT B
crucke (HaKTOPOB pHUCKA C OOJIBIIMM OTPHIBOM
OT TPOMKHU «IUAEPOB». I'pynIupoBKa aHKET IO
BO3pPacTHOMY COCTaBy HE MeHsieT oOuieil kap-
TUHBI.
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Table 7
Hawubonee onacHeril Tin 3arpsisaenus BIITT
The most dangerous type of runway contamination
Tun sarpssnenus KosmyecTBo rosocos
1 2 3 4 5 6 7
Boga mectamu 1 10 7 9 9 9 6
Wneit 0 2 4 5 13 14 13
Cyxoii cHer 0 1 1 4 8 16 21
MOoKpbIii cHEr 3 12 21 (41 %) 11 3 0 1
CnskoTh 8 20 (39 %) 10 11 2 0 0
Jlen 38 (75 %) 4 5 2 2 0 0
YIJIOTHEHHEIN CHET 1 2 3 9 14 12 10

13. Ilpuxoounoce nu Bam cmanrkusamocsa
¢ a¢pghexmom axeannanuposanus npu GvlnoJHe-
Huu nocaoku Ha BIII, 3anumyto 600ou?

AKBAaIUTaHUPOBAHUE XAPAKTEPU3YETCS PE3KOM
HoTepel CIEIUIeHUs] NMHEBMATHKOB IIACCH C MO-
BepxHoctbio BIII, 3amutoit (a B psige ciydaes
IPOCTO CMOYEHHOM BOJOH). AKBaIUIaHUPOBaHUE
ObIBaeT HECKOJIbKMX BUJOB. [ TOIBKO OMH U3 HUX
cBsi3aH ¢ OonbiuM cioeM Boabl Ha BIIII u Beico-
KOM CKOPOCTBIO JBHKEHUS BC?. OueHb ONMacHbIM
SBJIICTCS HAJIMYME IPOCTO BJIArd Ha YdYacTKax
BIIII, 3arps3HEHHBIX PE3MHOW OT IPOLUIBIX IPHU-
3eMJICHMI, a Takke Ha OKpamleHHbIX 30Hax BIIIL.
Ha Hux Toxe MoxeT HaOmoaaThCs pe3Koe YMEHb-
meHre Kod(puumenta cuemniaeHus. 1ot 3pdexrt B
30He npusemiieHus: BIIII mMoxeT BO3HMKATh naxe
Ha OTHOCHUTEJIbHO HEOOJBIINX CKOPOCTSIX.

BaxxHo ObUIO MOHSATH, KaK YacCTO yKa3aHHbIN
ad ekt BcTpedaeTcss B OOBIYHOM JIETHOM Mpak-
THUKE W 3aMevaeTcs Ji oH mwiotamu. Ha puc. 12
NPUBEJICHBI pe3yJIbTaThl 00pabOTKH BCEX aHKET.

Bonee 65 % omnporennsix nuioros 1-2 paza
3a BpeMsl CBOEH JIETHOM MPaKTHKU OLIyIIanu (hax-
TH4ecKyro norepro cuerienus ¢ BIII, 3amuroin
BOJOH; 27 % NHIOTOB HE CTAJIKHBAIMCH OO HE
3ameTii dPQeKTa aKBarUITaHUPOBaHUS; 8 % TH-
JIOTOB OTMETWIH, YTO TNEPUOAMYECKH CTaJIKHBa-
IOTCSl C 3TUM siBieHHeM Ha mocazake. Ha puc. 13
NpUBEJECHA UarpaMma pacrnpeleseHusl OTBETOB
MIJIOTOB B 3aBUCUMOCTH OT THIIA CaMOJIETA.

* Aquaplaning [SnexTpounsiii pecypc] // SKYbrary.
URL.: https://skybrary.aero/articles/aquaplaning (nata
obpamenwnst: 10.04.2023).

65%

80%

60% / ks
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B HeT, HUKOrA3 WK A 3TOFO HE 3aMeTH

m [a, 1-2 pa3za owywan dakTUYECKYK NoTepro cuenneHuna c BMNM,
3a/MTOM BOAOW

B [la, NepuoAMYECKN CTANKWMBAKOCh C TaKUM 3hdEKTOM

Puc. 12. Pacnipenenenue oTBeToB Ha Bopoc 14 mo Bcem
OIIPOILICHHBIM
Fig. 12. Distribution of the answers to Question14 among
all the respondents
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HeT, HUKorga, uau
A 3TOr0 He
3ameTun

Oa, 1-2 paza Aa,
ouwyuian nepuoguyecku
daKTUUeCKyO CTanKuBaloCh ¢
notepwo TakuUM addexkTom
cuennenuna c BMNMN,
3aNMTOW BOAOM

B Typ6oBWHTOBbIE M PeaKTUBHbIE

Puc. 13. Pactipeaenenue oTBeToB Ha Bompoc 13
B 3aBUCHMOCTH OT THITa CaMoJieTa
Fig. 13. Distribution of the answers to Question13
depending on the aircraft type
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Kak BugHO W3 3TO# [uarpamMmsl, THUJIOTHI pe-
aKTHBHBIX JIAWHEPOB 3HAYUTEIHHO 4Yalle, 4YeM
TypOOBUHTOBBIX (Ha 28 %), OIIyIIAIOT MOTEPIO
cuerienusi ¢ 3anutor Bomou BIIIIL, u B 2 pasza
MEHbIIIEE UX KOJMYECTBO HUKOTJAa HE BCTpeda-
70¢h ¢ 3THM 3P (HEKTOM. ITO MOKHO OOBSICHHUTH
TE€M, 4YTO TypOOpPEaKTHUBHBIE CaMOJEThl HMEIOT
OOJBIYI0 TIOCATOYHYIO CKOPOCTh M, COOTBET-
CTBCHHO, OOJIBIIYK) BEPOSTHOCThH TMPEBBINICHUS
CKOpPOCTH Hayayia akBaruianupoBanus. OqHaKko u
MUIOTHl TYpOOBUHTOBBIX CaMOJIETOB MEPUOIM-
YECKH CTAJIKUBAIOTCS C aKBaIlJIAaHUPOBAHHUEM.

Brnonne oxxugaeMoit siBisieTcsl pa3HULA B OT-
BETaX MOJIOJIBIX W OMBITHBIX NWIOTOB. Cpenn
Monoabix 42 % HHUKOTAA HE CTaJIKUBAJIHNCH C (-
¢dbextom notepu cuerienus Ha BIIII, B To Bpems
KaK CpeJy OMBITHBIX MUJIOTOB 3Ta Hudpa cymie-
cTtBeHHO Menblie (14 %) (puc. 14).

100%

71%

80%

60%

40%

20%

0%

Het, HuKorga,mnu  [a, 1-2 pasa Oa,
A 3TOro He oluyLan nepuoamnHecKn
3ameTun daKTUyecKy CTaNKMBaKCh C

noTepr Takum apdekTom
cuenneHua c BMM,

3a1UTON BOAOM

| | MO)’IO,que nrunoThl B OnbITHLIE NWAOTBI

Puc. 14. Pactipenienieniie 0TBeTOB Ha Borpoc 13
B 3aBUCHMOCTH OT BO3pacTa MHJI0Ta
Fig. 14. Distribution of the answers to Question 13
depending on pilot’s age

14. Cyumaeme 1au Bwl yenecoobpasnvim
BKIIIOUEHUE 8 NPOSPAMMY MPEHANCEPHOU NO020-
MOBKU OONOTHUMENbHLIX MPEHUPOBOK NOCAOKU
8 ycno8usx 60k08020 éempa u ckoawvskou BIIIT?

[MonmaBmnsromee OONBIIMHCTBO —OIpPALIHBAC-
MBIX MUJIOTOB (87 %) CUUTAIOT 11eJIecCO00pa3HBIM
BKJIIOUEHUE B IPOrpaMMy TPEHAKEPHOM IMOATO-
TOBKU JOMOJIHUTENBHBIX TPEHHUPOBOK MOCAJKH

B YCJIOBUSAX OOKOBOTO BeTpa M ckoib3koil BIIIT
(Tabm. 8).

54
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Tabanna 8
Table 8
OtBetsl Ha Bomnpoc 14 (pacumpenue
TPEHAXKEPHOU MOATOTOBKH)
Answers to Question 14 (enhancement of
simulator training)

BapuanTt oTBeTa Jons pecnongentos, %
Ha 87
Her 11
He 3naro 2

15. Cuumaeme nu Bwvi, ymo pedsicumvl nocao-
KU 6 ycnosusix 6okoeozo eempa na BIIII, no-
Kpblmyr0 0caokamu (600a, cHee, ied), 60CNPOU3-
8005MCA HA ABUAYUOHHBIX MPEHANcepax ¢ 6bl-
COKOU CmeneHvio npagoonoodooHocmu?

BoNbIIMHCTBO OMPOIICHHBIX MUJIOTOB CUUTA-
€T, YTO PEKUMBI MTOCAJIKH B YCIOBUSIX OOKOBOTO
BeTpa U ckosb3kor BIIII BocnpowmsBoxsTcs Ha
ABUAIMOHHBIX TPEHAXKEPaX C BBICOKOW CTere-
HbI0 mpasaonoaodus (80 %). [Ipu stom OGoiee
MOJIOBUHBI OMPOMICHHBIX (56 %) cuMTaT, 4TO
MOYXHO WJIM Ja)X€ HY>KHO ITOBBICUTH KaueCTBO
BOCTIPOM3BEICHUS 3TUX PEXKHUMOB (Tabm. 9).

Tabanna 9
Table 9
OTBeThl Ha Bompoc 15 (COBEpIICHCTBOBAHUE
ABUAIMOHHBIX TPCHAKEPOB)
Answers to Question 15 (improvement
of flight simulators)

Hoxast pecrion-
Bapuanr orsera o
JeHTOB, %

[a, oueHs mpaBIono100HO 35
Becbma nipaBnonogo0Ho, HO 45
MOYHO YJIyYIIIHTh

OTnaneHHo MOX0XKe, HaI0 1
yIIyYIIaTh

He 3naro 9

PaccmoTpeHne OTBETOB MUIIOTOB B 3aBUCUMO-
CTH OT ypoBHs kBanmupukauuu (puc. 15) mo3Bo-
JSIET CHIENaTh BBIBOJI O TOM, YTO HEOOXOAUMOCTD
yIy4lIaTh BOCIIPOHM3BEACHHE HA aBHALMOHHBIX
TpEeHaKepax PeKUMOB TOCAJIKU B yCIOBHUSX 00-
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50%

Becbma

[a, o4yeHb
npasgonogobHo

HO MOJHO
YAYMWKTD

npaegonogobHo,

17%

B Monoasie nUAoTbI

B OnbITHBIE NHAOTBI

OtpaneHHo He 3Hai0
NOXO0Xe, Hafo

ynyywarb

Puc. 15. Pactipenenenue oTBETOB Ha BOIIPOC 15 cpeu MOJIOIBIX M OMBITHBIX MTUJIOTOB
Fig. 15. Distribution of the answers to Question 15 for young and experienced pilots

KOBOI'0 BeTpa Ha MOKphITYI0 ocankamu BIIII ot-
MeYaeT HOoYTH B 2 pas3a 60.]'[1:]]_[6 OIIBITHBIX ITHUJIO-
TOB, 4eM MoJolbIX (71 % npotus 41 %).

B 10 ke Bpemst Mosiozible MWIOTHI B 2 pa3a 4a-
II€ HE MOT'YT HUYETrO CKa3aTh OTHOCUTEJIBHO Kaue-
CTBA aBUAIIMOHHBIX TPEHAKEPOB HIIH HE 3aMEYAIOT
HUKaKUX HeocTaTKoB (59 % npotus 29 %).

16. Kax yacmo Bui cmankusaemecv ¢ cumy-
ayuetl, Ko20a pacyemsl NOMPeOHOU NOCAOOUHOU
OUCmanyuu, 8bINOJIHEeHHble neped NOCAOKOU, No-
Kazvigarom, umo nompebnas oauna BIIII npe-
svluiaem pacnonazaemyro (ykazams npumepHoe
KOIUYeCcmeo maxux cayuaes 3d Npoueouiuil
200)?

[TomaBnsromniee OONBIIMHCTBO OMpaIIUBae-
MBIX MHUJIOTOB OTBETWJIM, YTO HU pa3y HE CTail-
KMBAJIUCh C TakOW curyauuen. Tpoe nuioTos
OTBETHUJIM, YTO CTAJIKMBAJIUCh C JAHHOW CUTya-
uuei ot 1 10 4 pa3 3a BpeMs JIETHOM NPaKTUKH.

17. Hackonbko mouno ¢pakmuueckue OaHHbie
no cocmosnuto BIIII coomeemcmeyiom unghop-
Mayuu, npedocmaegisiemou SKunaxicy?

[To Muenuto GonbmMHCTBA THIOTOB (96 %),
daktuyeckue maHHwle mo coctosHuto BIIIT mo-
TYT HECKOJIKO OTJIMYaThCA OT HH(POpPMAIUH,
MPEIOCTaBIAEMON SKHUIMaXxy, HO B IeIOM ei
MOHO TOBepsTH (Tabm. 10).
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Tadoauna 10
Table 10
OTtBeThl Ha Bonpoc 17 (10CTOBEpHOCTH
uHpopmanuu o coctossuuu BIIIT)
Answers to Question 17 (accuracy of runway
condition information)

0JIS1 PeCIOH-
Bapuanr orsera A P o
JEeHTOB, %
Hudopmarmy MOKHO TOBEPATH 20
®DaKkTHYECKUE YCIOBHS MOTYT
HECKOJIBKO OTJIMYATHCS OT HH-
(hopMaruu, MperoCcTaBIsieMOn 76
JKUIAXKY, HO B IIEJIOM i MOX-
HO JIOBEPSTh
®dakTHYECKUE YCIOBUS 4aCTO
3aMETHO OTJINYAKTCS OT WH- 4
(hopmartiu, MpeaoCTaBIIEMO
IKUIAXKY

18. Hackonvko mouno pakmuueckue OaHHvle
no 60KOBOMY 6empy, HAIUYUIO CO8UcAd 8empa U
0CAOK08 6 30He 6371ema U NOCAOKU COOMmeem-
cmeyiom ungopmayuu, npedocmasisiemMou IKu-
naoxcy?

dakTu4ecKre JaHHbIE IO OOKOBOMY BETpYy,
HAJIMYHIO CIIBUTA BETPA U OCA/IKOB B 30HE B3JIETa
U TOCAJKU, MO0 MHEHUIO THIOTOB, MOTYT He-
CKOJIKO OTJIMYAaThCs OT HWH(OpMAIuu, Mpeno-
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OtBetsl Ha Bomnpoc 19 (yxom Ha BTOPOW KpyT)

Answers to Question 19 (go-around procedure)
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Taoauma 12
Table 12

Hoas cpeaun | doas cpeam | oas cpenn
Bapuanr oTBeTa BCE€X PECMOH- | MOJOIBIX, | OMBITHBIX,
JIeHTOB, %o % %
IllTaTHast cuTyanus, He BBI3bIBACT 3aTPYAHCHUMN, IPU HEOOXO- 73 91 57
JIUMOCTH BCETJa YX0XKY Ha BTOPOH KpyT
IllTaTHast cuTyanus, He BBI3bIBACT 3aTPYAHCHUH, HO IIPUXO/IUT-
Csl YUYUTHIBATh «OOIIECTBEHHOE» MHEHHUE, CBSI3BIBAIOINEE YXO]] 15 9 21
Ha BTOPOH KPYT ¢ KBaTU(HUKAIIUEH TMI0Ta, U APYTHE PaKTOPHI
JuckomdopTHas curyarus. IT0 3aMETHOE YCIOKHEHHUE YCIIO-
BUH mojieta. MlHOTa Ka)eTcs, 9T MPOIIe BEIOIHHUTD MTOCATKY 7 0 1
JTaKe B CIIOKHBIX YCIIOBHSX, YEM «IIEPECTPOUTHCS Ha BBITION-
HEHHE yXO0/a Ha BTOPOH KPyT
JuckomdopTHas cutyaris. 3To B TOCTATOYHO CIOKHO, U TIPH-
XOJUTCA YUYUTHIBATh «OOIECTBEHHOE» MHEHHE U APYyTHe (ax- 0 0 0
TOPHI

CTaBJISIEMOM ASKHUIAXy, HO B IIEJIOM €l MOXHO
noBepATh (94 % ompomeHHbIx) (Tabdmn. 11).

Tadauua 11
Table 11
OtBetbl Ha Bonpoc 18 (10cTOBEpHOCTH
nH(popMaIuu 0 BETPE)
Answers to Question 18 (accuracy of wind

information)
Hoast pecrion-
Bapuant orBera o
JEeHTOB, %
Wudopmarum MOXXHO TOBEPATH 22
DaKTHYECKHE YCIOBHUSA MOTYT
HECKOJIBKO OTJIMYaThCsl OT UH-
(hopmarum, mpemocTaBIsieMon 72
9KHUIIaXy, HO B IIEJIOM € MOX-
HO JTOBEPSATH
daxTHdecKue yCcIoBHsl 4acTo
3aMETHO OTIIMYAIOTCS OT UH- 6
(dhopmannu, npeaocTaBIsIeMOi
IKHUIAXKY

19. Bawe ommuowenue x cumyayuu, xo2oa
Bam npuxooumca npunumams pewenue 06 yxo-
de Ha 8mMopoll Kpye UlU NPOOOINCEHUU 3aX00d
Ha nocaoky?
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YXo1 Ha BTOPO#l KPYT BBIMOJHSJICS MPaKTH-
YECKH BCEMU M3 OMPOIIEHHBIX MUIOTOB, OJIHAKO
KOJIMYECTBO YXOJIOB Ha BTOpPOHl Kpyr y O0Ib-
HIMHCTBA NWJIOTOB He mpesbimano 10 pa3 3a Bce
BpeMs JIETHOW MPAKTUKU. 3HAYUTEIbHAs 4YacTb
MUJIOTOB BOCHPUHUMAET YXOJI Ha BTOPOU KpyT
KAK IITAaTHYI0 CUTYAallMIO, HE BBI3BIBAIOILYIO 3a-
TpyaHenuii (tabm. 12).

OTBeTshI B rpynnax MuioToB TyYpOOBHHTOBBIX U
TypOOpPEaKTUBHBIX CAMOJIETOB MPAKTHYECKU HICH-
TUYHBl. A BOT MEXAYy OTBETAMH MOJOIBIX
Y OTBITHBIX MUJIOTOB ecTh oTnuus. Bee (1) mono-
JIble MWIOTHI CYUTAIOT BBIMOJIHEHUE YXO/a Ha BTO-
pOM Kpyr IITaTHOW CHUTyalMeEl, HE BbI3BIBAIOLIECH
HUKAaKWX 3aTpyAHeHuil. Jlnms Toasko 9 % u3 Hux
CKJIOHHBI JIelaTh OIISIKY Ha «OOIIECTBEHHOE
MHeHHEe». OTBEThI ONBITHBIX MMWIOTOB HA JAHHBIA
BOIIPOC HE CTOJb KareropuuHsl. IlltatHol cutya-
1MEH, HE BBI3BIBAIOIICH 3aTPyAHEHUIA, HTOT Ma-
HEBp CUUTaeT NpuMepHo Ase TpetH (57 %) muio-
TOB U3 JAHHOW rpynnsl, pu 3ToM 21 % xomanu-
poB BC cBs3bIBaeT yxon Ha BTOPOH KPYT € «00-
IECTBEHHBIM» MHEHUEM, (DUHAHCOBOM MOJIMTHKON
ABUAKOMITAHUU U JPYTUMU IPUUUHAMH.

Haunbonee nHTEpecHBIM pe3yJIbTATOM aHAIN3a
OTBETOB Ha JAHHBIA BOIPOC SIBISETCS TOT (DakKT,
410 21 % ONBITHBIX MUJIOTOB (KOTOPBIE OLIYIIAIOT
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Ipy3 OTBETCTBEHHOCTH 32 CAMOJIET, SKUIAX U Tac-
CaKHPOB) CUUTACT CUTYAIIHIO C YXOZOM Ha BTOPOM
KpYT JTUCKOM(OPTHON M 3aMETHO YCIIOXKHSIOILEH
YCJIOBHSL BBITIOJIHEHUSI TIOJIETA.

20. Kax Buvl oyenusaeme pexomenoayuu no
MexHuKke NUIOMUPOBAHUs. 8 YCI0BUAX CUTLHO2O
eéempa u (unu) ckonvskou BIIII, npunameie ¢ Ba-
uieti asuaKoOMnaHuu?

PexoMenpanuu no TE€XHHUKE MUIOTUPOBAHUSA
B YCJIOBUSIX CHJIBHOTO BETpa M (M) CKOJIB3KOMN
BIIII, npuHsThIE B aBHaKOMIIAaHWUHW, BOCIIPUHMU-
MalOTCs MPAKTUYECKH BCEMH OIPOLICHHBIMU
MAJIOTaMH KaK IOCTaTOYHO YeTkue (Tadm. 13).

Tadiauuna 13
Table 13
OrtBetsl Ha Borpoc 20 (oTHOILIEHHE
K PEKOMEH/IaIlUsIM aBUaKOMITaHUH )
Answers to Question 20 (relation to airline
recommendations)

JoJas pecnioH-

Bapuanr orBeTa
P JeHTOB, %

OueHb YeTKue, BCeraa CIeayIo

89
3TUM PEKOMEHIAIUSIM
TpebyeTcs HeOombIIas mopaboTKa 11
PexoMenanum 10KHBI OBITH T1€- 0

pepaboTaHbI

21. 3naxomvr au Bwi ¢ cucmemamu Smart
Landing, Smart Runway, ROPS?

[TonoBHHA W3 OMPOIIEHHBIX MHJIOTOB OKa3a-
Jach HE3HAKOMa C TAKMMHU CUCTEMaMH, Kak Smart
Landing, Smart Runway, ROPS (ta6mn. 14).
Onpoc nposoauics B 2016 rony. Tem He meHee
TaKOM pe3yNbTaT HECKOJBKO 03aJa4iJI, MOCKOJb-
Ky KommaHusi Airbus K TOMy BpEMEHH YyXe He-
CKOJIBKO JIET aKTHUBHO MpPOJBHralia CBOIO paspa-
60otky (ROPS — Runway Overrun Prevention Sys-
tem), u B IKAO yxe cTos1 BOIpOoCc 0 BHECEHUH
COOTBETCTBYIOIIUX JOTIOJHEHUH B aBUAIIHOHHBIC
npasuia. Creyer OTMETUTb, YTO CEro/IHs OTeue-
CTBEHHBIE M 3apyO€)KHbIE HOPMBI JIETHOH T'OHO-
CTH TPeOYIOT HAIUYHSI CUCTEMBI OIMOBELICHUS U
NpeAyNPEKICHUS O BHIKATHIBAHUN HA CaMOJIeTax
TPAHCHOPTHOMN KaTErOpHH.
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Tabanna 14
Table 14
OtBeTbl Ha Borpoc 21 (CUCTeMBl CUTYallMOHHOMN
OCBEJIOMJICHHOCTH)
Answers to Question 21 (Situational Awareness
Systems)

JoJas pecnioH-

Bapuanr orBera
p JEeHTOB, %

Her, ae 3aakom 51
Crplman, Ho He TPUXOIUIIOChH

JIETaTh Ha caMOJIETaX ¢ TAKUMHU 38
cHUCTEMaMU

3HaKOM 11

22. Bawe omuowenue K noseienuio Ha oop-
My camonemo8 cucmemvbl CUMYAYUOHHOU OcCGe-
OOMIeHHOCMU ~ 9Kunax)ca  (agmomamuiecxas
oyeHKa cumyayuu npu 3axo0e Ha Nocaoxy,
8 MOM HUClle CpagHeHue NOmpeoOHOl U pacnoia-
eaemoti onunwl BIIII, u evidaua pexomenoayutl
IKUNAICY).

ITo MHeHHIO OoJyibIIMHCTBA THIOTOB (82 %
OTIPOIICHHBIX ), TMOSBIICHHE Ha OOPTYy camoiiera
CUCTEMBl  CUTYal[MOHHOH  OCBEJOMIICHHOCTH
(CCO) nskumaxka Ob1710 OBl MOJIE3HBIM (Ta0M. 15).
Onnako 18 % OUI0TOB CUMTACT, YTO HUBJIUIITHSISA
«TIeperpy>KeHHOCTh)» BO3JAYIIHOIO CyJHa CHUCTe-
MaMH  HCKYCCTBEHHOTO HHTEIUIEKTa MOXKET
HE MPUBECTU K 0’KUJAEMOMY IOBBIIIEHUIO YPOB-
Hs1 0€30MaCHOCTH TIOJIETOB.

Tabauua 15
Table 15
OtBeTsI Ha Bompoc 22 (11enecoo0pa3HoCTh
CCO na 60pTy)
Answers to Question 22 (expediency of on-board
Situational Awareness Systems)

Hoxas pecnon-

Bapuanr orBera
p JAeHTOB, Y%

He Bmxy HEoOXxonuMocTu
B ITOSIBJICHUH €II[€ OJHON CHCTEMBI

HCKYCCTBEHHOT'O HHTEIIJIEKTa 18
Ha OOpTY, IOCKOJIBKY HE YBEPEH,

YTO ITO MOBBICUT OE30IaCHOCTH

Takas cucreMa ObLIa OBI IIOJIE3HOM 82
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3akiroueHnue

AHKETUpPOBaHME TWJIOTOB aBUAKOMIIAHUU
MIO3BOJIMJIO TOATBEPAUTH AKTYaJbHOCTh IIPO-
ONeMbl CHI)KEHUS pHCKa rpy0oi OCaaKy U BbI-
KaTteiBaHus camoiera ¢ BIIII, omenuTs 3HaYM-
MOCTh OCHOBHBIX (DAKTOPOB PHCKa aBUAIIMOHHO-
ro IIPOMCIIECTBHUS HA 3aKIIOYUTEIBHOM JTarle
MOJIETa, YTOYHHUTh TPAHULIBl «IPOCTBIX» U
«CIIOKHBIX» YCJIOBUH IIOCAKH, CKOPPEKTHUPO-
BAaTh HAaIpaBJICHUS HUCCIEIOBAaHUN B MHTEpecax
oOecrieyeHHsi O€30MaCHOCTH TOJIETOB. AHKETH-
pOBaHUE MOKa3aj0, YTO 3HAUYUTEIIbHAS YaCTh -
JIOTOB, NPUHABIINX Y4YacTHE B ONPOCE, CTAJIKHU-
Bajach U ¢ MpoOIeMON yJep>KaHusl BO3AYIITHOTO
Cy/lHa OT BBIKAaThIBaHHUS 3a OOKOBYIO KPOMKY
BIIIL, u ¢ rpyOBbIMU TTOCAIKAMU.

Cpenu dakTopoB pucka OOKOBOTO BBIKATHI-
BaHUs Hapsiay co ckoib3koi BIIIT u GokxoBbIM
BETPOM MUJIOTaMU ObUI OTMEYEH OTKa3 WM He-
mratHas paboTa [BUTATeNs, peBepca, CHCTEM
TOPMO’KEHHS U YIPABJICHUS HOCOBBIM KOJIECOM.
Cnenyer Takke OTMETUTh MNOTEHIUAIbHYIO
OIMacHOCTh Takoro 3¢ddekra, Kak axBarIAHUPO-
BaHUeE, MOCKOJIbKY Oosiee 70 % OmMpoOIlEHHBIX 3a
BpeMsl CBOEH JICTHOM NPAKTUKHA OIIYyLIAJIX Ha
npobere (hakTHUECKYIO MOTEPIO CLEIJICHHUS KO-
nec maccu ¢ BIII, 3amuToi BOIOM.

[Tputom uto OoOnblIas YacTh OMPOIICHHBIX
Ha3BaJla yXOJ Ha BTOPOM KPYyT IITATHOM CUTya-
e, oopaiaet Ha ceOst BHUMaHHE Ha TOT (hakT,
910 21 % OMBITHBIX MHJIOTOB CYUTAET CUTYAITUIO
C YXOJOM Ha BTOpPOW KPYr IUCKOM(MOPTHON U
3aMETHO YCJIOKHSIOUIEH YCIIOBHS BBIIOJHEHUS
MOJIETA.

Pesynbrarsl aHaims3a OTBETOB MWJIOTOB IOJ-
TBEPKJIAIOT JaBHO OOCYXKIaeMyro HEoOXOmu-
MOCTb IIEPECMOTpPa KPUTEpHUsI OLEHKH KayecTBa
MOCAJKH, MPUBSA3aHHOTO K BEIWYMHE HOPMAaJlb-
HOM meperpysku, U TOBOPST O HEOOXOJUMOCTHU
JOTIONTHUTEIBHOTO ~ TPEHAXXEPHOro  O0ydYeHHUs
BBIIIOJIHEHUIO IIOCaAKM Ha CcKoyb3Kyro BIIII
B YCIIOBUSIX OOKOBOTO BeTpa, HEOOXOIUMOCTHU
COBEPILECHCTBOBAHUS aBUALIMOHHBIX TPEHAXKEPOB
Y OCHAIIICHHSI COBPEMEHHBIX CaMOJIETOB OOpTO-
BBIMHA CHUCTEMaMH CHUTYyallMOHHOW OCBEIOMIICH-
HOCTH Ha MOCAJIKE.
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HartypHblii cTeH NI 0TPA0OTKH CHUCTEMBbI YIIPaBJICHUSA
BUHTOMOTOPHOM CHJIOBOW YCTAHOBKON KOHBEPTHUPYEMOI0
JIETATEJIBHOI0 annapara
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C.M. EapaHueB1
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akademust umenu npogeccopa H.E. JKykoeckoeo u I0.A. I'acapunay, 2. Boponesic, Poccus

AHHOTanmsi: B cTaTbhe M3NMOKEHBI pe3ysbTaThl paboT B OOJACTH CO3MAHMS HATYPHOTO CTEHIA JJIA WCCIEHOBAaHMI B oOiacTu
OIIpeNIeNICHNsI CTPYKTYPHI U MApaMETPOB CHCTEMBI YIIPABJICHUS OCCITMIIOTHBIMHU JICTATEIIBHBIMU aIlapaTaMy KOITEPHOTO THIIA C
CHJIOBOM yCTaHOBKOH, MMEIOIIEH B CBOEM COCTaBE JJICKTPOIBUTATENIM C BHHTAMH (UKCHpOBaHHOTO mara. IlpencraBieHsr
0COOCHHOCTH KOHCTPYKTHBHOM peaTi3aliil CTeH/A C YIETOM MEPCIICKTHB €ro Pa3BUTHS B YaCTH KOJIMYECTBA CTEIICHEH CBOOOIBI
(KaHaJIOB TaHI'&ka, KpeHa U poickanust). ONMcaH peain30BaHHbI MPUHIMI HHTerpaimu Simulink — Mojeni o0bekTa yrpasieHus,
KOHTpoIUlepa Ha 0Oaze miatdopmbel Arduino, THpPOCKOMa-aKcelepoMeTpa Ui OpraHM3allid OOPATHBIX CBs3¢H B MHTEpecax
(hOpMHPOBaHKS ATOPUTMOB aBTOMATHYECKOTO U TTO3HUIMOHHOTO (PYyYHOTO) YIPABJICHUS YIJIOM TaHTaXa, PyYHOTO YIIPABICHHS
oboportamu anekrpoasuratens. [IpencrapneH aHamM3 pe3ysbTaTOB HATypHOIO MOJEIMPOBAHUS B YacCTH KauecTBa MEPEXOJHBIX
TIPOIIECCOB M 3aTpPaT IEKTPOSHEPTHH TS Pa3iIMnIHBIX BapHaHTOB HacTpoiiku PID-perymsaropa, obecrieunBaromniero popMupoBaHue
curHana o0opoToB aiekTpoBurarens. ChenaH BBIBOJ O I1EJIECOOOPa3HOCTH CO3/IaHUS M WUCHOJIB30BaHHS AKCIEPUMEHTAIBHOM
0a3pl 11 OOOCHOBAaHWSI TIPUMEHCHHS aJalTUBHBIX AITOPUTMOB YIPABICHUS OCCIIIOTHBHIMHU JIeTAaTEIFHBIMHU amlapaTaMu
KOIITEPHOI'O0 THUIIA C JJICMCHTAMHW HCKYCCTBEHHOI'O MHTCIUICKTA B HMHTEpPECAX o6ecneqeﬂym Tpe6yeM1>1x TINJIOTA>KHBIX
XapaKTePUCTHK B IIMPOKOM JHAMA30He CBOHCTB OOBEKTOB YIPaBIICHHS.

KnroueBble c10Ba: neTaTeNbHBIA armapar KONTEPHOTO THIIA, BUHT (PUKCHPOBAHHOTO IIara, yIIpaBJICHHE, MUKPOKOHTPOILIED,
MozenupoBanue, PID-peryssitop.

Jna murupoanmsi: BepemmkoB [I.B. HarypHblii creHn it oTpabOTKM CHUCTEMBI YIIPABJICHUS BHHTOMOTOPHOM CHJIOBOM
YCTaHOBKOM KOHBEPTHUpYeMOro JieratenbHoro anmapara / JI.B. Bepemmkos, N.K. Makapos, 11.C. Mouceesa, C.M. bapanues //
Hayunsnii Bectank MI'TY T'A. 2024. T. 27, Ne 1. C. 61-71. DOI: 10.26467/2079-0619-2024-27-1-61-71

Full-scale simulator to test a control system of an engine-propeller
powerplant of a convertible aerial vehicle

D.V. Vereshchikovl, I.K. Makarovl, L.S. Moiseeval, S.M. Barantsev'
'Military Educational and Scientific Center of Air Forces “N.E. Zhukovsky
and Yu.A. Gagarin Academy of Air Forces”, Voronezh, Russia

Abstract: The article presents the results of work involved with developing a full-scale simulator for research into determining the

structure and parameters of the control system for unmanned aerial copter-type vehicles with a powerplant comprising electric motors
with fixed-pitch propellers. The features of the engineering implementation of the simulator, taking into account the prospects for its
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development in terms of greater maneuverability (pitch, roll and yaw), are presented. The implemented principle of the Simulink
integration — a model of the control object, a controller based on the Arduino platform, a gyroscope-accelerometer to organize
feedbacks for the purpose of forming algorithms of the automatic and positional (manual) pitch angle control, manual motor revs
control is described. The analysis of the full-scale simulation results in terms of the quality of transients and power costs for various
settings of the PID-regulator, which provides generating a signal of electric motor revolutions, is presented. It is concluded that it is
feasible to create and use an experimental base to justify the use of adaptive control algorithms for unmanned aerial copter-type
vehicles with elements of artificial intelligence to ensure the required flying characteristics in a wide range of properties of control
objects.

Key words: aerial copter-type vehicle, fixed-pitch propeller, control, microcontroller, modelling, PID-regulator.

For citation: Vereshikov, D.V., Makarov, LK., Moiseeva, 1.S., Barancev, S.M. (2024). Full-scale simulator to test a control system
of an engine-propeller powerplant of a convertible aerial vehicle. Civil Aviation High Technologies, vol. 27, no. 1, pp. 61-71.
DOI: 10.26467/2079-0619-2024-27-1-61-71

Beenenue uxX O0OpOTOB, a CJIENOBATEIBLHO PAOOTHI SJIEK-
TpOJBHUraTeNeil Ha IMEPEXOJHBIX PEKUMAX, CO-
MIPOBOXK/IAIOIIUXCS TOBBIIIEHHBIM MOTPeOIeHH-
em sHeprun. IIpobrema ycyrybnsercs pocTom
TpeOyeMol MacChl IIEJIEBOM HArpy3KH, a CJIeJo-
BaTenbHO Macchl BJIA, W HamuuueM BETPOBBIX
BO3MYILIEHNI, HAIIPABJICHUE KOTOPBIX JAIEKO HE
BCETJ]a COBNAAAET C MAPUIPYTOM IOJIETA.

Pazpemienrie 0003HaYeHHOM TPOOIEMBI Jie-
JKUT B IJTIOCKOCTH CO3/IaHUSI U IPUMEHEHUSI KOH-
Beptupyembix BJIA (KBJIA), moner mo mapuipy-
Ty KOTOPBIX OCYHIECTBISIETCS C UCIOIb30BAHUEM
MOABEMHON CHJIBI, CO3JaBAEMOM KpBUIOM, a Ts-
ra— BUHTaMH, Pa3BEPHYThHIMHU BMECTE C 3JIEK-
TPOJBUIaTEIsIMA B CTOPOHY JBM)KECHMS. Takou
NPUHIUI M3BECTEH, CYHIECTBYIOT SKCIIEPUMEH-
TaJbHbIE U JIa)KE€ CEpUIHBIE JIeTaTeJIbHbIE amma-
patbl (puc. 1), 0JHAKO M3BECTEH TaKXkKe U KOM-
IUIEKC NMpoO0JeM, BO3HUKAIOIIMX MPU CO3/JaHUU
Y DKCIUTyaTaluu Takux JIA.

OpHoit u3 mpobIsieM SBISIETCS HEOOXOUMOCTD
co3aHus Takux 3akoHOB ympasieHusi KbJIA, ko-
TOpbIe Obl YYHUTHIBAIA OCOOCHHOCTH B JUHAMHUKE
UX JIBWKEHUSI Ha BEPTOJIETHOM, CAMOJIETHOM U Tie-
pexoaHoM pexxuMax. Kak 1mokaspIBaroT uccienoBa-
Hus [18-20], cucrema ynpasnenuss KbJIA nomxna
OBITh AIIEKTPOIUCTAHIIMOHHOW, U B HEH JOJDKHBI
OBITh WCIIONB30BaHbl HHTETPATIbHBIC ACTAaTUYECKHE
anroputMbl  ynpasienus. Kpome Toro, ciemyer
UMETh B BUJYy TO, YTO BECH OIIBIT, HAKOIUICHHBIN
IpU CO3JaHUM BBICOKOABTOMAaTU3UPOBAHHBIX CH-
CTEM YIPABICHHUsS CaMOJIETOB, OCHOBAHHBIM Ha
BO3MO’KHOCTH Pa3JIeNIeHUs KaHAJIOB MIPOIOJIBHOIO U
6okoBoro apwkennid, 111 KBJIA ¢ BuxaTOMOTOp-
HBIMH CUJIOBBIMH YCTaHOBKaMU TIPUMEHUM TOJIBKO
OTYACTH. DTO CBSA3aHO C CYIIECTBEHHBbIM B3aUMO-

OIHUM W3 BaXKHEHIIINX 3TAOB CO3JaHUs JIeTa-
TenbHOrO ammapara (JIA) sBmsercs paspaboTka
ero cucrembl yrpasienus [1—4]. B 3aBucumocTt
OT TPEABSIBISIEMBIX TPEOOBAHUN K XapaKTEPHCTH-
KaM yCTOMYMBOCTH W ympasisgeMoctu JIA, obia-
JAFOIIETO MHIMBHIYATbHBIMU OCOOCHHOCTSIMU, B
CUCTEME YIIPaBJICHUS PEaTU3yIOTCsSl alrOPUTMBI,
TpeOyIolHe OLEHKU aJeKBAaTHOCTH U 3(heKTHs-
HOCTH WX paboTel [5-7]. DTy 3amauy 1menecoo0-
pa3HO pemiaTh «Ha 3eMJIe» ¢ MPUMEHEHUEM CTCH-
JIOB M YCTaHOBOK, ()YHKIIMOHHUPOBAHUE KOTOPBIX
OCHOBaHO Ha CXOXHX C OOBEKTOM HCCIIEIOBAHHS
npunnunax [8—17]. llemecoobpa3HOCTh TakKoro
nojxoga OOOCHOBaHA BBICOKOH BEPOSTHOCTHIO
norepu (rmoBpexieHus1) JIA B HaTypHBIX (JIE€THBIX)
UCTIBITAHUSIX, HEBO3MOXKHOCTBIO yUeTa METOJIaMH
MaTeMaTU4ecKOro MOJICIMPOBAHUSI BCEX MpOLeC-
COB U SIBJICHUI, TIPOUCXOSAIINX B MOJIETE, & TAKKE
BCEro MHOT000pa3usi CBOMCTB 00BEKTa MOJICIIUPO-
BaHMs. Takas cuTyanusi XapakTepHa B TOM YHCTIC
u g OecwiioTHeIX JIA ¢ BHHTOMOTOPHBIMH
ANIEKTPUYECKUMH CHUJIOBbIMU ycTaHoBKamu (BJIA
KONTEPHOTO THIIA).

[Ipaktuka npumenenus BJIA xonrepHOro
TUMA JJI PelIeHUs] HMIMPOKOro Kpyra HapoJHO-
XO3SIICTBEHHBIX 33]1a4 U 3a/71a4 BOCHHOTO Ha3Ha-
YeHMsI BBIIBUJIA MX CYLIECTBEHHBIH HeIoCTa-
TOK — MaJyl JAIbHOCTH MOJETa. JTO CBI3aHO C
TE€M, YTO HHEPrusi aKKyMYJSTOPHBIX Oarapeii
pacxoayeTcs Kak Ha CO3/IaHue€ MOJABEMHOU CH-
Jbl, TaK U Ha co3faHue cuibl TAru. Kpome Toro,
3aja4a 00eCTieUeHUs] YCTOWYMBOCTH U YIIPABIISI-
emoctu BJIA pemraeTcss TONbKO MyTEM H3MEHE-
HUS TSITU BUHTOB 32 CUET KOPPEKIUU BEIINIMHBI
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Puc. 1. Kouseprupyemsie nmuiotupyemsie (a) U GecrimiiotHsle (0) JeTaTenbHbIe arnaparsl
Fig. 1. Convertible manned (a) and unmanned (0) aerial vehicles

JEUCTBUEM TPOJOIBLHOTO, MYTEBOTO U MOMEPEYHO-
TO KaHAJIOB YNPABJICHHS W3-32 HAMYMS OOJBIINX
PEaKTHBHBIX U TMPOCKOMMYECKUX MOMEHTOB, Ca-
ObIM COOCTBEHHBIM JIeMII(pUPOBAHNEM M HEIOCTa-
TOYHOW YCTOWYMBOCTBIO, CYIIECTBEHHBIM DPaz0po-
COM 3HAQUEHUI MapaMETPOB, XaAPAKTEPU3YIOIIMX
yactoTHbI noptpeT KBJIA u ero TeH3zop nHepuuu.
Kpome Toro, Ha KBJIA komTepHOro Tuma, B CHITy
JKEeTIaHUsI COKOHOMHTE MacCy KOHCTPYKIIMH U 00ec-
TICYNTH €€ HAIC)KHOCTh, TIPUMEHSIOTCS BUHTHI (DHK-
CHPOBAHHOTO IIIara, a 3HAYUT, OCHOBHBIM YIIPaB-
JsOmMM  (aKTOPOM JUTSi MU3MEHEHHS TATH BUHTA
SBJISIOTCSL TOJILKO €ro o00opoThl. [IpuBeneHHbIe
paccykJIeHUs] HaTaJIKUBAIOT Ha MBICIIb O TOM, YTO
COBPEMEHHBIE JIOCTIDKEHUSI B OONACTSIX CO3IAaHUS
aJIalITUBHBIX aJITOPUTMOB YTIPABJICHUSI U TIPUMEHE-
HUS afmapaTa HeUYeTKOM JIOTMKK MOTYT HalTH CBOE
Mmecto Ha 6opty KBJIA.

Takum 00pa3oM, aKTyalnbHON MpENCTaBISETCS
JEATENFHOCTh TI0 CO3JAHHI0 CTEHIOBOW J1abopa-
TOpHOU 0a3bl I OTPAOOTKU aITOPUTMOB YIIPAB-
nennst KBJIA, mo3Bossitoniel yuyectb Kak MOXKHO
Ooree MMPOKUIA CIIEKTP ero cBOMCTB. Llembto pado-
Thl, PE3yJbTaThl KOTOPOM OIMMCHIBAIOTCSA B CTaThE,
SBJISIETCS CO3/IaHME TAKOTrO CTEHJa M OILIEHKa BO3-
MOXHOCTH €r0 MPUMEHEHUs Ul OINpeIeIeHHs
CTPYKTYPBI ¥ TTapaMETPOB CUCTEMBI YTIPABICHHUSI.

OcHoBHAaf YacTh

CraBurcs 3a1a4a CO3/1aHUS HATYpPHOI'O CTEH-
Ja Ui OTpaOOTKHU CTPYKTYpPhI U TapaMeTPOB CH-
CTeMbI YIpaBJICHHS 000POTaMHU HIIEKTPOJIBHIa-

63

TeJI1 C BUHTOM (PUKCHPOBAHHOIO IlIara B HMHTe-
pecax oOecriedeHns: pyYHOTO ¥ aBTOMAaTHYECKO-
IO YyOpaBJeHUs MOJIOKEHUEM IIapHUPHO 3a-
KPEIUIEHHOM KOHCTPYKIIMY MasgTHUKOBOI'O THIIA.

Ha puc. 2 npezncrapineHa KOHCTPYKLUS U OMpe-
JIeTIeH cocTaB pa3pabotanHoro creHaa. OCHOBHBI-
MH 3JIEMEHTaMH CTEHJIa SBJIIOTCSA: OOBEKT Hcclle-
nosanus (1); Berauciurens — [I9BM (2); komana-
HbIH peryar ynpasinenus (KPY) B Buzae mxoiictu-
Ka (3); HCTOYHHK SJIEKTPOIHEPTHH — OJIOK DJIEK-
TponuTaHus (4).

Jloruka B3aMMOJEUCTBHS CTPYKTYpPHBIX 3Jie-
MEHTOB CTEHJa MpelyCMaTpUBaeT HAINYME TpeX
BapHaHTOB yNpaBJeHUsl 00beKTOM (puc. 3):

1) mepemereHue pyKOSATKU JDKOHCTHKA «OT
cels» U «Ha cebs» U popMHUpOBaHUE TAKUM 00-

pa3oM CHTHaIa 3aJlaHHOTO YIJIa TaHTaXa I,

(pe’XuUM MO3UIIMOHHOTO YITPABJICHUS TAHTAXKOM);

2) mepeMelleHue TMOJ3yHKa JKOMCTHKA W
dbopMHpOBaHHE TaKUM OOpa3oM CHUTHaIA 3aJaH-
HOTO 3HAa4YeHHs OOOPOTOB 3JIEKTPOIBUTATEIS
(pexuM MpSMOTO yIpaBiIeHUs 000pOTaMH dJIEK-
TPOJABUTATEIS);

3) mporpaMMHOE CTyIE€HYaTOe YTpaBJieHHE
3aJaHHBIM 3HAYCHHEM YyrIjla TaHTaxa B Juamna-
3oHe —10...12° (Step_pexum).

[epekmoueHne MEXIy peKUMaMH yIpaBiie-
HUS C JDKOMCTHKA W MPOrPaMMHBIM yNpaBICHU-
€M OCYILECTBIISIECTCA KHOIKOM, pa3MEILEHHON Ha

JuKOHCTHKE (GOPMHUPYETCSt CUTHAIL 7, ).

bnox anexkrponuranus odecneunBaeT noaavy
Ha PEryiiarop OOOpOTOB 3JIEKTPOIBUTATENs
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Puc. 2. KoHCTpyKIHs ¥ cOCTAaB HATYPHOTO CTEHAA JUIS OTPAOOTKH CHCTEMBI YIIPABICHHS BUHTOMOTOPHON CHIIOBOI

YCTaHOBKOM

Fig. 2. The design and the composition of the full-scale simulator for testing a control system of an engine-propeller
powerplant
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: YCTAHOBKA AKCENEPOMETP KOMAHOHbLIN

L e e e e e ————— — ————— PblIYAL YTIPABNEHINA

Puc. 3. CxeMa, WITIOCTPUPYIOIIAS JIOTHKY B3aMMOCHCTBHS CTPYKTYPHBIX 3JIEMEHTOB CTCHIA
Fig. 3. The diagram illustrating the logic of interaction between the structural simulator elements

omopHoro HanpspkeHust 12 B. Perynsrop o6opo- B Berunciurene (I19BM) ¢ ucnonp3oBanneM
TOB, MOJYYHB M3 MHKPOKOHTpOIJIEpa paccyu- Simulink-momenu (puc. 4) npousBoAUTCS (GOp-
TaHHOe PID-perymsitopom 3HadeHne Kodhuim- MHUpOBaHUE 3HAYCHUN KOIP(PUIIMEHTOB yCHIIE-
eHra 000poTOB k(1 ), MacmTabupyOIEe  gyg PID-perymstopa (kP; k;; kD) JUIsL IBYX Ba-
OIIOPHOE HAIpPsKEHUE, (POPMUPYET CUTHAIl Ha- puanTtoB: «miasHoro» (1,0; 0,1; 6,5) u «pe3ko-

npsokenust U gz, 0OecrneunBaroluii BpaleHme ro» (1,9; 0,2; 7,0) oTKIMKOB 00BEKTa HA yIpaB-
JSIFOINME CUTHAN. 3HaueHus1 Kod(PPUIIMEHTOB TT0-
J0OpaHbl SMIMPUYECKUM IyTeM UCXOIs U3 (ak-
000pOTaM 00ECTICUNBACTCS CUTHAIIOM 71 75 . THYECKHX CBOIMCTB OOBEKTa YIPABICHHUS U CyOb-

BUHTA C 000poTamu 7 ;5. OOpaTHas CBsA3b 110
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DopMUpoBaHNe YNPaBNALL X CUTHANOB
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Fig. 4. Simulink is a model to generate control signals and process simulation results

eKTUBHO OKHIIAEMOTO XapaKTepa MepeXOIHBIX
npoueccoB. Kpome Toro, Simulink-monens obec-
NICYMBACT BBIBOJ PE3yJIHTATOB MOJICTHPOBAHUS HA
9KpaH, MacliTaOMpOBaHUE CHUTHAJIOB C JKOMC-
THKa, TIpHeM MH(OPMAIMU U3 MHKPOKOHTPOJLIE-
pa no koddduumenty o60poToB k(1 ), TeKy-

IeMy 3HAQUECHHIO TaHTaxa &, CHTHATY 3alaHHOTO
3HaueHHs TaHTaxa 4,,,, a TaKKe Iapamerpam

CTYIEHYATO 33/IaHHOT'0 CUTHAJIa TaHraxka Step_sig.

OOmeH uH(popMarmel MeXTy BBIYHUCIHTEIEM
Y MUKPOKOHTPOJUIEPOM OCYILECTBIIsETCS B IHppo-
BoM (opmare ¢ ucnonmb3oBanueM UART-coenu-
HEeHMs1. DTa 3a/ada pernaercs B 61oke «CHHXpOHU-
zammst ¢ Arduino Nanoy. Iloctymatomme B 0110k
CHUHXPOHM3AllMM CUT'HAJIBI KOHBEPTHPYIOTCS B UU-
TaeMbIii MUKPOKOHTpOJUIEpOM (hopmat, CTPYKTy-
pupytorcst B anemente Byte Packing m ornpanis-
forcsi B COM-nopt. Hactpoitku UART-oOmena
JAHHBIMH OCYILECTBIIAIOTCS C UCIOJIb30BaHUE OJ10-
ka Serial Configuration. [Ins mpuema JaHHBIX W3
MHUKPOKOHTPOJUIEpA HCTIONIB3yeTCsl dJieMeHT Serial
Receive.

CunxpoHm3amus BpeMeHH Mexay Simulink-
MOJIEBI0 U MHUKPOKOHTPOJUIEPOM OCYIIECTBIISIET-
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¢s ¢ moMoIbio diementa Simulation Pace ¢ muc-
kperuzanueit 0,02 c. [lepexmouenne MexIy make-
TaMH CUTHAJIOB CO 3HAYEHUSMH KOX(PPHUIIMEHTOB
ycuwiienus PID-perynsitopa  ocyiecTBisieTcss B
Simulink-mMonienu B Temme mpoBeAEHUs dKCIEPH-
MEHTa WM TIPH MOJrOTOBKE MOJIENHN K 3aITyCKy C
ucrosb3oBanueM 6Osoka Switch. Hactpoiika Muk-
pokoHTposuiepa Arduino nano BBITIOJIHSAETCS C UC-
MOJIb30BaHUEM BCTPOEHHOTO S3bIKa B Cpelie Mpo-
rpammupoBanusg Arduino IDE. OcnoBHble 3iie-
MEHTBHI MPOTPaMMHOT0 KO/Ia C COOTBETCTBYIOIIIU-
MH KOMMEHTApHsAMH TPE/ICTABICHBI Ha PUC. 5.

brnok  cuUHXpOHM3AIMKM  MHKPOKOHTpOJUIEpA
Arduino ¢ Simulink-monensio (puc. 5) pemiaer 3a-
Jady TpeoOpa3oBaHUsl [TAHHBIX BEIECTBEHHOTO
THIA, TPUMEHSIEMBIX TP pacdere KUHeMaTH4e-
CKHX TMapaMeTpoOB JIBIDKEHUSI 00BbEKTa B LIETOYHC-
aeHHBId THO uint 8 mpm opranmzammu UART-
coenuHeHHs. B OJoke CHHXpOHM3AIMU 3HAYCHHS
PacCUMTHIBAEMBIX TAPaMETPOB TEpel] OTIPABKOM
npeoOpa3yroTcss B IETIOYMCIICHHBIN (hopmaT, OT-
NPaBJISIOTCS M 3aTEM CHOBA «COOMPAIOTCSD) B BEIIIE-
CTBEHHBIN opmar.

3unauenne kodpuuurenra 060poToB k(n ;5 )

BBIUUCIIICTCSI HA OCHOBE 3HAYCHHWH KOA(hUIH-
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€Axis MotionApps20.h"™

J

begin();

zad_tangaj, =zad_enging, zad_regimraboty = 0;

roid setup() {

myservo.attach(9); Serial .begin(ll5200); Wire.

mpu.initialize(); mpu.dmpInitialize(); mpu.setDMPEnabled(

void loop() {
if (mpu.dmpGetCurrentFIFOPacket (fifoBuffer)) {

Vol. 27, No. 01, 2024

brox nooxmovenus dudauomex OJist pabomsl cepeoma-

wiunwt u 2upocrkona MPU-6050

bnox nacmpoiicu UART-coeounenus u 2u-
pockona MPU-6050

bnox unuyuanuzayuu eupockona MPU-6050

mpu . dmpGetQuaternion (&g, fifoBuffer);

mpu .dmpGetGravity (sgravicy, &q);

if (Serial.available() == 28B) {
inputl.number = getFloat(); zad_kren = inputl.number;
input2.number = getFloat(); zad_tangaj = inputl.number;
inputS_number = getFloat(); kp = inputS.number;
input€. number = getFloat(); ki = input€.number;
input7 .number = getFloat(); kd = input7.number;
sendl .number = flag; send2.number = PID_tang;

= tang_gix;

send3 . number

Briok cHHXpOHHM3aLUNH MIKPOKOHTPOJLIEpa
> ¢ Simulink-mMonensro mo ycrnosmio 3anoin-
HeHus Oydepa oOmeHa

4; i++) 1 .write (sendl . bytes[i]);}
4; i++) { e (send2 .bytes[i]});}
4; i++) {[Serial _ write(send3.bytes[i]);}
i} -
if (zad_regimraboty == 0) {
analogWrite (3, rain (zad enging, minOut, maxOut)); ()‘D("af”fga?ﬂfﬂ pyq”f)?() pe-)f('u.-”a yn‘l}aﬁ"
PID tang = computePID(tang_gir, tang_gir - 10, kp, ki, kd, dt, N
minCut, maxCut);} .-IC‘HH}I
R TS SR e Opeanusayus no3suyuonnozo pe-
analogWrite (3, PID_tang = computePID(tang_gir, =zad_tangaj, -20, 20), Jf('lf.-"fay”})ﬂ'l@ﬂe”“ﬂ
kp, ki, kd, dt, minCut, maxCut);}
if (zad i boty == 2){static uint3Z ¢ ; -
e e e Vnpasnenue oo6vexmom no cmy-
RALLieg) = Tmr o= €000 itamg = las) NeHYamomMy UsMEHEHUIO 3a0AHHO20
s() - tmr >= 12000) {tmr = millis();}
gWirize (3, PID_tang = computePID(tang_gir, flag, kp, ki, kd, dt, y?ﬂa mavedix'a
minQut, maxOut));}
break; }}}
float computePID(float input, float setpoint, float kp, float ki, float kd,
EloNEdC, Ao einUve, See e ) bnok pacuema snavenus kosgh-
float err = setpoint - input; static float integral = 0, prevErr = 0;
integral = constrain(integral + (float)err * dt * ki , minCut, maxOut); d}zﬂﬁ{(;‘fﬂna (}6())()(){??06
loat D = (err - prevErr) / dt; prevErr = err;
strain(err * kp + invtegral + D * kd, minOut, maxOCut);}

Puc. 5. OcHOBHBIE 3JIEMEHTHI POTPAMMHOTO KOAA
Fig. 5. The key program code elements

eHTOB kp, k;, k,, curHana Texkymero TaHraxa
&, curHana 3agaHHOro TaHraxa &,,,, IpoOIOp-
[IMOHAIBHOTO IOJIOKCHUIO phlYara KOHCTHKA
Xy, curHama Step sig. B pexume pydHOro
ynpasiienus obopotamu Koddpunment k(n p )
HAaXOAUTCS B NPSMON 3aBUCHMOCTH OT IlepeMe-
LICHHUS MON3YHKA JUKOMCTHKA .

Pe3ynbpTaThl CTEHAOBBIX HWCHBITAaHUNA JHMHA-

MUKH JIBIJKEHUSI OOBEKTa B KaHaJle TaHIaxa
npejcTasieHsl Ha puc. 6 u 7. Ha puc. 6 nokasa-
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HBI XapaKkTep U3MeHeHus Kod3duimerta oobopo-
TOB k(N ;p ), 3aJQHHOTO CTYNIEHYATO 3HAYECHHUS

TaHTaka M ero Tekymero 3HadeHus. Ha puc. 7
TIOKa3aHbl TaKUE K€ MapaMeTphl B PEKHME II0-
3UIIMOHHOTO yTNpaBieHHs TaHraxxoM. Ha oGomx
PHCYHKaX CJIeBa MPEACTAaBICHBI PE3yIbTaThl IPH
TaKUX 3HAYCHUsX KoddduumentoB kp, k; kp,
KOTOpble 00ECHEeYMBAIOT «IUIABHBIIM» OTKIIMK
00BEKTa Ha YNpPaBIAIOIIUN CUTHAJ, a CIpaBa —
«PE3KUID.
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Puc. 6. Pe3yHLTaTBI CTEHIOBBIX MCITBITAHUI JUHAMHWUKH OBUKCHUA o0BeKTa Ipy CTYNIEHYaTOM U3MEHEHHUH 3aJaHHOT'O yTIJIa

TaHTaXa: d — «IUIaBHBIIN» OTKIIMK O0BEKTa; O — «PE3KUI) OTKIIMK 00bEKTa

Fig. 6. The bench testing results of object motion dynamics during a stepwise change in an assigned pitch angle:
a — a “smooth” response of the object; 6 — a “sharp” response of the object

| | |
| 3HaucHue k03 puuncHTa 000POTOB |

3agaHHbII]

yron TaH-
raxa
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Texymimii]
yroi TaH-
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Puc. 7. Pe3yJ’ILTaTLI CTCHIOBBIX HMCIBITAaHUH JUHAMUKH JTBHXKCHUA 00BeKTa IIpyU NO3MIMOHHOM YIPABJICHUU TaHTaXKOM:

a — IJIaBHBINY OTKIUK 00BEKTA; 6 — «PE3KHI» OTKIMK 00bheKTa
Fig. 7. The bench testing results of object motion dynamics during a positional pitch control:
a — a “smooth” response of the object; 6 — a “sharp” response of the object
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W3 rpadukoB, mpencraBieHHBIX Ha pHC. O,
BUJIHO, YTO TIPH «IUIaBHOM» peakuuu OO0beKTa
Ha CTYIEHYATBIIl CUTHAT 33aHHOTO TAHTaXa MpH
JBIKEHUH 00BEKTa C TOJIOKUTEITBHON CKOPOCTBIO
TaHTaXa  HAOJIOMAeTcs  TMepeperyJrpoBaHUEe
7-8 % OTHOCUTENIBHO 3alaHHOrO 3HayeHus. [lpu
JBIKEHUH C OTPUIIATEIHFHON YIJIIOBOH CKOPOCTBIO
B OTPULIATENILHYIO OOJIACTh YIJIOB TaHTaXa mepe-
peryJIMpoBaHHe MPAKTHYECKN OTCYTCTBYET. Bpemst
peryJaMpoBaHus COCTaBisieT okoo 4,5 c. Mcmois-
3yeMblIe JUIsl YIpaBJICHUS 3HAUCHUs KOdduIeH-
Ta 000pOTOB k(7 75 ) He mpebunAIOT 50 % BCeTo

pabouero muanaszona. OOparmaer Ha ceOs BHUMA-
HUE pa3HHWIIAa B 3HA4YCHUAX Kod(duimenTa
k(n zz ) TpH IBYX OIMHAKOBBIX MUKAX 33[aHHOTO

cUrHana, oObsiCHAEMasl, BEPOSTHO, HECTaOMIIHHO-
CTBIO HANIPSDKCHUS B YIPABJISIONICH JTMHUN MEXKITY
PETYISITOPOM 0OOPOTOB U DJIEKTPOJABUTATEIIEM.

[Tpu «pe3koi» HacTpoiike KOdPPHUIHEHTOB
ycwiieHus: PID-perynstopa xapakrep MU3MEHEHHUs
3HaueHnid Kod(dduimienTa 060poTOB MPH 0O0MX
MUKaX 3a/laHHOTO TaHraka MPakTHUYECKH HE OT-
auyaerca. Bpemsi peryimpoBaHHMs COKpalaeTcs
1o 1,5 ¢, 3a0pockl yria TaHTraXka B €ro MOJIOXKH-
TEJbHOM 00JacTH CyIIECTBEHHO MEHbIIE, a B OT-
pHIIATENBbHOM, HAPOTUB, BO3pacTaloT. Jluana3zon
NpUMEHsIEMBbIX 3HaueHUH koddduimenta obopo-
TOB pacHmpsieTcsi B 2 pa3a. OTO MOXET OBITh
00BSICHEHO HEOOXOIUMOCTBIO OOJBIINX MHKOBBIX
3HAYCHUH HANpSHKCHUS B MOMEHTHI TIOSBICHUS
CUTHAJIa PacCOIJIACOBAHMUS 110 TAHTAXKY.

Pe3ynbrartel HaOMIOACHUI MO3BOJISIOT CJie-
JaTh BBIBOJ O TOM, YTO COKpAaILEHUE BPEMEHU
perynupoBaHusi 00BEKTa TpedyeT OOJbIIero
pacxo/a SHEpruu , Kak CJIeICTBUE, TPUBOIUT K
YMEHBIICHUIO AANBHOCTU M MPOJOIKHUTEIBHO-
CTH TIOJIETa B CHIIy OoJiee SHEPrHYHOrO paspsjaa
aKKyMyJISITOpHBIX Oartapeii. Takum oOpazom,
«pe3Kas» peakius 00beKTa U COOTBETCTBYIOIINE
el Hactpouku PID-perynsropa omnpasnassl
TOJIbKO B Te€X CilyyasX, KOrja HuHas peakuus
00beKkTa He obecreynBaeT TPeOyeMOro ypOBHS
MUIOTAXHBIX XapaKTEPUCTHK.

[lo3unuonHsbIi pexxuM ynpasieHus (puc. 7)
XapaKTepu3yeTcsl Xopoiio HabmogaeMbiM ¢azo-
BBIM 3alla3ibIBaHUEM B peakiun o0bekTa. B pac-
CMOTPEHHBIX CIIy4asX 3TO 3ana3[IblBaHUE JOCTH-
raetr 1,5...2,5 c. BnomHe o4eBHAHO, YTO 4YEM
MEHBIIIE TPAJUCHT YIPABISAIOLUIETO CUTHAIa OT
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JUKOMCTHKA, TeM OOJbIlle BpeMs 3ara3ibIBaHusl.
«IIlym» ynpaBisiolmero curHaia, oObsSCHIEMBbIN
CBOIMCTBaMH pYyKH OIEepaTopa, YHPaBIAIOLIErO
JDKOMCTUKOM (PEMHAHTOM), a Takke ero coo-
CTBEHHBIMH TEXHUYECKUMH XapaKTEPUCTUKAMHU,
NPUBOJUT K YBEJIMUYEHUIO YaCTOThl M aMILIUTY bl
U3MEHEeHHs 3HAa4YeHU Kodduienta o60poToB,
a CIelOBaTENIbHO, 3aTpaT YHEPTUM aKKyMYJISTO-
poB. IIpobnema MoxeT OBITH pelreHa MpUMeHe-
Huem Oonee 3¢pdexruBHOro PrnpTpa B D-cocTas-
JSIOILEH peryssiTtopa, 4yTo, OHAKO, B ele 00Jb-
mIel CTETeHH OXXHMIAeMO TIOBBICUT (a30BOE 3a-
naszibIBaHue. JTO B CBOIO OYepelb MOXKET MpUBE-
CTH K pa3pbIBy 3aMKHYTOTO KOHTYpa «IHJIOT —
CHCTEMa yIpaBIICHHUS — JICTATENbHBIN amnmapar u
YXYIILIEHUIO THJIOTaXKHBIX XapAKTEPUCTHK.

B kxauecTBe BBIBOJIOB MpEACTaBISIETCS Liese-
c000pa3HbIM OTMETHUTH CIIEYIOIIEE.

1. Pa3zpaboTanHass KOHCTPYKIIHS CTEH/IA IM03-
BOJIIET MPOBECTH LMKJI HCCICIOBaHMNA s
OLIEHKH BO3MOXXHOCTH OPTaHU3AIMH PYYHOTO U
aBTomMaruueckoro ynpasinenus KBJIA.

2. KowmmuekcHoe mnpumeHenue Simulink-
Mojenelt U miuatgopMm Ha 6a3e ycTpoHCTB Ar-
duino mo3BoseT ONEPAaTUBHO M3ydYaTh COCTAB U
cTpykTypy cuctem ynpasienuss KBJIA ¢ snek-
TPOABUTraTEeIsIMH U BUHTaMU (PUKCHPOBAHHOTO
mara B 00JacTsAX YINpaBJIEHUs YTJIOBBIM II0JIO-
KEHUEM OOBEKTOB.

3. AHanM3 Ka4yecTBa MEPEXOAHBIX MPOIIECCOB
OpU PEe3KUX M IUIABHBIX PEAKIHUAX OOBEKTOB
yIpaBJICHUS! HA YIPABJISIOMIAE CUTHAJBI ITO3BO-
JsIeT aHAJIM3UPOBAaTh CTENEHb Pacxojla SHEPrHH
JUis o0ecreyeHrsl 3aJaHHOTO YPOBHS HMHJIOTaX-
HBIX XapaKTEPUCTHK.

4. PaszpabotaHHas TpOrpaMMHO-aIapaTHas
0a3a MOXeET SIBJIATHCS OCHOBOW JUIsl MCCIIEIOBa-
HUSI BO3MOXHOCTEH aJalTUBHBIX aIrOPUTMOB U
HEUYETKOW JIOTHKH JIJIsl OpTaHU3alMH yIIPaBICHUS
KBJIA ¢ mupoKUM CIEKTPOM COOCTBEHHBIX
CBOWCTB IPU PELICHUU PA3IUYHBIX LIEJEBBIX 3a-
Jlad TMHJIOTHPOBAHMS.
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CHuikeHMe BJIMSIHUS 0TKa3a ABUTATE/ISA HA A9POAUHAMHUYICCKHUC
XaPaKTEePUCTHKHU MOIACJIN JEIKOIro TPAHCIIOPTHOI0O CaMoOJI€Ta

10.C. Muxaiisios'

i . .
Lenmpanvhulii aspocudpoOUHaMU4ecKull UHCMUmym umeHu npogeccopa
H.E. ’Kykoeckoeo, 2. ’Kykosckuu, Poccus

AnHoTanus: B mocnenaee BpeMs MpON3BOANTEIN aBHAIBATATENIEH POSBILIIOT MTOBBIIICHHBIN HHTEpEC K pa3padoTKe THOPUIHBIX
cmoBbIX ycraHoBoK (I'CY), mpencraBistronix co0oit koMOrHaImio ra30TypOuHHbIX asurareneit (['T/I) ¢ anexrponBuraTesmu-
reHeparopamu. Vcnons3oBanne ['CY mo3BoisieT HOBBICHTH TOIUIMBHYIO 3(P(EKTHBHOCTD caMolnera, a TakKe CO34aTh HOBBIC
KOHQHUIypaud C YAYYIICHHBIMA adpOAWHAMHYECKHMH ¥ TSATOBBIMH XapaKTEPUCTUKaMH. [IOBBIIIIEHWE TOIUTMBHOM
3¢ peKTUBHOCTH JOCTUraeTCsl B pe3ysIbTaTe ONTUMHU3ALINN PEKUMa pabOThl CHIIOBOH YCTAHOBKH TIOJT TPEOOBAHHUSA KPEHCEPCKOTo
rojieta € KOMIIGHCAlLlel HEJOCTalolIe MOIIHOCTH MPH B3JETe M YXOA€ Ha BTOPOM KPYr 3a CYET MOJKIIOYCHHs
AJIEKTPOJIBUTATENICH C MUTaHHEM OT aKKyMyJyisitopoB. Co3jiaHHe HOBBIX KOH(MIYpAlWid C yJTy4IIEHHBIMH XapaKTepUCTHKaMH
MOXKET OBbITh o0ecrieueHo Onaroapsi CHHepreTuieckoMy 3(QdeKTy B3anMOoIeHCTBUS BO3IYIIHBIX BUHTOB C TUIAHEPOM CamoJIeTa.
VYcnelnsle JIeTHbIE UCTIBITaHUs ONBITHBIX 00pa3ioB I'CY B KOMITOHOBKax JIETKMX CaMOJIETOB IO3BOJISIIOT PACCUMTHIBATH HA X
BO3MOJKHOE IPHMEHEHHE B Oy/IylieM B IPOEKTax HOBBIX BUHTOBBIX camojieToB. [loTeHIMabHbIe IPerMyIecTBa IPUMEHEHUS
HOBBIX CHJIOBBIX YCTAaHOBOK Ha CaMOJIETaX MECTHBIX aBHAJIMHUM MOTYT IPUBECTH KaK K COKPAILEHHIO pacxo/ia TOIUIMBA, TaK U K
CHIDKEHHIO BBIOPOCOB yriieponma. Taroke BOBMOKHO KpPaTKOBPEMEHHOE TMOAZEpKaHHe OE30IMacHOr0 peskuMa IojIeTa B CITydae
OTKa3a OJHOTO JBHTATEI IPU HCIIOIH30BaHUN HECKOJBKUX MCTOYHHUKOB SHEPIHH. JHEPrus, BhIpadaThIBacMasi IEKTPHIECCKAM
TEHEPaTOpOM, TOAKIIOYEHHBIM K pa0OTaromeMy [BHTATETI0, MOXKET WCIIONB30BAaThCSA KakK ISl TIPUBOJAA AJICKTPOABUTATENCH
KOHIIEBBIX BO3AYIIHBIX BHHTOB, TaK M JUIS BPAICHHS JBIDKUTEIS OTKA3aBIIEro IBHUTaTeNsl. B paboTe mpencTaBieHsl pe3yIbTaThl
WCCIICIOBAHMI BIMSHMS OTKa3a KPHUTWYECKOTO JBWTATeNsl Ha a’pPONMHAMUYCCKHE XapPAaKTEPUCTHKA MOJEIH  JIETKOTO
TPAHCIIOPTHOTO CaMoJIeTa, MOTyYEeHHbIE KaK IPU OTCYTCTBHH, TaK M IPH HATMYHH IEKTPHIECKOI Nepeaadn MeX Iy padoTaronmm
M OTKa3aBIHM JBUTATENICM. DKCICPUMEHTAIBHBIC HCCICIOBAHMS IPOBEICHBI B MAaJOCKOPOCTHOW a3pOIHMHAMUYCCKON TpyOe
T-102 LATU. MopenupoBanue pabOThl 3NEKTPHYECKOW TPAHCMHUCCHM TMPOBEAEHO MyTEM YCTAaHOBKHM peXMMa paboThl ABYX
HMHUTATOPOB CUJIOBOW YCTAHOBKH, COOTBETCTBYIOIIETO MIOJIOBUHHOMY 3HAUYCHHIO KOod(dUIIMEHTa Harpy3Ku BO3MyIIHOTO BUHTA B,
OJTHOTO JIBUTATEIs HA B3JIETHOM PEXHME.

KuroueBnle ciioBa: adpogruHaMUveCKas pr6a, MO/JICJIb BUHTOBOI'O CaMOJICTA, OTKAa3 ABUTATECIIsA, DJICKTPUICCKAd TPDAHCMUCCHA.

Jus nutupoBanusi: Muxaiino 10.C. CHmxeHHe BIMSIHUS OTKAa3a JABUTATeNs HA a9POJUHAMHYECKHE XapaKTEPUCTHKH MOJCIH
JIETKOTO TpaHc-TopTHOTro camoiera // Hayunsrt Bectank MI'TY T'A. 2024. T. 27, Ne 1. C. 72-87. DOI: 10.26467/2079-0619-
2024-27-1-72-87

Reducing the effect of engine failure on the aerodynamic
performance of the light transport aircraft model

Yu.S. Mikhailov'
YCentral Aerohydrodynamic Institute, Zhukovsky, Russia

Abstract: Recently, aircraft engine manufacturers have shown increased interest in developing hybrid powerplants, which are a
combination of gas turbine engines (GTE) with electric motor-generators. The use of the hybrid powerplant makes it possible to
increase the fuel efficiency of an airplane, as well as to create new configurations with improved aerodynamic and thrust
characteristics. The fuel efficiency improvement is achieved as a result of optimizing the powerplant operation mode to meet the
cruising flight requirements, compensating insufficient power during the takeoff and go-around procedures by activating battery-
powered electric motors. The creation of new configurations with improved performance can be ensured due to the synergetic
effect of the propeller-airframe interaction. Successful flight tests of the hybrid powerplant prototypes in light aircraft
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configurations allow us to rely on their possible application in the future regarding the projects of new propeller-driven aircraft. The
potential benefits of using new powerplants on local airlines can lead to both fuel savings and carbon emission reduction. Short-
term maintaining a safe flight mode is also practical in case of one engine failure when using multiple power sources. The power,
generated by an electric generator connected to the running engine, can be used both for the electric motor drive of the tip propellers
and for rotating the thrust producer of the failed engine. The paper presents the study results of the critical engine failure effect on
the aerodynamic performance of the light transport aircraft model obtained as under available electrical transmission as under non-
available one between a running and a failed engine. Experimental studies were carried out in a low-speed wind tunnel T-102
TsAGI. The simulation of the electric transmission operation was carried out by setting the operation mode of two power-plant
simulators corresponding to the half value of the load factor of one engine propeller B, in the take-off mode.

Key words: wind tunnel, propeller-driven aircraft model, engine failure, electric transmission.

For citation: Mikhailov, Yu.S. (2024). Reducing the effect of engine failure on the aerodynamic performance of the light transport
air-craft model. Civil Aviation High Technologies, vol. 27, no. 1, pp. 72-87. DOI: 10.26467/2079-0619-2024-27-1-72-87

BBenenue nuto I'TJ ¢ snexkTpuuecKkuMu MOTOpaMH-TeHe-
paTopamu, TMO3BOJIIET CHHU3UTH HEOIArOmpusiT-
HO€ BIIMSIHUE OTKa3a OJHOTO JBUTATENS Ha a’3po-
IuHamuueckue xapakrepuctuku (AJ1X) camone-
Ta U TOBBICUTH 0€30MacHOCTH moisiera. beicTpas
nepexoHasi peakiusi JIEKTPUUYECKUX MOTOPOB-
TE€HEPATOpPOB 3aMETHO COKpAILAeT BpPEMsS peak-
MK caMoJieTa Ha U3MEHEHHUE TATH NpHU OTKa3e
omnoro I'TJI [8]. [Ipu ObicTpOoM TUHAMHUYECKOM
OTKJIUKE TIOSIBIISIETCS BO3MOXKHOCTH obecriede-
HUSl TONEePEeYHO-NyTeBOM OalaHCHPOBKH CaMo-
JeTa B pe3yJibTare MepepacnpeeseHus OCTaB-
HIeCs MOIIMHOCTH MEXIy KOMIIOHEHTaMH TH-
OpUIHOM CWJIOBOW YCTaHOBKHM, BKJIIOYAIOIICH
3JIEMEHThl MEXaHWYECKOW U  DIIEKTPUUYECKOU
TPAHCMUCCUU DHEPTUU K JIBUKUTEISIM CHUIIOBOU
YCTaHOBKH.

B I'CY »sHeprusi nns mnpuBoja ABUXKHUTEIS
MoOXxeT noctynath kak ot I'T/I, Tak u OT akky-
MYIATOpHOU Oarapen. Cuctema akKKyMyJIHpOBa-
HUSL MOKET MCIOJIb30BaThCs NJIsl oOecreueHus
IOIOJIHUTEILHOTO ImTanusa asurareiaeii ['CY
Ha OMNpENIETICHHBIX JTanax IoJieTa camoJjera, Ko-
I1a MOIIHOCTH JIBUTaTeled MapLIEBOM CHIIOBOMN
YCTaHOBKH, BBIOpaHHAs U3 YCIOBHIA KPEHCEPCKOTO
MOJIETa, HEJNOCTaTO4YHA JUIsl PEXUMOB B3JIETA,
Habopa BBICOTHI U YXOJa Ha BTOpOi Kpyr. OaHuM
U3 HEJOCTATKOB ATOM KOHIICTILWU SIBJISIETCS HU3-
KW YpOBEHb YJEIbHOW 3HEPTHUHM aKKyMYJISITOPOB
Ha eauHuIly wmaccel (200 Bru/kr), KOTOpBIH
B HacTosiiee Bpems a0 60 pa3 HHXKE aHAJIOTUY-
HOTO 3HAYEHMs JJIi KEPOCHHA U B COUYETAHUU
C TIOBBIIICHHBIM YJIEIbHBIM OOBEMOM SBIISETCS
OCHOBHOH Npo0JieMOii B aBHALlUK CO CTPOTHMMHU
OTPAaHWYEHUSIMA Ha CHCTEMBI CaMOJIETa C MHTa-
HUEM OT Oarapeii [9].

PaccmarpuBaembie B HacTosIIee BpeMsi KOH-
HENINUN AIEKTPUPHUKAINNA CHUIOBOW YCTaHOBKHU
(CY) camoneToB mpemiiaraloT MHOT000eIaro-
e BO3MOXKHOCTH Kak sl Oosiee »HEprold-
(bexkTuBHON paboOThl ¢ MEHBIIUM 3arpsi3HEHHUEM
OKpyxatomiei cpensl [1, 2], Tak u Ui pemieHus
HOBBIX 3aJ1a4, CBA3AHHBIX C MOBBIIICHUEM KpeEil-
cepckoii 3ddexTuBHOCTH KpbUTa [3] W oOectme-
YeHHeM Oe30MacHOCTH ToJieTa C OJHUM OTKa-
3aBIINM JBUTaTeNeM [4].

Cpeau MHOTUX MPHUYUH, OMPENESIONINX UH-
Tepec K AMEKTPU(PHUKAINNA CHUIOBOW yCTaHOBKH,
SBIIIETCS. BO3MOXKHOCTb HCIOJIB30BaHUS Oiaro-
INPUSATHOTO B3aMMOJEWUCTBUS MEXIY a’3poJuHa-
MHKOHM camoJieTa U CWJIOBOW YCTaHOBKOM. Tak,
KOHQHUTypalmst caMoJieTa C paclpenelIeHHON
ANIeKTpUUYeCcKOr cuiioBoi ycraHoBkoi (POCY)
npearaeT MHOKECTBO BO3MOXKHOCTEH 1S OIl-
TUMU3alUK KOH(UTyparuu Kpeiia [S] u ynpas-
JICHUS MOMEHTOM PBICKAHUS CaMOJIETa C YMEHb-
[ICHHOM TIUIOMIA/IbI0 BEPTUKAIBLHOTO  OIepe-
Hus [6]. Hanuane GonbIIoro KoJn4yecTBa JABUTA-
teneit POCY 3HaunTenbHO ocnabiseT CUTyaluio
C OTKa30M OJIHOTO WJIM HECKOJIbKO JBHUraTesen
BO BpeMsl B3JI€Ta, KOTOpas SIBISETCS OJIHUM U3
pacUeTHBIX CIlydyaB MpH OMpEACICHUU HEO0OXO-
TUMON 3(P(GEeKTUBHOCTH BEPTHKAIBLHOTO OIlepe-
Hus. IlpoBenenusiit B pabore [7] aHanu3 moka-
3aJl BO3MOYKHOCTh YMEHBLICHHS IJIOLIAJAN Bep-
TUKaJIBHOTO omnepeHus 10 45 % npu ucnonb3o-
BaHWH ympaBisieMod auddepeHmanud TITu
POCY B ciydae oTkaza 0JIHOrO JBUTATEIS.

[Ipumenenne THOPUIHON CHIIOBOM YCTaHOB-
ku (['CY), mpencraBnstomnieit coboii koMOMHa-
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OpHuM M3 BO3MOXKHBIX MyTe 00Xoxa Hemo-
CTaTKa TIOJTHOCTHIO IEKTPHUYSCKUX M THOPUIHBIX
CUJIOBBIX YCTAHOBOK SIBJIIETCS IPUMEHEHUE TeX-
HOJIOTMM TypOO3JIEKTPUUECKOM CHUJIOBOH ycTa-
HoBKH (TOCY) ¢ ncnonp3oBaHueM JIByX BapuaH-
ToB co3manus Taru [10, 11]. B TOCY Bcs Tsra Ha
MPOTSHKEHUM TMOJIETa CO3JACTCS IBHKUTEISIMU C
AIIEKTPUYECKUM TPUBOJIOM OT T'€HEPATOpPOB, CO-
enuHeHHbIX ¢ ['T/l, a B yacTUYHO TypOORIIEKTPHU-
yeckoil cmioBoil ycranoBke (UTOCY) tara co-
3[aeTcs Kak ra3oTypOMHHBIM JIBUTATENIEM C MPH-
BOJIOM BO3yIIHBIX BUHTOB (BB) uepes penykrop,
TaKk M JBWKUTEISIMU C SJIEKTPUYECKUM MPUBO-
noM. ['eHepaTop »JIEKTpUYECKOW SHEPrUH, HC-
MOJIb3yeMOM il TpPHUBOJA JIONOJHUTEIBHBIX
ANEKTPUUYECKUX JIBIKUTENCH, MOXKET OBITh IMOJ-
KJIFOUEH Yepe3 peayKTop MpHuBoJa ocHoBHOro BB
camoJieTa WM CBsi3aH uyepe3 My(dTy cBOOOTHOTO
X0J1a C BaJIOM CBOOOTHOM CHUJIOBOM TypOWHBI JBH-
rarenst [12]. IloreHuuanbHasi BO3MOXKHOCTb W3-
BJICYEHHS YaCTH MOIIHOCTH W3 MPHUBOJA OJHOTO
JIBIKUTENIE M Tiepeada €€ MPUBOAY JIPYroro
JBYOKUTEIS 3allaTeHTOBaHa B CIIOCO0€ CUHXPOHU-
3aluu U 00ECTICUEHHS] CHMMETPUH TSATH BO3IYIII-
HbIX BUHTOB CWJIOBOM YCTAaHOBKH JIETATEIBHOTO
anmapara C HCHOJIb30BAaHUEM SJIEKTPUUECKON
CHHXPOHM3UpYIONIe Tpancmuccuu [13].

B nacrosimeit pabore, sBhstomeiics npoaon-
KEHHUEM paHee OIyOJIMKOBAHHBIX HCCIIeIOBaHUN
B3aMMOJICHCTBUS BO3AYIIHBIX BHHTOB C ILJIaHe-
pom camoneta [14] u aHanmu3a BIWMAHMS OTKasza
neurarenss Ha AJ[X Mozienu JIerkoro TpaHcrnopT-
HOro camogera [15], paccMOTpeH BO3MOXHBII
BapHaHT CHM)KCHHUS HEOIAroMpHUATHOTO BIHUSHUS
OTKa3a ABuratess Ha ynpasiasieMocTs U AJIX Mo-
nenu camosera. braronpusaTtHslil 3¢ dexT noctu-
raercsd B pPE3yJIbTaTe BBIPABHUBAHUS 3HAYCHUU
TATH JIBIDKUTENEH MyTeM MepepacipeieieHUs
OCTaBUICHCS MOIIHOCTH OJHOTO PabOTaroIIero
JIBUTATENISl MEXKy KOMIIOHEHTaMHU YaCTHUYHO TYp-
OODJIEKTPUIECKON CHIIOBOM yCTaHOBKH. B pabote
IIPEJCTABIEH YNPOILIEHHBIM MOAXO0A K IOCTpOe-
HUto cxembl HTOCY 1 OlieHKE €€ XapaKTepUCTUK
Ha OCHOBAHHH JIAHHBIX, OIyOJMKOBAHHBIX B WH-
TepHeTe. OCHOBHOE BHUMAaHHUE YJIEJIEHO CHHXKE-
HUIO HEOJArOMpHUsSTHOTO BIUSHHS OTKa3a JIBUTa-
tenss Ha AJIX Mozaenu camolsieTa Ha pexUMax
B3JIETAa U TIOCAJKH, a TAKXKE OLCHKE JIETHBIX Xa-
pPaKTEepUCTUK camolieTa. MojenrpoBaHue padoThl
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anekrpuuecko Tpancmuccun  UYTOCY  ocy-
IIECTBJICHO 3a CYET YCTAaHOBKU peXHMa pabOThI
JIBYX MUMHUTATOPOB CUJIOBOW YCTaHOBKH, COOTBET-
CTBYIOIIETO IIOJIOBUHHOMY 3HAueHHIO K03 (hu-
IIMEeHTa Harpy3ku BUHTa B, ogHOro nBuraress Ha
B3JIETHOM pEXHME.

Kpartkoe onucanue
YaCTUYHO TYPOO0IJIEKTPUIECKOM
CHJIOBOM YCTAHOBKH

[IpoMeXyTOUYHBIM 3TAllOM Pa3BUTUS MEXKAY
OOBIYHBIM TYpOOBHHTOBBIM CaMOJIETOM M TOJ-
HOCTBIO TYpOO3JIEKTPUYECKUM BapUAaHTOM SIBJISI-
€TCs YacTUYHO TypOORJIEKTpHUYECKasi CUJIOBas
yctanoBka (UTOCY), B KOTOpO#l 10T MOIIHO-
ctu Tiaru Bapeupyercs mexnay I'T/] u pacnpene-
JIEHWEM 3JIEKTPOIHEPIMH Ha IMPUBOABI JOMOJIHU-
TEJNbHBIX JBHXHTENeld. Hanbornee nepcnexTuB-
HBIM BAPHAHTOM €€ NPUMEHEHHUs B Orpkaiiiiee
BpeMsl SBIIETCA JJIEKTpUYECKUN IpuBon BB,
YCTAHOBJICHHBIX HA 3aKOHIIOBKax KpbLIa, B KO-
TOPOM 3JIEKTPUYECKUI T'€HEPATOp Yepe3 peayK-
TOp TJIAaBHOI'O BO3JYIIHOI'O BHHTAa CBSI3aH CO
cBoOoHOU TypOuHOMi I'T/] (puc. 1).

Hannune oOpaTMMBIX 3JIEKTPUUECKUX Ma-
MIUH (TeHepaTop/MOTOpP), CUCTEMBI YIpPABJICHUS
u pacnpenenenus momHoctd (PMAD), Bkiio-
yaroIei npeodpazoBaTeay ToKa U HANPsHKEHUS,
CHUCTEMY KOHTpOJIA TeMIepaTypbl, a TAKKe CH-
JIOBBIX KaOeJel MOCTOSIHHOTO TOKa, MPUBOAMT K
HEKOTOPOW TMOTEpe IMepenaBaeMOM MOIIHOCTH.
W3-3a 1ONOIHUTENBHOTO MPeoOpa3oBaHus SHEP-
run snexkrpudeckuid KIIJ[ Takoil Tpancmuccuun
HIDKE, YeM y OOBIYHON peayKTOpPHOHM nepenadu
I'TH (95 %), u coctaBnsier okoso 90 % [16].
OfHUM M3 KITIOYEBBIX MapaMeTpoB, MCIOJb3Ye-
MBIX JJi1s1 0Opa3MepHuBaHUsl dJIEKTPUUECKUX KOM-
noHeHtoB UTOCY, sBnsgerca Ko3(h(UIMEHT
yACIBbHOW MOIIHOCTU Sp [12], oOmpeaensieMblii
OTHOILICHHEM MOIIIHOCTH Ha BaJly JBMKUTENIEH ¢
anekTponpuBogoM (P, ) kK oOrmeil mormi-

lectric power
HOCTM paccMaTpUBaE€MOM JBHUTaTEIbHOW YyCTa-
HOBKH (P +P ):

ain power electric power

electric power
S, =5 :

main power

electric power
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Puc. 1. Cxema snexrpuueckoit Tpancmuccurt UTOCY ainst npusoja BB Ha 3akoHnoBKax kpbuia [12]
Fig. 1. Scheme of the electric transmission of a partially turboelectric powerplant for the propeller drive on wingtips [12]

Onenka maccel komnoHeHToB UYTOCY mo
OTHOILLIEHHIO K oOmeld macce 0a30BOW jaBHra-
TEJIbHON YCTaHOBKM, IPOBEJCHHAsl MpU 3Haye-
HUM kod(ddunuenta S, = 0,33, cOOTBETCTBYIO-
mero 10 % morepu MOIIHOCTH 3JIEKTPUYECKON
tpancmuccnn YTOCY npu nepenave nojgoBUH-
HOTO 3HAYEHHSI MOIIHOCTH pabOTAaIOIIETO JBHUTa-
TeJd K HepaboTarolieMy, IMoKasaia yBeInueHHe
Macchel 0a30BOM JBUTAaTEIbHOM YCTaHOBKH, CO-
cTaBJsttoniee npuodausutenbHo 18 % [12].

Takum o0pa3om, COrjacHO JaHHBIM, OIyO-
JMKOBAHHBIM B MHTEPHETE, MOTEPsl MOIIHOCTU U
YBEIMYEHUE BeCa JBUTaTEIbHOM CHUIIOBOM yCTa-
HOBKHM OT HCIIOJIb30BAaHUSI KOMITIOHEHTOB 3JIEK-
Tpuueckor Tpancmuccun UTOCY cocraBnsgioT
10 u 18 % cooTBETCTBEHHO.

Konuenuusi ucroji30BaHust
YACTHYHO TYPOO3JIEeKTPUIECKOI
CHJIOBO# YCTAHOBKH

IPH OTKAa3e IBUraTe s

BeIxon n3 cTpos ogHOro M3 ABUTATENEH ca-
MoOJIeTa HE TOJBKO CHW)XXAET MaKCHUMAaJbHYIO
pacrojaraeMyo TSIy CHJIOBOW YCTaHOBKH, HO H
OKa3bIBAET CYIIECTBEHHOE BIUSHUE Ha YIpaBIIs-
€MOCTbh U a’poanHaMuKky camodnerta [17]. Cambl-
MU OYEBUIHBIMU MOCIEACTBUSIMU OTKa3a JBUTa-
Tenst ¢ norepe 50 % TATM CUIOBOM yCTaHOBKH
ABIIIOTCS CHMJKEHUE XapaKTepUCTHK Habopa
BbICOTHI OT 80 110 90 % u mpobsemsl ¢ ynpasie-
HUEM CaMOJIeTa, BbI3BAHHBIE aCUMMETPHUEH Tsru
oJHOTO paboratomiero apuratesns [18].
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Hcnonb3oBanue 0ojnee OJHOrO THIA UCTOY-
HUKOB HEPruU MO3BOJISIET MOBBICUTH Oe3omac-
HOCTBh IIOJIETA B ClIy4ae OTKa3a OJHOIO U3 Map-
LIEBBIX JBUraTesed, umeriux npusoa BB ot
I'TH u snextpomoTopa. OqHAKO BEIOOP MOIIHO-
ctu MapueBblx ['T/] U3 ycimoBHil KpercepcKoro
II0JIETa C YYETOM KOMIIEHCAlMU HEIOCTAOIIEH
MOIITHOCTH Ha pEXUMax B3JIeTa M TMOCAIKU 3a
CYET NOAKIIYEHUS dJIEKTPOMOTOPOB, TUTAEMBIX
OT aKKyMYJIATOPHBIX Oarapel, MOKeT ObITh He-
JOCTaTOYHBIM I Habopa BBICOTHI M yXO/Aa Ha
BTOPOH Kpyr ¢ OJHMM paOOTaloUIMM JBUraTe-
nem. TakuM oOpa3om, 0O€30MACHOCTb KpUTHYE-
CKUX PEXHMMOB IOJIeTa C OJHUM pPabOTaIOIIUM
JIBUTATEJEM MPEABABISAET CTPOIME OIPAaHUYCHUS
Ha BBIOOp MapaMeTpoB MaplIeBON ABUraTeIbHON
YCTAaHOBKM U PE3€pBHUPOBAHHE HEOOXOAMMOIO
3anaca 3Hepruu [19].

PaccmoTpennsblii B HacTosmel paboTe mom-
X0 K noctpoeHuto apxutektypsl UTOCY, yuu-
THIBAIOIIANA BO3MOXHOCTh II€PENayd ITOJIOBUHBI
MOIITHOCTH paloTarouiero ABUraTens K Hepalo-
TaIIEMy C IOMOUIbIO YIPABIIEMOU AJIEKTPU-
YECKOM TpaHCMHUCCUHU, BKIro4yaT aHanu3 AJ[X
MOJICJIA U OLICHKY JOCTaTOYHOCTU 3TOW MOIIHO-
CTH JUIsl BBIMIOJHEHUs TpeOoBaHMN 0e301acHOro
nojieTa € OTKaszaBIIMM jBurareireMm. Cxema
anekTpuyeckoil Tpancmuccun YTOCY i mpu-
Boja BB orTka3zaBmiero gBurarteisl ImokasaHa Ha
puc. 2.

PaccmarpuBaemass UTOCY umeer B cBoeM
coctaBe aBe ['CY ¢ I'T/[ u aByms oOpaTUMBIMU
JNEKTPUUECKUMH  MallMHaMu  (TeHepaTop/Mo-
TOp), KOTOpbIE MOTYT 3 (HEeKTUBHO pabOTaTh KaK
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Puc. 2. Komnonentst YTOCY nns npusoga BB oTkazasmiero asurarens
Fig. 2. Components of a partially turboelectric powerplant for a propeller drive of the failed engine

Puc. 3. Cxema u ¢ororpadus monenu camosera ¢ umutaropamu CY B paboueit wactu AJIT T-102
Fig. 3. The aircraft model scheme and the photo with the powerplant simulators in the test section of T-102 wind tunnel

B PEKMME T€HEepaTopa JIEKTPOIHEPTHH Ha pabo-
TalOIIEM MapIlEeBOM JIBUTaTese, TaK U B PEKUME
AIIEKTPUYECKOTO MOTOpA HAa OTKA3aBIIIEM JIBHTa-
tene. Momnocts [T/l BbIOpaHa u3 yclnoBHA
obecrieueHnst 0€30IIaCHOrO IOJIETA C OOHUM OT-
Ka3aBILIUM JIBUTATEIIEM.

Kparkoe onucanue Mmoaeaun
U METOAUKH UCIIBITAHUMI

Jlerkuit TpancnoptHbiii camoner (JITC) c
B3JIETHBIM BecoM 5670 Kr mpeaHa3zHayeH s
NaCCaAXUPCKUX U TPY30BBIX NEPEBO30K C Kpeii-
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cepckoii ckopocThio V' ~ 350 KM/4 Ha BBICOTE
H =3 kM. AsponnHamuyeckas KOMIIOHOBKA ca-
Mosieta (rimaBHbIM KoHcTpykTop B.M. YepHo-
YCOB) BBIMIOJIHEHA [0 HOPMAJIbHON CXEME C BbI-
COKOPACIIONIOKEHHBIM  KPBUIOM,  (DI03eIIshKEeM
C YBEJIMYEHHON M1oImaapo Muaens (S, = 0,16)
U «MaxyOHbIM» BapHaHTOM XBOCTOBOI'O OIepe-
Hus (puc. 3).

Kpbino TpamenueBunHoi (GopMbl B IUIaHe
YCTaHOBJICHO IO/ HYJIEBBIM YIJIOM OTHOCHUTENb-
HO CTpPOWMTENbHOM TOpH30OHTAIN  (hro3essiKa
(CI'®d). KommnoHOBKa KpblLia BBIIOJHEHA C HC-
HOJb30BAHUEM  BBICOKOHECYLIET0  HpOoQuis
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[14-15M (c = 15 %). [lns yBenuyeHus] MOIbEM-

HOM CHJIBI Kpblila Ha peKuMax B3JI€Ta U MOCAIKU

UCIIONIBb3YEeTCSl JABYXIIEIEBOM MOBOPOTHBIA 3a-

KpBUIOK C (pUKCHUpOBaHHBIM jAediiekropoM. Pa-

OouMii AMama3oH YTIJIOB OTKJIOHEHHsS 3aKpbUIKa

Ha peXMMe B3JieTa cocTaBisieT O, = 20-25°, Ha

nmocaake — 0, = 40-50°. XBocToBOE oOmepeHue

OJIHOKUJIEBOE C «MadyOHBIM» PaCIOIOKEHUEM

crabmiu3aropa.

CuiioBasi yCTaHOBKAa CaMOJI€Ta COCTOUT U3
nByx TBJI tuma BK-800 (Po =2 x 800 n.c.) c
Bo3nymHbiME BUHTaMU AB 410 (D = 2,35 M),
YCTaHOBJIEHHBIX TOJI KPbUIOM C HYJIEBBIM YTJIOM
3aknuHeHus: otHocutensHo CI'®. Camoner o0o-
PYAOBaH MOrPy30YHOM PaMIIOW C OTHOCUTEIBHO
KOPOTKOM MJIOCKO TOBOPOTHOM YACTBIO.

Jns MmonenupoBaHus pabOThI CUIIOBOM ycTa-
HOBKM M3IOTOBJIEHBI HOBBIE MOTOTOHOJIBI C CH-
JIOBBIM KPEIJIEHUEM TEH30BECOB C AJIEKTPOJABH-
raTeJisiMM K CEpAEYHUKY Kpbuia. VMuTaTtopsl
cunoBoit ycranoBku (MCVY) Bkirouaror cnemy-
FOILIAE AIIEMEHTHI:

e MOJENBHBIM BO3AYyIIHBIM BUHT (BB), reomer-
pUYECKH MOJOOHBIM OJHOPSIAHOMY 6-JTOmacT-
HoMy HatypHOoMy BB CB-34 (M =1: 6,5);

e 3JIEKTPONPUBO] BbICOKOYACTOTHBIA aCHH-
XxpoHHbI 3nektpoasurarens ATB 003 4.1
MOLIHOCTBIO 5 KBT ¢ perynnpyemon 4acToToin
BpAallEHUS;

e BHYTPUMOJEIJIbHbIE TEH30BECHI, H3MEPUTEIh
grciia 000pOTOB U TEPMOIAPbl KOHTPOJIS TEM-
neparypbl 0OMOTKH 3JIEKTPOABUTATES.

MopenupoBanue CTpyH BO3AYILIHBIX BHHTOB
B adpoauHamuueckoit Tpyoe (AJT) npu mocto-
SHHOM CKOpOCTH BpalieHus TpeOyeT COOTBET-
CTBUSL OTHOLIEHWW OCEBOM W BpaIATEIbHOMN
CKOPOCTEH K CKOpPOCTH Haberaromero moTtoka B
TPYOHBIX W HATYpHBIX ycJoBusx mosera [20].
BreimonHenue 3TuxX ycinoBuUi moTpeOoBano Obl
NPUMEHEHHUS BUHTOB H3MEHSIEMOro IIara, 4To
SBJISIETCSl CIIO’)KHOW 3aJayeil B Cily4yae HCIIbITa-
Hui B AJIT. OgHako yIOBIETBOPHUTEIBHOE MO-
JENUPOBAHKUE CTPYH B TPYOHBIX YCIOBUSAX B 3Ha-
YUTEJIbHOM Juana3oHe 3HaueHu Cy MOXeT
OBITh BBITIOJIHEHO C OJHHM YTJOM YCTaHOBKHU
JomnacTel BUHTA MPU COONIOACHUU MOJ00UM 1O
T€OMETPUU BO3IYIIHOTO BUHTA U OCEBOM CKOPO-
CTH MOTOKA B CTPYE.
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B ucnerranusix moaenu JITC ¢ paboraromiu-
mMu BB B AIT T-102 peanuzamust momoousi mo
0CEBOM CKOPOCTH (TATE€ BUHTA) BBHIMOJIHEHA B pe-
3yJbTaTe oOecredeHusl ONM3KUX 3HAYCHUN KO-
¢ dunrentoB B B TpyOHBIX M HATYPHBIX yCIO-
BUSIX TOJICTA.

B=T/q-Sg,

rae 1 — Tara BUHTA; ¢ — CKOPOCTHOM Hamop; Sy —
IJI0IA/b, OMETaeMasi BUHTOM.

3HadyeHHs] CKOPOCTEH MOTOKa, obecreunBa-
IOIUX MOJICIMPOBAaHUE TPeOyeMBbIX 3HAUYCHUUN
KOO PUITMEHTOB  Harpy3kd HM30JMPOBAHHOTO
BuHTa (B,) OT Manoro kpeicepckoro 3Ha4YeHHs
0,3 10 B3JIETHOTO 2, ONpEAEseHbl U3 ABYX YCIIO-
BUW: OOECHeYeHHss MaKCUMalIbHO BO3MOXKHBIX
yucen PeitHonbaca MoAenu mpu OrpaHUYECHHOMN
MOIIIHOCTH 3JIEKTPOABUTATENIEH M COXpaHEHUs
MOCTOSTHCTBA YKCJia 000POTOB BO3IYIIHOTO BHH-
Ta. Peanu3zyemble B MCHBITAHUSX 3HAUCHUS YU-
cen Re, onpenenennsie o CAX kpblia, U OTHO-

cuTenbHOl noctynu BuHTa Ay, =60-V, /(n, -Dy),

npUBECHbI B Ta0M. 1.

Taoauna 1
Table 1
Peanu3yemble B HCTIBITAHUSX 3HAYCHUS
Values implemented in tests

B, V. m/c Rey, /10° An

0,3 32 0,67 1,05

1,0 24,2 0,50 0,79

2,0 19,2 0,40 0,63
3mech Vo — CKOPOCTbH HaOeraromiero IO0TOKa,

M/c, n, — 4ucI0 OOOPOTOB BHUHTA B MMHYTY,
D, — nnaMeTp BUHTA, M.

PacueTHbIif yroa ycTaHOBKH JionacTei pabo-
TalOIIEro BUHTA, 00ECIEYMBAIOLINI MOAEITUPO-
BaHHe TpeOyembIX 3HaueHui ko3ddunuenra B,
(Tabn. 1), paBen ¢, = 27,5°. Ilpu moxenupona-
HUM OTKa3a JIBUTaTelis JONacTH HepabOoTaIoIIero
BHUHTA YCTAHOBJIEHBI BO (IIOT€PHOE IOJIOKEHUE
C yriaom ¢, = 83°.
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BriBon kaOeneilt 37eKTpoNUTaHMs JABHUraTe-
Jeil, TaHHBIX TEJIEMETPUU U TEH30BECOB U3 MO-
JIeNId OCYUIECTBJIEH C HCHOJIb30BaHUEM TpyOua-
TOro oOTekaTens kaldenel ¢ BHEIIHMM JUaMET-
poM 30 MM, 3aKpEIJICHHOTO Ha y3Jie MOABECKH
KOHTprpy3a. Pe3ynbTaThl METOAMYECKUX HCCIIe-
JIOBaHUH BJIMSHUS OOTEKaTeslss Ha IMPOAOJIbHbIC
u OokoBbie AJIX Mozenw ydTeHBI MPU BTOPUY-
HOW 00paboTKe pe3yNbTaToB MCIBITAHUH Moje-
nu ¢ padotarouumu BB.

[Tpunsitoe B Poccunm neBoe HampaBieHue
BpallleHUs] BO3YIIHBIX BUHTOB (IIPOTHUB YaCOBOM
CTpEJIKH, €CIIi CMOTPEeTh BJIOJb OCH X MOJENU
B JIETHOM IIOJIO)KEHUH) OIpEAEIseT MOJI0KEHNE
KPUTUYECKOT'O  JIBUTATENs, OTKa3 KOTOpOTo
NPUBOJUT K HauOomplieMy yxyzameHuto AJIX
U YIpaBIsieMOCTH camouieTa. M XxoTs oba BUHTa
IIPOU3BOJAT OAMHAKOBYIO IOJHYIO TATY, OITyC-
Karolasics JIONAacTh Ha JIEBOM JBHUraTesie MMeeT
Ooyiee ATUHHOE TUICYO OTHOCUTENBHO LIEHTpa
tsokectu (L[T), uem omyckaromascst Ha TPaBOM
nsurarene. COOTBETCTBEHHO, OTKa3 IIPaBOroO
JIBUTaTelsl OKa3blBaeT HaMOONIbIINI BKJIAJ B CO-
30aHHE JIeCTaOMIN3UPYIOIIET0 IyTEBOTO MO-
MEHTa, & TaKKE€ MOMEHTAa KpeHa OT CHUXKEHUS
IIOABEMHON CHUJIBI IIPABOM KOHCOJIM KpbLla B pe-
3yJbTaTe NOTEPU CKOPOCTHOIO HAIopa u3-3a OT-
CYTCTBHSI 00/1yBa.

Pe3yabTaThl U 00CyKIeHHE

AHanu3 pe3yabTaToB UCCIIEOBAHUS BIUSHUSL
OTKa3a Kputuuyeckoro asurarens Ha AJIX moze-
JIM JIETKOTO TPaHCIIOPTHOTI'O camoJieTa BO B3JIET-
HOM (O; = 20°) u mocagouHo# (0; = 50°) KoHPU-
rypanusix Kpbla NMPOBEIACH KaK B OTCYTCTBHHU
MOJICJIMPOBAHUS 3JIEKTPUYECKON TPaHCMUCCUU
MEXIy pabodyMM W OTKAa3aBILIUM JBHraTeleM,
TaK U IpU ee Hamu4uu. MozaenupoBaHue paboThl
anekTpudyeckol Tpancmuccun UYTOCY  ocy-
IIECTBJICHO 3a CYET YCTaHOBKHU peXHMMa OOTeKa-
HUS KpblIa ¢ IByMs paOOTaIONIMMU UMHTATOpa-
MH CHJIOBOM YCTAHOBKH, COOTBETCTBYIOLIETO
MOJIOBUHHOMY 3HAaueHHIO KO3 QuIeHTa oomy-
Ba B, Ha pexume B3iera.

WcneiTanua no yrinam ataku o = —6...24°
U cKobkeHus 3 = £16° (o = 5°) mpoBeneHs!
MIPU CKOPOCTAX moToka V = 32...19,2 m/c, cooT-
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BETCTBYIOIIMX 4YHclaM Rep, = (0,67...0,40)~106
¥ HOMHHAJIBHBIM 3HaueHUsIM Kodddummenta B,
BO3/YILIHBIX BUHTOB, YKa3aHHBIX B Ta0I. 1.

IIpu pacuere K03(p(PULIMEHTOB CUII adpOaAU-
HaMHUYECKHE Harpy3Kd OTHECEHBI K CKOPOCTHO-
My Harnopy M miomaau kpsiia S = 0,71 ™%, a Ko-
s dunmenta MOMEHTa TaHTaxa (m.) JOIMOIHH-
TEJIBHO K XapakTepHoi amuHe bn = 0,303 wm.
IIpu pacyere KO3PPULIUEHTOB my U m,, ONpPEE-
JICHHBIX B CBSI3aHHOH CHCTEME KOOpAMHAT, Xa-
paKTEpHON JIMHOW SBISAETCS pa3Max Kpblia
L=2,49 M. KoahdummeHTsl MOMEHTOB BBIYHC-
JeHbl oTHOocuTenbHO ycioBHoro LT, pacmoso-
skeHHoro Ha 25 % CAX. 3HaueHus mMpou3BO-
Hoit Cy” onpezesnensl Ha JIMHERHOM y4acTKe 3a-
Bucumocrteir Cy(a), a mZCy B JHAala3oHe
Cy=12...2.

IIpomosbHBIE a3pOoAMHAMUYECKHE
XapaKTePUCTHKH

B3nernas koHdurypanus (8, = 20°)

Pe3ynprarel McnbITAHUNA MOJEIHW BO B3JIET-
HOM KOHGUTypanuu, TpoBeacHHbIE O0e3 BB
(B=0) u ¢ moxenupoBanuem paborsl BB Ha
pexuMmax mojera 0e3 oTkaza («/lBurarenp
+/+ B, 2/2»), ¢ otkazoM («JlBuraTenp
+/— B, =2/0»), a TakKe B yCIOBHAX MOICIUPO-
BaHUs pabOThl DSIEKTPUUYECKONH TPAHCMHUCCUU
(«Burarenr +/+ B,=1/1»), moka3aHbl Ha
puc. 4.

Otka3 fBurarenss Ipu MaKCUMaJbHOM 3Ha-
yeHnun kodpduimenta B, = 2 npuBoaut K cie-
YIOIIEMY H3MEHEHHUIO a’pOJIMHAMUYECKUX Xa-
pakTepucTuk monenu [15]:

e CHIDKEHHIO 3HadyeHHs mnpousBoxHoit Cy" Ha

12 % u Cypay Ha —0,52 (wnm HA 18 %),

e CHIKEHMIO pacronaraeMol Tiaru Ha =54 %
(ouenka mno npupatennio Cx,),

e MPHUpAIICHUI0O MOMEHTa TaHTaka Ha MUKUPO-
Banue (Am, = 0,1; a = 0),

a TaKXXe K TOSBIICHUIO 3HAYUTEIIBHOIO MOMEHTA

pBICKaHUs, BEJIMYMHA KOTOPOTrO OJIM3Ka K pacro-

jJaraeMoMy IyTE€BOMY MOMEHTY MOJEIU C OT-

KJIOHEHHEM pYyJsl HampasieHus Ha yroia —25°,

U MOMEHTa KpeHa Ha yrjax aTaku, OJU3KHX

K KpUTHYECKOMY 3HAUYCHUIO.
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Puc. 4. Dddexr BripaBHrBaHMs TArM BB Ha poobHbIE XapaKTEPUCTHKN MOJIENHN BO B3JICTHOW KOH(UTYpaLH
Fig. 4. The effect of propeller thrust stabilizing on the longitudinal characteristics of the model in the take-off
configuration

[lepepacnpenenenue ocTaBlIeiicss MOITHOCTH
OpU OTKa3e JBUraTelst MeXAy padoTaromuM
Y OTKa3aBLIMM JBUTaTEISIMU, peaIn3yeMoe B pe-
3yJbTaTe MOJEIMPOBAHUS PaOOThl AIIEKTpUYE-
ckoit Tpancmuccnu (B, = 1), npuBoaur kx 3amer-
HoMy yiayumieHuto AJIX monenu BO B3JIETHOU
KOH(UTypaiuu:

e OTCYTCTBYIOT NPHUPAIICHUS MOMEHTOB pBICKa-
HUS U KpeHa, paHee MMEBIINE MECTO B Xapak-
TEPUCTUKAX MOJIENIN C OTKa30M JBUraTells,

e yBenmuuBaercs npoussoxnas Cy” wa 9 %
u 3HaueHue Cy,,y Ha 0,31 (mm Ha 13 %),

e HECKOJBKO CHUKAETCS 3HAUYEHUE COIPOTUB-
nenust mozenu (ACx = 9 %) Ha B3JIETHOM 3Ha-
yeHuu ko3¢ punuenra Cy = 1,6, koropoe Mo-
’KET BO3pPAcTH C y4eTOM IOTEeph Ha OaslaHCH-
POBKY caMmoJIeTa ¢ OTKa3aBILUM JIBUTaTEJIEM,

e IIPU COXPAHEHHUHU YIOBJIETBOPUTEIBHOTO Xa-
pakTepa TIOBEICHHUS MOMEHTa TaHraxa,
HabmomaeMoM B paboueM Jauama3oHe YIIIOB
aTakh, 3aBUCUMOCTH m.(Q) SKBUAUCTAHTHO
CMellaeTcs Ha KaOpupoBaHHME Ha BEIUYHHY
Am; = 0,08 (a0 = 0),

B orcyrcTBMM moTepp Ha momnepedHyro Oa-
JAHCUPOBKY M UX MAJIOCTHU Ha MyTEBYIO COCTaB-
JSIOILYI0 MOJENU pa3HUIa B OTPULATEIbHBIX
3HAYECHUSAX CONPOTHUBIICHHS, OMPEACIAIONas 13-
OBITOK KOA(DPUITMEHTA TATH B YCIOBUIX MOJICIIN-
pPOBaHUS 3JEKTPUUECKON TPAHCMUCCHU U B €rO
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OTCYTCTBUU C HAIWYHEM 3HAYUTEIBHOTO MpHpa-
IIeHUs MOMeHTa peickanus (Am, = 0,058), co-
craBisieT ACr = 0,023 npu B3/I€THOM 3HAYEHUU

Cy ~ 1,6.

IMocanounas koHdurypamus (6; = 50°)

AHaJOTHYHOE TMpeACTaBICHUE pPe3yIbTaTOB
UCIBITAHUN MOJIENH B moJieTe 0e3 oTkaza («/{Bu-
ratenb +/+ B, = 2/2»), ¢ otkazom («JIlBurareinb
+/— B, = 2/0»), a Takke B YCIOBHIX MOJICITHPO-
BaHUs pabOThl DIEKTPUYECKOW TPAHCMHCCHUU
(«dBurarens +/+ B, = 1/1») moka3zaHo Ha puc. 5.

VYBenuueHue yriia OTKIOHEHHS 3aKpbLIKa C
B3JIeTHOro 3HaueHus 20° no mocamouHoro 50°
MPUBOJIUT K OoJjiee CyIIeCTBEHHOMY U3MEHEHUIO
AIX monenu [15], HaGmromaeMoMy MpU OTKa3e
JIBUTATEIIS:

e CHIDKEHHIO 3HaueHuit mpousBomnoii Cy“ Ha
12 % u Cypay HA 0,8 (v HA 21 %);

e CHWXEHHIO pacronaraemMoil Taru Ha =51 %
(onenka mo nmpuparenuto Cx mpu Cy = 1),

e IIpHUpALICHUIO 3HAYEHWH MOMEHTAa TaHraka Ha
nukupoBanue (Am, = 0,04; oo = 0) u yBenu-
YEHUIO MPOJOJIBHON CTATHYECKOW yCTOWUYNBO-
cu Ha [Am.?| = 0,13,

e TOSBICHUIO 3HAYUTEIBHBIX MOMEHTOB pBIC-
KaHHUA M KpEeHa, BEJIMYUHBI KOTOPBIX OJIM3KHU
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Puc. 5. Dddexr BoipaBHuBaHus Tk BB Ha npogoibHbIe XapaKTepUCTHKN MOJIENH B [OCAI0YHOI KOH(UTYpannuu
Fig. 5. The effect of propeller thrust stabilizing on the longitudinal characteristics of the model
in the landing configuration

WIA TPEBBILAIOT PACHOJAraeMbleé MOMEHTBI
MOJIEIM OT OTKJIOHEHHUS D3JIEPOHOB W Py
HanpapJIeHUs Ha yroa —25°.

[lepepacnpenenenue ocTaBIIENHCss MOIIHOCTH
IpU OTKa3e JBUTATENsl MEXAYy padoTaroluM U
OTKAa3aBILUM JBHUraTeNsIMHU, peajln3yemMoe B pe-
3yJbTaTe MOJEIHMPOBAHUS PAOOTHI DIIEKTpHUYE-
ckoif Tpancmucceuu (B, = 1), npuBoauT K yiyd-
menuo AJ/IX Mozenu B mocajo4yHod KOH(UTy-
pauuu:

e OTCYTCTBYIOT IpHpAaIlleHUss MOMEHTOB KpeHa
U PBICKaHHUS, MMEBIIME MECTO B XapaKTepH-
CTHKaX MOJIENIU C OTKa30M JBHUraTes,

e yBenuuuBaercs npoussoanas Cy* Ha 9 %
u 3HaueHue Cypqy Ha 0,49 (viin Ha 16,5 %).
OpHako 53TH NOJOXHUTEIbHbIE W3MEHEHUS

a’POAMHAMUYECKUX XaPAKTEPUCTHK SBISIOTCS

HEIOCTaTOYHBIMU JUISl yXOJla caMoJieTa Ha BTO-

poil KpYT IpexJe BCEro M3-3a OTCYTCTBHS pac-

HoJIaraeMoM TSTH JUIsl HA00pa BBICOTHI.

Jns obecnieueHHsI BO3MOXKHOCTH yTIpaBiie-
HUS CaMOJIETOM M HaJIM4Msl PacrojaraeMoi TsAru
JUIsL yXOAa Ha BTOPOM Kpyr, 3aX0J Ha IMOCAAKY
JIOJDKEH OCYIIECTBIATBHCS C B3JIETHBIM IOJIOXKE-
HUEM MexXaHm3aruu Kpbiia (0, = 20°), momHoe
OTKJIOHEHHE KOTOPOI BBIMOJHSAETCS HA 3aKIIIO-
yuTenbHOM JTane. IlockoibKy OOJBIIMHCTBO

80

JIETKUX CaMOJIETOB HE CIIOCOOHBI BBIMOIHSTH Ha-
OOp BBICOTHI C BBHIMYIIEHHBIM MIACCU U 3aKPHLI-
KaMHU B TIOCAJOYHOM IOJIOKEHHH, TO BBIMOJIHE-
HUE NOCAJKH Ha MPEANOCaT0YHON MPAMOU SBIISI-
€TCsl HeM30€KHBIM PEIICHUEM.

HccnenoBanuss mpeuMyIiecTB THOPHUIHO-
AJICKTPUYECKON CUIIOBOM YCTAHOBKH JJIsi TypOO-
BUHTOBBIX CaMOJIETOB, KOTOpPbIE HE YUYUTHIBAIOT
TpeOOBaHMS K HEOOXOIUMBIM pe3epBaM dHEPTUU
B ClIyyae OTKa3a JBHUTaTelis, MOTYT IPUBECTU
K [IEPEOIEHKE MX JOCTOMHCTB IO CPaBHEHUIO
C IPaBUJILHO BBIOPAHHBIMH XapaKTEPUCTUKAMU
I'T]1 6a3oBoro camourera.

bokoBble a3poauHaAMUYECKHE
XapPaKTePUCTUKHU

B3nernas kondurypanus (5, = 20°)

Pe3ynbrartel ucnbITaHUN MOJAENN BO B3JET-
HOU KOH(HUTypaluu MO YIJIaM CKOJBXCHUS TPH
(UKCUPOBAHHOM 3HAYCHHH yTJIa aTaku (o = 5),
npoBeaeHHbIX 6e3 BB (B = 0), c MmogenupoBanu-
eM pabotsl BB Ha pexxumax mosera 6e3 oTkaza
(«/IBurarens +/+ B,=2/2») u ¢ otkazom («/[Bu-
rarens +/— B, = 2/0»), a Takke B yCIOBHIX pa-
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Puc. 6. Dddexr BripaBHHBaHMs T BB Ha O0KOBBIE XapaKTEePUCTHUKH MOZEIH BO B3JIETHOI KOH(UTYpaunu
Fig. 6. The effect of propeller thrust stabilizing on the lateral characteristics of the model
in the take-off configuration

OOTBl 3JEKTpUUYECKON TpaHcMuccuu («lBura-
tenb +/+ B, = 1/1»), moka3aHsl Ha puc. 6.

Otka3 nBuTaTeNs MPH MaKCHMalLHOM 3Ha-
yeHnu kodpduunenta B, =2 npuBoauT K cie-
JIYIOIEMY U3MEHEHHIO OOKOBBIX XapaKTEPUCTUK
MOJIEJIH TIPU HYJIEBOM YTJI€ CKOJIbKEHHUS:

e CHIDKCHHMIO HECYIIMX CBOWMCTB MOJEIU Ha
ACy=0,11 (unmu Ha 10 %);

e CHIDKEHMIO pacnonaraeMod Taru Ha =50 %
(otrenka o npupanieruio Cx nipu = 0),

e TOSIBJICHUIO MOMEHTa PBICKaHU
(m,=-0,051), BenuumHa KOTOpOro OJM3Ka
K pacrojiaraéMoMy IyTeBOMY MOMEHTY MoJie-
U TPU OTKIOHCHWH PyJisi HampaBleHUS Ha
yroa —25°, u HeOOJIBIIOTO MOMEHTa KpeHa
(m,=0,011).

[lepepacnpenenenue ocTaBlIeics MOIIHOCTH
IpU OTKa3e MABUraTeNlsi MEXIy paldoTaromuMm
Y OTKA3aBIIUM JIBUTATEISIMU, KaK U CIIEOBAJIO
OXHJaTh Ha OCHOBE paHee MPOBEICHHOTO aHa-
nu3a npoaodabHeIX AJIX Mopenu, TPUBOAHUT
K 3aMETHOMY YIyYIIIEHHIO OOKOBBIX XapaKTepH-
CTHUK:
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® MPAKTUYECKU OTCYTCTBYIOT IIPUPAILEHUS 3HA-
YCHUN MOMEHTOB PBICKAHUS U KpPEHa, MMEB-
IIME MECTO B XapaKTEPUCTHKAX MOJEIU C OT-
Ka30M JBUraTels,

e CHIKAETCS pA3HUIA B 3HAYCHUAX MOMEHTA
TaHraka IpU U3MEHEHUM YIJIa CKOJIbXCHUSA
B PACCMOTPEHHOM JIMAIa30He,

® HECKOJIBKO YBEIUYMBACTCSA YPOBEHb 3HAYCHUN
K03 PHUIMEHTOB MOJIBEMHON CHIIBI M PacIo-
JIaraéMoW TATU, OLICHUBAEMOM 10 U3MEHEHHIO
3HAYEHHUN COIIPOTUBIICHUS MOJEIH.

IMocapounas koHpurypanus (5; = 50°)

AHaNOTHYHbBIE PE3yNbTaThl UCTBITAHUA MOJe-
JM B TIOCAIOYHON KOH(UTypamuu 10 yriiam
CKOJIBKEHHS TPU (PUKCHPOBAHHOM 3HAUEHHHU yTiia
ataku (o = 5), npoBeneHusle 0e3 BB (B = 0), ¢
MoJienupoBanreM paboTel BB Ha peskxumax mosnera
0e3 oTkaza («/[Burarens +/+ B, = 2/2») u ¢ oTKa-
30M («/Ipurarens +/— B, = 2/0), a Takxke B ycIio-
BUSIX PAa0OTBI  ANEKTPUYECKOM  TPAHCMHUCCHH
(«/IBurarens +/+ B, = 1/1»), mokaszaHsl Ha puc. 7.
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Puc. 7. Dddexr BripaBHHBaHMs T BB Ha G0KOBBIE XapaKTEePUCTHKH MOZEIH BO B3JIETHOI KOH(UTYpauuu
Fig. 7. The effect of propeller thrust stabilizing on the lateral characteristics of the model in the landing configuration

Otka3 nBuratens Ipu MaKCUMaJbHOM 3Ha-
yeHnu kodd¢unmenta B, = 2 nmpuBoauT K cIe-
JYIOLIEMY U3MEHEHUIO OOKOBBIX XapaKTEPUCTUK
MOJIEJIH IIPU HYJIEBOM YIJIE€ CKOJIBKECHUS:
CHIDKEHHIO HECYIIMX CBOWCTB MOJEIU Ha
ACy = 0,38 (unmu Ha 19 %);

CHIDKEHHIO pacroylaraeMod TAru Ha =55 %
(onenka no npupatenuro Cx mpu 3 = 0),
MOSIBJICHUIO 3HAUYUTEIbHBIX MOMEHTOB pbICKa-
Hus (m, = —0,051, B = 0) u kpena (m, = 0,049;
B = 0) mpu HyJIEBOM YTIJIE CKOJIbKEHHSI, BEJIU-
YUHBl KOTOpBIX OJIM3KM K pacrojaraeMbIM
MOMEHTaM OPraHOB yIIPABJIECHUS MOJEIH.

[lepepacnpenenenue ocTaBlIeiCcs MOITHOCTH
IOpU OTKa3e JBUraTellss MeXIy paboTaroliuM U
OTKa3aBIIUM JIBUTaTeNIIMHU, KaK MU CJEA0BaJO
OKHJaTh Ha OCHOBE PAaHEE INPOBEIECHHOIO aHa-
mm3a AJIX mopjenu, NPUBOAUT K 3aMETHOMY
YIIyUYIIEHUIO0 OOKOBBIX XapaKTePUCTHK:
IIPAKTUYECKH OTCYTCTBYIOT IPHUpAIIECHUS 3HAa-
YCHUM MOMEHTOB DPBICKAHHA M KpPEHAa, UMEB-
IIM€ MECTO B XapaKTEPUCTUKAX MOJEIH C OT-
Ka30M JIBUTATEII,
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CHIKAETCs pa3HHIla B 3HAYCHHUSIX MOMEHTa
TaHra)ka NMPU M3MEHEHHWH YTIJIa CKOJIBKCHUS
B PAaCCMOTPEHHOM JAIa30HEe,

YBEIMYMBACTCA YPOBEHb 3HaueHUU K0dPdu-
LHUEHTOB MOJBEMHON CWIBl U PACIOIAracMOMn
TSTH, OIICHUBAEMOM IO M3MEHEHHIO 3HAUCHUM
CONPOTHUBIICHUS MOJIEIIH.

Ouenka xapakrepuctuxk JITC
C BBIPABHUBAHUEM TATH
BO31YLIHbIX BUHTOB

Ha ocHoBanum aHain3a pe3yJbTaTOB JKCIIE-
pUMEHTaNIbHBIX uccienoBanuiit AJIX Monenu
C MOJEIIMPOBAHUEM IIE€PEPACIIPENEICHUST MOUI-
HOCTH MEXIy ABUIaTEIIIMM IIPU OTKAa3€ OJHOIO
U3 HUX, BBIIOJIHEHA OLIEHKA XapaKTEPUCTHK CJie-
QYIOIIHUX PEXUMOB I10JIETa CaMOJIETa:

e Habopa BBICOTHI,

e yXO0Jla Ha BTOPOM KpyT,

e KpeiicepcKkoro mnojieta ¢ OJHUM pabOTaroIUM
I'TA,
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NPOBE/ICHHAs C YY4ETOM KOPPEKLUH CONpPOTHB-
nenua Mojenu camonera (C, ) Ha HaTypHbIE
min,wt

o )
‘min, flight

HA OCHOBaHUM IOJIYSMIMPUUYECKON 3aBUCUMO-
ctu [21], COOTBETCTBYIOIIEHN XapaKTepy H3MEHe-
HUSl COINPOTHUBIIEHUS TYpPOYJIEHTHOTO TpPEHUS
MJACTUHBI MPU YBEJIMYECHUU 4ucia PeliHobaca
or tpybroro (Re, ) mo maryproro (Reg,,)

ycnosua mnonera  (C,, OIPEJIEIEHHON

3HAYEHUN

0.15
wt

Re g

D

0min.ﬂig]n Domin,wx

Koppekuus compoTuBieHUs MOJAETN Ha pe-
’)KHUMax B3JleTa W nocajaku coctasisier 0,017
(Cxo,=0,035) u 0,013 (Cx, = 0,030) B kpeiicep-
ckom monere (V 350 xM/4) Ha BBICOTE
H=3 kwm.

I'paguenT HaGopa BHICOTHI

Jns oGecrieueHust 6€30MACHOCTH TOJIeTa IS
KKIOW KaTerophuy CaMOJICTOB B aBUAIIMOHHBIX
MpaBWJIax MPHUBEACHBI TPEOOBAHUS K MUHUMAb-
HO JIOITyCTHMBIM 3HAYCHUSM TpajrcHTa Habopa
BBICOTHI C OJHHM HEpPaOOTAIOLIUM ABUTATEIEM.
CornacHo TpeOoBaHUSM, MPUBEACHHBIM B
ATIl-23 (. 23.67) nius MHOTOJIBHUTATEIbHBIX Ca-
MoseToB ¢ ['T/] u B3eTHOI Macco B 1Mana3oHe
2720...5700 kr, vHabop BbIcOTHI A0 120 M moi-
JKEH BBITIOTHATHCS C TIOCTOSIHHBIM TTOJIOKHUTE b~
HBIM 3HAYCHHEM TPaAJMEHTa MPHU CIETYIONINX
YCIOBHSIX:

e KpUTHUYECKHUI JBUTATEeNlb HE pabOTaeT U ero
BO3IYIIHBI BUHT HAXOJIUTCS B TIOJOKECHUU
MUHUMAaJbHOTO CONPOTHUBIICHUS,

e peXuM paboTarONIEeTo IBUTATENS — B3JICTHBIMH,

e 1accu yopaHo,

e 3aKPBUIKM B TOJIO)KEHUU, PEKOMEHIOBAHHOM
IUIS B3JIETA.

I'paguenT Habopa BBHICOTHI, paBHBIA OTHOIIE-
HUIO PACCTOSIHUM camoJieTa, MPOMJECHHBIX IO
BEPTHKAIH M TOPU3OHTAH, IPUMEPHO COOTBET-
CTBYET YTy Habopa BBICOTHI Y, ONPEACIIEMOMY
oTHOIIEHHEM pacmonaraeMoit taru  (7—X)
k Becy ( G ) camonera:
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OrneHka rpaJueHTa Ha4yalbHOTO dTarna Habo-
pa BBICOTHI, IPOBEJICHHAS HA OCHOBAHHWH TPYO-
HOT'O 3HAYCHHSI COMTPOTUBIICHHUS MOJICIH caMmoJie-
Ta (Cx = —0,0622 npu Cy = 1,6), cCKOppeKTHPO-
BaHHOTO Ha moTepio 10 % TArOBOW MOIIHOCTH
IpH ee mepeaayde u Ha MPUBEIECHHOE BBIIIE CHU-
JKEHHE COIPOTHUBIICHHUSI B HATYPHBIX YCIOBHSIX
moJjieTa, TOKa3ajia pacyeTHOE 3HAYCHHE YIJia
Habopa BeicoTHI ¥ = 0,045 paauana (2,6°), koTo-
pO€ COOTBETCTBYET TPEOOBAHUIO €r0 IMOJOXKH-
TeNbHBIX 3HaueHuii B AII-23.

YXxo0a Ha BTOPOi1 KPyr

HopmupoBaHHBIE XapaKTepUCTHKH — yXoOJa
camosieTa Ha BTOPOHl Kpyr ¢ OAHMM paboTaro-
muMm asurarenem (All-23 m. 23.77) tpeOytot
oOecrieueHus rpajueHTa Habopa BBICOTHI HE Me-
Hee 0,025 paguana M BepPTHKAIbHOM CKOPOCTHU
He MeHee 1 M/c Ha BbicoTe 120 M HaJx ypoBHEM
MOCAJ0YHON TOBEPXHOCTH, ONPEACICHHOTO TPU
CJIEAYIOUINX YCIOBUSAX:

e MOITHOCTh WJIM Tsra ABHUTaTeNsi, pEKOMEHIO-
BaHHbIE JUISI yX0/1a Ha BTOPOH KPYT,

e [I1aCCH BBIMYIICHO,

e 3aKPBUIKHU B I10CAI0YHOM HOJOXKEHHUU.

OTtcyTcTBHE M30BITKA TSATW CaMoJIeTa B Ioca-
noyHor koHurypamuu (Cx 0,118 mpu
Cy = 1,6) 00ycnaBiuBaeT BBIIOJHEHUE TTOCATKU
KaK HeW30eXHOe pellleHue A paccMaTpuBae-
moro JITC ¢ oTka3oM 0HOTO ABUraTess U noca-
JOYHBIM YTJIOM OTKJIOHEHUS 3aKPBLIKOB PAaBHBIM
50°. IIpu 3axoae Ha MOCAAKY C B3JIETHBIM IOJIO-
xeHueM Mmexanuzanuu (0; = 20°) U BBIMYIIEH-
HeIM maccu (ACxy =~ 0,017) yxon Ha BTOpOM
Kpyr Bo3MoxeH ¢ rpagueHtoMm 0,035 panuana,
COOTBETCTBYIOIIUM YTy Habopa BICOTHI O = 2°.

~
~

Kpeiicepckuii mojer
¢ oqauM padorarommum I'T /]

[lepenaya snexTpuueckoil 3HepruuM OT pado-
TAIOILEro ABUrarTels K 3JIEKTPUUECKOMY NPHUBOILY
JIBKUTENNS BTOporo BB  BO3MOXHA — Takke
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U B KPEHCEpCKOM TIOJIETe TpU OTKa3e OJHOro
mapiesoro I'T/I u nepeBosie BTOPOro ABUTraTess B
PEXUM MAKCHUMAJIBHOM MPOJOKUTEIBHON MOIII-
Hoctu. Ha 3TOM pexxume paboThl CHIIOBOM ycTa-
HOBKHM BO3MOXXHO CHIKEHHE YAETBHOTIO pacxoia
TOTUTMBA U YBEJTMYEHUE JAIbHOCTH moieTa [22].

Onenka kpelicepckoir ckopoctu JITC ma
MoJIeTa Ha PEXUME MAKCUMAIBLHOW MPOJIOIIKH-
TEAbHONH MOIIMHOCTH OJHOTO JBHUTAaTes BBIIOI-
HEHA Ha OCHOBAHUM COIIOCTABJICHHS 3HAUYCHHS
COTMPOTHBIICHUSI MOJIETIN B Kpeiicepckoil KoH(u-
rypaluy, CKOPPEKTUPOBAHHOTO Ha BIUSHUE
yrcna Peitnonbaca (ACx, = —0,013), ¢ pacnona-
racMoM BEJIMYUHOM TATH OJHOrO JABUTaTeNs Ha
BeICOTE H = 3 KM.

[Tociie BBIMONTHEHUH KOPPEKIUU TPYOHOTO
3HaueHHs conpoTtusiaeHus Moaenu (Cx, = 0,043
npu Cy, = 0,36) Ha HaTypHBIE yCIOBUS HOJETa,
a taxke yuera 10 % nmorepu tarum ogHoro I'T/]
IpH Tiepeade dIEKTPUUECKON SHEPTUU OT pado-
TAIOIIETO JBUTATENsl K JBIDKUTEIIO BTOPOTO
JIBUraTessi, CyYMMapHOE pacIojiaraéMoe 3Haye-
HHUE TATH Tpaen = 405 KI' HECKOJIBKO MPEBBIIIACT
notpedHoe 3HaueHue Iy = 396 KI' B kpelicep-
ckoM nosere (H = 3 km; Vi = 350 xm/4).

3akioueHue

AHanu3 BIUSHUSA OTKa3a OJHOI0 U3 JBUIaTe-
Jei Ha yHpaBIIIEMOCTh M adPOJUHAMHYCCKHE
XapaKTePUCTHKU MOJEIH JIETKOTO TPAHCIIOPTHO-
ro caMmoJjieTa BO B3JIETHOM U MOCA0YHON KOH(DH-
rypalusx, IpOBEJACHHBII Ha OCHOBAHUU PE3YIib-
TATOB MOJICIIMPOBAHKS TIEpEadd IOJIOBUHBI
MOIIIHOCTH PabOoTaroIIero aBUraTelis K Hepabo-
TAIOIIEMY JIBUTATEITIO, TIOKA3aT:

e OTCYTCTBHE MPUPANICHUN MOMEHTOB pBICKA-
HUS U KPeHA, UMEBIIMX MECTO B XapaKTepH-
CTHKaX MOJEIIH C OTKAa30M OJHOI'O JIBUTATEIA,

e yBenuueHue npousBoaHon Cy* Ha 9 % u 3Ha-
gyeHUH Cypuq Ha 0,31...0,49 (wmu HA 13 U
16,5 %) BO B3NETHOW W IMOCAJOYHON KOH(U-
Typanusx Kpbljla COOTBETCTBEHHO,

e CHIDKCHHE 3HAYCHHWM COMPOTHBIICHUS MOICIH
Ha (ACx = 9 %) Ha B3JIETHOM 3HAYCHUU
Cy ~1,6,

e COXpaHCHHE B IEJIOM YAOBICTBOPUTEIHHOTO
XapakTepa TOBEJICHHS MOMEHTHBIX XapakTe-
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PUCTHK B paboyeM Auama3oHe YIJIOB aTaku
C OKBUJMCTAHTHBIM CMEILEHUEM 3aBHCUMOCTH
m(o) Ha kabpuposanue (Am. = 0,08; o = 0),

e CHIKCHHME pa3HUIBI B 3HAUEHUSAX MOMEHTA
TaHTa)ka MpPU HU3MEHEHHM YIJia CKOJIbKEHUS
B PACCMOTPEHHOM JMalna3oHe YIJIOB CKOJIbXKeE-
Hus (B =£16°),

e BoinonHeHue TpeboBanus All-23 mo mono-
JKUTECIIbHOMY 3HAYCHHIO TpajJHMeHTa Habopa
BbICOTHI Ha ypoBHE 120 m ot BIIII, paBHOMY
0,045 pagnana (0 = 2,6°),

e BO3MOXHOCTH yXOJa Ha BTOPOH KpyT MpH 3a-
XOJI€ Ha IOCAJIKYy C B3JIETHBIM IOJOXKEHUEM
MEXaHM3allMK U BBIMYIIEHHBIM IIacCH C Tpa-
nueHtoMm Habopa BeicoThl 0,035 paguana
(6 ~2°),

e BO3MOXHOCTBH 00€CIeUeHUs KperHcepeKo CKo-
poctu nosiera 350 KM/4 Ha PacYETHOH BBICOTE
H =3 xM npu OTKIIOYEHUH OJJHOTO MapIIeBO-
ro I'T/ u nepenaye eMy NMOJOBUHON MOIIHO-
CTH BTOPOTO JBUTATENs, pabOTaIOUIEro B pe-
)KUME  MaKCHUMaJbHOW  MNPOJOJKUTEIBHON
MOIIIHOCTH.
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