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Modern methods of preventing aircraft overrunning the runway

S.F. Borodkinl, A.lL Volynchukl’z, Sh.F. Ganievl, M.A. Kiselyovl,
I.A. Nosatenko'

"Moscow State Technical University of Civil Aviation, Moscow, Russia
’Jsc "Royal Flight Airlines", Moscow, Russia

Abstract: The landing of the aircraft has always been the most challenging and dangerous stage of the flight. In order to make a
safe landing, the aircraft (A/C) requires reducing the vertical (at the stage of flare-out) and horizontal (prior to touchdown)
components of the aircraft's flight speed vector, which in turn reduces the capabilities to increase lift and limits the crew's ability to
perform maneuvers. At the same time, during landing the crew must align the aircraft with the runway (RW) and make a
touchdown, subsequent A/C landing roll and stop within a rather limited area, which eventually and particularly, under the effect of
contributing adverse factors (piloting errors, wind shear, icing, engine failure, aquaplaning, etc.) can cause the aircraft to overshoot
and overrun the RW. Currently, as the analysis of aviation accidents statistics shows, the issue of preventing and alerting aircraft
overrun is quite relevant. The search for a solution, in terms of preventing aircraft overrunning the runway (RW), is conducted as at
the level of aviation authorities as among aircraft manufacturers, operators. Within the framework of this review, an attempt is
made to identify and analyze the key factors affecting the dynamics of aircraft motion during landing, using information about
aviation accidents that have occurred over the past few years. Notably, such aspects as a human factor and technical features of the
operation of modern jet aircraft, influencing the A/C landing roll, are considered. In addition, special attention is paid to consider
the methods of prevention and warning of A/C overrun with highlighting the approaches of passive and active protection. Within
the framework of the analysis of active protection techniques, the principles of on-board avionic systems operation of the most
major aircraft manufacturers, such as Boeing and Airbus, are considered. As an example of the passive protection, the experience of
using special energy-absorbing destructible blocks installed next to the runway threshold, is analyzed.

Key words: landing, runway (RW), overrunning, overshooting, flight safety, avionics, airfield.

For citation: Borodkin, S.F., Volynchuk, A.l, Ganiev, Sh.F., Kiselyov, M.A. & Nosatenko [.A. (2022). Modern methods of
preventing aircraft overrunning the runway. Civil Aviation High Technologies, vol. 25, no. 2, pp. 8-19. DOI: 10.26467/2079-0619-
2022-25-2-8-19

CoBpeMeHHBbIE METOABI NIPeI0TBPANleHUSI BBIKATHIBAHNI BO3TYIIHBIX
CY/I0B 3a Npeaesabl B3J1€THO-II0CAI0YHOM M0JI0CHI

C.0D. BOPOIIKI/IHI, A.N. BO.JIbIH‘IyKl’Z, HI1.D. FaHneBl, M.A. Knce.neBl,

HU.A. Hocarenko'
"Mockoeckuii 20Cy0apcmeeHHblll MeXHUYeCKUull yHugepcumem paxcoancKol asuayu,
2. Mockea, Poccus
240 «Asuaxomnanusn «Posin Dnaumy, 2. Mockea, Poccus

Annotamust: [Tocamka BO3IyIIHOTO Cy/IHA ObLIa U OCTAacTCsS HAHOOJIee CIIOKHBIM M ONACHBIM 3TaroM mojieTa. J{is coBepiieHus
OesomnacHOi mocankk Bo3dyumHOMY cyaHy (BC) HeoOXomuMoO yMEHBIIMTH BEpPTHKAIbHYIO (Ha OJTare BbIPAaBHHBAHMS)
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Y TOPU30HTAIBHYIO (Ha 3Tare BbIICP)KMBAHMS) COCTABIISIOLIME BEKTOpa ckopocTy nosiera BC, 4To B CBOIO ouepenp yMEHbIIaeT
BO3MOXKHOCTU 10 YBEJIMUYEHHUIO MOJbEMHONM CHJIBI U OTPAHUYMBAET SKUMAX B BO3MOMHOCTSIX COBEPLLUEHUS] MaHEBPOB. Takxke
SKHMaX BO BpeMsl MOcaIky JoibkeH noasectd BC k B3neTHo-nocaouHoi nosnoce (BIIIT) 1 coBepumTs KacaHue, HOCIEIYIONIIE
npoder ¥ ocraHoBKy BC B mpezmenax JIOBOJBHO OIpaHWYEHHON O CBOMM pa3MepaM IUIOIIAJKH, YTO B KOHEYHOM HTOTe,
B YaCTHOCTH TIPW BO3JCHUCTBUM COITYTCTBYIOIIMX HEOIArONMPUSITHBIX (DAKTOPOB (OIIMOKHM TWJIOTHPOBAHMS, CIBHT BETpA,
oOIeiecHeHne, OTKA3 JBUTATeNs, THAPOTIIMCCHPOBAHUE W Ip.), MOXKET IPHUBECTH K TEpeNieTy M BBIKATHIBAHUIO CaMOJICTOB 3a
npenensl BIIII. B Hacrosimee BpeMsi BOIPOC BO3MOMKHOCTH TPEIOTBPAICHUSI M TPEeOyNpekaeHus BhIKaTbiBaHuii BC, kak
MOKa3bIBACT AHAJIM3 CTATHCTUKM ABHAIMOHHBIX MPOWCIIECTBHH, IOCTATOYHO akTyajdeH. [IOMCK pemeHust B 9acTu
npenoTBparienys BoikaTeiBaHui BC 3a mpenmenst BIII Bexmercs kak Ha ypoBHE aBHAIMOHHBIX BJIACTEH, TaK M HA YPOBHSIX
npomsBomuTenied u IkcwryatantoB BC. B pamkax naHHOW 0030pHOI CTaThll TpEQNpPUHATA TIOMBITKA BBIICIHTH U
NPOaHaIM3UPOBaTh KIIIOUYEBbIe (haKTOPbI, BIMSIOLIME Ha JUHaMUKY ABibkeHust BC npu mocajke, ucrnosb3yst uH(opMmamo oo
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Bectauk MI'TY T'A. 2022. T. 25, Ne 2. C. 8-19. DOI: 10.26467/2079-0619-2022-25-2-8-19

A flight crew’s ability to perform a go-
around procedure has a great influence on pre-
venting A/C rolling-off. Therefore, airlines focus
on the development, implementation and abiding
by rules and procedures to ensure the constant
flight crew’s readiness for go-around, provided
the actual landing instruction does not comply
with a safe flight completion [I]. Thus, a sched-
uled flight crew training is bound to include the
fulfilment of a go-around procedure on a simula-
tor. Additionally, the number of requirements
and procedures, established by the state regulato-
ry and supervisory authorities, exists [2].

A compulsory monitoring and recording of the
onboard systems malfunctions, inclusive of the
braking systems, the obligatory fulfilment of the
MEL - prescribed procedures, are referred to them.

According to the world practice, it is not ad-
visable to continue an approach to land beyond a
designated touch down zone, also to perform a
hard touchdown on a slippery RW>.

Apart from the stated above organization
events, the technical measures aimed at overrun-

Introduction

The analysis of aviation accidents statistics'
points out to the fact that despite a short space of
time of landing with respect to the rest flight
phases (less than 5% of the entire flight time), it
is the phase of flight when most of the aviation
accidents (over 60%) occur [1]. A considerable
part of the stated aviation events (AE) is con-
cerned with aircraft overrunning the RW. In con-
formity with IATA data, 27% of AE are related
with aircraft rolling-off, which is the highest in-
dicator regarding other types of AE over
2016-2020. Among the factors stipulating A/C
overrunning, let us emphasize the environment
conditions, decreasing visibility and deteriorat-
ing aircraft breaking action with the RW surface
(fog, RW icing, wind, etc.)’ technical and human
factors. Let us note that running off the RW is
associated rather frequently with the simultane-
ous impact of a variety of factors.

' Flight safety foundation. FSF Alar Tool Kit. (2010).
Skybrary. Available at:

https://skybrary.aero/articles/flight-safety-foundation-
alar-toolkit (accessed: 14.01.2022).

* TATA safety report 2020. (2021). IATA. Montreal —
Geneva, 244 p.

? Runway condition assessment — moving toward an au-
tomated environment (2019). Proceedings of Interre-
gional Conference «Airport council international»,
Tampa, 15-17 September.
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Fig. 1. Statistics of aviation events according to IATA data,

ning prevention, which are implemented as at an
aerodrome (ground events) as onboard A/C, are
highlighted.

It is obvious that the most efficient on the
ground technique to prevent running off is build-
ing longer RWs, ensuring the A/C maximum
landing roll.

There are different types of aerodromes
(island, shore-based, etc.), where the RW length
is limited due to landscape features. Lately a
specific ground-based energy-absorbing system
of A/C emergency braking (EMAS) has become
alternative to lengthening the RW. For the pur-
pose of minimizing the negative impact of a hu-
man factor, the systems of modern A/C automat-
ic control are replenished with functions, imple-
menting braking in the automatic mode”.

Let us consider in detail the hazards resulting
in the risk of overrunning as well as action plans
to prevent A/C overrunning the RW.

Analysis of hazards resulting
in the risk of overrunning

As it was noted before, quite frequently an
aircraft accident (A/A) results from the impact of
several causes simultaneously [3, 4]. Among the

* Airbus corporation website. Available at:
https://www.airbus.com (accessed: 28.11.2021).
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causes, increasing the risk of rolling-off, let us
note [1]:

1) unsteady approach to land, the incorrect
technique of A/C aligning, wrong actions and/or
interaction in the flight crew under adverse
weather conditions or the A/C emergency tech-
nical condition. These causes are brought about
by a human factor,

2) unpredictable or much worse than the ex-
pected landing instruction, as a rule, are con-
cerned with unreliable information transmitting
to the crew about the landing instructions,

3) efficiency decreasing or facilities failure
to dampen a lift force, braking aids, A/C emer-
gency configuration are usually brought about by
the A/C technical condition,

4) airport features (geographical location,
limiting landing direction and operation zones in
the vicinity of the airport, RW gradients, RW
surface condition).

We should highlight the impact of a human
factor among the causes of most AE. According
to the ICAO statistics, 45% of AE are namely
caused by a human factor. Insufficient training,
emotional tension, fatigue and a range of other
factors are capable of leading to substantial de-
viations in a flight crew work, subsequently, dis-
rupt a flight plan.

Among such violations we can mention the
unsteady approach, i.e., approach to land, under
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which A/C does not maintain at least one of the
following values: air speed, a rate of descent,
vertical/horizontal flight trajectory or not con-
sistent A/C configuration at an altitude of taking
a decision or of obtaining a clearance to land.
Other errors can cause the unsteady approach.

In 2010 A/C Tul54, with the top officials of
the Republic of Poland on board, crashed on
landing in the vicinity of Smolensk not reaching
the RW. Interference on the part of the senior
leadership caused a flight crew to descend below
the decision height, piloting A/C manually in
fog, attempting to find the RW lights [5].

In this respect, the same emotional subcom-
ponent led to Utair airline A/C B737-800 over-
running in Sochi in September 2018. The A/C
was approaching to land in the marginal weather
conditions. On a glide path a captain made a go-
around procedure after continuous alerts about
wind shear. Attempting to make another hand
approach, a flight crew made a series of errors.
The A/C retarded to intercept signals of localiz-
ers due to the unsteady approach. As a result, the
crew had to make sharp maneuvers to fly the
heading, which led to air speed increase [5].
Over the RW threshold, the flight crew neglected
a wind shear warning and continued the landing,
substantially having overshot an aiming point of
a touchdown zone. An overdue going into the
reverse thrust became fatal. Let us note, that due
to inertia, transition from one turbojet engine
operation mode to another, especially reverse
thrust activation, takes several seconds. For ex-
ample, on A/C B737 maximum reverse thrust is
generated not earlier than in 2...4 sec. If overdue
reverse thrust is deployed in conjunction with
touch down and overshooting at a greater speed
than the operation manual prescribes, a risk of
rolling-off increases massively [6].

Incorrect provision of information to the
crew about the weather conditions and RW sta-
tus presents a significant threat as well [7]. With
the preliminary estimate of a landing distance
prior to departure, it is impossible to take into
consideration features of each airport regarding
the rate of speed during approach to land, actual
temperature and breaking coefficient, wind di-
rection and intensity. For example, a damp RW,
providing the good breaking action, can become
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slippery even under a slight variation of tem-
perature. Incorrect provision of information to a
flight crew about the RW status caused Aeroflot
A/C A321 overrunning at Kaliningrad airport
Khrabrovo. The reported braking coefficient
proved above actual as a result of which, the A/C
crew selected the insufficient breaking coeffi-
cient mode. The similar causes resulted in the
incident with Red Wings airline SSJ-100 in Bel-
gorod.

The A/C technical condition and specifics of
its control much more rarely cause rolling-off
because of a high reliability of aeronautical
equipment and qualitative training of flight per-
sonnel [8]. Nevertheless, it is the features of the
A/C control system that resulted in Red Wings
airline A/C Tu-204 overrunning in Vnukovo in
2012. The matter is that an automatic extension
of air speeds, interceptors and going into the re-
verse thrust on this A/C type are practical only
on the condition of the simultaneous clenching
of both landing gear (LG) struts. However, A/C
motion on the RW was happening without ex-
tended interceptors with alternative clenching
either left or right L/G struts. As a lift force was
sufficiently great due to not extended intercep-
tors, wheel braking was not efficient. A reverse
was not also activated despite numerous crew’s
attempts due to the failure to clench the left and
right LG struts simultaneously during the land-
ing roll on the RW.

Furthermore, aecrodrome features must be
considered. There are airports where a single
course landing is only possible or aerodromes
with V-type RWs located with the direction var-
iation of 15-20 degrees without a probability for
the opposite course approach, which does not
allow pilots to disregard the tail wind or hazard-
ous windshear impact [9]. In the Russian Federa-
tion, an airport in Sochi has such a pattern where
an approach to land is possible only from the
seacoast direction due to the opposite course re-
strictions in the presence of mountains. In addi-
tion, in conformity with the applicable approach
to land regulations in Sochi or Gelendzhik, a go-
around procedure is allowable only when it is
above the decision height, as a result of which, a
risk of unsteady approach to land increases. The
RWs state also influences substantially a proba-
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bility of performing a safe landing. For example,
the RW at an out-of-service airport in Rostov-
on-Don was notorious for its “bump” among pi-
lots — a positive gradient started approximately
from the first third of a touchdown zone in the
distance of about 1000 m and transferred into a
negative gradient up to the RW stop end.

Methods to reduce the risk of A/C
overrunning the runway

Among the methods to decrease the risk of
A/C overrunning the RW, we can put an empha-
sis on organizational and technical ones. The lat-
ter can be classified into the methods of active
and passive protection.

As an example of organizational measures,
let us give FAA Advisory Circular No: 91-79A,
developed by the national US regulator in col-
laboration with A/C company-designers and ma-
jor airlines. It specifies the key areas of focus
with respect to reducing the risk for A/C overrun
the RW on landing.

Compliance with the standard operation rules
and the use of checklists are a significant contribu-
tor to preventing AE during approach to land and
landing. The actions, prescribed by the standard
operation rules, are accomplished according to the
proper sequence from each pilot’s seat. In terms of
safety, critical flight moments (involving primarily
A/C configuration variation) must be cross-
checked using checklists [10].

While performing a go-around procedure, a
strict conformity of the rules of delegating re-
sponsibilities between pilots and the optimal use
of the principles to optimize crew work in a
flight deck (CRM) are of paramount importance.

However, the listed documents and proce-
dures cannot fully solve an A/C overrun-related
problem, which illustrates a rising trend of over-
run frequency over 2015-2020 (IATA).

Thus, the requirement to apply additional
safety barriers, as the active and passive protec-
tion, is essential. Controlling effects of crew and
aeronautical equipment are ascribed to the first
category. The passive methods comprise so-
called emergency systems allowing pilots to
minimize consequences of A/C overrun the RW.
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Active methods to reduce the risk of
A/C overrunning the RW

The active methods to reduce the risk of A/C
overrun the RW are based on the development of
crew control input on A/C flight controls based
on their own perception, onboard systems advi-
sories or on the development of stimulus com-
mands on the flight controls by the automatic
onboard system without pilot involvement. For
example, A/C Airbus 320neo are fitted out with
the system of automatic control that implements
a three-mode braking: LOW, MEDIUM, MAX".
A selection of the braking mode, relevant for the
current landing instruction, is conducted by the
crew prior to approach to land. The system of
automatic breaking on A/C Boeing 737NG oper-
ates in the similar manner.

The modified systems are installed on the
latest generation A/C, which operation is, more
likely, aimed at alerting the crew about the con-
tingency of overrun (elimination of errors before
landing) rather than at a direct crew intervention
at the point of the landing and landing roll.

Let us analyze in detail the operation princi-
ples of the stated systems on the example of A/C
B777 and A350.

In 2010 during the modification of A/C A380
and the design of A/C A350, Airbus developed a
warning and overrun prevention system — Run-
way Overrun Prevention System (ROPS). ROPS
assesses continuously a capability of an A/C safe
stop on the rest of the RW ahead of the A/C.

If the system detects a risk of RW overshoot
at some point, the appropriate warnings go off in
a flight deck. ROPS has access to the parameters
that influence the A/C landing distance, particu-
larly to A/C coordinates, values of true and air
speed [11].

ROPS incorporates two subfunctions: ROW
and ROP. ROW generates signals which cause a
flight crew to make a go-around procedure (alert
about a contingency of rolling-off). ROP gener-

> Aircraft maintenance manual for Airbus A320. By Air-
bus Corp. Available at: https://www.airbus.com/sites/
g/files/jlcbtal36/files/2021-11/Airbus-Commercial-
Aircraft-AC-A320.pdf (accessed: 28.11.2021).
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ates signals which cause a flight crew to apply
available deceleration facilities (overrun preven-
tion)®.

ROW becomes active at the altitude of
500 feet and remains active during the entire fi-
nal phase of approach to land, flare-out and land-
ing until ROP transition. On Airbus family A/C
A380, A330 and A320 ROW calculates continu-
ously two braking ways: a braking distance on a
dry and wet RW. If a braking distance for a wet
RW becomes longer than the available RW
length, a message “IF WET: RW TOO
SHORT” comes on. If a braking distance for a
dry RW becomes longer than the available RW
length, a system displays a red warning message
on PFD: “RW TOO SHORT” (fig. 2) [11].

Fig. 2. The RWY TOO SHORT message on the A320
PFD display

ROP is triggered on the ground after transi-
tion from ROW and remains active until reach-
ing the taxiing speed. ROP uses a current value
of the A/C deceleration and A/C performance to
determine where the A/C can stop safely on the
RW. If ROP detects the risk of overrun, the aural
and visual alerts are activated. A red visual
warning “MAXIMUM BREAKING, MAXI-
MUM REVERSE” is displayed on PDF. If a
condition of speed exceedance still exists at
70 knots (advisable speed of reverse thrust shut-
down), an audible warning “MAINTAIN MAXI-

% Quick reference hand book for Airbus A350. By Airbus
Corp. Available at: https://store.pcflier.com/m/product/
view7.html (accessed: 16.11.2021).
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MUM REVERSE” goes off to notify a flight
crew about the necessity for maintaining reverse
thrust.

On A/C A380 and A350, ROPS is integrated
into the systems of flight control, A/C navigation
and presents pilots a constantly updated image in
the real-time mode on the Navigation Display’.

The Boeing data system, applicable on A/C
B777 and B787-Runway Awareness and Advi-
sory System (RAAS)® has the similar function-
ality. RAAS (notification and warning system
on the RW) generates the sound and verbal noti-
fications for a flight crew about a critical A/C
position on the RW. RAAS uses GPS (Global
Positioning System) data and RW database to
determine the A/C position regarding the RW.
At the same time, the system does not virtually
take into consideration the parameters and dy-
namics of the A/C motion in space.

Available variants of warnings issued by
RAAS system are represented below (fig. 3):

e Approaching runway (in flight).
Approaching runway (taxiing).

On Runway.

Extended holding time.

Distance remaining (landing rollout).
Distance remaining (rejected take-off).
Runway end.

In addition to the stated above notifications,
the system can issue the following notifications:

¢ Insufficient runway length.

e Taxiway takeoff.

e Approaching short runway’.

The technology Braking Action Computation
Function (BASF), which is developed collabora-
tively by Airbus and NAVBLUE company and
designed to ensure flights and traffic control, is
another approach to decrease the risk of A/C
overrun the RW. In essence, BASF represents a

7 EASA certifies ROPS for Airbus A330. AVIATION-
WEEK. Available at: https://aviationweek.com/easa-
certifies-rops-a330 (accessed: 16.11.2021).

Aircraft maintenance manual for Boeing 777. By Boeing
Corp. Available at: https://www.smartcockpit.com/docs/
B777 Inflight Fuel leak.pdf (accessed: 16.11.2021).
Quick reference hand book for Boeing 777. By Boeing
Corp.Available at: https://www.yumpu.com/en/document/
view/7446138/777-quick-reference-handbook-index-of
(accessed: 16.11.2021).
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Fig. 3. RAAS system signals, generated during the approach to land and landing roll on the RW

special software function, implemented by a
complex of A/C airborne equipment, which is
based on the Airbus-developed mathematical
model. BASF uses data about braking conditions
for calculation and defines the contribution into
the overall braking efficiency of each of the sys-
tems (spoilers, reverse, and wheel brakes).
Moreover, BASF compares the actual breaking
values with data about possible RW conditions
from Airbus database. Afterwards, it makes a
conclusion about the braking capability and
draws up a report with an assessment of breaking
performance, which pilots can see on the display
of the onboard digital computer'’. BASF data are
accumulated in the single database (transmitted
via ACARS to the server), which allows an air-
line to store breaking data concerning all the
flights of all A/C and to define the most efficient
breaking techniques depending on the actual
conditions. It enables pilots to reduce the number
of A/C rolling-off [12].

' Runway overrun prevention system (ROPS). Skybrary.
Available at: https://skybrary.aero/articles/runway-
overrun-prevention-system-rops (accessed: 22.11.2021).
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Furthermore, in the real-time mode BASF
data enter a special service NAVBLUE Run-
waySense, compiling all the reports about the
RW condition, which allows RunwaySense users
to use the precise information in the real-time
mode about the RW surface condition at differ-
ent airports worldwide (fig. 4) [13]. Guided by
the objective data, an airport can transmit more
precise data about the breaking coefficient to
crews of inbound A/C and arrange work to clear
the RW'".

Operation efficiency of the similar systems is
quite high. In the process of test flights, the
number of erroneous warnings was equal to less
than 0.1%.

Nevertheless, new A/C from a manufacturer
are basically equipped by the similar systems,
more rarely, A/C in service will be retrofit-
ted [14]. It is related both with the relatively high
cost of after-production modification and the ne-
cessity of A/C putting out of a flight schedule.

"' Navblue corporation website. NAVBLUE. Available at:
https://www.navblue.aero/products/rops-plus/ (accessed:
29.11.2021).
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Moreover, optionality of such modifications at
the state level has consequences. The perspective
of installing these systems on A/C, manufactured
by domestic enterprise, is vague due to high
costs to implement the similar functions and lack
of the requirement for its availability. At the
same time, in May 2021, the most major domes-
tic airline Aeroflot-Russian Airlines announced
the beginning of BASF'® technology applica-
tion [15] among the Russian operating airlines.

Passive methods to reduce the risk of
A/C overruning the RW

The passive methods diminish the conse-
quences of A/C overrunning the RW. The areas
beyond the RW threshold, which are called the
runway end safety area (RESA), are convention-
ally designed for this purpose. Until recently, the
RESA length came to 60 m.

The ICAO modern standards require to have
RESA not less than 90 m advising a 240 m
length concurrently. However, not always feasi-
bility exists to be consistent with the ICAO rec-
ommended practices [14]. In addition, the sur-
faces beyond RESA boundaries are usually grass
and soil, which properties depend on weather
conditions (humidity, temperature, etc.). During

12 Using aircraft as a sensor on contaminated runways
safety first. (2018). Airbus, no. 26. Available at:
https://safetyfirst.airbus.com/using-aircraft-as-a-sensor-
on-contaminated-runways/ (accessed: 29.11.2021).
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motion on wet soil, for example, the A/C can
sink into the soil, and it can cause the landing
gear to collapse. Subsequently, there may be
significant damage to the A/C, which eventually
increases the risk of fire, injuries and fatalities
among passengers and crew members [16].

The passive emergency braking system Engi-
neered Materials Arresting System (EMAS) can
be regarded as one of the most perspective and
efficient passive methods to reduce the risk of
A/C overrun. EMAS was developed by the group
Zodiac Aerospace and approved by the US Fed-
eral Aviation Administration (FAA). EMAS rep-
resents a construction as a flat artificial surface
comprising of assembled units and located next to
the RW threshold. The design of units ensures
their controllable destruction during obstacle en-
counter, smooth A/C deceleration without its
damage, the subsequent efficient restoration of
EMAS by means of replacing ruined units.

In 2012 FAA issued a special circular

No 150/5220-22B dedicated to the issues of the
design and requirements for the EMAS materi-
al [17]. The basic requirements for the given sys-
tem outline the following:
water resisting,
incombustibility,
no emission of fumes during fire,
resistance to the environment impact,
a capability of an A/C halt, overrunning at
max speed 70 knots without exceeding ul-
timate loads, severe damage and negative
impacts on passengers,
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e resistance to a jet blast during a routine

aerodrome operation'”.

Currently, several airports in the USA, Chi-
na, Europe and Middle East are equipped with
the similar systems.

Systems of this type have not been utilized
and certified so far in Russia. The requirements
of regulatory and supervisory authorities for
them are not available. At the same time, it is
obvious that the application of these systems like
EMAS would enhance flight safety, for example,
at Sochi airport and allow us to avoid in future
the negative scenarios which occurred in Vnu-
kovo and Kaliningrad.

Conclusion

Nowadays the task of reducing A/C overrun-
related aviation events is crucial. The international
experience, growing frequency of AE, involving
A/C overrun, highlights the relevance of develop-
ing the special active (installed on board A/C) and
passive (mounted at an acrodrome) systems in or-
der to decrease the number and consequences of
A/C overrun the RW in Russia. The similar sys-
tems are not available on A/C in service and do-
mestic currently designed ones as well as at aero-
dromes. We should note that in order to implement
these events in our country, there is no essential
regulatory framework as well as research and
technological groupwork. Therefore, it is vital to
conduct research, development and engineering
work, develop projects of regulatory-technical base
with the aim of designing the active and passive
systems to prevent (diminish) consequences of
A/C overrun the RW, and equip domestic A/C and
aerodromes with the similar facilities.
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Adaptive information management system of dynamic monitoring
of actual water content in jet fuel in technological processes
of aviation fuel supply

A.A. Brailkol, V.M. Samoylenkol, N.A. Druzhininz, L.A. Druzhinin®
"Moscow State Technical University of Civil Aviation, Moscow, Russia
2LLC "Rosneft Aero", Moscow, Russia
3 JSC "Aviation Fuel Company", Moscow, Russia

Abstract: Modern domestic and international standards, regulators of the aviation fuel industry, considering the negative impact of
the presence of mechanical impurities and water in aviation fuel on the performance and life cycle of aircraft engines, fuel metering
equipment, fuel systems of aircraft (A/C), as a threat factor for flight safety, impose high requirements for the purity of aviation fuel
while operating aeronautical equipment. At the same time, the causes and sources of water content in jet fuel are a source of
economic losses, the most important criterion for the success of the Aerodrome Fueling Complex business. The article considers
the task of developing reliable and automated methods as well as technologies for controlling these contaminants, for example for
determining water content in aviation fuel when refueling aircraft, and the necessity to minimize an effect of a human factor. The
automation of aviation fuel quality monitoring processes, the transition from discrete control methods to continuous ones, from
static control methods to dynamic ones (in-line), from indirect methods to direct ones are becoming relevant. The possibilities of
end-to-end accounting and analysis of aviation fuel purity parameters at all stages of the aviation fuel life cycle are shown. The
article considers the methods and conducts the analysis of known techniques and devices used to determine, measure and indicate
actual water content, presence of dissolved, free and total water in jet fuel. The technical solution of continuous automated control
of the actual water content level of the jet fuel flow in the processes of aviation fuel supply and aircraft refueling in an information
system that provides on-line monitoring and dynamic measurement of the quantitative content of dissolved and free water in the jet
fuel flow, is presented. The technical solution for the continuous determination of the quantitative water content in the jet fuel
stream is proposed. At the same time, the solution of the problem of monitoring water content in jet fuel is combined with the
technological process to control the purification of jet fuel from water. The paper represents an adaptive information management
system for continuous monitoring of the water content level of the jet fuel flow, which will allow specialist to substantially increase
a level of automatization of aircraft aviation fuel supply technological processes, decrease a negative impact of a human factor,
increase economic effectiveness of the aviation fuel supply complex. The system is designed to carry out continuous, automated
control (monitoring) of water content in the jet fuel flow at all the stages of the jet fuel movement: receiving, storing and delivering
jet fuel and refueling aircraft, in particular fuel and lubricants warehouses (fuel and lubricants), refueling complexes and pre-apron
filling points. It can also be used in the fuel system of the aircraft, as a system to prevent water content in the jet fuel. The
integration of automation tools will enable us to improve the quality of management of aviation fuel supply and aircraft refueling to
ensure timely operational decision based on real data in real time mode, provided the proposed system integration into the airport
system for operational data exchange.

Key words: refueling complex, the actual water content in jet fuel, porous polyvinyl formal (PVFM), selective separation,
coagulation, programmable logic controller (PLC), adaptive information management system, dynamic monitoring.
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system of dynamic monitoring of actual water content in jet fuel in technological processes of aviation fuel supply. Civil Aviation
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AnanTuBHas UHGOPMALMOHHO-YIIPABJIAIOIASA CUCTEMA JUHAMHYECKOI0
MOHHMTOPHUHIA GaKTHYECKON 00BOJHEHHOCTH ABHATOILIUBA
B TEXHOJIOTMYECKHUX MpOoLeccax aBUATOILINBOOOeCIeYeHUs

A.A. Bpan.mcol, B.M. Camoiiaenxo’, H.A. I[pyHmHI/IHZ,
JLA. JIpy:KuHuH’

"Mockosckuii 20Cy0apcmeeHHbIll MeXHUYeCKUll YHUgepcumem padcoancKoll asuayui,
2. Mockea, Poccus
000 «Pocnedpmov Aspor, 2. Mockea, Poccus
‘40 «Asuayuonno-monnuenas komnanusny, e. Mockea, Poccus

Annoramsi: COBpeMEHHBIE OTEUECTBEHHBIE M MEXIyHAapOIHbIC TPeOOBAaHMS PEryJISTOPOB OTPAciM  aBUATOINIMBOOOECICYEHNS,
NPUHKMMas BO BHIMAaHHE HEraTUBHOE BIMSTHHE TPHCYTCTBHSI MEXaHIYECKHX TIPUMECEH 1 BOIbI B aBUATOILINBE HA PabOTOCIIOCOOHOCTD 1
pecypc aBHAIBHTAaTENeH, TOIUTMBOPETYIMPYIOIICH armapaTypsl, TOINMBHBIX CHCTeM BO3MyHHBIX cynoB (BC) kak ¢axropa yrpossl
GezomacHocTH nosteToB BC, MpessBIsioT K YNCTOTE MPUMEHSEMOTO TPH SKCIUTYaTalliH aBUALMOHHOMN TEXHHKH ABHATOILINBA BBICOKHE
TpeOoBaHus. Bmecte ¢ TeM NpPHYMHBI M MCTOYHMKH OOBOJHCHMS ABUATOIUIMBA SIBISIFOTCS MCTOYHHMKOM SKOHOMHYECKHX MOTEpb,
BOKHEHIIMM KPUTEpPUEM YCICIIHOCTH OW3Heca TOIUIMBO3AIPABOYHOTO KOMIUIEKCA. B crarbe paccMmarpuBaercst 3aada CO3IAHKS
HAEOKHBIX M ABTOMATH3HUPOBAHHBIX METONOB W TEXHOJNOIMH KOHTPOJSI 3THX 3arpsi3HEHMI, B YAaCTHOCTH ONpEHENECHHS BOIBI B
apuarorimee npu 3ampaBke BC 1 HeoOXOOMMOCTH yXO[a OT HeNOBeYecKoro (akropa. AKTyalbHbIM CTAHOBUTCS ABTOMATH3ALWS
TPOLIECCOB MOHUTOPHHIA KaYeCTBA aBUATOILIHBA, TIEPEXO]T OT IMCKPETHBIX METOIOB KOHTPOJIS K HENPEPBIBHBIM, OT CTATHYECKHX METOJIOB
KOHTPOJISI K TMHAMUYECKUM (TIOTOYHBIM), OT KOCBEHHBIX CIOCOOOB K NpsiMbIM. [T0Ka3aHbI BO3MOKHOCTH CKBO3ZHOIO ydeTa M aHaiza
TIapaMeTpOB YMCTOTHI aBHATOIUIMBA HAa BCEX JTalax KM3HEHHOrO IMKJIA aBUATOIUIMBA. PaccMOTpEHBI CIIOCOOBI, M MPOBEACH aHAIN3
W3BECTHBIX METO/IOB M YCTPOICTB, WCIIONB3YeMbIX JUIS OINPEENCHHs, M3MEPEHHs W WHAMKAIMK: (AaKTUIeCKOH OOBOIHEHHOCTH,
TIPUCYTCTBUSL PACTBOPEHHOM, CBOOOHONW M CyMMAapHOW BOZIBI B aBUATOILIMBE. [Ipe/iCTaBIeHO TEXHMYECKOE PEIICHHE HEelPEphIBHOTO
ABTOMATH3UPOBAHHOTO KOHTPOJISL YPOBHS (haKTHUEeCKOH OOBOITHEHHOCTH MOTOKA aBUATOILIMBA B IPOLICCCAX aBUATOILTMBOOOCCIICUCHHS 1
3ampaBki BC B mH(OpMAIOHHON cHcTeMe, 00eCTeUMBAOIICH on-line KOHTPOIs M IMHAMIYECKOS F3MEPEHIE KOJMYEeCTBEHHOTO
COZICPKAHUST PACTBOPEHHOW M CBOOOIHOM BOZBI B IIOTOKE ABMATOILIMBA. [IPEVIOXKEHO TEXHHYECKOE PEIlCHHE IO HEIpepbIBHOMY
OIpEJIENICHHI0 KOJIMYECTBEHHOTO COIEP)KAaHKs BOIBI B IIOTOKE ABHATOIUIMBA. [IpH 3TOM pelleHHe 3aiaud MOHHTOPUHIA BOIBI B
ABHMATOIUIMBE COBMEIICHO C TEXHOJIOTMHYECKHM IIPOLIECCOM KOHTPOJISI OYMCTKM ABHATOIUIMBA OT BOZBL [IpencraBiieHa amanTvBHAS
MH(OPMAIMOHHO-YIIPABILIONIAs CUCTEMa HENPEPHIBHOTO MOHWTOPHMHIA YPOBHS OOBOIJHEHHOCTH aBHATOIUIMBA B IIOTOKE, KOTOpast
TI03BOJIUIT CYLIECTBEHHO ITOBBICHTH YPOBEHb aBTOMATH3AIIMH TEXHOJIOTUECKHX MPOLIECCOB aBHATOILTMBOOOECTICUEHHS BO3/TYIIHBIX CY/IOB,
CHM3UTh  HCTAaTMBHOC  BJIMSHUE  YENIOBEYCCKOTO  (haKTOpa, TOBBICUTH  SKOHOMHYECKYIO  3((EKTUBHOCTH  KOMILICKCA
aBuarorymBoodecrieueHns. Cucrema TpelHa3HaueHa JUIS  OCYLIECTBICHHS HENPEPhIBHOIO —aBTOMATH3HMPOBAHHOIO — KOHTPOJIS
(MoHMTOpHHTa) OOBOZHEHHOCTH aBHATOILIMBA B TOTOKE HAa BCEX JTallax JBWKEHWSI aBUATOIUIMBA: IIPUEMA, XPAaHEHUS M BbIIA4M
ABHMATOIUIMBA, U 3amnpaBku BC, B 4aCTHOCTH CKJIaIOB TOPIOYE-CMa304YHbIX MaTepHaoB, TOIUIMBO3AIPABOYHBIX KOMIUIEKCOB, U ITyHKTOB
TPE/IIIEPOHHOTO HAIIMBA, a TAKOKE MOXKET OBITh MCIONB30BaHa B TOIWIMBHOK crcteMe BC Kkak crcTema NpenoTBparieHus: OOBOIHEHHUS
ABHATOIINBA. BHEIpEHHe CPEICTB aBTOMATH3ALMH TTO3BOJIUT MOBBICHTE Ka4eCTBO YIPABJICHHS IPOLICCCAMH aBHATOILTBOOOCSCTICYCHHS 1
zanpaeku BC w1 obecrieueHyst IpHHSTHS CBOSBPEMEHHBIX OIEPAaTHBHBIX PEILCHHI Ha OCHOBE PEaIbHBIX JAHHBIX B PEATBHOM PEXHME
BPEMEHH IIPH YCIIOBUW HHTETPALH MPESIIOXKEHHOM CHCTEMBI B CHCTEMY a3poIiopTa JUTsl OIIePaTUBHOTO OOMEHa JTAHHBIMH.

KaroueBble cioBa: TommBo3anpaBouHblii komruieke 13K, Qaktudeckas OOBOJHEHHOCTh aBHATOIUINBA, ITOPUCTBINA
MONMBHHII(QOPMAITh, CETEKTUBHAS Celapanys, KOaryJsiys, IporpaMMHUpyeMblii jormdeckuid kontpomtep ITUIK, amanruBras
MH(POPMAITMOHHO-YIIPABILSIIOIIAs CHCTEMA, JMHAMUYECKHIT MOHUTOPHHT.

Jnsi umrupoBanusi: bpammko A.A. AnmanTrBHAS MH(POPMALMOHHO-YIIPABILSIIONIAS CHCTEMA IWHAMHYIECKOTO MOHHTOPHHTA
(haxTHYEeCKOI 0OBOITHEHHOCTH aBHATOIDINBA B TEXHOJIOTHYECKUX TIporieccax apuarorumsoodecnedenns / A.A. Bpannko, B.M. Ca-
moittenko, H.A. Hpywxunun, JLA. [pyxunun // Hayuneii Bectnuk MITY TA. 2022. T. 25, Ne 2. C. 20-29.
DOI: 10.26467/2079-0619-2022-25-2-20-29

Introduction gy, along with quality specification level pro-
vision when refueling aircraft [1]. This re-

Preservation of jet fuel quality is the main ~ quires the provision of maximum possible
purpose of fueling complex operation while pressurization of the jet fuel drainage, filling,
performing the aviation fuel supply technolo-  storage and transportation processes, as well as
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aircraft refueling, application of the efficient
water elimination technologies and equipment,
preventive measures of aviation fuel-water
adulteration [2-5], along with continuous mon-
itoring of the jet fuel cleanliness level and wa-
ter content in aviation fuel at all the aviation
fuel supply stages [6, 7].

The possibility of water contamination of
aviation fuel during transportation, storage and
aircraft refueling is very high, and elimination of
water from jet fuel is associated with significant
difficulties as the process is cost-based and ex-
pensive (excessive filter elements consumption,
increase of settlement duration), which eventual-
ly leads to the significant losses and not effective
expenses for aviation fuel supply business, and
represents a flight safety hazard.

The conventional jet fuel control to deter-
mine the mechanical impurity and water content
is conducted both visually and by means of the
express method using POZ-T facility. According
to the regulatory requirements, such contamina-
tion should be not available while determining
the content of mechanical impurities and free
water using these techniques. The authors of the
research [8, 9] analyzed the application of the
mechanical impurities and the water content de-
termination express method and its low sensitivi-
ty was identified, the obtained data proved suffi-
ciently subjective.

A range of facilities means and techniques of
water detection and elimination in jet fuels was
considered in order to search of technical solu-
tions. Nowadays the separator filters [10—-12] are
used for water elimination from the jet fuel. The
principle of their operation is the coagulation of
the water micro drops in the jet fuel on the sur-
face of the filtering element glass fiber with for-
mation of the water film. However, such a con-
struction allows us to eliminate water from jet
fuel, but not to determine its quantity, as the reg-
ulations require.

The authors set a task of solving the problem
of not only purification of the jet fuel from water
contamination, but also to determine probable
quantity of water. The analysis of methods of jet
fuel purification from free water [13, 14], based
on optical devices usage [15-18], is conducted in
this article. Thus, the paper suggests [16] the use
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of the polymeric optical fiber, the material of
which, absorbs water, depending on its quantity,
and varies its properties such as the geometrical
dimensions, throughput capacity, light refrac-
tion, which allows us to quantify water in jet
fuel.

The method of quantifying water in fuels and
oils is used considering water electrical conductivi-
ty. The principle of the following method is based
on determining breakdown voltage at the elec-
trodes, in case of water presence in fuel or oil, and
comparing with the identified dependence of this
voltage on the quantity of free water.

The facility, based on the fixation of released
hydrogen by the photodiode in the process of the
water-reagent chemical reaction, is used while con-
trolling the available water in diesel fuel. Water is
quantified by the quantity of released hydro-
gen [17].

The analysis of applicable techniques to de-
tect water in oil products shows, that the facili-
ties are complicated enough. They allow us to
detect the presence of water, but not to elimi-
nate, and require definite qualification to deal
with.

Among the drawbacks of conventional tech-
niques and methods of jet fuel water content moni-
toring and the express analysis, we can refer to the
following:

o the given methods of water content control
are not continuous, as they are based on
the spot and discrete sampling from the as-
signed zones or the pipeline areas, as a re-
sult, not the whole amount of jet fuel is
controlled for water,

o the existing methods are manual and visu-
al, significantly labor-consuming, do not
possess the required sensitivity and are es-
pecially subjective, their accuracy and reli-
ability depends on the negative impact of a
human factor involving a high probability
of mistakes, malfunctions and contributing
risks,

o failure to determine quantitative water con-
tent in jet fuel, not only its availability,

e it is difficult to automatize the convention-
al techniques and methods of water content
monitoring and express-analysis. In the
circumstances of intensive transportation
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volume growth and modern tendencies of
civil aviation development, they do not
solve a task of ensuring the automatized jet
fuel control at the point, approved for refu-
eling the aircraft,

e the given methods of water content con-

trol, based on the normative standard (or-
der No DB-126 from October 17", 1992)
of time of settling — 4 hours/m of innage
level — without considering the level of
water content and impurity, which leads to
ineffective costs.

The listed shortcomings are complicated with
the refueling complex loading rate, that is a large
volume and the number of aircraft refueling cy-
cles typical for high-capacity airports.

A possibility of making a timely decision is
excluded while using the given control methods,
due to the long delay in obtaining the laboratory
analysis results, therefore, the duration of a cycle
activity of technological aviation fuel supply pro-
cesses increases, causing economical costs to in-
crease respectively.

The use of the conventional control methods
hinders implementing automatization of the
technological process of aircraft refueling and
aviation fuel preparation, which leads to increase
in prices for jet fuel and aircraft refueling ser-
vices, and to the risks of decrease in airlines
flights punctuality, in some cases.

Description of the dinamic
monitoring system

Foreign and domestic experience [3, 7]
shows us, that it is feasible to solve the problems
of jet fuel purity control from free water and me-
chanical impurities by implementing the automa-
tized measuring instruments (AMI), information
measuring systems (IMS) and data management
systems (DMS), which can subsequently become
a basis (or components) of a single automatized
system of airport refueling complex technologi-
cal processes management.

The authors proposed the adaptive data man-
agement system of maintaining the assigned lev-
el of water content, based on the constant moni-
toring of jet fuel water content control [18, 19].
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The system allows us to make a timely decision
about jet fuel delivery for aircraft refueling,
based on the constant quantifying of water con-
tent in jet fuel, approved for the aircraft refuel-
ing. Using of the proposed system in the whole
aviation fuel supply process enables us to assess
the efficiency of aviation fuel purification from
water devices, means for aircraft refueling and
filtration. In addition, the given system provides
us with a possibility of possessing the objective
data on jet fuel quality in real-time mode and
throughout the entire technological chain from
jet fuel reception to its filling into the aircraft
wing tanks.

Functional capabilities of the developed sys-
tem:

e quantifying of free water in jet fuel,

e control of water separating filter state,

e jet fuel purification from water.

The essence of the proposed system is that jet
fuel flow (fig. 1) is passed through a water sepa-
rating filter, which has several sequentially in-
stalled water-separating cells. Structurally each
of the cells is made of porous polyvinyl-formal
material (fig. 2), as an autonomous water sepa-
rating filter. Differential pressure is measured on
every partition, being processed by PLC (fig. 3),
and calculations of the partition flow resistance
are carried out. Flow resistance of every cell will
depend on the quantity of detained water. After
separation in a cell, the collected water is
drained into the sump.

As a result of the system operation, water is
eliminated from the jet fuel; the level of water
content is quantified, based on measurement of
porous partitions flow resistance value; the po-
rous partition state is assessed.

The principle of the proposed water separator
operation is concerned with the properties of the
porous polyvinyl formal material, particularly
with its water absorbing properties. It is of rough
glasslike porous structure before the contact with
water, and after water saturation the material
plumps and obtains the elastic state and water
coagulating features. Afterwards, the porous
polyvinyl formal material is dried with dehydrat-
ed fuel flow (of a very low water content level)
in order to restore the system in its original con-
dition (to regenerate). Subsequently, the collect-
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Fig. 1. Water separator diagram of the jet fuel water content
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monitoring system: 1 —housing; 2 — separator; 3 — coagulator;
4 — support grid; 5 — drain outlets; 6 — sampler outlet
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Fig. 3. Schematic diagram of the jet fuel water content monitoring system: PLC-programmable logic controller
implementing algorithm; 1 — pressure sensors; 2 — water separator

ed water in the partition is eliminated and trans-
fers into jet fuel in the molecular, diluted state,
(water content in fuel is less than 0,001%
(by mass).

The application of PLC allows us to record
the obtained values of differential pressure and
compare them with the current ones of every
partition, comprising an array of mathematics.
Such an approach enables us to quantify the cur-
rent water content in the transmitted flux of jet
fuel, at the output of the intermediate partitions
and the final porous one.

If the polyvinyl formal cells reach the ulti-
mate water level (most commonly, the first
one), it transfers into a coagulation mode. Dry-
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ing the polyvinyl formal cell allows us to re-
turn it to its original state, as its flow re-
sistance decreases.

Based on the conducted investigations, the
system (fig. 4), which can be integrated into the
airport systems and services, such as, for in-
stance: GroundStar (GS) — a complex of soft-
ware applications, automatizing the airport oper-
ations; RMS — Resource Management System —
resource management system; AFMS — Aircraft
Fueling Management System — information sys-
tem for aircraft refueling operations manage-
ment; CoOTAS — Computer Terminal Automation
System — for a refueling complex production
processes management.



Tom 25, Ne 02, 2022 HayyHbiit BectHuk MITY TA
Vol. 25, No. 02, 2022 Civil Aviation High Technologies

QuUnNLMPayUOHHan
______ ]

XeneiHodopoxHan
acmakada

Mpuem
aeuamonnuea no
mpyGonpogody

Ethernet Mynkms! vanuea

deuamonnueolanpaelluxkoe

NMpeoGpaizoceamens Ethernet/RS-485

Fig. 4. The structural diagram of the information management system for monitoring the water content of jet
fuel, data acquisition about the water content level:

1. When receiving jet fuel from the railway. 2. When transferring jet fuel through the pipeline. 3. When
transferring jet fuel from recipient reservoirs to service tanks (after sedimentation). 4. When transferring jet fuel
from recipient reservoirs to service tanks (after filtration and water separation). 5. When delivering jet fuel to
refueling facilities (refuellers). 6. When delivering jet fuel to refueling facilities (refuellers).

Advantages of the system from reception to supply for the refuel-
ng,
e provide the quantity water content control,
The implementation and integration of the by weight and percentage,
adaptive data management system of dynamic e build the balance of jet fuel contamination,
monitoring of actual jet fuel water content will instrument for making the timely techno-
allow us to significantly increase the aviation logical decisions and business analysis,
fuel supply process automatization level, to min- e adopt as a system of preliminary preven-
imize the negative impact of a human factor, to tion, signalizing about the exceedance of
optimize the refueling complex economical loss- water content limits and allowing us to
es in a significant way, to increase flight safety make timely decisions, along with adjust-
and regularity. ing the commercial relations (ceasing,
The system of continuous jet fuel water con- blocking of improper fuel reception), also
tent monitoring allows us to: to optimize the equipment operation, de-
e conduct the on-line control of the whole termining the early signs of failure in ad-
jet fuel flow volume at all the aviation vance and setting the maximally efficient
fuel supply technological process stages, modes,
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e choose, in an automatic mode, the optimal
algorithm and aviation fuel supply strate-
gy, depending on jet fuel water content
level, basing on the measurements, to use
the rational technology and the correct
conjunction of settling time, specifics and
graduation of filtration, providing the flex-
ibility and economic efficiency due to the
optimal equipment use,

e cxclude the negative impact of a human

factor,
e implement the function of the flight data
recorder (self-recording device) — the

“black box™ analogue on the aircraft, due
to the function of logging and dispatching,
and provide data for the incident investiga-
tion and business disputes solutions,

e provide the integration of airport ground
support services into the refueling complex
automatization platform and represent good
possibilities for implementing the innova-
tional digital technologies such as artificial
intelligence, IIoT — Industrial Internet of
Things, visualization and predictive analyt-
ics, as well as AFSC — Aviation Fuel Smart
Contracts, blockchains and other cutting-
edge airport digitalization technologies.

Conclusion

It is feasible to implement the automatized
systems, to integrate them into the collaborative
systems of airport ground service and the aircraft
flight preparation (Groundstar Inform GmbH)'
and to develop the hardware-software “Ware-
house — Refueling” module, functionally intend-
ed for jet fuel quality planning and control and
its delivery for refueling, in order to increase the
capabilities of the system due to the addition of
new components, for solving the problem of au-
tomatized jet fuel quality control, along with the
optimization of jet fuel preparation processes for
aircraft refueling.

' Groundstar inform GmbH. INFORM. Available at:
https://www.inform-software.com/products/groundstar
(accessed: 22.09.2021).
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Implementation of the dynamical monitoring
system of actual water content will allow us to
decrease the economic costs for fuel dehydrating,
thus, to contribute to extra profit, to avert the risks
of human factor negative impact on flight safety.

Implementing the automatized water content
control system is particularly relevant for a ma-
jor refueling complex, with a high level of jet
fuel consumption.

Thus, implementing the means of jet fuel wa-
ter content monitoring automatization, will ena-
ble us to increase the quality of aviation fuel
supply and aircraft refueling processes manage-
ment. Integration and data sharing with all the
systems of APCS in real-time mode, will ensure
to make timely decisions, based on the real data.

References

1. Romantsova, S.V. & Pavlov, S.S.
(2013). Prevention of accumulation of water in
fuel storage. Vestnik Tambovskogo universiteta.
Seriya: Estestvennyye 1 tekhnicheskiye nauki,
vol. 18, no. 1, pp. 253-254. (in Russian)

2. Rybakov, K.V., Dmitriev, D.I. & Pol-
yakov, A.S. (1982). Aviation filters for fuels,
oils, hydraulic fluids and air. Moscow: Mashi-
nostroyeniye, 103 p. (in Russian)

3. Smirnov, M.S. & Sakhno, G.I. (1977).
Actual water cut of fuels in fuel tanks of state-
of-the-art aircraft. In book: Performance proper-
ties of aviation fuels, lubricants and special lig-
uids (chemmotological issues). Kiev: KIIGA,
pp. 14-16. (in Russian)

4. Balashov, 1.A., Kovba, L.V. et al.
(1987). Guidelines for the quality analysis of
fuels and lubricants in civil aviation. Part 2.
Moscow: Vozdushnyy transport, 168 p.
(in Russian)

5. Brailko, A.A., Gromov, O.V. & Dru-
zhinin, L.A. (2020). Digital technologies are the
basis of digital economy of civil aviation airport
refueling complexes. Civil Aviation High Tech-
nologies, vol. 23, no. 4, pp. 20-32. DOL:
10.26467/2079-0619-2020-23-4-20-32
(in Russian)

6. Klyucharev, L.G. (1983). The purity of
aviation fuels, oils and special liquids and its



Tom 25, Ne 02, 2022

HayuyHbiit BectHuk MITY TA

Vol. 25, No. 02, 2022

control: Tutorial. Kuibyshev: KuAl, 74 p.
(in Russian)

7. Brailko, A.A., Gromov, 0.V., Litin-
sky, G.I. & Gromov, V.K. (2021). Mathemati-
cal modeling of the process of functioning of ob-
jects and technical means of ensuring airfield
control. Civil Aviation High Technologies,
vol. 24, no. 4, pp. 20-27. DOI: 10.26467/2079-
0619-2021-24-4-20-27

8. Brailko, A.A., Druzhinin, N.A. &
Smulsky, A.V. (2013). Method for determining
the water content in hydrocarbon fuel and a de-
vice for its implementation. Patent RU no.
2502069, IPC GOIN 33/22, BO1D 25/00: publ.
December 20, 12 p. (in Russian)

9. Kauk, V.V. et al. (2008). Fuel quality
analysis: Monograph. Moscow: Ulyanovskiy
Dom pechati, 696 p. (in Russian)

10. Zhuldybin, E.N., Rybakov, K.V., La-
vrentiev, A.A., Zuev, V.I., Chaika, S.V. &
Bray, L.V. (1976). Filter-separator. Patent SU
no. 539587 Al, IPC B01D 25/00: publ. Decem-
ber 25, 2 p. (in Russian)

11. Zhuldybin, E.N., Rybakov, K.V., Se-
merin, A.N. & Kovalenko, V.P. (1982). Filter-
separator. Patent SU No. 971415 A1, IPC BO1D
25/00: publ. November 07, 6 p. (in Russian)

12. Zhuldybin, E.N., Kovalenko, V.P.,
Nasekailo, A.V., Boyarchuk, L.V. &
Shibrook, L.E. (1983). Filter-separator. Patent
SU no. 1057068 A1, IPC BOID 25/00: publ.
November 30. 4 p. (in Russian)

13. Levchuk, V.I. (1995). Cartridge filter.
Patent RU no. 2050928, IPC B0O1D 27/04: publ.
December 27, 6 p. (in Russian)

14. Anderson, L.G., Dantuluri, S.V.V. &
Shea, D. (2012). Method and system for water

drainage in a fuel system. Patent WO
2012/024013 Al: publ. February 23, 28 p.
15. Brailko, A.A., Druzhinin, N.A. &

Smulsky, A.V. (2012). 4 device for determining
the water content in hydrocarbon fuels or in air.
Patent PM RU no. 122491, IPC GOIN 35/08,
GOIN 33/22: publ. November 27, 26 p.
(in Russian)

16. Webb, D.J. & Zhang, C. (2011). Wa-
ter-in-fuel sensor. Patent WO 2011/027099 Al:
publ. March 10, 14 p.

27

Civil Aviation High Technologies

17. Kartashevich, A.N. & Kozhush-
ko, V.K. (1993). Diesel fuel water content con-
trol device. Patent SU no. 1814694, IPC F02B
77/00, FO2B 3/06: publ. May 07, 12 p. (in Rus-
sian)

18. Smulsky, A.V., Zorya, E.I. & Ni-
kitin, O.V. (2012). Separation filter unit. Patent
RU no. 2446858 C2, IPC BO1D 35/12, FO2M
37/22: publ. April 10. 6 p. (in Russian)

19. Brailko, A.A., Druzhinin, N.A., Dru-
zhinin, L.A. & Smulsky, A.V. (2018). Breather
system reservoir for easy-fluid liquid. Patent RU
no. 2673004 CI1, IPC B65D 90/28: publ. No-
vember 21, 13 p. (in Russian)

20. Brailko, A.A., Druzhinin, N.A., Dru-
zhinin, L.A. & Smulsky, A.V. (2018). Ventilat-
ing system of a tank for easily evaporating lig-
uids. Patent RU no. 182746 U1, IPC B65D
90/28: publ. August 29, 10 p. (in Russian)

Cnucok aureparypsl

1. Pomanmosa C.B., IlaBaos C.C. Ilpe-
IYTIPEeKACHNE OOBOJHEHHUS TOIUIMB IPH XpaHe-
Huu // BectHuk TaMOOBCKOro YHHBEpPCHTETA.
Cepus: EcTecTBeHHBIE M TEXHHUYECKHE HAYKH.
2013. T. 18, Ne 1. C. 253-254.

2. PoioaxoB K.B., /Imurpues JA.U., Iloas-
KoB A.C. ABHaIMOHHBIC (PUIBTPHI IS TOIUIUB, Ma-
ceJl, TMIPaBIMYECKUX JKUAKOCTEN U BO3ayxa: yueO.
nocodue. M.: MammnocTtpoenue, 1982. 103 c.

3. CmmpnoB M.C., Caxno I' .. daxTuye-
ckasg OOBOJHEHHOCTh TOIUIMB B 0akax COBpe-
MEHHBIX CaMOJeTOB. B KH.: DKcIulyaTalluOHHBIE
CBOICTBa aBHMAIIMOHHBIX TOIJIMB, CMAa30YHBIX
MaTepHalioB M CIEHUANBHBIX JKUAKOCTEH (BO-
npocsl xummoronoruun). Kues: KUUI'A, 1977.
C. 14-16.

4. banamos, U.A., Kosoa JI.B. n ap. Me-
TOJMYECKHE PEKOMEHAALUH 10 aHAJIM3Yy KayecTBa
TOPIOYE-CMA30YHBIX MaTEepPHalIOB B Tpa)kIaHCKOI
apuaru. Y. 2. M.: Bo3aymselii Tpancnopt, 1987.
168 c.

5. bpauako A.A., I'pomoB O.B., py-
s;kuHuH JLA. [{udposbie TexHomorun — 6aza mud-
POBOM HSKOHOMHKH TOIUIMBO3AIPABOYHBIX KOM-
TUIEKCOB  adPOTIOPTOB TPAXKIAHCKOW aBWanuu //
Hayunsrii Becthuk MI'TY T'A. 2020. T. 23, Ne 4.



HayuyHbiit BectHuk MITY TA

Tom 25, Ne 02, 2022

Civil Aviation High Technologies

C. 20-32. DOI: 10.26467/2079-0619-2020-23-4-
20-32

6. Kuawuapes JL.I'. Yucrora aBuanumosn-
HBIX TOIUIMB, Macell U CIEIUATBHBIX KHUIKOCTEH
U ee KOHTponb: yueb. mocobue. KylObimes:
KyAW, 1983. 74 c.

7. Brailko A.A. Mathematical modeling of
the process of functioning of objects and tech-
nical means of ensuring airfield control /
A.A. Brailko, O.V. Gromov, G.I. Litinsky,
V.K. Gromov // Civil Aviation High Techno-
logies. 2021. Vol. 24, no. 4. Pp. 20-27.
DOI: 10.26467/2079-0619-2021-24-4-20-27

8. bpamako A.A., /[pyxumaumn H.A.,
Cmyabckuii A.B. Crioco6 onpezeneHus conuep-
JKaHUA BOJBI B YIJIEBOJOPOJHOM TOIUIUBE H
YCTPOUCTBO AJIsl €ro ocyuecTieHus. IlateHT
RU Ne 2502069, MIIK GOIN 33/22, BOID
25/00: ony6u1. 20.12.2013. 12 c.

9. Kayk B.B. u ap. Ananu3 kadectBa ro-
prouero: moHorpadus. M.: YnesHoBckuii Jlom
neuatu, 2008. 696 c.

10. Kynasioun E.H. ®dunstp-cenmaparop /
E.H. Xyngeioun, K.B. Peibako, A.A. Jlas-
pentheB, B.M. 3yes, C.B. Yaiika, 1.B. bpaii.
[Tarent SU Ne 539587 Al, MIIK BOID 25/00:
omy6. 25.12.1976. 2 c.

11. Kyaasioun E.H. ®unstp-cemaparop /
E.H. Xynneioun, K.B. Peibakos, A.H. Cemepun,
B.I1. Kosamenko. Ilateur SU Ne 971415 Al,
MIIK BO1D 25/00: ory6:. 07.11.1982. 6 c.

12. Kyaasioun E.H. ®Ounstp-cemaparop /
E.H. Xynaeioun, B.I1. Kosanenko, A.B. Hace-
kaitno, JI.B. bospuyk, WU.E. Hubpyk. [latent
SU Ne 1057068 A1, MIIK BO1D 25/00: omy6u1.
30.11.1983. 4 c.

Vol. 25, No. 02, 2022

13. JleBuyk B.H. Ilatponnsiii ¢puistp. Ila-
teHT RU Ne 2050928, MIIK BO1D 27/04: ormy61.
27.12.1995. 6 c.

14. Anderson L.G., Dantuluri S.V.V.,
Shea D. Method and system for water drainage
in a fuel system. Patent WO 2012/024013 Al:
publ. 23.02.2012. 37 p.

15. bpanako A.A., /Jpyxunun H.A.,
Cmyascknii A.B. YcrpoiictBo nns ompenene-
HUS COJIEp’KaHUsl BOJBI B YIJIEBOJOPOJIHOM TOI-
muBe wim B Bo3ayxe. [latent IIM RU Ne 122491,
MIIK GOIN 35/08, GOIN 33/22: omy0m.
27.11.2012. 26 c.

16. Webb D.J., Zhang C. Water-in-fuel
sensor. Patent WO 2011/027099 Al: publ. 10.
03.2011. 14 p.

17. Kapramesuuy A.H., Koxymxkxo B.K.
YCTpOHCTBO KOHTPOJISI 0OBOAHEHHOCTH IH3ENb-
Horo TomiuBa. Ilatenr SU Ne 1814694, MIIK
F02B 77/00, FO02B 3/06: omy6n. 07.05.1993.
12 c.

18. Cmyabcknii A.B., 3opa E.N., Huku-
TuH O.B. CenapanuonHo-QuibTpytomas ycra-
HoBka. [latent RU Ne 2446858 C2, MIIK B01D
35/12, F02M 37/22: ory61. 10.04.2012. 6 c.

19. bpanako A.A. /lpixarenbHas cucrtema
pe3epByapa Ui JIETKOUCHAPSIIOIIUXCS  SKUIKO-
creii / A.A. bpaunko, H.A. [pyxunaun, JLA. [Ipy-
JKUHUH, A.B. CmynibCKHA. [TatenT
RU Ne 2673004 C1, MIIK B65D 90/28: omy6-
mukoBaH 11.21.2018. bron Ne 33. 13 c.

20. Bpamako A.A. JlpixaTenbHas cuctema
pe3epByapa Ui JIETKOMCHAPSIIOIIUXCS  SKUIKO-
creii / A.A. bpaunko, H.A. [pyxunaun, JLA. [lpy-
JKUHUH, A.B. CmynibCKHA. [Tatent
RU Ne 182746 U1, MIIK B65D 90/28: omy0:1.
29.08.2018. 10 c.

Information about the authors

Anatoly A. Brailko, Candidate of Technical Sciences, Associate Professor of the Aviation Fuel
Supply and Aircraft Repair Chair, Moscow State Technical University of Civil Aviation, Ana-

toliy.Brailko@vnukovo.ru.

Vasily M. Samoylenko, Doctor of Technical Sciences, Professor, the Head of the Aviation Fuel
Supply and Aircraft Repair Chair, Moscow State Technical University of Civil Aviation,

v-sam6 1 (@mail.ru.

Nikita A. Druzhinin, Deputy Director for Production of LLC “Rosneft Aero”, n_druzhinin@rn-

aero.rosneft.ru.



Tom 25, Ne 02, 2022 HayuyHbiit BectHuk MITY TA
Vol. 25, No. 02, 2022 Civil Aviation High Technologies

Lev A. Druzhinin, Project Manager for Technical Re-equipment of JSC “Aviation Fuel Compa-
ny”, Lev.Druzhinin@vnukovo.ru.

Cgenenus 00 aBTopax

Bpannko Anatoamnii AHATOIbeBHY, KaHIUJAT TEXHUYECKUX HAYK, JOLEHT Kadeapbl aBUaTOILIN-
BOOOECIIeUeHUsI M peMOHTa JeTaTenbHbIxX annapatoB MI'TY I'A, Anatoliy.Brailko@vnukovo.ru.

Camoiiienko Bacuiumii MuxaiijioBu4, JOKTOp TEXHHMYECKMX HayK, Mpodeccop, 3aBenyIOLIHii
kadenpoil  aBHaTOIUIMBOOOECHEUEHMs M PEMOHTa  JieTarenbHbIX  anmapatoB  MITY I'A,
v-sam6 | @mail.ru.

JApyxunnn  Huxknra  AJeKCaHAPOBHY, 3aMECTUTENb  JUPEKTOpa IO  NPOU3BOACTBY
00O «PocuedTs Adpoy, n_druzhinin@rn-aero.rosneft.ru.

JApyxunnn JleB AjlekcaHAPOBHY, PyKOBOIUTEND IIPOEKTOB 10 TEXHUYECKOMY IIEPEBOOPYIKEHUIO,
AO «ABUAIMOHHO-TOIUIMBHAS KOMITaHus», Lev.Druzhinin@vnukovo.ru.

[MocTynuia B penakiuio 09.10.2021 Received 09.10.2021
[IpuHsita B me4ath 24.03.2022 Accepted for publication 24.03.2022

29



HayuyHbiit BectHuk MITY TA Tom 25, Ne 02, 2022
Civil Aviation High Technologies Vol. 25, No. 02, 2022

YK 629.5.058.74
DOI: 10.26467/2079-0619-2022-25-2-30-40

Bausinue pa3iu4YHbIX TUIIOB HHPOPMAMOHHBIX AUCILICeB
Ha padoTOCIIOCOOHOCTH ABUALIMOHHBIX CIIEHUAINCTOB
B IPraTH4YeCcKMX cucreMax

A.E. Bynarosa', E.A. Bysaesa', /[.A. EBceBnues'
"Yieanoscuii UHCIMUMYM 2PANCOAHCKOU ABUAYUU
um. I nasnozo mapwana asuayuu b.I1. byeaesa, e. Ynvanosecxk, Poccus

AnnoTammsi: B aBuarmm mocnemHero necatuietust 6onee 70 % Bcex aBHAIMOHHBIX COOBITUH TPOUCXOIWT IOJ BIMSHHEM
YeJIOBeYECcKOro (hbakTopa, Ipy 3TOM YMEHbIICHHE aBUALMOHHON aBapUHOCTH JODKHO 00ECIICUMBATHCS C COXPAaHEHUEM HEPBHO-
MICUXMYECKOT0 3JI0POBbsl ABUAILMOHHOTO mepcoHana. OJHMM M3 BO3MOXKHBIX (DYHKIIMOHAJIBHBIX HApYILICHHH B COCTOSHUH
OpraHy3Ma yeJioBeKa SIBJIETCS YTOMIICHHE, OIPOOHO M3ydaeMoe CrielaiucTaMi MexXTyHapoJHOM OpraHu3aly rpaXJaHCKOMH
aBHAIMH U OIKMCHIBACMOE B U3AHUSX PYKOBOJICTBA IO HA[30pPY 32 UCIOJIb30BAHMEM MEXaHH3MOB KOHTPOJIS yToMIIeHusI. JlaHHOE
COCTOAHUE MOKET BO3ZHUKHYTH BCICACTBHUC HpOJJ,OH)KHTeHbHOﬁ pa6OTI)I ABHAIIMOHHBIX CIICHHAJIUCTOB, Ybs JACATCIBHOCTH, KaK
MPABWIIO, CBSI3aHA C MCIIOHF30BAaHUEM MH(DOPMAIIMOHHBIX TUCIUICEB. SIBISSCH IICHHBIM PECYpPCOM, B paMKaX Mpo(dheCcCHOHABHOMN
KOMIICTCHIIMM OHH TIO3BOJITFOT MM Ka4ECTBCHHO BBINOJHSATH CBOM OOS3aHHOCTH. TeM HE MEHee IUCIUICH, OTIMYAsCh II0
Pa3HOOOPa3HBIM XaPaKTECPUCTUKAM, BKIIFOYAs THIT MATPUIILI, Pa3peICHHE W TUArOHANTb YKPaHa, OKA3hIBAIOT Pa3HOE BIMSHUC Ha
PpaboToCocoOHOCTh U (HOPMUPOBAHUE YCTAIIOCTH y aBHALMOHHOIO CHEUaIncTa. B 1aHHON paboTe ¢ MOMOIIIBIO MPOrPaMMHOTO
MpoAyKTa, pa3paboranHoro Hamu Ha s3bike C# B cpeme Unity3D, W METOOMKM OLGHKHM CKOPOCTH PEAKIMH TIOCIE CEPHU
9KCIEPUMEHTOB OBLTM TOJNYYCHBI SMIIMPHYECKUE JIAHHBIE B BUJE CPSJHUX 3HAYCHUI KAueCTBA BBIMOJHECHHS TECTOB B
3aBHCHMOCTH OT THIIA IUCIUIES. U €0 COOTBETCTBYIOIIMX XaPAKTEPUCTHK. ITO MO3BOJIMIIO ClIEIaTh BBIBOJ O TOM, YTO IPUMEHEHHUE
LCD-aucnineeB ¢ marputieid IPS u Gombiiiei muaroHaiblo SKpaHa siBJsieTcst 0osiee mpeanodTHTebHBIM. OHAKO CTOUT 0OpaTHTh
BHAMaHWe M Ha coBpemeHHble LED-mucrien, KOTOpble XapakTepusyrorcs Oosiee SPKAMH M HACBIIICHHBIMH I[BETAMH
n300paXkeHns TI0 CPaBHEHMIO C BbIEYHOMsAHYThIMHU JKK-IucruiessMu, 4To MOXKET OBbITh NMPUMEHHMO JUIsi KOHKPETHBIX 3a]ad
ABHALMOHHOT'O NEpCOHaIA.

KaroueBrble cj10Ba: aBHAIIMOHHBIIN TIEPCOHAN, AUCIUICH, pab0TOCIIOCOOHOCTH, YTOMIICHHE.

s uutupoBanusi: bynarosa A.E., byzaesa E.A., EBceBuueB JI.A. BinsiHue pa3iindHbIX THIIOB MHPOPMALMOHHBIX JIUCIIICEB HA
PpaboTOCIOCOOHOCTD ABUAITMOHHBIX CIICIHAIMCTOB B dprarudeckix cucremax // Hayunsnii Bectauk MI'TY T'A. 2022. T. 25, Ne 2.
C. 30-40. DOI: 10.26467/2079-0619-2022-25-2-30-40

Influence of various types of information displays on the work
capacity of aviation specialists in ergatic systems

A.E. Bulatova', E.A. Buzaeva', D.A. Evsevichev'
"Ulyanovsk Civil Aviation Institute named after Air Chief Marshal B.P. Bugaev
Ulyanovsk, Russia

Abstract: Over the past decade more than 70% of all the aviation events have occurred due to the impact of a human factor,
meanwhile the reduction of all emergencies should be ensured maintaining the neuro-mental health of aviation personnel. One of
the possible functional disorders in the state of the human body is fatigue, which is studied in detail by the International Civil
Aviation Organization specialists and described in the publications of the supervision manual over the use of fatigue control
mechanisms. Fatigue can result from the long-term work of aviation specialists, whose activities, as a rule, are associated with the
use of digital information displays. Within the framework of professional competence, these displays, being a valuable resource,
allow aviation staff to perform their duties competently. Nevertheless, displays, distinguishing in various characteristics such as a
type of matrix, resolution and the screen diagonal, exert varied influence on the aviation specialist’s working capacity and fatigue
formation. Empirical data in the form of average values of the test execution quality, depending on the type of display and its
appropriate characteristics, were obtained by means of the software application developed by our team in the C# language in the

30



Tom 25, Ne 02, 2022 HayuyHbiit BectHuk MITY TA
Vol. 25, No. 02, 2022 Civil Aviation High Technologies

Unity3D environment and the methodology to assess the reaction rates after a series of experiments. This allowed us to draw up a
conclusion that the use of LCD screens with an IPS matrix and a larger screen diagonal is preferable. However, it is worth paying
attention to the cutting-edge LED displays, which are characterized by brighter and more saturated colors of the image, in
comparison with the mentioned LCD screens, which can be applicable for the specific tasks of aviation personnel.

Key words: aviation personnel, display, work capacity, fatigue.

For citation: Bulatova, A.E., Buzaeva, E.A. & Evsevichev, D.A. (2022). Influence of various types of information displays on the
work capacity of aviation specialists in ergatic systems. Civil Aviation High Technologies, vol. 25, no. 2, pp. 30-40.
DOI: 10.26467/2079-0619-2022-25-2-30-40

Beenenue JIEHTHOCTh aTMoc(epbl, JIMYHbIE NPOOIEMBl, a
TaK)Ke KOMIIOHOBKY KaOWHBI BO3IYIIHOTO CY-
Ha'. JUIs  CIEHHANHMCTOB-IMCIIETYCPOB TAKIKE
MOYKHO OTMETHTH BIIUSTHHE Ha yTOMIICHHE TaKHX
dakTopoB, Kak BpeMsi pabOTHI U OTAbIXa, 00BEM
pannooOMeHa, TUYHbIe (PaKTOPBI U KOMITOHOBKA
pabouero mecta omneparopa [5].

BaxHpIM KOMITOHEHTOM TIpH (OPMHPOBAHUHT
9PraTUYeCKUX CHUCTEM, TO €CTh CHUCTEM B3aUMO-
JICHCTBUSL «YEJIOBEK — MAIlMHa», SBISIFOTCS HE
TOJILKO CpE/ICTBA YIpaBleHHs, HO U HH(pOpMa-
[IMOHHBIC TUCIUICH [6].

[TunoTckue KaOMHBI BO3IYIIHBIX CYIOB MPO-
eKTUPYIOTCS TAKUM 00pa3oM, 4TOObI YJIEHBI JIET-
HOTI'O 3KHIaka MOIJIM OCYLIECTBISATH CBOIO pa-
00Ty HE TONBKO B HOPMAIBHBIX, HO U B KPUTH-
YEeCKHX YCJIOBUSX, HallpUMep MpHU MHKOBOH pa-
Ooueli Harpy3ke. OCHOBHasi 4acCTh JIaHHBIX TIO-
CTyIaeT uepe3 OpraH 3peHus, CIeJOBaTENIbHO,
OTPaHUYEHUS 3PEHUS B YaCTU OCTPOTHI, pa3me-
pOB U MoJieil nepudepruveckoro 3peHus, a TaKxe
[[BETOOIIYIIICHUN JIOJKHBI PacCMaTpUBATBHCS B
KOHTEKCTE JI0CTyNa K BU3yalbHOW MHpOpManuu
BHYTPH W 3a MpeaesiiaMd KaOWHBI BO3IyIIHOTO
CyJHa.

OueHb BaXXHBI PacIoOoXeHUE U paboTa op-
raHOB yIpaBJeHHUs U NPUOOPOB, KOTOpPHIE J10JI-
KHBI OBITH B TIpelieNaX JOCATAEMOCTH JKHITaKa
u o0ecrieynuBaTh JIErKO€ CUYUTBIBAHME IOKa3a-
HUH. DTO MO3BOJISET MIJIOTAM IOJTy4aTh HEOO-
XoauMyr uHpopmanuio 0e3 momex (ceHcop-
HOE BocTpuATHe) U 3()(PEeKTUBHO UCIIOJIB30BAThH
BCe oOpraHbl ynparjieHus (QyHKIUS WMCIION-
HEHUS).

PabGouass Harpyska AUCHIETYEPOB OOCITYKH-
BaHUs BO3AYIIHOTO JABIKEHUS MOJBEPIKEHA 3HA-
YUTEIbHBIM KojeOaHusMm [7]. OHa 3aBHCHUT OT
TaKOW rpynnsl (aKkToOpoB, KaK MHTEHCUBHOCTb

B aBuanmonHoii cpeie MHOXKECTBO (DaKTOpOB
B paboueil 00CTaHOBKE M OKPY>KAIOILINX YCIOBH-
X TPUBOAUT K YTOMIIEHHIO, KOTOPOE MOXET B
3HAYUTEIBHOM CTENeHH CHIDKaTh paboToCIIOo-
cobHocTh mepconana [1—4]. IIpumeHuTeTHHO K
OTpaciy aBUAIMHU YTOMJICHHE — 3TO (PU3UOIIOTH-
YECKOE COCTOSHUE TMOHM)XEHHOM YMCTBEHHOM
Wi GU3NUECKO paboTOCIIOCOOHOCTH B Pe3yJib-
TaTe rpynibl (akTOpoB, KOTOPOE MOXKET yXya-
IIUTh AaKTHUBHOCTb M CIIOCOOHOCTH YeJOBEKa
HaJUICKAIUM 00pa3oM HCIOJHATh CIIyXEOHBIC
00513aHHOCTH, CBSI3aHHBIC ¢ oOecrmeueHueM 0e3-
OITACHOCTH MONETOB

YTOMIIEHHE MOKET OBITh MPEXOIAIINM U KY-
MynaTuBHBIM. Kak mpaBuiio, npexopsiiee yTom-
JICHWE WCIBITBIBACTCS 3I0POBBIM OPraHU3MOM
MocJie ONpPEIEJICHHOIO BPEMEHHOT0 Meproja pa-
OOTBI, BOJTHEHUS WU (PU3HMUECKOTO HATPSIKCHHUS,
YTO MOKET OBITh CHSITO MyTEM €AMHUYHOTO CHA.
Kymynsiius yTomiieHUs] BOZHUKAET MPH HEnpo-
JOJIKUTEILHOM WJIHM 3ar03/1aJI0M OTIbIXE BCIE-
CTBHE Upe3MEpHOro o0bemMa 1 KoJaryecTBa pado-
THI, BOJHEHUSI M (DU3NYECKOTO HANpPsDKEHHS 0e3
JOCTATOYHO HEOOXOAMMOM BO3MOXKHOCTH BOC-
CTAHOBJICHHS CHJT OPraHH3Ma’.

K umcny npuumH, crocoOCTBYIOIINMX aKKYy-
MYJIMLIMA  YTOMJIEHUS BCIEACTBHE paboueit
HArpy3KH y MUJIOTOB, CJIEyeT OTHECTH Yachl pa-
OOTBI, BpeMsl OTIbIXa MEXIY IOJICTHBIMH CME-
HAMU U Takue crnenuduueckue (QakTophl, Kak
BpeMs Haudaja TPEAIONIEeTHONW TOATOTOBKH, 3a-
JIEP>KKU C BBUIETOM, METEOPOJIOTHYECKHE YCIIO-
BUSI, Ka4yecTBO M OOBEM paaMOCBS3U, TypOy-

' Doc 9966: Manual for the oversight of fatigue manage-
ment approaches. 2nd ed. // ICAO, 2016. 202 p.

* Doc 8984: Manual of civil aviation medicine 3rd ed. //
ICAO, 2012. 580 p. 3 Medical manual 12th ed. // IATA, 2020. 102 p.
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BO3/YIIHOTO JBUKEHHUS, CII0)KHOCTh MapIIPyTOB
00CITy’)KHBaHUSI BO3JYITHOTO IBIKEHHS, CKOPO-
CTH OTAENBHBIX BO3AYIIHBIX CYJ0B U TaK Jajee.
[Tpu BBITONTHEHUH PaOOTHI OT aBUATUCIICTUEPOB
TpeOyIOTCsl XOpolllas HEPBHO-MBIIIEUHAsS KOOP-
JOUHALMS, JOCTaTOYHAsh OCTPOTa 3PEHUs JUIs
YTEHUS Ha PACCTOSHUU, a OOJBIIOE KOJIUYECTBO
[IBETOKOAMPOBAHHOW HH(pOpMAIKA 00YCIIaBIH-
BaeT HEOOXOJIMMOCTh XOPOIIETO I[BETOBOCIIPHSI-
tus [8]. Kak um pgucneruepam o06cCimyKUBaHUS
BO3/YIIHOTO JBUKEHHS, TaK U MHJIOTaM TpeOy-
eTcs YMEHHE paclpeiessiTh CBOe BHUMaHHE Ha
BBITIOJTHEHHE HECKOJIBKUX 3a/Jad OJHOBPEMEH-
HO [9].

B cpene aBuAlMOHHBIX CHEIUAIKCTOB IIO-
CTOSIHHO BesieTcsl paboTa MO YIIyYIIeHHIO JKC-
TUTyaTUPYEMBIX TEXHUYECKUX CPEJCTB U BKIIIO-
qyaeT B ce0sl CIeAyIoIUe MEpOIPHITUS: COBEp-
HIEHCTBYIOTCS Kpeciia U 00opyaoBaHue ISl pa-
TUO000OMEHa, TPOBOAUTCS MOACPHU3ALUS TTPUOO-
POB M HMHJIMKATOPOB, BKJIOYash WH(OPMaLMOH-
HBIC TUCTLICH.

[Tpumeprno 80 % moneTHONW wuHpOpPMaLIH
BOCIIPUHIMACTCS MMWIOTAMH BH3yalIbHO . Bonee
TOro, paboTa aBUAAMCIETYEPOB M HEKOTOPHIX
IPYTHX CIEMUATNCTOB HAMpsIMYIO CBSI3aHA C
nuciuiessMi. Ha cerogusimmanil 1eHb K OCHOBHBIM
CYIIECTBYIOIIMM THUIIAM JIUCIUIEEB OTHOCSTCS
canenytomue [10].

1. OJIT (CRT) — Cathode-Ray Tube — muc-
IJIEH C 3JIEKTPOHHO-TTy4eBOM TPYOKOM.

2. KK (LCD) — Liquid Crystal Display —
KUJTKOKPUCTAIIIMYECKUHN JUCTIICH.

3. LED (OLED) — Organic Light-Emitted
Diode — cBeToAMOMHBIN NHUCIUICH C OpraHude-
CKHMH CBETOJINO/IAMHU.

4. ELD (TFEL) Electroluminescent
Display (Bxmtouas Thin Film Electroluminescent
Display) — 351eKTpOIIOMUHECTICHTHBIA JAUCIUICH,
BKJIIOYAsl AUCIUICH TOHKOIUICHOYHOTO THTIA.

5. EPD — Electronic Paper Display — nuc-
el Ha 6a3e 3JIEKTPOHHOM OyMaru.

6. SED (FED) Surface Conduction-
electron Emitter Display (Field Emission Dis-
play) — aAuCIUIeH ¢ AIEKTPOHHON AYMHUCCHEH.

* Medical guide for pilots, fitness to fly // ICAO, 2018.
175 p.
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7. IMOD Interferometric  Modulator
Display — mucruield Ha OCHOBE MPUMCHCHHSI WH-
TepPepoOMETPUIECKON MOTYIISIIHH.

Kak mnpaBuio, B aBHallMOHHOW CpeAe HC-
none3ytorcs LCD-aucnnen. B HeGonbmioit va-
CTH OPraHoB OOCITY>KMBAHHUSI BO3AYIIHOTO JIBH-
*KeHus enie umerotcs ycrapesiine CRT-monu-
Topbl. OHH MOTYT BBIIOJHATH (DYHKIHIO OTOO-
paKEHUs METEOpPOJIOTMYECKON OOCTAaHOBKH WU
BBICTYTIaTh B Ka4€CTBE PE3EPBHOTO YCTPOWCTBA.
K ocnoBubiM LCD-MonHTOpaM, HEOOXOAUMBIM
JUIsi paOOThl aBHAUCIIETUYEPOB, OTHOCSTCS MO-
nenu ¢upmbl NEC, Ttakme kak SpectraView
Reference 302 ¢ mmaronansio 30°, MultiSync
PA302W ¢ gmumaronameto  29°, MultiSync
PA242W ¢ gmmaronamero 24.1°, MultiSync
2190UXp ¢ nuaronansto 21.3°, MultiSync 175M
¢ auaroHansio 17’ [11].

Yamre Bcero kabuHa COBPEMEHHOTO BO3TYIII-
HOTrO CyJHa Takxke obopynoana LCD-mucre-
MU, OJTHAKO 3/IeCh XapaKTePUCTHKH OOPTOBBIX
JACIUIEEB WM AUCIUICHHBIX MOIYJIEH JOJIKHBI
COOTBETCTBOBAThH Psiy ellle 0oJiee JKeCTKUX Tpe-
OOBaHMi, CBA3aHHBIX C OCOOEHHOCTSIMH HKCILTY-
aTalM, BKJIOYAs I[IUPOKHN TeMIepaTypHBI
Uara30H, HaIW4Yhe TMOBBINICHHOW BHUOpaIu,
M3MEHEHHUE YPOBHS JaBJICHUS BO3/lyXa B KaOUHE,
a TaKXKe MPEJTOMIICHHE U OTPAKCHHUE COTHEYHOTO
cBera [12]. B xabuHax MOTYyT yCTaHABIMBATHCS
pasnu4YHbIe AWCIUIen Takux (upm, kak Image
Quest Technologies, Honeywell 1 MOOG Com-
ponent Group, Arnav System, Rockwell Collins,
a Taxoke Garmin.

[MonHas wnm gacTuyHas moTepst paboToCto-
COOHOCTH aBUAIIMOHHBIM CHEIMATUCTOM SIBIISIET-
Csl MPU3HAKOM CEPHE3HOTO aBHAIIMOHHOTO WHITH-
JEHTa, YTO MOXXET IMPEICTaBIsATh CEPhE3HYIO
yrpo3y s oOecrniedyeHHs O€30MacHOCTH MoJie-
ToB°. CIIe0BaTEIBHO, KpailHE Ba)KHO CBOEBpE-
MEHHO €€ OOHapy>XHTb, MOITOMY IIeNIb JaHHOU
paboThl — ONPENeTUTh 3aBUCUMOCTh PabOTOCIIO-
COOHOCTH aBHAIIMOHHOTO CIICIUATICTA OT TaKO-
ro BHEIIHEro (akropa, Kak WH()OpPMAIMOHHBIC
JIUCIUIEH. SBIISSICH UCTOYHUKOM BCEBO3MOKHOU
uHbOpMalluy, IUCIUIEH TO3BOJSET aBUALMOH-
HOMY II€PCOHANY BBINOJHATH pa3NIudHble QYyHK-

> Doc 9859: Safety management manual. 4th ed. // ICAO,
2018. 149 p.
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muu. CymecTByeT 00JbIIoe MHOXKECTBO AHCILIE-
€B C PA3JIUYHBIMU XapaKTCPUCTUKAMHU, CIIEI0Ba-
TENbHO, YPPEKTUBHOCTD BBIMOIHECHUS MEPCOHA-
JIOM CJIYKEOHBIX (PYHKITMH TaKKe MOXKET OTJIH-
YaThCsl B 3aBHCHMOCTH OT HMPUMEHIEMOro THIIA
MOHHTOpA.

JUist MOCTHXKEHHS LEeMd ObLIM IOCTABJICHBI
HECKOJIBKO 3aJa4, BKJIKOYas BI)I60p MCETOJUKHU
HPOBE/ICHUST KCIICPUMEHTAIIBHOM YacTH; CO3/1a-
HHE TPOrPAMMHOTO TPOJIYKTa, COCTOSIIErO H3
CIICIHANBHBIX TECTOB, HAMIPABICHHBIX HA OLICHKY
YPOBHA MOATOTOBKHU; NPOBCACHUC CCPHUU IKCIIC-
PHUMEHTOB C TPYIION UCIBITYEMBIX; COOp M aHa-
JM3 TOJMYYCHHBIX PE3yJIbTATOB HCCIICIOBAHUS.
O’xumaeTcs, YTO BBINOJHEHHE IOCTABJICHHBIX
3a/1a4 MTO3BOJIUT ONPEEIUTh 3aBUCUMOCTh U CO-
CTaBUTh PEKOMCHIALUH Ul MPUMEHCHUsS [IHC-
IUIEEB C YYETOM IOBBIIICHUSI PabOTOCIIOCOOHO-
CTH aBHALMOHHOTO IePCOHaA.

MeToauka uccjaeI0BaHus

K mnpodeccnoHanbHO BaKHBIM KadyecTBaM,
HEOOXOIUMBIM JUISl YCIICIIHOW JAEATEIbHOCTH
MUJIOTa WIM aBHATUCIIETYePa, MOXKHO OTHECTH
XOpOLIYI CKOpPOCTh peakuuu. Peakuus Ha nBu-
KYUIMHCS OOBEKT — PAa3HOBUIAHOCTH CEHCOMO-
TOPHOW peakIuy, Korga HeoO0XOIWMO COBEp-
IIUThH JBWKECHUE B ONPEICICHHBI MOMEHT Bpe-
MEHH, COOTBETCTBYIOIIUN MOJIOKCHUIO J[BHXKY-
mierocst oobekra [13].

C yderoM aHanm3a JUTEPATyPHBIX UCTOYHU-
KOB OBUIO YCTaHOBJICHO, YTO CYIIECTBYET MHO-
KECTBO METOJIWK JISi OLEHKH CKOPOCTH peak-
UK, TIPU OTOM OICHKA pE3yJbTaTOB MOXET
MPOUCXOJUTHh PA3IMIHBIM 00pa3oM, BKIIIOUas
BBIUUCIICHUE CPEHEH BEJIMYMHBI OIMOOK 3aras3-
IBIBAHHUS W YOPEKIACHHUS, IPOIEHTAa TOYHBIX,
YOPEXKIAIONIMX W 3ara3IbIBAIONUX PEaKiui, a
TaKXke CpeaHeapru(PMeTHIeCKOTO 3HAYECHUST BCEX
THTIOB OIIHOOK [ 14].

B nanno# paboTte ucnosib30Bajics aBTOMaTH-
3UPOBaHHBIA BapHaHT OICHKU PEAKIMH YEIIOBE-
Ka Ha JBIDKYIIUKCS 00bekT. Hamu ObuT HammcaHn
CIECIMATM3UPOBAHHBIN MPOrPAMMHBIA MPOTYKT
Ha s3bp1ke C# B cpene pazpaborku Unity3D. Ilo-
NOOHOE TECTHPOBAHUE SIBISICTCS HEOTHEMIIEMOM
YacThIO TPOTPaMMBbI TPOXOXKJEHHUS BpavdeOHO-
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JIETHOM 3KCIEPTHOM KOMHUCCHHU, PErJIAMEHTHpPY-
ercs TpeboBaHUsMH DeepaNbHBIX aBHAIMOH-
HBIX HpaBI/IJ'I6 U HUCIONb3YyETCs IMpHU OICHKE
YPOBHSI TOJTOTOBKM OyIyIIMX aBUAIIMOHHBIX
CIIELUATIUCTOB.

B wuccnenoBanuu TPUHAIMA ydacTUE TSTh
yenoBeK B Bo3pacte 20 ner. Bce yudacTHukH
MMeIId HOpPMaJbHOE 3PEHHE, MPOOJIEMBI C IIBE-
TOBBIM BOCHPHUSATHEM OTCYTCTBOBaJIU. CyTh HC-
CJICIOBAHMSI 3aKJIIOYanach B TOM, YTOOBI OTOO-
pa3uTh  3aBHCHUMOCTh  PabOTOCTOCOOHOCTHU
ABHAIIMOHHOTO TEpCOHaNa OT THUIIOB HH(pOpMa-
LHUOHHOIO auciied. PaccTossHue mexnay auc-
MJIesSIMH W YYaCTHHUKAMHU SKCIEPUMEHTa ObLIO
OJIMHAKOBBIM U cocTaBiisuio 60 cM. KoauvectBo
MOBTOPEHUN B TOMBITKAX HUCIBITYEMBIX paBHS-
nock 20. YdacTHHUKaM Iepell HadalloM CEepUu
HKCIEPUMEHTOB JIaBaJIaCh YCTAHOBKA UCKIIIOUHU-
TEJIbHO Ha TOYHOCTh pearupoBaHUs, TAKUM 00-
pa3oM, TMpU BBHINOJIHEHUU TECTOB MPEXIECBpE-
MEHHOCTh WJIM 3ama3fblBaHUE pEeaKIUH ObLIN
HENpou3BOJIbHBIMU. [Ipu 3TOM HapacTaHue Ko-
JIMYECTBA MPEKIECBPEMEHHBIX PEAKIUN TOBOPUT
O COCTOSIHUHM TOBBIIIICHHOW BO30YIUMOCTH, a
YBEIIMUEHHE YHCIIA 3ana3/bIBAIONIUX pEaKInun
SIBJISICTCS] IPU3HAKOM TIPEe00IaIaHus IPOILIECCOB
TOPMOKEHHUA B IIEHTPAILHOW HEPBHOM CHCTEME.
[Ipeobnaganue TOYHBIX OTBETOB CBUICTEINb-
CTBYeT 00 ypaBHOBEIIEHHBIX OCHOBHBIX HEPB-
HBIX Tporeccax [15]. AnroputMm paboThl mpo-
rpaMMBbl IO OITMCAHHON METOJMKE MPECTABIICH
Ha puc. 1, a uHTepdelic mporpaMMbl TECTUPO-
BaHUs MOKa3aH Ha puc. 2.

TectupoBaHue B Mporpamme Mpe/ICTABIISAET
co00i1 METOIUKY, MpeaHa3HAYCHHYIO ISl OLICH-
KU TOYHOCTH JWHAMUYECKOTO riazomepa u Oa-
JIaHCA OCHOBHBIX HEPBHBIX MpoiieccoB. B tecte 1
Mo IEHTPY 3KpaHa pacrojaraercs 1ejib — KpyT
KpacHoro ugera. McoeityemMoMy mnpeiaraercs
OCTaHOBUTb JBWXYILIUNCSA MPSIMOJUHEHHO 110
JKpaHy cjieBa HampaBo OOBEKT B BHUJAE BEPTH-
KaJIbHOW YepThl CHHETO LIBETa B MOMEHT Iepece-
YeHHs ¢ 1eNblo. MecTo mosiBieHus oObeKTa Ha

6 ®denepanbHble aBUAMOHHBIE MpaBmiia «MeauuuHcKkoe
OCBH/JIETEIILCTBOBAHUE JIETHOTO, TUCIIETYEPCKOTO COCTa-
Ba, OOPTIPOBOHUKOB, KYPCAHTOB U KaHIUIATOB, MO-
CTYTAIOIINX B YICOHBIC 3aBE/ICHUS TPaKJaHCKOH aBHa-
uum», npukaz MUHTPAHCA ot 22.04.2002, Ne 50,
2002. 109 c.
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Puc. 1. AIroput™ METOJUKN TECTUPOBAHMS
Fig. 1. Algorithm of the test methodology

HKpaHEe U Ha4yaJlo ero JBWKCHHS 33Jal0TCsl aBTO-
MaTUYECKH, a OTKJIUK (OCTaHOBKA IUJIAHKU) OCY-
IIECTBIISIETCS. C MOMOIIBIO KIABHUIIN «IIPOOE
Ha KjaBuatrype. B Tecte 2 Oblna mocraBiieHa
aHAJIOTUYHAs 3a]laya, HO B KauecCTBE JABIKYIIE-
rocs oOBbEKTa BBICTyINald NPSIMOYTOJBHHUK, a B
Ka4yecTBe 1IeNId — BepTUKaNbHas yepTa. B ob6oux
TecTax MporpaMMa CYHTAaeT OTKJIIOHEHHE OCTa-
HOBJICHHOTO JIBIKYIIETocs OOBEKTa OT IIeH-
TPaJBLHOTO TOJIOKEHUS LeNH. 3HaueHue OepeTcs
M0 MOJYJIO U TEPEeBOJUTCS B TMPOLIEHTHI, TJIE
100 % cOOTBETCTBYIOT TOYHOMY IIOMAJaHUIO B
1enb, a ) — HeMonaAaHuIo B LIETIb.

TpeboBanus, MpenbsIBIIEMbIe K IUCILIESM,
UCIIONIb3YEeMBIM Ha pabodeM MecTe, OMUCaHbl B
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8,9
HOPMAaTUBHBIX I[OKyMeHTaX7’ . I[Ba OITMCaHHBbIX

TeCTa Ha CKOPOCTb PEaKIMH BBITOJIHSIUCH TPYT-

I'OCT P 29.05.008-96 Cucrema craHAapTOB SprOHOMHU-
YecKHuX TpeOOBaHHUN M SPTOHOMHYECKOTO 00CCIICUCHUS.
Pabouee mecTo mucrerdepa ciryk0 yrpaBIeHHS BO3-
IyITHBIM IBKeHneM. O0IIue SproHoMuyIecKie Tpedo-
BaHus. M.: ['occrarnapt Poccun, 1996. 15 c.
¥ TOCT P MCO 9241.3-2003 Dproromuueckue TpeGoBa-
HUS TP BBITIOJIHEHUH O(PHUCHBIX pabOT ¢ UCIIOJIb30Ba-
HUEM BueoaucIuieiubix TepMunaios (BJT). Yacts 3.
TpebOoBanust K BU3yanbHOMY OTOOpaXkeHU 0 HH(pOpPMa-
uuu. M.: l'occranmapt Poccun, 2003. 39 c.
® TOCT P MICO 9241.8-2007 DproHomudeckue TpeboBa-
HUSI IPY BBITIOJTHEHUH 0(PUCHBIX paboT C UCTIOIIb30Ba-
HUEeM BHAcoaucIuieHbIX TepmuHaioB (B/IT). Yacts 8.
TpeboBanus k oroOpakaeMbIM 11BeTaM. M.: ['occran-
napt Poccun, 2008. 28 c.
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Puc. 2. NnTepdeiic mporpaMmbl TECTUPOBAHUS
Fig. 2. Interface of the test program

Taoauna 1
Table 1
XapaKTEepUCTUKHU AUCIUIEEB, UCIOIb3YEMBIX B CEPUH dKCIIEPUMEHTOB
Displays performance used in the experiment series
XapaKTepuMCTHKH AUCILIEs Homep aucniest
1 2 3 4
Tun MaTpuIbl LCD (IPS) LCD (IPS) LED LCD (tum TN)
Juaronans 3xpana (Iroim) 15,6 13,3 32,0 32,0
Paspemenne 1920 x 1080 1920 x 1080 | 1920 x 1080 1440 x 900
YacroTa obHOBieHus (I'1) 59 59 60 75

MOW UCTIBITYEMBIX Ha Pa3IMYHBIX THUTAX WHQOP-
MAaIMOHHBIX [HCIUICEB C OTIMYAIOIIMMUCS Xa-
PaKTEepUCTUKAMHU, OTOOpaXKEHHBIMH B TaO. 1.
Bce Tumbl mucruieeB, HCIONIb3yeMbIE B CEpUH
HKCTIEPUMEHTOB, COOTBETCTBYIOT HOPMAaTHBHBIM
TpeOOBaHMSM, HCKITFOYas AUCIUICH 2 ¢ Xy IIIUMH
XapaKTePUCTHKAMH.

Crout OTMETUTb, YTO B MPOTPaMME Peaan3o-
BaHa BO3MOXXHOCTh HW3MEHEHHs LBETOB (hoHa,
ey ¥ TaHkd. JlaHHas 0COOEHHOCTh OyeT ak-
TyajbHa MPU UCCIIETOBAHUN IIBETOBOW UyBCTBH-
TENFHOCTH HCHIBITYEMOTO, HO JJIsl TEKYILEero

35

OKCIICPUMCHTA MapaMCTpbl OJId BCEX HCIBITYC-
MBIX OBLIN BLI6paHLI OAMHAKOBBIC.

Pe3yabTaThl cCepuu IKCNIEPUMEHTOB

@®parMeHT pe3yJbTaTOB 3KCIEpPUMEHTa Ha
nuctiee 1 U3 cepur SKCIEPUMEHTOB Ha YEThIPEX
TUTIAX JUCIUICCB MPEJCTaBIeH B Tab. 2. AHalo-
TUYHO OBUIM TIOJIYYEHBI M CTPYIIIUPOBAHBI JaH-
HBIE TI0O OCTaJbHBIM THMaM auciuieeB. Kak yxe
OTMEYAJIOCh, KOJIMYECTBO TTOBTOPEHUN B TIOMBIT-
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Taoauua 2
Table 2

Pe3ysbrarhl 3KCIIEpUMEHTA C UCTIONB30BAaHUEM AUCILIes |
The experiment results using display Nel

Tect Ha peakunio 1
Homep ncnbI- Homepa nonbsIToK Cpennee 3Ha-
TYyeMOro 1 2 3 4 yeHnune, %
1 74,70 82,35 76,80 81,60 78,86
2 85,30 86,55 82,55 84,15 84,64
3 82,05 86,20 84,10 83,05 83,85
4 73,17 78,55 72,25 77,70 75,42
5 78,60 70,10 78,00 70,05 74,19
TecT Ha peakuuio 2
Homep ucnbi- Homepa nonsITox Cpennee 3Ha-
TyeMOoro 1 2 3 4 yeHue, %
1 79,45 78,55 86,90 81,55 81,61
2 80,35 82,95 82,55 86,15 83,00
3 83,55 74,45 80,45 88,05 81,63
4 81,40 85,70 80,45 86,80 85,59
5 71,10 77,45 81,90 71,35 75,45
Tadauuna 3
Table 3

Cpennue 3HaYCHHS Ka4eCTBa BBIITOJHEHHS TECTOB B 3aBUCHMOCTH OT THITA JUCILICS
Average values of the test execution quality depending on the type of display

Tun gucniest Tecr 1 Tect 2 O0mee cpennee 3Ha4eHue, %
LCD (IPS), 15,6° 82,69 82,96 82,83
LCD (IPS), 13,3 78,55 70,96 74,76
LED, 32,0 80,87 80,35 80,61
LCD (TN), 32,0 77,14 77,40 77,27

Kax HMCIBITyeMbIX paBHsu1och 20. MTOroBHIid pe-
3yJbTaT KaXKIOW TIOMBITKH BBICUUTHIBAIICS KaK
cpenHee apu(pMETHIECKOE 3HAYCHHUE.

Cpennre 3HAYCHHS KadeCTBAa BBIMOJTHEHUS
TECTOB, BBIPAKEHHBIE B MIPOICHTAX, B 3aBUCHMO-
CTH OT TUMa WH()OPMAIMOHHOTO JUCIUIEs TOKa-
3aHbl B Ta0II. 3.

3aBUCHMOCTh Ka4yeCTBA BBIMOIHEHHS TECTOB
OT THITa UCTIOJIE3YeMOT0 HH(POPMAITUOHHOTO JIUC-
Tiesl oka3aHa Ha puc. 3.

O0cy:kneHne moy4eHHbIX
pe3yJibTaTOB

B pesynbrare cepuu 3KCHEPUMEHTOB OBLIO
YCTaHOBJIEHO CJIEyIOIIee.

36

1. HauGonpbuiuii MpoLEHT KavyecTBa BBIMOJ-
HEHHUs TecToB Obl1 oTMeueH Ha LCD-mucmiiee
¢ Marpunieil IPS-tuna ¢ guaroHanpio »KpaHa
15,6°.

2. Ilpm yBenWYEHHM JAWATOHAIM HSKpaHa
cpeau LCD (IPS) aucruieeB kauecTBO BBIMIOJIHE-
HUSI TECTOB Bo3pacTaeT. TeM He MeHee yBenuye-
HUE JMaroHaj M JKpaHa MOXET OBbITh aKTyalb-
HBIM JIMIIb JI0 ONPEACICHHBIX MPEAEIIOB, TaK KaK
Jlajiee HAuMHAETCs MPOIECC pacCesHUsl BHUMA-
HUSI aBUAIMOHHOTO CIEIMAINCTa, YTO MOJATBEP-
XKIaloT pe3yabTarel auciuieeB 1 u 3. Haunbonee
ONTUMAJIBHBIM CPEIHUM 3HAYEHUEM AUArOHaIN
MOkHO cuutaTh 20’ (Momemm  MultiSync
PA242W 24.1°, MultiSync 2190UXp 21.3°,
NpUMEHSEMbIE Ha pab0YMX MeCTaxX aBHaIUCIIET-
YepoB B IEHTPaxX OOCIYXUBaHUS BO3IYITHOTO
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Puc. 3. 3aBucuMocTh KayecTBa BHIITOJIHEHHS TECTOB OT TUIA HH(OPMAIIHOHHOTO JNCILIES
Fig. 3. Dependence of the test execution quality on the type of information display

JBIKEHUS). YBEJIWUYEHUE JUaroHajld 3KpaHa Ha
paboueM MecTe MUI0Ta MOXKET ObITh HEAKTyalIb-
HbIM B CBSI3U C OCOOEHHOCTSIMU DPa3sMEPOB U
KOMITOHOBKH KaOMHBI BO3YIITHOTO CY/IHA.

3. Paspemienue s3kpaHa y NEpBBIX TPEX TH-
OB 3KpaHOB OOJbIlle, YeM Yy YETBEPTOro, U
MIPAKTUYECKH BO BCEX AKCIIEPUMEHTAX KayeCTBO
BeinoaHeHus TectoB y LCD (TN) aucmnes 6b110
Xy’Ke, HECMOTpsI Ha HauOoJblllee 3HAUEHHUE 4Ya-
CTOTbI OOHOBJICHUS CPEN OCTAJIbHBIX AUCILIEEB.

4. Ilpu paBHOIl nuaroHanu 3kpana (32,0%)
npeumyiiectso 'y LED-nucmuieeB, tak kKak B
JTAHHOM CJIy4yae Ka4ecTBO BBIIIOJHEHUS 3aJaHHi
BbilIe, yeM y LCD-aucnuees.

3akjIroueHue

Hcxons u3 moayyeHHBIX pe3ylbTaToB, CTOUT
OTMETHUTh, YTO MIPUMEHSIEMbIC HH()OPMAIIHOHHBIC
JUCIUIEH OKAa3bIBAIOT HEMOCPEACTBEHHOE BIIHSI-
HHE Ha AeATEIbHOCTL aBUAIMOHHBIX CIIEIHAIH-
CTOB, MU 3TOM Hcnodab3oBaHue LCD-nucnnees
¢ matpuneid IPS u GombIiel quaroHaJIblo 3KpaHa
ABIEeTCS OoJiee MPENNOUYTUTENbHBIM. TeMm He
MeHee Hauboyiee ONTHMAIBHBIM CPEAHHM 3Ha-
YyeHHEM AuaroHajau MoxkHo cuutath 20°. Taxxe
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CTOUT OOpaTuTh BHMMaHue u Ha LED-mucmmen,
KOTOpBIE XapaKTepU3yloTCs Oornee SpKUMU U
HACBILIEHHBIMU LIBETAMH U300paXeHUsI IO CPaB-
Henuto ¢ JKK-aucmnessMu, 4TO MOXKET OBITh
NPUMEHUMO ISl KOHKPETHBIX 3aJa4 aBHUALMOH-
HOTO [E€pCOHaNIa, HANpPUMEpP B JACSATEIbHOCTU
CITY>KOBbI aBHAITMOHHOW OE€30MaCHOCTH MPHU TIPO-
BepKe Oaraxka, rpy30B U modthl. HecmoTps Ha
y4eT B HOPMATHBHBIX JOKyMEHTaX SPKOCTHBIX
mokasaTenieil, KOHTPacTHOCTH, yIJa o030pa u
JIPYTUX XapaKTePUCTHUK, CIEAYeT OLICHUBATh U
YUYUTBIBATh TEXHOJIOTHIO M3TOTOBJIEHHUS 3KpaHa,
KOTOpasi OIpEAesAeT BpeMsl OTKJIHMKA, pa3pele-
HUE U OTHOPOJHOCTb CTPYKTYPBL.
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YBeanuenue CPpoOKa IKCIUTyaTaluM 3JIECMCHTOB KOHCTPYKIIUHA
ABHAIIMOHHOM TEXHUKM C UCII0JIb30BAHHEM YIHPOUHAOIIHUX TEXHOJIOT UM
Ha OCHOBC NIYJIbCUPYIOIIHUX TO3BYKOBbLIX I'a30BbIX ITIOTOKOB

LA, I/IBaHOBl, T.B. l'[eTpOBa1

1 . . .
Canxm-Ilemepbypeckuii 20cy0apcmeeHtblil YHUBEPCUMeEn SPANCOAHCKOU Ad8UAYUL,
2. Canxkm-Ilemepoype, Poccus

AnHoTaums: JlanpHeiinee cCOBEpIIEHCTBOBAHME METOJOJIOTMH BOCCTAHOBUTEIBHOIO PEMOHTA aBUALMOHHOM TEXHUKH BO3MOYKHO
TOJBKO TIPU YCIOBHM IIHMPOKOTO HCIIONB30BAaHHUS COBPEMEHHBIX 0Oe3meOpMAaIMOHHBIX TEXHOJOTHH —yBENMYEHHS U
BOCCTaHOBJICHHSI pecypca 3JIEMEHTOB MX KOHCTPYKIMH, HalpuMep, TaKuX Kak oOpaboTKa MyJIBCHPYIOMIMMHU JI03BYKOBBEIMHU
BO3IYIIHBIMH TIOTOKAMHU — Ta30UMITYJIbCHAsI 00paboTka. B maHHO# cTaThe MpencTaBiIeHbl Pe3yIbTaThl pa3paboTKH METOIOIOTHI
WCIIOB30BaHUS TEXHOJIOTMI TIOBBIIICHHS JKU3HEHHOTO pecypca MOABEPIKEHHBIX YCTAIOCTHOMY pa3pyIICHHIO BJIEMEHTOB
ABHAIMOHHOTO JBWTAaTelsl M CHUCTEMBI IIACCH, OKA3bIBAIOIINX CYIIECTBEHHOE BIIMSHHE Ha OE€30IMacHOCTH MOJICTOB, IyTEM
HCIIOJIb30BaHUSA HepCHeKTHBHOﬁ TCXHOJIOTUU IIOBBIIICHHUA HAACKHOCTHU ;[eraneﬁ Ha OCHOBC 06pa60T1<1/1 HeCTaLIl/IOHaprlMl/I
JIO3BYKOBBIMH BO3/IYIIHBIMH ITOTOKAMH, PE3YJIbTaThl Pa3padOTKH METO/IOB, HAIPABJICHHBIX Ha MOBBIIICHHE 3(P(EKTUBHOCTH U
0€30IMaCHOCTH aBHAICPEBO30K 33 CUCT MOBBIIICHHUS HAJASKHOCTH U YBEIUYCHHUS CPOKA IKCIUTyaTAI[MH JIEMEHTOB KOHCTPYKIMH
aBHMAIMOHHBIX TPAHCIIOPTHBIX CPEICTB, OOOpPYIOBaHHWS W MEXAaHW3MOB, ONTHMHU3AIMH CPOKOB IIPOBEPOK K PEMOHTOB C
HCIIOF30BAHUEM TEXHOJIOTUH TIOBBIIICHHS M BOCCTAHOBIICHHSI pecypca IyTeM OOpa0OTKU IMYJIECHPYIOIIMMHU JI03BYKOBBIMHU
ra3oBbIMHM NOTOKaMU. Pe3ynbTarsl HcciieoBaHUM, HAIPABIEHHBIX Ha ONTUMH3ALUI0 BOCCTAHOBUTEILHOTO PEMOHTA BO3IYLIHBIX
CYZOB 3a CYET WCIOJIF30BAHMS Ta30MMITYJIECHOW OOpaOOTKH SIEMEHTOB WX KOHCTPYKIMH, a TAaKXKe aIrOpHTMBI 00pabOTKU
TPEIIMHBI AJIEeMEHTa KOHCTPYKIMH BO3AYIIHOTO CyJHA C IETBI0 BOCHPEIITCTBOBAHHUS €€ HalbHEHIIeMy paclpoCTpaHEHHIO,
BOCCTaHOBJICHUS MEXaHIIECKHX CBOMCTB 3IeMeHTa KOHCTPYKINK BC, CHU3MBIIHXCS B Pe3yiIbTaTe BO3ICHCTBIS HECTAIIIOHAPHBIX
BO3IYIIHBIX IIOTOKOB B XOJE JSKCIUTyaTallil W OOpabOTKM O0O0JAcTell ¢ MOBBIMICHHOW IUIOTHOCTBIO AWCIOKAIMH C LEbIo
NPEIOTBpallieH!sT 00pa3oBaHusi TPEIIMH. Pe3ynbTarsl pa3pabOTKM  METOOJNOTHH  HUCIOJNB30BaHMs  Oe3ned)opMalliOHHbIX
YIPOUYHSIOINX TEXHOJOTHH, B YaCTHOCTH Ha OCHOBE MYJIBCHPYIOMIMX JO3BYKOBBIX BO3IYIIHBIX ITOTOKOB (Ta30MMITYJIbCHAS
00paboTKa), B MPOIECCE BOCCTAHOBUTEIIHHOIO PEMOHTA BO3YIIHBIX CYJOB M ONTHMHU3AIMK JIMATHOCTHPOBAHUS aBUAIIMOHHOM
TCXHUKHU C leeTOM BIINSIHUA cpe)l, B TOM YUCIIC HeCTaIlI/IOHapHI)IX BOS}IyLlIHbIX IIOTOKOB, Ha CBOﬁCTBa MaTepMaﬂa B3JICMCHTOB
KOHCTPYKIIUH.

KunioueBble cii0Ba: BO3IyIIHbIN TPaHCIIOPT, pecypc, 6e3nedopmanronHas 00paboTKa.

HJas uurupoBanus: VMsanos /I.A., IlerpoBa T.B. YBenuueHue cpoka 3KCILTyaTallMy 3JIEMEHTOB KOHCTPYKLIMU aBHALMOHHOM
TEXHHUKH C UCIOJb30BaHHEM YIPOYHSIONMX TEXHOJIOTHI Ha OCHOBE ITyJIbCHPYIOIHMX JO3BYKOBBIX Ta30BBIX MOTOKOB // HaydHbIi
Bectauk MI'TY T'A. 2022. T. 25, Ne 2. C. 41-53. DOI: 10.26467/2079-0619-2022-25-2-41-53

Increasing the service life of structural elements of aviation equipment
using strengthening technologies based on pulsating subsonic gas flows

D.A. Ivanov', T.V. Petrova'
!Saint Petersburg State University of Civil Aviation, Saint Petersburg, Russia

Abstract: Further improvement of the methodology of maintenance and repair of aviation equipment is possible only if modern
non-deformational technologies are widely used to increase and restore the durability of their structural elements, for example, such
as processing with pulsating subsonic air flows — gas pulse processing. This article presents the results of the methodology
development for using the technologies to increase the durability of the aircraft engine and landing gear system components subject
to fatigue destruction, having a significant impact on flight safety, by using a promising technology to enhance the reliability of the
parts based on processing by non-stationary subsonic air flows, the results of the development of methods, aimed at improving the
efficiency and safety of air transportation by increasing the reliability and service life of structural elements of aircraft, equipment
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and mechanisms, optimizing the timing of inspections and repairs using the technology to increase and restore the durability by
processing with pulsating subsonic gas flows. The results of the research aimed at optimizing the maintenance and repair of aircraft
through the use of gas-pulse processing of their structural elements, as well as algorithms for processing cracks in the aircraft
structural element in order to prevent its further spread, restoring the mechanical properties of the aircraft structural element that
decreased as a result of the impact of non-stationary air flows during operation and processing areas with increased location density
in order to prevent the formation of cracks. The results of the development of a methodology for the use of non-deformational
strengthening technologies, especially based on pulsating subsonic air flows (gas pulse treatment) in the process of aircraft
maintenance and optimization of diagnostics of aviation equipment, considering the influence of media, including non-stationary
air flows on the material properties of structural elements.

Key words: air transport, durability, non-deformational processing.
For citation: Ivanov, D.A. & Petrova, T.V. (2022). Increasing the service life of structural elements of aviation equipment using

strengthening technologies based on pulsating subsonic gas flows. Civil Aviation High Technologies, vol. 25, no. 2, pp. 41-53.
DOI: 10.26467/2079-0619-2022-25-2-41-53

BBenenue IHocTaHoBKa 3a1a4H

JlanbHeiilee cOBEpPIICHCTBOBAaHUE METOJI0- OcHoBHas 3371a4a pEMOHTa BO3LyIIHOTO CY/I-
JIOTUM BOCCTAaHOBUTEIIBHOTO PEMOHTa aBUAIM- Ha MOXET OBITh OXapaKTepHU30BaHa KakK MOAJEp-
OHHOM TEXHMKHM BO3MOXHO TOJIBKO IIPH YCIIO- YKaHUE HaJIeXKHOCTH €ro y3J0B [2—15].
BUM IIMPOKOTO HCMOJb30BAaHUS COBPEMEHHBIX s obecriedeHuss BOCCTaHOBJIEHUS MEPBO-
6e31eOopMallMOHHBIX TEXHOJIOTHH yBelnye- HAYaIbHBIX MEXaHHYECKHUX M D3KCIUTyaTallMOH-
HUS U BOCCTAHOBJICHUS pecypca 3JIEMEHTOB UX HBIX CBOICTB OTPEMOHTHPOBAHHBIX 3JEMEHTOB
KOHCTPYKIIMHU, HAaIpUMep, TaKUX Kak o0paboT- KOHCTPYKLIMU BO3AYIIHOTO CyJHAa W aBUAIMOH-
Ka TYJbCUPYIOIIMMHU JO03BYKOBBIMU BO3AYII- HOTO JBUTATENs, a B pANle CIy4yaeB U UX IOBBI-
HBIMH MOTOKaMHU — Ta30MMIyJbCHasg 00paboT- IICHUS, METOJOJIOTUYECKH SIBIISICTCS TEPCIEK-
ka [1]. MHorue KOHCTPYKTHBHBIE 3JIEMEHTBI THBHBIM HCIIOJB30BAHNE COBPEMEHHBIX Oe37e-
JBUTATENSI M [IACCU CKJIOHHBI K yCTaJIOCTHOMY (OPMALIMOHHBIX TEXHOJOTUN TOBBILICHUS KOH-
pa3pyLIEHUIO H3-32 Majlo- U MHOTOLMKIOBBIX CTPYKTHUBHOM MPOYHOCTH, TAKUX KaK YJIbTPa3By-
Harpy3oK. KOBO€  YIpPOYHEHHE, MAarHUTHO-UMITYJIbCHAs

EctecTBeHHO, 4TO /A1 MOBBILICHUS KU3HEH- yOpouHsIomas o0paboTka, yIpPOYHEHHE C MpH-
HOTO pecypca 3JIEMEHTOB JBHUTaTessl M IIaccu MEHEHHEM HUMIYJIbCHBIX IIJIa3MEHHBIX U 3JIEK-
HEOOXOUMO YBEJIUYUTHh BpEMS 10 3apOKICHUS TPOHHBIX MYyYKOB, YJIaPHO-BOJHOBOE U TE€pMUYE-
TPEIIMH U 3aMEeJTUTh UX PACTIPOCTPAHEHHE. CKOE JIa3epHOEe YIpOYHEHHEe, BHOPOOOpaboTKa.

CymiecTByromasi  METOJOJIOTHS  PEMOHTa PaccMoTpuM METOHOJIOTHIO MX HCHOJIB30BaHUS
aBHALIMOHHOM TEXHUKH IPE/ICTaBIsAET co00il co- Ha TpUMeEpe Ta30UMITYJIbCHOW 00pabOTKH, OTIIH-
BOKYITHOCTh METOIOB, MO3BOJISIOLIUX MPUOCTa- Yaroniecss OT YMOMSHYTBHIX BBIIIE TEXHOJIOTHIA
HaBJIMBATh U TOPMO3UTH POCT TpemuH. Kak mpa- KaKk KOMOHMHHMPOBAaHHBIM XapaKTepOM BO3JEHi-
BUJIO, 3TO TPYJOEMKHE U HeJleUIeBbIe ONepalyi, CTBUS Ta30BbIX MMITYJIbCOB M 3BYKOBOT'O JaBJje-
HE BCETJa NPUBOIALINE K KeJaeMOMY pe3yJibTa- HUS, TaK ¥ TEXHUYECKUM pe3yJIbTaToOM KOM-
Ty, U 3a4acTyl0 NPUHUMAETCS pEeUIeHHE 3ame- IUIEKCHOTO TIOBBIIICHUS MEXaHUYECKHMX M 3JKC-
HUTH U3HOLICHHYIO JETalb HOBOH. IUTyaTallMOHHBIX CBOMCTB.

[IpeaBapuTenbHblii OOAYB MYJIBCUPYIOIIAM
BO3YIIHBIM MMOTOKOM HO3BOJIACT JIOKAJIM30BATH
CKpBIThIe JeeKThl MaTepuaja He TOJBKO Ha Io-
BCPXHOCTHU, HO U IO BCCMY 06’L€My 3JIEMCHTOB

Pemenue 3agaumn

KOHCTPYKIIMH BO3IYIIHOTO CyIHA M 3aTOPMO- IIpu nosiBiIeHNU B KOHCTPYKTUBHOM DJIEMEHTE
3UTh Pa3BUTHC MHUKPOTPCIIMHBI, YTO 3aJCPIKUT BO3AYUIHOTO CyJIHa TPCIIMHBI BO3HMKACT 3aja4da
00pa3oBaHIe MAKPOTPELLIHH. yIOpaBJIEHUs] MOCHEeayIoUmMM ee poctoM [16] Ta-

KM 00pa3oM, 4YTOOBI 3a W3BECTHBIH HMHTEPBAI
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BPEMEHHU SKCIUTyaTallMOHHOTO HArpy)KeHHUs yBe-
JUYEHUE pa3Mepa TPEIIMHBI IPOUCXOAMIIO B Mpe-
Jienax ee cTabMIbHOTO Pa3BUTHSL.

Takoro 3¢ddexra MOXKHO JOCTHYD BO3ICH-
CTBHMEM Ha TPEIIMHY HECTAllMOHAPHOTO JO3BY-
KOBOT'O TIIOTOKa BO3[yXa, IyJbCUPYIOIIETO C
OTIpe/IeIEHHON YacTOTON M HAaTEKaIoIIero Ha 00-
pabaTbiBaeMoOe H3JIeTTUE C ONPEICICHHON Cpe/l-
HEll CKOPOCTHIO B TEUEHHE MAJIOTO MPOMEXKYTKa
BpeMeHH (5—15 MuH).

Ha puc. 1 mpencraBneH pesynbrar o0OmyBa
W3JIeNTUH U3 JIETUPOBAHHBIX CTAJIEH C UCIOJIB30-
BaHHeM MarnomrymMHoro (He 6onee 40 nb) rene-
patopa MyJbCUPYIOUIUX Ta30BBIX IMOTOKOB Ha
OCHOBE BEHTWJISITOpPA OCEBOTO THUIA (puc. 2).

Yacrota koseOaHU TapaMeTpoOB Ta30BOTO
notoka coctaBmsa 500 I'm. O6ayB ocyrecTs-
JSJICS TEPHEHAMKYJSIPHO TUIOCKOCTH M3EIIHUSL.
HccnenoBanust MpoBOAMIMCH, HAa oOpasnax ajs
UCTIBITAHUSI Ha BSI3KOCTh pPa3pylIeHUs (Tperiu-
HOCTOWKOCTh) M3 ctaii 38XC B BBICOKOMPOU-
HOM COCTOSIHUH. [[nameTp oOpa3ioB COCTABIISLI
50 MM, a TommuHAa — 10 MM.

Pesynbrar uicibiTaHus 00pa3IoB CBUACTEIb-
CTBYET O CYIIECTBEHHO MEHBIIEM paclpocTpa-
HEHUM TPEIIMHBI y 00ayToro obpasia mpu TOu
e HarpysKe.

Puc. 1. PactipocTpaneHre TpeuiuHbl B CTATHHOM H3ACITUN
IIpHU OJTMHAKOBOI Harpy3ke: a — 6e3 00ayBa; 6 — 00ayB
JI03BYKOBBIM ITyJIbCHPYIOIIMM BO3ILYIIHBIM IIOTOKOM
B TeueHue 15 Mmun
Fig. 1. Crack propagation in a steel product at the same
load: a — without blowing; 6 — blowing with subsonic
pulsating airflow for 15 minutes
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Taxke UCTIBITaHUS HA BS3KOCThH Pa3pyIICHUS
(F'OCT 25.506-85) ocyriecTBIsUIUCH TOCie 00-
pabOTKH MyJTbCUPYIOIIUM BO3IYIIHBIM TOTOKOM
B TeueHue 15 MUHYT IpH YacToTe KojeOaHui
napameTpoB nmotoka 900 I'u 1 UMy IbCHOM 3BY-
koBoMm maBiaeHun 130 nb. JIns ucnbTaHuid Ha
BSA3KOCTh pa3pyIlICHHUs UCIIOIb30BATUCH TIOCKHE
o0pa3ipl ¢ O0KOBBIM OJHOCTOPOHHUM HAJpPE30M
U TPEUIMHOW AJii UCHBITAHUN Ha pacCTSHKEHHUE.
OO6nyB BO Bcex ciyyasiX BBINOJHSUICS MPH pac-
MOJIO’KEHUHU 00pa3IoB MOMEpeK MOTOKa (TTOCKO-
CTBIO HaBCTPEUY MOTOKY).

Hcnonb3oBanuce 00pasisl U3 ayCTEHUTHOM
cramu  SX10I'I5CO2AIIP 1mociae  3aKajKuy.
Cpennee 3nauenue HRC 006pasnoB cocTaBisiio
39 enuuun. 3HayeHne KodPPHUIMEHTa, XapaKTe-
PHU3YIOMIETO HWHTEHCHUBHOCTb PACTATHUBAIOLINX
HANpsOKEHUH B YCThE TPELIUHBI P IIEPEX0/JIE €€
K caMONpou3BosbHOMY pocty Kic y o0pa3uos,
MOJIBEPTaBIIUXCS Ta30MMITYJILCHOW 00paboTKe,
okazajoch Beime Ha 30 %, 9TO Takke CBHUJE-
TEJICTBYET O 3aMEJICHHMHM POCTa TPELIUH B pe-
3yJapTaTe OOpabOTKH IMyJIbCUPYIOIIMMH JI03BY-
KOBBIMHU T'a30BBIMU TTOTOKAMH.

O6paboTka »dJeMeHTa KOHCTPYKIMH BO3-
JQYUTHOTO CyJHA WJIM aBHAJBUraTels MyJIbCUPY-
IOLIUM Ta30BbIM MMOTOKOM MPHUBOJIUT K IMOJIOXKH-
TEJIbHBIM pe3yJIbTaTaM HE3aBUCUMO OT BHUJA
TPEILMHBI.

ITonoOHast oOpaboTka HE BieueT 3a coOOi
BUJMMbIE BHEIIHHE W3MEHEHHUS, OJTHAKO B IPO-
Hecce OKCIUTyaTallud HaOIIOAAeTcsl MOJIOKH-
TenbHBIN 3¢ dekT. Pe3ynpTaThl SKCIIEPUMEHTOB
MO3BOJIMIIM YCTAaHOBUTH PEXUMBI 00yBa (coue-
TaHUE CpellHel CKOPOCTU HAaTEKaHUs BO3/yXa Ha
NOBEPXHOCTh JIETAJIM, YacTOTHl IMyJbCAlUi U
BpeMEHU 00]1yBa) MO3BOJISIONINE TOJYYHTh d(-
(eKT MOBBIIICHUS KOHCTPYKTUBHON MPOYHOCTH
U SKCIUTyaTallMOHHBIX CBOMCTB Ui CTaHIApT-
HBIX YJapHBIX U Pa3pbIBHBIX 00pa3I0B, H3TOTOB-
JCHHBIX W3 PA3IMYHBIX MAaTEepHaliOB, a TaKXKe
KOHKPETHBIX JeTaneid (00NTOB, KPOHIITEHHOB,
MIPY’KUH U Jp.).

Tak kak HcHoib3yeMble T€HEpaTophl KoJie-
OaHMii MapaMeTpoOB ra3oBOr0 MOTOKAa M3MEHSIOT
CKOpOCTh M 4YacCTOTy, OBUIM ONpEAETeHbI ONTH-
MaJibHbIE BPEMEHHbBIE PEKHUMBI 00AyBa ISl pas-
HBIX COYETAaHUM YaCTOT U CKOPOCTEM IOTOKA W
pa3HbIX Heneit [1].
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Puc. 2. ['ereparop Ha OCHOBE OCEBOr0 BEHTUIISITOPA C KOH(PY30pOM IS YBEIHUYCHHSI CKOPOCTH BO3LYLIHOTO MMOTOKA
Fig. 2. A generator based on an axial fan with a confuser to increase the air flow velocity

Jnst 00pabOTKM KOHKPETHBIX KOHCTPYKTHB-
HBIX DJIEMEHTOB BO3JAYIIHBIX CYZOB B KadecTBE
reHepaTopa HMITYJIbCHBIX IIOTOKOB BO3AyXa
MOJKHO HCIOJIb30BaTh OCEBBIC BEHTHIISTOPHI,
JOTIOTHEHHbIE, B Cllydyae HEOOXOAMMOCTH YBe-
JUYEHUs CKOPOCTH TIOTOKA C IENIbI0 YMEHbIIIe-
HUS BPEMEHU JOCTIKCHHsI 3aJlaHHOTO 3(dekTa,
KoH(y30opamu. [logoOHbIE BEeHTHUIATOPHI 00Ja-
JTAIOT OMNpPEEICHHOW YacTOTOM BpaIlleHUs, MPO-
W3BOJUTEILHOCTRIO U KOJMYECTBOM JIOMACTEH.
3Hast 4aCTOTy M CKOPOCTb 3TOTO TeHepaTopa, AJs
MOJIyYEeHHUS JKEJTAeMOr0 pe3yJibTaTra J0CTaTOYHO
3aJaTh TMPOJOJDKUTENILHOCTh 00qyBa 3JIE€MEHTa
KOHCTPYKIIMM BO3IYIIHOTO CYJAHA, ONpeiesse-
MYI0 UCXOJs U3 (hOpPMBI, MacChl, pa3MepoOB, Ma-
Tepuania, BUJA 3aKPEIUICHHUS, WU ONPEICIHThH
HampaBlieHue o0JyBa B 3aBUCHMOCTHU OT MPHUO-
pUTeTa B TIOBBIMICHUU CBOWCTB (IIPHOPUTET
B MOBBILICHUH TOKa3aTeleld MPOYHOCTH, IMPHUO-
PUTET TIOBBIIICHUS TOKa3aTeliell BSI3KOCTH, UX
coueTaHWe MPU MEHBUIEM MPUPOCTE KaxXKIOro
CBOICTBA) C 00sA3aTENIbHBIM yUETOM SKCILTyaTa-
MOHHOM Harpys3ku, BKIJIOuYas Tra3oJuHaMuye-
CKO€ BO3/ICHCTBHE.

TexHuueckoe 0OCITyKMBAaHHE€ U PEMOHT
ABUAIMOHHON TEXHUKU TPEOYIOT ONMTHUMU3AIIHH.
B kauecTBe KpuTEepHUs ONTUMHU3ALMUA MOXKHO HC-
MOJIb30BATh CIIETYIOLTHIA:
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3nech T,, T, U T,— OPOAOHKUTEIBLHOCTh TEXHH-
YeCKOro OOCTY)KUBaHUS, TUIAHOBBIX M HETUIAHO-
BbIX PEMOHTOB COOTBETCTBEHHO B Hacax; m, p U
n — WX KOJIIMYECTBO 3a TOJ; T — KOJUYECTBO Ya-
coB B Toxy (8760).

3nauenue kputepus K Bo Bcex chmyuasx
MeHbIIIe 1, mpu 3TOM 4YeM OHO Oimke K 1, TeM
BBIIIIE ONITUMU3AIIHS.

O6paboTka MyJIbCUPYIONTUMHU JO03BYKOBBIMU
BO3/YIIHBIMH TOTOKAMH KOHCTPYKTHUBHBIX 3J€-
MEHTOB BO3AYIIHBIX CYZOB C LIEJBIO MOBBIIICHUS
UX pecypca MOJIOKHUTETHHO BIUSCT Ha BEIUIHHY
KpUTEpUs ONTUMHU3ALUU TEXHHUYECKOro o0ciy-
JKUBAHUS U PEMOHTA.

Pe3ynpraTroM HaxoXAeHUS TOBPEKICHUMN B
X0JIe OCMOTPOB CTAHOBSITCSI HETUTAHOBBIE PEMOH-
ThI, KOJIMYECTBO KOTOPBIX, Ojarogaps MoOBbIIIe-
HUIO YCTOHYHMBOCTH 3JIEMEHTOB KOHCTPYKIHHU K
JEerpalalliOHHBIM  3KCIUTyaTallUOHHBIM ~ (paKTo-
paMm MmyTeM ra3ouMIyJIbCHOW 00pabOTKH, MOXKET
OBITH COOTBETCTBEHHO YMEHBILIEHO.

B xadectBe KpuTepusi ONTHMH3AIUH TIPO-
JIOJDKATETLHOCTH Ta30UMITYJILCHOM 00paboTKH
OBLJIO TMPUHATO TOBBIIICHUE MEXaHHUYECKUX U
9KCILTyaTallMOHHBIX CBOMCTB, TaKUX Kak MpOd-
HOCTb, TUIACTUYHOCTH, yJIapHas BSI3KOCTh, KOP-
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PO3HOHHAsI CTOWKOCTh, COMPOTUBJICHUE yCTalO-
CTH, XJIQJIOCTOHKOCTB, >KapOMpPOYHOCTH B KOM-
TUIEKCE, KOT/Ia TPU POCTE OJHUX XapaKTEPUCTHUK
HE JOMYCKAeTCsl CHIDKEHHE JIPYTHX HUXKE Tep-
BOHAYaJIbHBIX 3HAUCHUN:
KCBi =1,

rae K.,; — 3Ha4eHue i-ro CBOMCTBA, JOCTUTHYTOE
B pe3yJibTaTe Ta30UMITYJILCHON 00pabOTKH, OT-
HECEHHOE K €ro IMepBOHAYaILHOMY 3HAYEHUIO.

Tak, B X0/e TEXHHMYECKOTO OOCITYKUBAHUSA
BEPTOJIETOB TIPOBEPSIOT OTCYTCTBHE Jedopma-
[IU{A ¥ TPEIMH OOIIMBKH, CHJIOBOTO Habopa Tuia-
HEpa M paMbl JBUTATENCH, 3a00UH HA JIOMACTSIX
HECYIIEr0 U PYyJIEBOIO BHHTOB, JPYIHX IOBpE-
xaeanid. [Ipu oOHapyxeHHn MoJ00HBIX nedek-
TOB PEKOMEHYETCSI MCIIOJIb30BATh ra30UMITYJIhb-
CHYI0 00pabOTKy C IENbIO TOBBIIICHHUS M BOC-
CTAaHOBJICHUS MEXaHHUYECKHUX CBOHCTB B MeECTe
MOBPEKIACHUSI U BOCTIPEIIITCTBOBAHUS €T0 J1ajb-
HEWILIEMY Pa3BUTHIO.

Ob6nanas cBoiictBom wmanoit (10-30 wmuH)
MPOJIOJDKUTEIFHOCTH, Ta30UMITYJIbCHAsE 00Opa-
00TKa MOXET OCYIIECTBISTHCS Kak IMpH Omepa-
TuBHOM TO, 0coO€HHO Ha 3Tamax mocje 3arpys-
K1 (BBITPY3KH) Oaraka, Tak W HpU OYEpEIHOM
TO o popme 1 u np.

O06006mas mpenjgaraeMyr METOAOJOTHIO HC-
MOJIb30BaHUsI 00PabOTKH MYJIHCHPYIOIUMH J10-
3BYKOBBIMU Ta30BBIMHU IOTOKaMH B TMpoliecce
TEXHUYECKOTO OOCIY>)KUBAaHHSI M BOCCTaHOBH-
TEIBHOTO PEMOHTAa DIIEMEHTOB KOHCTPYKIIMH
BO3AYIIHBIX CY/OB, CJIEIyeT OTMETHTh, YTO dJie-
MEHTBI KOHCTPYKIIMH BO3AYIIHOTO CYAHA MOYXHO
pa3fenuTh Ha JBE TPYIIBI UCXOMAS U3 TOTO, 00-
IyBaeTcsi B TMpOLEcCe OSKCIUTyaTallud JaHHBIHA
AIIEMEHT BO3IYIIHBIMU TOTOKAMH WJIA HE TIOJ-
BEP)KEH JaHHOMY BO3/ICHCTBHUIO.

[Tpu TexHMUECKOM 0OCITY’)KUBaHUHM U BOCCTa-
HOBHUTEILHOM PEMOHTE TMOCJIEIHUX MOXKHO He
YUUTHIBATh JETPATAlMOHHBIE TPOLECCH], CBS-
3aHHBIE C BO3/IECTBUEM KojieOaHui mapaMeTpoB
BO3YIIHOTO MOTOKA HAa CTPYKTYPY M CBOICTBa
MaTepuaa 3JIeMeHTa KOHCTPYKIuH. Mcmonb3o-
BaHUE Ta30MMITYJIbCHOW 00pabOTKH MOZOOHBIX
AIIEMEHTOB B IMPOLIECCE TEXHUYECKOTO O0CITYKH-
BaHUS U BOCCTAHOBHUTEIHHOTO PEMOHTA DPELIHT
3a/ja4y TOBBIIICHUS] CTOMKOCTU K yCTalOCTHOMY
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pa3pylLIeHUIO, a TaKKe€ YCTONYMBOCTH K JMHA-
MHUYECKUM Harpyskam. Hampasienue o0paboTku
JOJKHO BBIOMPATHCS C YYETOM IKCILTyaTallloOH-
HBIX CTAaTHYECKUX M JUHAMUYCCKUX HArpy3o0K.
[Tpu oOHapy>XeHUU TPELIUHBI JOMYCTUMBIX pe-
TJIAMEHTOM Pa3MepOB WM OOJIACTH C TIOBBIIICH-
HOM TUJIOTHOCTBIO UCIOKALUW, MPEIIIecTBYIO-
meld 00pa3oBaHUIO TPEIIMHBI, CIEAYET IMPOBO-
IUTh Ta30UMITYyJIbCHYI0 00paboTKy COOTBET-
CTBYIOIIIEH 00JacTH 3JIEMEHTa KOHCTPYKIMU B
TEYCHHE PACUYETHON MPOJOHKUTEIBHOCTH, Tep-
MEHAUKYJIIPHO TIOBEPXHOCTH JJICMEHTa KOH-
cTpykuuu (puc. 3).

B cnywae ecnm B mporecce SKCIUTyaTaluu
9JIEMEHT KOHCTPYKIMHM BO3AYIIHOTO CyJHA HC-
IBITBIBACT JETPAJAIMOHHOE BO3JICHCTBHE HaTe-
KaIOIIMX HECTAI[MOHAPHBIX BO3AYIIHBIX TMOTO-
KOB, BBIPQKAIOIIEECS B YBEIWYCHUH TUIOTHOCTH
nedeKToB KPUCTAJUIMYECKOTO CTPOCHHS B IIO-
BEPXHOCTHBIX CIIOSIX, YCTPAHUTh €ro MOXKHO Ta-
30MMITYJIbCHOM 00paOOTKON B HaNpaBlICHUU,
MPOTUBOTOJIOKHOM JKCIUTyaTaIl[HOHHOMY BO3-
JICUCTBUIO BO3IYIIHBIX MOTOKOB. B ocTambHOM
ra3ouMIyJibCcHass 00pab0oTKa MHKpPOTPEIIUH H
Ipyrux AedeKToB, a Takxke 00paboTKa C IEIbIO
MOBBILIECHUS] TPEIIMHOCTOMKOCTU U YCTOMYHMBO-
CTH K JAMHAMHUYECKHUM HArpy3KaM OCYIIECTBIIS-
€TCSl aHAJIOTMYHO TaKOBOW /ISl SJIEMEHTOB KOH-
CTPYKLIMU BO3JYIIHOTO CyJHa, HE MOJBEpraro-
[IMXCSI BO3ACHCTBHIO BO3IYIIHBIX MOTOKOB TpHU
JKCILTyaTaluu.

PaznuyaroT BHe3amHbIE W TOCTETICHHBIE OT-
ka3bl [17]. IlepBble BO3BHUKAIOT HEOXKUIIAHHO, B
KOPOTKHUN MPOMEKYTOK BPEMEHU U XapaKTepH-
3yI0TCS XpyHKUM paspymienueM. OcoOeHHOCTh
MOCTENIEHHBIX OTKAa30B — HAKOILJICHHE 3a BpeMs
9KCIUTyaTallud BO3AYLIHOIO CyAHAa HeoOpaTH-
MBIX TIOBPEXKJICHUN, BBI3BAHHBIX YCTaJIOCTHIO
MaTepuaina, IUIAaCTHYECKUMH Jaedopmanusimu,
MOJI3YYEeCThIO, CTAPCHHEM WU MEXaHUYECKUM
H3HOCOM.

Kaxnpiii arperar wiam y3el BO3IYIIHOTO
CyJIHAa COCTOHUT U3 KOHCTPYKTHBHBIX 3JIEMEHTOB,
HAJIGKHOCTh KOTOPBIX HeoauHakoBa. CBoeBpe-
MeHHas Oe3nedopManoHHas 00paboTKa, TakKas
Kak 00paboTKa MyJIbCUPYIOUIMMHU JJO3BYKOBBIMU
BO3JIYIITHBIMH TIOTOKaMHu (Ta30UMITyJIbCHAsT 00-
paboTka), MPaKTUYECKU JHOOOr0 KOHCTPYKTHUB-
HOTO 3JIEMEHTa MO3BOJISIET CYIIECTBEHHO IOBBI-
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Puc. 3. Vcnonp30Banue ra3ouMIyIbCHOM 00paboTku (001yB) B Ipomiecce TEXHUIECKOTO 00CTYKUBAHUS
U peMOHTa: / — 3aMeHa MOBPEXKASHHOT0 KOHCTPYKTUBHOT'O AJIEMEHTA BO3/YIIHOTO CY/IHA WM a3pOJIpOMHON
TEXHUKH HOBBIM OOJyThIM; 2 — PEMOHT C MOCJIEAYIOMNM 00yBOM, €CIIH KOHCTPYKTUBHBIH JIEMEHT
PEMOHTONPUTOJIEH; 3 — YIIPEXJAOLMK 00/1yB /10 Havalla SKCIUTyaTaluy (JKeJlaTeNeH Uil BCeX Harpy>KeHHBIX
KOHCTPYKTHBHBIX 3JIEMEHTOB)
Fig. 3. The use of gas pulse treatment (blowing) in the process of maintenance and repair: 1 — replacement of
a damaged structural element of an aircraft or airfield equipment with a new blown one; 2 — repair followed
by blowing, if the structural element is repairable; 3 — anticipatory blowing before operation (desirable for all loaded
structural elements)

CUTB CPOK €ro CITyXObI (pecypc), a 3HaUUT, U €ro
HaJIe)KHOCTH [1].

C TOYKM 3pEHHS MEXaHUKH KOHCTPYKIUU
BO3YIIHBIX CYJAOB THUIIOBBIMH 3JICMCHTAMU, 06-
pa3ylonMMH arperaTbl CUCTEM MEXaHHYECKOIo
000pyIOBaHUS W CHCTEM >KH3HEOOECTIeUeHUs
JIeTaTeIbHBIX alIapaToB SBISIOTCS CTEPIKHEBBIC
OJICMCHTHI, IIJIACTUHBI, O6OJ’IO‘IKI/I uT. II.

HccnenoBanue amIiMTyIHO-4YaCTOTHBIX Xa-
PaKTEPHUCTUK JO3BYKOBOTO BO3IYIIHOTO MOTOKA,
HATEKaIOLEro Ha IMOJ0OHBIE 3JIEMEHTHI, OCY-
IIECTBIIAIIOCH npu oMo nporpamMmal
SpectraPLUS Professional Edition 5.0.

IIpu BcTpeue ¢ 00AyBaeMbIM 3JIEMEHTOM
KOHCTPYKLHMH BO3JAYIIHOTO CyAHA MPOUCXOAUT
CMEIICHUE TOMHUHHPYIOIICH Y4acTOTHl B 00JIaCTh
0osiee HU3KMX 3HAYEHW, TMPAaKTUYECKU HE3aBU-
CUMO OT (pOpMBI 3JIEMEHTa KOHCTPYKLUH, TpU
YCIIOBHHM €r0 MaJloro pa3Mepa B CpaBHEHHUH
C TIOTIEPEYHBIM CEYEHHEM HATEKAIoIIeTo0 Ha HEro
notoka. B obpatHoM ciyuae HaOmomaeTcs 1o-
SBIICHUE  JIONMOJHUTENbHBIX  aMIUIMTYAHBIX
BCIINICCKOB, KOTOPBIC MOT'YT CIYKHUTb OOIIOJIHH-
TeIbHBIMU PA0OUYNMHU YaCTOTAMH.
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B cnyuae 6mu3koro paccrosiHus 10 00ayBa-
eMoro 00beKTa aMILTUTY/]a TAPMOHUK YMEHBIIIa-
ercs. [lo Mepe yBenuueHUs PacCTOSHUS aMILIH-
TyJa JTOMHUHHPYIOIIEH YacTOTHI MEHSETCS IIHK-
JMYECKH, C MAKCUMYMOM Ha PacCTOSIHUM TOPSA-
ka 30 MM 0T 001yBaeMOro 0OBEKTA.

B ciygae kpymHOTo 00beKTa 00/1yBa 110 MEpE
yAaneHus: OT 00bEeKTa JOMHUHUPYIOIIAs 4acTOTa
cMemaeTcss B 060jee HU3KOYACTOTHYIO 00JIacTh.
B cnywyae yBenuueHHsT CKOpPOCTH BO3IYIIHOTO
MOTOKA MPU MPOYUX PABHBIX YCIOBUSX TOMUHH-
pylolas 4acToTa noToKa, HaTeKarolero Ha mpe-
rpamy, cMemaercs B 001acTh 0oJjiee BBICOKHX
YacToT.

3HaHUE aMIUTUTYJHO-4aCTOTHOM XapaKTepu-
CTUKM WMIIYJbCHOM CTPYH, HATEKalolled Ha
KOHCTPYKTUBHBIM 3JIEMEHT BO3JYIIHOTO CYyJAHA,
MO3BOJISIET YCTAHOBUTH JOMHHHUPYIOIIUE YacCTO-
Thl KOJIEOAHUI U TaKUM 00pa30M BBIIBUTH pado-
YHe YacTOThI, MPU KOTOPBIX HaOIIOAaeTcs 3Ha-
YUTEIBHBIA POCT aMIUIUTYAbI KOJICOAHUH.

bim3octh cOOCTBEHHOI 4YacTOTHI KOJICOAHMIA
00 1yBaeMOro 00BEKTa K OJIHOM M3 paboumx Ya-
CTOT HATEKAaOIIEro Ha HEro MyJbCUPYIOIIETO
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ra3oBOr0 MOTOKA CO3JaeT PEe30HAHCHBIN AP heKT
¥ 3HAYUTEIBHO YMEHBIIAET TpeOyeMyro mpo-
JOJKUTENTEHOCTh 00PaOOTKH.

Ha aBuapeMOHTHBIX MPEANPHUATUSIK JUISI BOC-
CTaHOBJICHUS] M3HOIICHHBIX WJIM MOBPEKICHHBIX
METAJUIMYECKUX HJIEMEHTOB KOHCTPYKIIMH BO3-
OYIIHBIX CYAOB M aBHAJBUTATENEH HCIOJIB3YIOT
olepanyy HaIIaBKH, B MpOIECCEe KOTOPHIX Ha
MOBPEKICHHOM y4acTKe 00pasyeTcsl CJIOW JIUTO-
ro Merauia. Ilo cBOMM MEXaHMYECKHMM M JKC-
TUTyaTallMOHHBIM ~ CBOMCTBaM  HarlJIaBICHHBIN
Y4acTOK OyJIeT OTIMYaThCS OT OCTAIBHOTO dJie-
MEHTa KOHCTPYKIIMH, BHE 3aBUCUMOCTU OT TOTO,
OBUT JIM 3JIEMEHT TOJIy4eH 00pabOTKOM J1aBIeHH-
€M WUJIU JTUThEM, YIPOUHEH TePMUYECKH, edop-
MaIMOHHO WJIM, KaK B CIydae JHUTHIX KOPITyCOB
HACOCOB U APYTUX MOJOOHBIX YCTPOMCTB U3 CH-
JyMUHa, HE ToJBeprajics WHOW oOpabotke. B
MOCJIEIHEM Clly4ae HarlaBJIeHHBIH y4acTok Oy-
JIeT OTJIMYaThCs pa3MepoM U (HopMoii 3epHa, KO-
TOpble B OCHOBHOM U OIPENENSIOT MeXaHude-
CKHME CBOMCTBA JINTBIX KOHCTpYKuui. Ecnu ane-
MEHT KOHCTPYKLUMU OBbUT TOJY4YeH XOJOAHBIM
TUTACTUYECKUM J1e(hOPMUPOBAHHEM B PE3yiIbTaTe
UCIIONIb30BAaHUSL ISl €ro0  BOCCTaHOBIICHUS
HAIUTABKU WU CBAapKH, BKJIIOYAsl AJIEKTPOKOH-
TaKTHYIO, B 30HE TEPMHUYECKOIO BIHUSHHUSA NPO-
UCXOIWT CHSTUE HAKIIETNa ¥ MPOYHOCTHBIC CBOM-
cTBa cHmXkaroTcs. [lpu BoccTaHOBIIEHHH 1O/100-
HBIX DJIEMEHTOB KOHCTPYKIUHA PUXTOBKOW,
HAa00OpPOT, BO3HUKAET TOTOJIHUTEIbHBIA HAKIIETI,
MPUBOIANINA K JIOKAILHOMY OXPYMYHBAHHUIO U
00pa30BaHUIO0 KOHLIEHTPATOPOB HAIPSKEHU.
[TpakTHdeckn Bce OMEpaluyd BOCCTAHOBUTEIb-
HOTO PEMOHTA, CBS3aHHBIC C HArpPEBOM U (WIIH)
BOCCTAHOBJICHHEM (DOpMBI, TOOABISIOT B OTpe-
MOHTHPOBAHHBI OOBEKT OCTATOYHBIE HAIpsIKe-
HUS1, KOTOPbIE MOTYT MPEJCTABIISITh OMTACHOCTH B
nporecce KCIuTyaTanuu. Paznenum peMoHTHpY-
eMble OOBEKTHI, 3JEMEHThl KOHCTPYKLHUHU BO3-
OYIIHBIX CYyJOB, aBUAllMOHHBIX JBHUraTesed u
a’pOJPOMHON TEXHHKH Ha YETHIPE OCHOBHBIC
IpyHOnbl 10 HCHOJB3YEMOMY BHAY YHPOYHEHUS
P UX U3TOTOBIICHUHU.

1. TepmoymnpodHsieMble JETadu U AJIEMEHTHI
KOHCTPYKIIUU, U3TOTABIMBACMbIE MEXaHUIECKON
00paboTKO# (BaJIbl JABUTATENICH) WM TOpSYCH
00paboTKo#l maBneHueM (KakK JIOMAaCcTH BEHTHUIISI-
TOPOB M KOMIIPECCOPHBIE JIOMATKH), BKIIOYAs
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MOJTyYeHHBIE TEPMOMEXaHUYECKOW 00paboTKOM
WIM JIUThIE C TOCJIEIYIOIUM TEPMUYECKUM
YOPOYHEHUEM (TaKue Kak TypOMHHBIC JIOMATKH ).

2. Jleranu W 3J€MEHTHl KOHCTPYKIUH, IO-
Jy4YeHHBIE XOJOIHOW OOBEMHON WM JIUCTOBOU
HITAMIIOBKOM M YIIPOYHEHHBIE 1€()OpPMAaLIOHHO.

3. JIuTble HETEPMOYIPOUHSEMbBIE HJIEMEHTHI
KOHCTPYKLHUH.

4. [leranu, OKOHYATEIbHBIE CBOWCTBA KOTO-
pBIX (GOPMHUPYIOTCS XUMHKO-TEPMHUYECKOH 00-
paboTKOIA.

PaccMoTpuM myTH COBEpPILIEHCTBOBAHMS TEX-
HOJIOTMM HX BOCCTAHOBHUTEIIBHOI'O PEMOHTA B
HaNpaBJICHUH O0ECIEYeHUsI KOHCTPYKTUBHON
MPOYHOCTH  BOCCTaHABIMBAEMBIX  3JIEMEHTOB
KOHCTPYKLIMH, HE YCTYMawlleld IepBOHAYAIb-
HOHM, M COKpAILEHUS CTOUMOCTU U MPOJOJKH-
TEJIBHOCTU PEMOHTA.

1. CranbHble TEPMOYNPOYHSIEMBIE ETAN
YIOPOUHSIOT 3aKaJKOH € MOCJIEIyOIMM OTIIyC-
KOM, 32 UCKJIFOYEHUEM JIeTaJel U3 ayCTEHUTHBIX
cTalied ¢ KapOWTHBIM W HWHTEPMETALTUIHBIM
YIPOYHEHUEM, a TakK€ MapTEHCUTHOCTAPEIO-
IIMX CTaJIeH, OJIBEPTaeMbIX I1OCIIE 3aKaJIKH HC-
KyCCTBEHHOMY CTapeHur0. B 3aBUCUMOCTH OT
KPUTHYECKON CKOPOCTH 3aKalIKM, JUIsl Iepe3aKa-
JUBAaHUSI OTPEMOHTUPOBAHHBIX CTaJbHBIX 3Je-
MEHTOB KOHCTPYKILMHU BO3IYIIHBIX CYJJOB MOKET
OBITH UCIIOJIB30BAH MYJILCUPYIOIINI BO3TYIITHBINA
NOTOK MWW IyJIbCUPYIOLIAs BOAOBO3IYIIHAs
CMECh, IPUYEM B CITy4ae JIETUPOBAHHBIX CTAJIEH,
UCIIOJIB3YEMBIX B OCHOBHOM JUIsl M3TOTOBJICHUS
CTaJIbHBIX AJIEMEHTOB KOHCTPYKIIMHM BO3AYILIHBIX
CyJlI0OB, aBHAllMOHHBIX JABHUraTeled U a’pOIpOM-
HOM TEXHUKH, 3aKaJIka B OOJBIIMHCTBE CIydyacB
MOYKET OCYUIECTBIATHCA Oe3 BBEACHUS B IMYyJb-
CHUPYIOIIMI JTO3BYKOBOW BO3IYIIHBIA IMOTOK
OXJIAKJIAOUIENH KHUIAKOCTU. Pesynprarom wc-
MOJIb30BAaHUSI B KauyeCTBE 3aKAJIOYHOW Cpefbl
NyJbCUPYIOLIETO BO3JIYIIHOIO IOTOKa Oyjaer
U3MENIbYECHHUE CTPYKTYPbl MAPTEHCUTA 3aKAJIKU U
0oJiee BbICOKasi KOHCTPYKTHUBHAsI MPOYHOCThH I10-
CJIe OKOHYATEIBbHON TepMHUUYECKOW 00pabOTKH, B
CPaBHEHUU CO CTAHJAPTHOM 3aKAJIKOW B BOJE,
Macjae, CHUHTETHYECKHMX 3aKaJO4yHbIX Cpenax.
[Ipu »TOM wmcmonmb3yemas cpefa Oojee PKOHO-
MHYHA ¥ 9KOJOTMYHA B CPABHEHHUH C MAIIMHHBIM
MacJIOM M CHHTETUYECKUMH 3aKaJOUYHBIMHU Cpe-
namu. Boza sxe He MokeT OBbITh HCIOIb30BaHA B
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KaueCcTBE 3aKAJIOYHOW cpeiabl sl OOJIBIIMHCTBA
JIETUPOBAHHBIX CTaJiell M3-32 MX CKJIOHHOCTH K
pactpeckuBanuio. I[Ipu 3akanke B IMyJIbCHPYIO-
IIEM BO3AYIIHOM WJIM BOJOBO3AYIIHOM IOTOKE
Onmarofaps CrJIaKMBaHUIO MHKOB CTPYKTYPHBIX
HANpsDKEHUM ToJ JeicTBHEeM KojieOaHWM mapa-
METpPOB MOTOKA, 3aKallouHas aedopmanus u 3a-
KaJIOYHBbIC OCTATOYHBIC HAIPSOHKEHUS Mallbl B
CpPaBHEHHHM C TPaJAULUOHHBIMU 3aKaJIOYHBIMU
CpelamMH, 4TO CHM)KAaeT KOJIUYECTBO Opaka mpu
3aKaJIke U YMEHbBIIAET BEPOSTHOCTh PACTPECKH-
BaHUS B MEPHOJ MEXIY 3aKaJIKOH M OTIyCKOM.
[lynpcupyrommii - BO3AYIIHBIM ITOTOK MOXKET
OBITh UCMOJIB30BaH KaK 3aMEHa HU3KOr0 OTITyCKa
pu TEPMOOOPAOOTKE PEMOHTUPYEMBIX 3JIEMEH-
TOB KOHCTPYKIMU BO3AYIIHBIX CYJOB Ha BBICO-
Kompo4yHoe coctosinue. [lomoOHas TexHomorus
MO3BOJISIET B HECKOJBKO pa3 YMEHBIIUTb BpeMs
TepMooOpaboTKu Oe3 ymepba misg MexaHude-
CKMX U 3KCIUTyaTallMOHHBIX cBOMCTB [1]. Oco-
O0eHHO 3 eKTHBHA 3aMeHa OTITYCKHOTO HarpeBa
BO3/JCHCTBUEM Ha 3aKaJICHHOE W3JIENHE IyJIbCH-
PYIOIIUM BO3AYIIHBIM IOTOKOM, €CJIM 3aKallKa
OCYLIECTBJIJIACh B TOM K€ MOTOKE. B aTOM Ciry-
Yyae yCTpaHSETCS TaKOil HEeOCTaTOK MPAaKTHKYe-
MOT'O TEPMOYIIPOUYHEHHUS, YBEIUYUBAIOIIUNA €ro
MPOJOKUTEIHLHOCTD, KaK pa3/iejieHre onepanni
3aKaJIKM U nociepymomero ormnycka [1]. Ta-
30UMITYJIbCHAsI 00pabOTKa MOYKET OBITH UCITOJIb-
30BaHa B KaueCTBE JOIMOJHUTEIbHONW KaK MOCIe
3aKaJIKM C TMOCJIEIYIONIMM HHU3KUM OTIIyCKOM
(BBICOKOTIIPOYHOE COCTOSIHUE), TaK U IOCIE IIH-
POKO TMPHUMEHSEMOr0 K CTaJbHBIM JI€TaJIIM
aBUALlMOHHOM W a’pOAPOMHOM TEXHUKH Tep-
Moyiyuiienus [1]. B Tom u gpyrom ciydae Tex-
HUYECKUM PEe3yJbTaTOM HUCIOJIb30BAHUS TEXHO-
JIOTUA Ta30MMITYJIbCHOW OOpabOTKH SIBIACTCS
MOBBIIICHHE HAJIEKHOCTH OTPEMOHTHPOBAHHBIX
JleTajei 3a cueT MOBBIIICHUS 3HAaYEHUN ITOKa3a-
TeJNel ynapHOM BS3KOCTH M IUIACTUYHOCTH 0e3
CHIDKEHUSI TIOKa3areliel mnpoyHocTu. JlaHHas
TEXHOJIOTHSI MOXKET OBITh NMPUMEHEHa M K Tep-
MOYIIPOYHEHHBIM 3JIEMEHTaM KOHCTPYKIIUH BO3-
JIyIIHBIX CYJIOB, HE MOJBEPraBUIUMCS BOCCTAHO-
BUTEIBHOMY PEMOHTY. B 3TOM ciyuae mepesa-
KaJIUBaHUE HE MCIOJb3YETCS M Ta30UMITYJIbCHAS
00paboTKa OCYIIECTBISETCS B KAadyeCTBE Cpejl-
CTBa JIOMOJIHUTENILHOTO MOBBIIIEHUSI KOHCTPYK-
TUBHOW NPOYHOCTH. [IOBBICUTH 3HAYEHUs MOKa-
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3areneil HaJeKHOCTH TepMOOOPaOOTaHHBIX Me-
TaJUTMYECKUX SJIEMEHTOB KOHCTPYKIIMU BO3IYII-
HbIX CyJOB W ABHMALIMOHHBIX [BHUraTeiei, Kak
MOJBEPTaBIIUXCS, TaK U HE TMOABEPTaBIINXCSA
MOBTOPHON TepMUYECKON 00padoTKe mocie Boc-
CTaHOBUTEJIHHOIO PEMOHTA BHE 3aBUCUMOCTH OT
HaIlpaBJI€HUs SKCIUTyaTallMOHHOTO HArpy»XeHus,
MO3BOJIIET MHOTOCTOPOHHSSL Ta30UMITYJIbCHAsS
0o0paboTKka. DJIeMEeHTbl KOHCTPYKIUH BO3AYII-
HBIX CYJIOB M3TOTaBIMBAIOT U3 TEPMOYIIPOUHsIEC-
MbIX TUTAHOBBIX, AJIFOMUHUEBBIX U HHUKEJIEBBIX,
MarHMeBbIX M JIPYTuX CILIaBOB. B mporuecce pe-
MOHTa BOCCTaHOBJICHHE HM3HOIICHHBIX M TOBpE-
KJCHHBIX  JIeTajedl Takke  OCYLIECTBIISIOT
HAIUTaBKOM, coznaromieii 0o01acTb KPYMHO3EPHH-
CTOr0 JINTOTO METajljla U 30HY TEPMHYECKOIO
BIUSHUS C TOHW)KCHHBIMM MEXaHUYECKUMU
CBOMCTBAMH, KOTOpbIE B IMpoOIecCe IKCILTyaTa-
U MOTYT CTaTb MCTOYHUKOM pa3pyILUEHUs, B
OCOOCHHOCTH IO JIMHWUW CIUTaBleHus. J{is Boc-
CTAaHOBJICHUS HAJIE)KHOCTU HA YPOBHE UCXOIHBIX
U3JIeNUi, TOCNIe UCIOJIb30BAHMS HAIUIaBKH HIIN
CBapKu UX HEOOXOJIMMO CHOBA TEPMOYTPOUHSATb.
[[BeTHBIE CIUIaBBI TEPMOYIPOYHSIOT 3aKAJIKOU C
MOCJIEAYIOIMM CTapeHUEM. 3aKajKa I[BETHBIX
CIUIaBOB TPAJAUIIMOHHO OCYIIECTBISIETCS B BOJE,
YTO B CiIy4ae CJIOXKHOW KOH(UTypaluu MOXKET
MPUBECTH K OTKJIOHEHUSM OT 33JIaHHOU (POPMBL.
JIns 3aKkaiku M3AENUi U3 TUTAHOBBIX CIUIABOB
IIPUMEHSETCA IIyJIbCUPYIOIIMKM BOJIOBO3LYIHBIN
IIOTOK, Y KOTOPOrO IPH CKOPOCTH ITyJIbCUPYIO-
IIEero BO3IYyIIHOrO MoToka ot 25 no 30 M/c pac-
XOJI BOJABI Ha 3aKajJKy H3JEJIHsS COCTaBJISET HE
6omee 1,5 1, YTO DOMOIHUTEIHHO 00ECIIEYUBAET
IIOCJIE CTApEHUs MOBBIIICHUE CTOJIb BAXKHOU JJIA
KOMIIPECCOPHBIX JIOMATOK TBEPJIOCTH, a CTajo
OBITHh — U3HOCOCTOMKOCTH [1]. AHAJIOTHYHO MO-
TyT 3aKaJIUBaThCS OTPEMOHTHUPOBAHHBIE AJIEMEH-
Thl KOHCTPYKIMU M3 ApOIPOYHBIX HUKEJIEBBIX
CIUIaBOB, a TAK)KE MAarHUEBBIX CIJIABOB. 3aKajKa
AITIOMUHHUEBBIX CILJIaBOB MOKET OBITh OCYIIECTB-
JieHa B IYJbCUPYIOIIEM JI03BYKOBOM BO3IYyLI-
HOM IIOTOKE, HA4MHAas CO CKOPOCTH IIOTOKa
20 m/c. Tlpu STOM MpH MOCIEAYIOIIEM €CTe-
CTBEHHOM CTapeHUU HabionaeTcs 6ojee HHTEH-
CUBHBIN POCT IPOYHOCTHBIX CBOWCTB B CpaBHE-
HUM C 3aKJIKOM B BOJie. ['0TOBBIE TepMOyINpoOY-
HEHHBIE JIeTalli U3 LBETHBIX CIUIABOB, TaK K€
KaK UM TEPMOYNPOYHEHHBIE CTAJIbHBIE ACTAJIH,
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nepesl YCTAaHOBKOM B OTPEMOHTHUPOBAHHBIE y3JIbI
W arperatbl aBUAIMOHHON TEXHUKH MOTYT OBITh
JOTIOTHUTEIHHO 00pabOTaHbI MyIbCHPYIOIIMMHU
BO3JIYIITHBIMH TOTOKAMH C II€JIbIO TIOBBIIICHUS
UX KOHCTPYKTHUBHOW POYHOCTH U HAJIC)KHOCTH.

2. CyIecTBEHHYIO YacCTh JJIEMEHTOB KOH-
CTPYKIIMM BO3AYIIHBIX CYJIOB U a’pOIPOMHOU
TEXHUKU [OJy4alOT XOJIOHOM OOBEMHOW WM
JUCTOBOW IITAMIOBKOHM, 0e3 JanmbHEWIero Tep-
MOYTIPOYHEHHS, TIPU STOM TMPOYHOCTHBIE CBOM-
CTBa OMNPEIENSAIOTCS CTENEeHBbIO IUIACTHYECKOU
nepopmanyu a1M00 HM3HAYAIBHO MPUCYTCTBYIO-
e B MpeXAe BCEro JIMCTOBOM MpPOKaTe WU
OecrioBHBIX TpyOax (kak mpaBwiio, 50 %), 1mbo
npuobpeTaeMoii B MpoIecce MOTyYSHUsT U3IeTUN
ruiactuyeckuM  popmonsmenennem. Ecim  Boc-
CTAaHOBUTENBHBI PEMOHT TMOJAOOHBIX AJIIEMEHTOB
KOHCTPYKIIMM BO3AYIIHOTO CyAHA COIPOBOXKIa-
eTcs HarpeBoM, HampuMmep MpU HCIOIb30BAHUU
ra3oIUIaMEHHOM M DJIEKTPOKOHTAaKTHOM CBapKW,
MOJIOTpeBa MPU yYCTPAaHEHWU BMSITUH U T. 1., B
30HE TEPMUYECKOTO BIMSHUS, HAKIIEN MTOJHOCTHIO
WA YaCTUYHO CHUMAETCS, YTO MPUBOJIUT K OIac-
HOMY JIOKQJbHOMY pa3ylmpOYHEHHIO 3JIEMEHTa
KOHCTPYKIIMU. BOCCTaHOBUTH yTpayeHHbIE MPOY-
HOCTHBIC CBOWCTBa IO3BOJIUT JIOKAIbHAas 0Opa-
0oTka Oe3nedopalliOHHBIMA METOJIaMHU, B YacT-
HOCTH T'a30MMITyJIbCHasi 00paboTKa, MMpU UCTIONb-
30BaHMM KOTOPOH yHpOuHEHHE peanu3yercs: 0e3
CHIDKEHUS TUIACTUYHOCTH WM YJAPHOW BSI3KOCTH.
[Ipn BOCCTaHOBJICHUM YTpPAYCHHOW IEpPBOHA-
YaTbHON KOH(HUTYpaIMy dJIeMEHTa KOHCTPYKIIUU
BO3YIIHOTO Cy/JHa PUXTOBKOM B MOBEPXHOCTHBIX
CJIOSIX MOTYT BO3HHKATh OMNACHBIC PAaCTATHBAIO-
M€ OCTaTOYHble HampspkeHus. B aTom ciydae
00paboTKa MyJIbCUPYIOIIUMU Ta30BBIMU TTOTOKA-
MH, B 3aBUCUMOCTH OT pexuMa o0pabOTKH, T03-
BOJIUT CHATh PACTATHBAIOIIAE  OCTATOYHBIC
HaMpsHKEHUs 10 HyJIEBOTO 3HA4YeHUs JH00 ke co-
3/aTh B TOBEPXHOCTHBIX CJIOSIX OJIarONMpHUSATHBIC
CKMMAIOIINE OCTaTOYHbIE HamnpsbkeHud [1], cro-
COOCTBYIOIIE  TOBBIIICHUIO  KOPPO3UOHHOU
CTOMKOCTH W YCTOMYMBOCTH K IHMKIMYECKUM
Harpy3kaMm. lcnonbp3oBaHue ra3oMMITYJIBCHOU
00paboTKH JUIsI PEMOHTHPYEMBIX DJIEMEHTOB
KOHCTPYKIIMM BO3AYIIHBIX CYyZOB Hauboiee 3¢-
(EeKTUBHO TIPH yUYeTe YaCTOThl COOCTBEHHBIX KO-
neGaHuil >1eMeHTa KOHCTpyKImu [1], korga npu
COBIIAJIEHNU YaCTOTHI COOCTBEHHBIX KOJIEOAHMI
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WIN KPAaTHOW €M 4acTOThI C YacTOTOM KoneOaHui
apaMeTpoB TOTOKA CHHUMAIOIIME OCTAaTOYHBIE
HaMpsOKEHUsl TPOLIECChl MHTEHCU(DULUPYIOTCS U
NPOJIOJDKUTEIHHOCTh Ta30MMITYJILCHOM 00padoT-
KA MOXKET OBITh CHIDKEHa B JBa M Ooyiee pasa.
Taxoke razoummysbcHas 00paOOTKa IO3BOJISIET
00eCrieynTh TMOBBIIICHHYIO  PEIaKCAIlMOHHYIO
CTOMKOCTb BUTBHIX NpYykuH [l], mmeromuxcs, B
YaCTHOCTH, B CUCTEME IIIACCH.

3. Ilpu BOCCTaHOBHUTEIBHOM PEMOHTE TeEp-
MUYECKH HE YNPOUYHEHHBIX IUTHIX 3JIEMEHTOB
KOHCTPYKLIMU BO3YIIHOTO CyJIHA, PEX/IE BCETO
KOPIYCHBIX CHJIyMHHOBBIX W3JICIHMA, pa3mep
3€pHa U, CTaJl0 ObITh, MEXaHUYECKUE CBOMCTBA
HAIUIaBIIEHHOTO MaTepHalia 3a4acTylo OTJInYa-
IOTCS B XY/IIYI0 CTOPOHY OT OCTaJbHOIO M3J€-
JMsi, KpOME TOT0, B 30HE TEPMUYECKOTO BIHUSHUS
IPOUCXOAUT POCT 3€pHA, CONPOBOXKAAOIIUNCS
CHIDKEHUEM KOHCTPYKTHUBHOW TpodHOCTH. ['pa-
JMEHT TEeMIIepaTyp IMpH HaljiaBKe BeJIET K BO3-
HUKHOBEHHUIO B TOBEPXHOCTHBIX CIJIOSIX JIUTOTO
3JIEMEHTA KOHCTPYKIMH PACTATHBAIOLINX OCTa-
TOYHBIX HAIpPSHKEHUH. Y pPEMOHTUPYEMBIX JIH-
TBIX JeTajel ra3ouMITyJIbCHas 00pabOTKa 30HBI
HAIUTaBKU M TEPMHUYECKOTO BIIMAHUA OOecredu-
BAaeT TIOBBIIICHHE MEXaHUYECKHX CBOMCTB, a
TaK)K€ CHSATHE OMACHBIX PACTATHBAIONIMX OCTa-
TOYHBIX HAIPSDKEHHM, YTO JOTMOJHUTENBHO II0-
BBIIIAET YCTOMYMBOCTh K IUKIMYECKUM U JUHA-
MHYECKUM Harpy>eHHsIM, a TaKKe KOPPO3HOH-
HYIO CTOMKOCTS [1].

[lepcnieKTUBHBIM ~ SBJISICTCS  MCHOJIBb30BaHUE
0e371eOpMAITMOHHBIX TEXHOJOTHH, TI03BOJISIO-
IIMX B XOJI€ OCYILECTBJIEHUS] PEMOHTA BOCCTAHO-
BUTh IE€pPBOHAYAJIbHBIE MPOYHOCTHHIE CBOMICTBA
DJIEMEHTOB KOHCTPYKLMH BO3AYLIHBIX CYJIOB,
CHU3UBIIUXCSI TOJ JEHCTBUEM SKCILTyaTallMOH-
HBIX (pakTopoB [10], TakuX Kak ra3oMMITyJIbCHAs
00paboTka, KoTopasi, KpoMe TOTO, TIPU HCIIOIB30-
BaHUM B IIPOLIECCE BOCCTAHOBUTEIBHOIO PEMOHTA
METAJUIMYECKUX 3JIEMEHTOB KOHCTPYKIMU BO3-
JYIIHBIX CYZI0B 00€CIeYrBaET MOBBIICHUE TaKUX
MEXaHHYECKUX M OSKCIUTyaTallMOHHBIX CBOICTB,
KaK YCTaJOCTHas IPOYHOCTb, TPELUIMHOCTOM-
KOCTb, KapOIMPOYHOCTh, XJIJOCTOUKOCTH [1].

Kak u B ci1yyae BOCCTaHOBUTEIBHOTO PEMOH-
Ta, NEPCIEKTUBHBIM SIBIISIETCS MCIOJB30BaHUE B
XO0JIe TEXHUYECKOTO OOCITY>KUBAHHSI BO3TYIIHBIX
CyJIOB M aBUAJIBUTATEJIEN TEXHOJIOTHUI, OCHOBAH-
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HBIX Ha OOpabOTKe MaTepualoB W U3ACIUN
MyJIbCUPYIOIIUMH JTO3BYKOBBIMU BO3TyIITHBIMU
MOTOKaMH, MO3BOJISIOLIMX BOCCTAHOBUTH NEPBO-
HavyaJbHbIE TIPOYHOCTHBIC CBOMCTBA 3JIEMEHTOB
KOHCTPYKUHH BO3AYIIHBIX CYJOB, CHU3HUBIIMXCSA
MojJ JEWCTBHEM SKCIUTyaTallMOHHBIX (hakTo-
poB [18], u, OGonee TOro, MOBBICUTH UX HAIEK-
HOCTh. Tak, OCTaTOYHbBIE HAIPSIKEHUS, KOTOPHIC
MPUCYTCTBYIOT B CBapHBIX KOHCTPYKLHAX, 3¢-
(EKTUBHO CHHMAIOTCA Ta30UMITYJILCHOM 00pa-
00Tkoll oOmactu cBapHOro mBa. OcTaTo4yHbIE
HaIpPsKEHUSI MOTYT BO3HUKATh HE TOJIBKO B X0OJI€
W3rOTOBJICHUSI DJIEMEHTOB KOHCTPYKILMH BO3-
JIYIIHBIX CYZIOB W aBUAJBUTATENICd WJIM UX BOC-
CTAHOBUTEJIBHOTO PEMOHTA, HO U IMPHU IKCILIya-
taruu. Perynspraas oOpaboTka IMyIbCHPYIOIIHM
BO3/IYIIHBIM MMOTOKOM HJIM UHBIMU Oe3nedopma-
[IUOHHBIMH CIIOCOOAMHU AIEMEHTOB KOHCTPYKIIUU
BO3JYIIHBIX CYZOB, B KOTOPBIX MOTYT 00pa3o-
BBIBATHCSI OCTATOYHBIE HAIPSKEHUS, MO3BOJIAT
MPEeIOTBPAaTUTh O0pa30BaHUE TPEUIMH, B TOM
YHCIIe YCTAJOCTHBIX, DPO3UH, a TaKKe KopoOIe-
HUS, CHUKEHUE CTAaTUYECKOM, THHAMHYECKON U
YCTaJOCTHOM Mpo4yHOCTH. JlomonHUTEeNnbHAs 00-
paboTKa MyIbCUPYIOMIMM BO3AYILIHBIM TOTOKOM
JieTareil BO3IYIIHBIX CYJOB M aBUAIIMOHHBIX
JIBUTATEJICH, TOJBEPraBIIUXCS TEPMOOOpabOTKe
Ha BBICOKOIIPOYHOE COCTOSIHUE, TPUMEHSIEMOM, B
YaCTHOCTH, K MEpPEIHEMY NOJAIIUIIHUKY KOM-
Ipeccopa — POJIMKOBOMY, KOTOPBI BOCHPUHH-
MaeT Harpy3ky OT Beca M LEHTPOOEKHYIO CUITY
oT nucbaiianca poTopa, v 3alHEMY TOIIIUITHUKY
KOMIIpECcopa — IAapUKOBOMY, PaJHaIbHO-YIIOP-
HOMY, KOTOPBIA KpOME paaualibHOW Harpys3kKu
BOCIIPUHUMAET CYMMAapHYI OCEBYIO HarpysKy,
JIUCTBYIOIYI0O Ha POTOP JIBUTaTeisi U PaBHYIO
Pa3HOCTU OCEBBIX CHJI OT POTOPOB KOMIIpECCOpa
U TypOUHBI, 00ECMEYUT TOBBIIICHHE HAJCKHO-
CTH JETaJel 3a CYET MOBBIIIEHUS 3HAYEHUH I0-
KasaTenel yJapHOW BA3KOCTU M IIACTUYHOCTH
0e3 CHWXEHHS ToKazarelied mpoYyHOCTH. To ke
OTHOCHUTCSI K TE€pPMOYJIy4YIlIEHHBIM BajlaM aBHa-
JIBUrateiael U AeTalsiM peayKTOpOB, HOpMasu-
30BaHHBIM JIETAISIM aBUALIMOHHOM U a’3poJIpoM-
HOM TexHHUKH. JlaHHYI0 00pabOTKyY mpejyraraeTcs
OCYILIECTBIIATh HETMIOCPEACTBEHHO B XOJI€ TEXHHU-
YecKoro OOCITyXHBaHHUS BO3IYIIHBIX CYOB.
[Ipy>xuHbBI, KOTOPBIMHU, K TIPUMEPY, MOTYT yCTa-
HAaBIIMBAThCS B HMCXOJHOE IOJOKEHHE IITOKU
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TUAPOLMIUHAPOB 3aMKOB IIACCH TOCJIE Ta30MM-
MyJICHOW OOpaOOTKH, OCYIICCTBISIOMICHCS B
MPOIECCe TEXHUYECKOTO OOCITyKMBaHHUs, MPUO-
OpetyT Oosiee BBICOKYIO PEIaKCAMOHHYIO CTOM-
KOCTh, YTO OyJeT crocoOCTBOBaTh 0OE30TKa3HO-
CTH paboThl Bceil cuctemsl maccu. [IpakTukyer-
Csl AKCIUTyaTalusl 3JIeMEHTOB KOHCTPYKIIMUA BO3-
JOYUTHBIX CYJIOB M aBUAJBHTATEJIeH C MOBPEXIe-
HUSIMU, KOTOPbIE OTHOCST K HE3HAUUTEIHHBIM.
Hanpumep, m1s monatok KoMIpeccopa JBUTaTe-
a1 TB3-117 B psine cinydaeB MOTYT IOy CKaThCA
3a00MHBI ¥ BMSITUHBI T1yOuHOM 10 1 MM 1 1H-
HOM 10 5 MM. BaxkHO mpenoTBpaTUTh pa3BUTHE
NOJJOOHBIX 1e()E€KTOB, OCOOCHHO MPU TTOBTOPHOM
JUHAMHYECKOM BO3JCHCTBHH, YTO MOXKET OBITh
o0ecrevyeHo JIOKaIbHbIM BOCCTAHOBJICHUEM ILjla-
CTUYHOCTH M YAAPHOM BSI3KOCTU MYTEM Ta30HM-
NyJbCHON 00paboTku nedexTHoi obmactu. B
Clly4ae JIOMAaTOK BXOAHOTO HAIPaBIISIIOIIETO arl-
napaTa MOYHO TPOU3BOAMTH OOpabOTKYy HEro-
cpencTtBeHHO Ha JnBurarene. OOmyB cienyer
OCYILIECTBIIATh TEPHEHIUKYISPHO MOBPEXKICH-
HOM TMOBEpXHOCTH. Takoe HampaBieHHE o0pa-
00TKM oOecreunBaeT 3HAUYUTENBHBIM POCT Tpe-
IIMHOCTOWKOCTH M OJHOBPEMEHHO MEHBIIIYIO
MOJIBEP)KCHHOCTh BIIMSIHUIO HAa CTPYKTYpy MaTe-
puana, a ctano ObITh M JIOCTUTHYTHIH 00paboT-
KOH 3(()EeKT BO3AYIIHBIX MOTOKOB, OOTEKAIOIINX
3JIEMEHT KOHCTPYKLUMHU BO3AYLIHOIO CyJHa B
mporecce IKCIuTyaTanuu. To ke MOXeT OBITh
OTHECEHO K JIPYTUM JIOIYCKaeMbIM TpEUIMHAM U
UHBIM J1e(eKTaM 3JIEMEHTOB KOHCTPYKIIMU BO3-
OYIIHOTO CyJIHA, BKJIIOYash BEHTUJISITOPHBIE JIO-
MaTKW, CTOWKM IIACCH, JOMACTH BUHTA TypOO-
BUHTOBOTO JABUTaTeNsl U JIOObIE IPYTUE IEMEH-
ThI, B KOTOPBIX MOTYT BO3HHUKATh MOBPEKICHUS
OT BHENIHUX BO3JEHCTBUH M KOTOPBHIE MOTYT
ObITh 00paboTaHBl HEMOCPEACTBEHHO Ha BO3-
IYIIHOM cyaHe. J{Js cloKHOHArpyKeHHBIX dJie-
MEHTOB TPH HCHOJIH30BAHUU Ta30MMITYJIbCHON
00pabOTKH B X0J1€ TEXHUYECKOTO 00CITy KUBAHUS
C LIEJbIO TMOBBIIICHUSI MX HAJEKHOCTH, obecre-
YUTh HEOOXOAMMYIO H30TPONHUIO CBOICTB MO3-
BOJIUT MHOTOCTOpPOHHMI 001yB. [Ipn oOHapyke-
HUU B XOJI€ TEXHUYECKOTO OOCIy>KUBAHUS Tpe-
IIMH WIU 3a00MH JIOMYCTHMOIO PErjaMeHTOM
pasmepa MOXXHO PEKOMEHI0BaTh 00pabOTKy ITo-
BPEKACHHBIX 00JIACTeH MyJIbCHUPYIOIUMH Ta3o-
BBIMH TOTOKaMH, YTO TO3BOJHUT HM30€XaTh HX
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pacipoCTpaHCHUA U 00ecrneynuTh HaaCKXHOCTb B
ClIyd4a€ IMOBTOPHOI'O BHCUIHCTO AWMHAMHYCCKOI'O
BO3JICHCTBHUS HA Ty K€ 00/1aCTh.

3akroueHue

B 3axitoueHne MOXHO clienaTh BBIBOJ O TOM,
YTO TOBBIIIAIONIAS WM BOCCTaHABIMBAIOIIAS
AKCIUTyaTaIllMOHHBIE CBOMCTBA Oe3nedopMalioH-
Hast 00paboTKa MyJIbCUPYIOIIUMU Ta30BBIMU T10-
ToKaMu 3((PEKTUBHA U MOXKET OCYIIECTBIISTHCS B
X0/1€ BBIIIOJHEHHS BCEX (POPM TEXHUYECKOTo 00-
CJTy’)KUBAHUS U PEMOHTA BO3/yILIIHbBIX CY/IO0B.

Pe3ynbpTarhl UccIe0BaHUNA U pacyeToB B 00-
JACTH WCIIOJIb30BAHUS TEXHOJIOTHH 00paboTKH
AIIEMEHTOB KOHCTPYKLHUH AaBHAIIMOHHBIX TPAHC-
HOPTHBIX CPEACTB, O0OPYAOBAHUS U MEXAHU3MOB
Ha OCHOBE IIyJIbCUPYIOIIUX JI03BYKOBBIX BO3-
JQYIIHBIX TTOTOKOB CBHIIETEIBCTBYIOT O BBICOKOM
3(QPEKTUBHOCTH UX NPUMEHEHMs AJIS peleHUs
3a7a4 TIOBBIIICHUS HAJSKHOCTH W YBEIUYCHHS
CpOKa 3KCIUTyaTalli aBUAIIMOHHBIX JeTaslel, on-
TUMH3ALUH CPOKOB TIPOBEPOK M PEMOHTOB.

[lepeuncrieHHble METOAOIOIMYECKHE H3Me-
HEHHS, HANpaBJICHHbIE Ha OOHApY)XEHHE TaKUX
Ne(eKTOB, KOTOpble MOTYT ObITh YCTPaHEHBbI ra-
30MMITYJIbCHOW WJIM MHOU Oe3xedopmanmoHHON
00paboTKOH, B MPAaKTUKE OPraHU3allMN TEXHUYE-
CKOro oOCIyXKMBaHUSI MOTPeOyIOT pa3paboTKu
pEeKOMEHJalui 10 BHECEHUIO M3MEHEHUH B CO-
OTBETCTBYIOIIME PETIIAMEHTHI M TPOrPaMMBI.
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Posb Majioit aBuanuu B 00ecne4eHn TPAHCIOPTHOM JOCTYNTHOCTH
APKTHYECKHX PErHOHOB:
Npo0JieMbl M HANIPABJICHUS PA3BUTHS

1
N.O. Iloaemxkunna
] o o o o
Mockosckuii 20cy0apcmeenHvlli mexHUYeCKull YHUgepcumem epaxcoanckol asuayuu,
2. Mockea, Poccus

Annotamusi: Ha ocHOBaHNE 0COOEHHOCTEH PUPOTHO-KIIMMATHYECKIX YCIOBHI PETHOHOB BOCTOYHOM YacTH APKTHYECKOM 30HBI
Poccuiickoit @eneparuu B cTaThe omnpe/esieHa TIABSHCTBYOIIAs POJIb MAJION aBHAIMH B 00CCIICUCHHUH MACCAKUPCKUX MIEPEBO30K
1 OKa3aHus yciyr caHuTapHoi aBuaimy 1 MUC. IIpoaHaan3MpoBaHO COBPEMEHHOE COCTOSIHHE TPAHCIIOPTHOM CHCTEMBI 3TOM
TEPPUTOPHH, KOTOPOE XapaKTEPU3YETCsl OTCYTCTBUEM XKEJIE3HOIOPOIKHOIO COOOIIEHHSI, HATHMYMEM aBTOMOOMIIBHBIX JIOPOT TOJIBKO
CE30HHOTO NOJb30BaHMS B BUJE ABTO3MMHUKOB, ITIABEHCTBYIOILEW POJBIO BOJHOINO TPAHCHOPTa B OPTraHU3ALMU TIPY30BBIX
NIEPEeBO30K Ha OCHOBE CIIOKHBIX JOJTOCPOYHBIX (OOJee OAHOro roja) MyJIBTUMOAAIIBHBIX CXEM JOCTaBKH, KpalHE BBICOKOH
CTOMMOCTBIO PETHOHANIBHBIX M MECTHBIX aBHAnepeBo3okK. Llenbio ucciaenoBaHust SIBISIETCS aHAIN3 COCTOSIHUSI CUCTEMBI MaJloi
aBHAIMH B BOCTOUHOI ApkTrke Poccum, BEIsBICHNE (HDaKTOPOB, CACPKUBAIOIINX €€ Pa3BUTHE, U pa3pad0TKa MPEIOKEHHH 10 X
ycTpaHeHuI0. B cTatbe paccMaTpuBaeTCsi COCTOSIHUE JIEWCTBYIOILEH a’ponOpTOBOM CETH, MApLUPYTHOM ceTH M Mapka
SKCIUTyaTUPYEMBIX BO3IYIIHBIX CYAOB JEHCTBYIOIIMX ABHAKOMITAHMH, OOCIY>KMBAIOIIMX 3TH TeppuTopru. OrpaHndeHHas
a3pOIOPTOBAsi CETh HE 00ECTIEUMBAET ABUALMOHHYIO JOCTYITHOCTh KayKJIOT0 HACETIEHHOTO ITYHKTa APKTUUECKOH 30HBI U IPUBOAUT
K TPaHCIOPTHON MUCKpUMHHAIMK. OTCYTCTBHE PETyJIAPHBIX PEVCOB BO BHYTPHYIYCHOM (MECTHOM) COOOIIEHHWH IPHUBOIHT K
YBEIMUYECHUIO BPEMEHU OXKUJIAHMS MEPEBO3KM M CHIKAET CIPOC HAa Hee. YCTapeBLUIMH MapK CyIOB MAaJIOW aBUALMM C HU3KOM
9KOHOMHYECKOH A(P(MEKTUBHOCTHIO TPUBOIUT K BBITECHEHHWIO WX BEPTOJETHBIM cooOuieHneM. CTOMMOCTb JIETHOTO 4Yaca
BepToneToB B ycnoBusix Apkruku cocraBisier 500 000-650 000 py6. B cratee paccMOTpeHBI NpaBOBbIE OIpPaHUYCHHMS,
CIIEpP)KMBAIOILHE PA3BUTHE MECTHBIX aBHANEPEBO30K B APKTUUYECKOW 30HE, KOTOPBIE 3aKIIFOUA0TCs B 3aBBIIIEHHBIX TPEOOBAHMSX K
KOMITAaHUSM M aBUAIPEITIPHATHSIM, OOCITY)KMBAIOLIAM JESTeNBHOCTh Manod aBuanyy. Ha ocHoBaHMM aHanmm3a 3apyOexHOro
OIIBbITA MPEUIOKEHBI HAIIPABJICHUS] COBEPIIICHCTBOBAHUS POCCUIICKOTO 3aKOHOJATENBCTBA, PETYIUPYIOIIEro AeSTENbHOCTh MAJION
aBHALMK, KOTOpbIE MO3BOJIAT CHU3HUTH 3aTPAThl HA COJEPIKAHHUE adPOIOPTOBON CETH, TEM CaMbIM CTUMYJHpYs €€ pacIlUpeHue,
TIOBBIIIAs YPOBEHBb TPAHCIIOPTHON JOCTYITHOCTH OTNAJICHHBIX HACEICHHBIX ITYHKTOB APKTHYECKOH 30HBL Pa3paboTaHBI 1eTeBbIe
TIOKa3aTely, Ha JOCTHKEHHE KOTOPBIX HAIpaBJIECHBI MPEIOKEHHBIE MEPOIIPHATHS COBEPIICHCTBOBAHHMS CHCTEMBI BO3IYILIHOTO
TpaHCIIOPTa APKTUYECKOM 30HBL.

KimoueBnble ciioBa: TPpaHCIOPTHAsA JOCTYITHOCTD, IIOABMXKHOCTDb HACCJICHUA, MaJlasl aBhallus, ApKTI/I‘IeCKaH 30Ha, a3poropToBasa
CE€Tb, MECTHBIC aBUAIICPEBO3KH.

s murupoBanms: [onemkuna M.O. Pomb manoil aBuaimu B 00€CHEUEHHH TPAHCIIOPTHOM JOCTYITHOCTH apKTUYECKHX
pervoHoB: mpoOiieMbl W HampasineHus passutusi // Hayusblii Bectnuk MITY TA. 2022. T. 25, Ne 2. C. 54-69.
DOLI: 10.26467/2079-0619-2022-25-2-54-69

Contribution of general aviation to ensuring transport accessibility to
the Arctic regions: the challenges and areas of focus

1.0. Poleshkina'

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

Abstract: The article defines the dominant position of general aviation to ensure passenger transportation, to render the
sanitary aviation and the Ministry of Emergencies services, taking into consideration the natural and climatic conditions of
the Russian Federation Eastern Arctic. It analyzes the current state of the transport system of this territory, which is
characterized by the railway communication lack, available roads for only seasonal purpose — winter roads, and the key role
of water transport in the organization of freight transport based on the complex long-term (more than one year) multimodal
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delivery schemes, extremely high cost of regional and local air transportation. The purpose of the study is to analyze the state
of the general aviation system in the Eastern Arctic of Russia and identify the factors, constraining its development, and to
formulate proposals for their elimination. The article examines the state of the operating airport network, route network and
operators’ fleet of aircraft — in service which render services to these territories. The limited airport network does not provide
aviation accessibility to each settlement of the Arctic zone and causes transport discrimination. The lack of scheduled flights
in local communication leads to increased waiting time for transportation and reduces demand. The outdated general aviation
fleet with low economic efficiency is outcompeted by the helicopter service. The cost of a helicopter flight hour in the Arctic
is 500650 thousand rubles. The article considers the legal restrictions, that are associated with overstated requirements for
companies and aviation enterprises serving the general aviation activities and hinder the development of local air
transportation in the Arctic zone. Based on the analysis of foreign experience, the areas of focus to improve the Russian
legislation, regulating the general aviation activities, which will allow us to reduce the costs to maintain the airport network,
thereby stimulating its expansion for the purpose of increasing the level of transport accessibility to remote settlements of the
Arctic zone, are proposed. The proposed measures to improve the air transport system in the Arctic zone are aimed to
achieve the formulated targets.

Key words: transport accessibility, population mobility, general aviation, Arctic zone, airport network, local air transportation.

For citation: Poleshkina, 1.O. (2022). Contribution of general aviation to ensuring transport accessibility to the Arctic regions:
the challenges and areas of focus. Civil Aviation High Technologies, vol. 25, no. 2, pp. 54-69. DOI: 10.26467/2079-0619-2022-25-
2-54-69

BBenenue cKasi 00JacTh, TEPPUTOPUN MYHULIUIATIBHBIX 00-
pasoBaHuil  «beNIOMOPCKHI  MYyHULMITAIBHBIN
panon», «JIoyXCKknii MyHUIMIIAJIbHBIA PAaliOH» U
«Kemckuii MyHUIMnaNbHbIN paiion» PecnyOmnu-
ku Kapenusi, TeppuTopur MyHHLIUIIAIBHBIX 00-
paszoBanuii «I'opos ApxaHTenbck», «Me3eHCKHi
MYHHMLMIIAIbHBINA paiion», «Hoas 3emisa», «I o-
pon HoBonBuuck», «OHEXCKUH MYyHHIIMIAJb-
HbI panoH», «lIpuMOpCKUI MYyHUUHUIIAIBHBIN
paiion», «CeBepoABUHCK» ApxXaHreiabCcKoil 00-
nactu, Heneuxuit u SImano-Henenkuii aBTOHOM-
HbIE OKpYra, ropoackoil okpyr «Bopkyra» Pec-
ny6nuku Komu, u tpu pernona BocrouHoit ya-
CTU cTpaHbl: YyKOTCKMM aBTOHOMHBIH OKpYT,
TEPPUTOPUU TOPOACKOro okpyra ropoxa Ho-
punscka, Taimbipckoro Jlonrano-Henenkoro
MYHHULMIIATIBHOIO paiioHa, TypyXaHCKOro pamo-
Ha KpacHospckoro kpas u tepputopuu 13 paii-
oHoB Pecniy6nuku Caxa (SIkyTus), a TaKxe 3eM-
JM ¥ OCTPOBa, pacmoiiokeHHbie B CeBepHoMm Jle-
JIOBUTOM OK€aHE, yKa3aHHbIE B ITOCTAHOBJICHHUH
[pesnauyma UK CCCP ot 15 anpens 1926 .

Manass aBuanus SBJISIETCS HE3aMEHHMBIM
AJIEMEHTOM TPaHCHOPTHOM CHUCTEMBI apKTU4Ye-
CKHUX PETMOHOB B CHUJIy reorpapuueckux U Mmpu-
POJHO-KIMMATHYECKUX OCOOCHHOCTEH 3TUX Tep-
putopuii. Ilnomane Apkruueckod 30HBI Poc-
curickoi  Pexepanuu  COCTaBIAET  OKOJIO
2,2 MJIH KB. KM CyIH, TO e€cTh 12,8 % mmomaan
BCEH CTpaHbI, C HaceleHueM Ooree 2,5 MIH de-
noBek. Jlia pernoHoB ApkThueckod 30HbI Poc-
CUU XapaKTepHAa HU3Kas IJIOTHOCTb HACENEHUS,
JIMCIIEPCUOHHOE pacCesieHne U KpalHe CypOBBIE
MPUPOJHO-KIMMAaTHYECKuEe yciaoBusi. Bmecte ¢
TEM Ha 3TUX TEPPUTOPHUSAX COCPEAOTOYEH OC-
HOBHOH 3amac MOJIE3HBIX HCKOMAEMbIX CTPaHBI,
OCBOEHHE KOTOPBIX TpeOyeT NpUBJICUEHHUS BbI-
COKOKBaTH(UIIMPOBAHHBIX CICIMATUCTOB U pa-
Oouel CUJIbI, a TaKKe Pa3BUTHS TPAHCIIOPTHOU
uHppacTpykTypel. [lo Teppuropum ApkTHde-
CKOM 30HBI IPOXOJUT CaMasl MPOTSKEHHAs MOP-
cKas rpaHuna ctpasbl umHON 22 600 kM. Bcro

. U ApYrUX aKTax CCCP'.

TEpPUTOPHUI0 APKTUUYECKOH 30HBI Poccun ¢ Tou-
KU 3pEHHUST OCOOCHHOCTEW MPUPOIHO-KIUMATH-
YECKUX YCJIOBUM MOKHO Pa3/C/INTh Ha JIBE 30-
HbI: APKTUYECKYIO 30HYy peruoHoB EBpornelickoii ! Vkas3 npesuzenta Poccuiickoii ®eneparn O CyxomyT-
yactu Poccun (mo Ypanbckux rop) u ApkThde- HBIX TEPPUTOPHAX APKTHUECKOM 30HBI Poccuiickoii Me-
CKyIO 30Hy pernoHoB BocTounoii uactu Poccun ﬂepla;ggl goﬁe;t?gﬂz% YK%S;&T 22&%6#0116741?3 287,

_ ot 13.05. o , or 05.03. o JIEKTPOH-
(3 UY pansCKumi ropamu). B coctae Apkrie HeIi pecypc] // Pravo. URL: http://pravo.gov.ru/proxy/
CKOH 30HBI Poccuu BKHioqu{H TCPpUTOPHH IIIC- ips/?docbody=&firstDoc=1&lastDoc=1&nd=102349446
ctu peruoHoB EBpormeiickoii yactu: Mypman- (mata obpamenus: 27.10.2021).
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AHanu3y COCTOSIHMSIT M IIyT€d pa3BUTHSA
TPAHCHOPTHOW CHUCTEMBI EBPOIECUCKONM YaCTH
poccuiickoif ApPKTHKH MOCBSIIEHO OOJbIIOE KO-
nu4yecTBO uccienoBanuii [1-4]. Jlns paitoHOB
BOCTOYHOM uacTu ApkTuueckodl 30HbI Poccun
XapaKTepHbl 0ojiee CypOBbIE TNPUPOAHO-KIH-
MaTUYECKHE YCIIOBUS, YEM Ul palilOHOB 3amaj-
HOH ee Jactu. [loporoseie 3HaueHNs] MUHUMAaJIb-
HOU TemmepaTypsl 3UMOU B €BPOIEHCKON 4acTh
coctaBiaoT —31 °C, a B BOCTOYHOH 4YacTH 3TH
3HaueHus omyckarorcs Hmke —60 °C. Ha stont
TEPPUTOPUN HAONIONAETCS MAaKCUMAaJIbHBIM Ie-
penan CyTOYHBIX M TrofoBbIX Temnepatyp. [lepe-
najJ TrOJOBBIX TEMIIEPATyp MOKET MPEBbIIIAThH
80 °C. B cBs3u ¢ 3TUM BOCTOYHAs 4acTb APKTH-
yeckoH 30HbI Poccunm, B rpanunax or Taiimelipa
70 YyKOTKH, OTHOCUTCSI K aOCOJIIOTHO HeOJaro-
NPUATHOW 30HE TPHUPOIHONW JAUCKOMQPOPTHO-
cru [5].
[IpupoaHoO-KIMMaTHYECKNE YCIOBHUSI U OCO-
OEHHOCTh OYaroBOr0 Pa3MEIIEHUs] HACEJIEHHBIX
MYHKTOB U XO3SIMCTBYIOIINUX CYyOBEKTOB APKTH-
YECKOW 30HBI HAKJIAABIBAIOT KECTKUE OrpaHUYe-
HUS HA Pa3BUTHE TPAHCIIOPTHOW MHDPACTPYKTY-
pbl. AHaIU3 COCTOSIHUSL TPAHCTIOPTHOM CHUCTEMBI
BOCTOYHOW 4acTh ApPKTHUYECKON 30HBI IOKa3all,
4TO:
® Ha 3TUX TEPPUTOPHUAX OTCYTCTBYET XKEJIE3-
HOJOPOKHOE M KPYIVIOTOJUYHOE aBTOMO-
OMJIILHOE COOOIIIEHHE;

® AaBTOMOOWJIbHbIE MarkCTPaIH MPEICTABICHbI
HCKJIFOYHUTENIBHO aBTO3MMHUKAMU C  Malo
pa3BUTONl MH(pPACTPYKTYpoi (HemocTaTod-
HBIM KOJIMYECTBOM 3alPaBOYHBIX CTAHIUM,
TOCTHHMULI, ITyHKTOB IUTaHUs, aBTOMAacTep-
CKHX);

® B JICTHEE BPEMs OCHOBY TPAHCIOPTHOIO CO-
OOILEHUs] COCTABIIIOT BOJHBIE MyTH, KOTO-
pBIE€ B JIETHUI NEPUOJ TAKXKE UMEKT Orpa-
HUYEHHBIC CPOKU HaBUTallUM B CBSA3U C 00-
MEJIEHHEM PYCEIl PEK U PaCIpOCTPAHEHUEM
I0KapOB;

® Ipy30BbI€ IEPEBO3KH OCYILECTBIAIOTCS
10 MHOTOCTYIIEHYaThIM O€3aJbTepHaTHUB-
HBIM JOJTOCPOYHBIM MYJIBTUMOAATbHBIM
CcXeMaM JO0CTaBKHU (CPOKOM Oojiee 0JTHOTO
rosia), HMMEIOIUM JKECTKHE CE30HHBIE
OTpaHUYEHUS] U TPEeOYIOMHUM OOJBIIOTO
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KOJMYECTBa IYHKTOB JEMOHalUM (Xpa-
HEHHUsI) TPY30B B MECTaX CTHIKOBOK BHU/IOB
TPAHCIIOPTa U CE30HHOTO OXHUAAHUA OT-
KpBITUS CIEAYIONINX YyYacTKOB IyTEH co-
oOlIeHus, maccaXUpPCKUe MEepeBO3KU IO
TaKUM CX€MaM OCYIIECTBISAIOTCS JIUIIb
Ha OTPAaHMYEHHBIX YUYacTKax Maplpy-
TOB [6];

® BO3JYUIHBI TPAHCHOPT sBIsIeTCA Oe3anb-
TEpHATHUBHBIM B OOCITyKMBAaHMU HE TOJBKO
MEKXpPalOHHBIX, HO 3a4aCTYI0 M BHYTpUpPal-
OHHBIX TACCAXKUPCKUX IEPEBO30K, OIHAKO
YPOBEHb pPa3BUTUSl CUCTEMBI BO3IYIIHOTO
TpaHcropTa B ApKTHueckoil 30He Poccun
CYLIECTBEHHO OTCTAeT OT YPOBHS €r0 pa3Bu-
TUS. B APKTHYECKON 30HE pa3BUTHIX CTpaH
MUpa.

OnelT pa3BUTBIX CTpPaH IO OPraHU3ALMH
TPAHCIIOPTHOTO COOOIIEHUSI B APKTHUKE JOKa3bl-
BAeT, YTO UMEHHO BO3AYLIHBIN TPAHCIOPT SIBJIS-
€TCsl OCHOBOH HE TOJBKO NACCaKUPCKUX, HO U
CPOYHBIX TIPY30BBIX IIEPEBO30K, HMEIOIINX
0oJbIIOE COLMANIbHOE 3HAYEHHE. JTO 00YCIIOB-
JI€HO €ro TMOKOCThIO U OTCYTCTBHEM >KECTKUX
CE30HHBIX OrPAaHMYEHHIT SKcIuTyaramun’ . OT-
CYTCTBHE K€ HOPMAJbHO ICHCTBYIOLIEH CHUCTE-
MBI BO3AYILIHOTO TPAHCIOPTAa B apKTHUUYECKUX pe-
TMOHaX B YCJIOBUSIX Oe3abTepHATMBHOCTH HC-
MOJIb3YEMBIX BUJOB TPAaHCIOPTa MPUBOJAUT K Ce-
PBE3HOM TPAHCIOPTHOM AUCKPUMMHALUU JaH-
HbIX Tepputopuil. lccnenoBanuio BOIPOCOB
TPAHCIIOPTHON JUCKPUMHHALIMA MECTHOI'O Hace-
JEHUsI CEBEpPHBbIX TEPPUTOPUN  IMOCBALICHO
00JIbIII0E KOJUYECTBO HCCIEI0BaHUN, KOTOpHIE
OTpakaroT MOCJIEACTBUS TaKOW JTUCKPUMHUHALIUH.
Cpeny HUX MOYKHO BBIIEIUTh HU3KYIO ITOABHXK-
HOCTb HACEJIEHUS, OTCYTCTBHE AOCTYIA K COLM-
aJIbHO 3HAYMMBIM YCJIyraMm, INIOXO€ IPOAOBOJIb-

* Alaska aviation system plan, Phase I1I, CFAPT00484 |
AIP 3-02-0000-024-2018. Alaska Department of Trans-
portation & Public Facilities Statewide Aviation, Janu-
ary 2021. 34 p.

3 Civil aviation infrastructure in the North. Transport Ca-
nada. Spring Reports of the Auditor General of Canada
to the Parliament of Canada [DnexTponssiii pecypc] //
oag-bvg. 2017. URL: https://www.oag-bvg.gc.ca/
internet/English/parl oag 201705 06 e 42228.html
(mara obpamienus: 27.10.2021).
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CTBEHHOE OO0ECrieueHne, 3aBBIIICHHBIN YPOBEHb
CTOMMOCTH XH3HH [7—14].

[lenpto JaHHOTO WCCIEAOBAHUS SIBISIETCS
aHAJIN3 COCTOSIHUS CHCTEMBI BO3AYIIHOTO TpaH-
CIopTa B BOCTOYHOM 4acTh APKTUYECKON 30HBI
Poccun, onpenenenre B HelW MecTa MaJIOWd aBHa-
[[UU, BbISABICHHE MpOOJeM U HampaBlIEHUH ee
pa3BUTHSL.

CTpykTypa cucTeMbl BO3AYIIHOIO
TPAHCIOPTA B APKTHYECKOM 30He

OYHKIMOHUPOBAHUE CHUCTEMBI BO3IYIIHOTO
TpaHcnopTa ApKTuuyeckoi 30HbBI Poccum ormpe-
JIETSIET COCTOSIHUE WIECTH €€ COCTaBIISIOIINX:
a’pOoNOPTOBOM CETH; JACHCTBYIOLIEH MapLIpyT-
HOW CeTH aBMAKOMMAHUH, 00CITY>KUBAIOIINX 3TH
TEPPUTOPUU; PACIIHCAHUS PEHCOB; COCTOSHMS U
JIOCTATOYHOCTH Tapka BO3JIYIIHBIX CYJOB; Kal-
POBOr0 COCTaBa aBUAKOMIIAHUM M aBHANPEIIPH-
ATUN, 00CITYKUBAIOIIETO JAESITEILHOCTh aBUAale-
PEBO30K; HAJIM4YHE TEXHUYECKOW U TEXHOJIOTnYe-
CKOM HWH(PACTPYKTYpHl AJIi OpPTaHHU3AIMH BO3-
IYIIHOTO JIBMXKEHUS U OOCIYyXKHBaHHs TOJETOB
(MeTeopoJIoruuecKkoe, HaBUTAIMOHHOE, TEXHU-
gyeckoe oocimyxuBanne). COCTOSHHE ITHX IIECTH
COCTaBIISIIONIUX OTMpEeNsieT MEHOBYI Hu (hu3H-
YECKYI0 JOCTYITHOCTH aBUAIIEPEBO30K ISl MECT-
HOTO HaceJIeHHUs.

Kaxnplii 37€MEHT CHCTEMBI BO3AYLIHOTO
TpaHCIoOpTa B APKTUYECKON 30HE Mpeisiaraercs
OLICHMBATh I10 CIIEAYIOIIMM I10Ka3aTessM, Mpea-
craBieHHbIM Ha puc. 1. CocTosiHHE a’3pOIopTo-
BOM CETU MOKHO OIIEHUTH IO KOJWYECTBY JIEH-
CTBYIOILIMX a3pONOPTOB B ApKTHYECKOH 30HE PO,
IUIOTHOCTU U reorpauu UX pa3MeuieHus B pac-
4yeTe Ha IUIOMIA/lb O00CITYy)KMBAaeMOW TEPPUTOPUU
U YUCJIEHHOCTh MECTHOT'O HACEJICHUs, IJIUHE U
TUIMY TOKPBITUS B3JETHO-TIOCAJOYHON TOJIO-
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cel (BIIII), a Taxke ocHaIEHUIO a’ponopTa 00b-
eKTaMU Ha3eMHOM WHQPacTpyKTyphl Uisl 00-
CIIy>)KMBaHUs Bo3AylHbIX cynoB (BC), maccaxu-
poB u rpy3oB. Cocrosiuue napka BC npemara-
€TCsl OLIEHUBATh MO KOJUYECTBY BO3AYIIHBIX CY-
JIOB PA3JIMYHBIX TUIIOB B MapKe aBUAKOMIIAHHI,
00CITy’)KMBAIOLINX O3TH TEPPUTOPUHU, BO3PACTY
BO3JYIIHBIX CYJOB U IKOHOMUYHOCTH HX HC-
nosabp3oBaHus. CoCTOsIHHE MapHIPYTHOW CeTH
ornpezensercss KOJIMYECTBOM PETYJSIPHBIX U He-
PETryJISIPHBIX MapLIPYTOB, a TaKXke UX reorpadu-
ei. MapupyTHas ceTh BIMSAET HAa COCTaBIICHUE
pacrucaHMs MOJETOB, KOTOPOE B apKTHUECKUX
peruoHax mnpejajiaraercs OLEHUBATh IOKa3aTe-
JSIMM PETYJISIPHOCTH PEecoB B pa3pese Halpas-
JEHUH TEepeBO3KH, YacTOTOW HEperyJsspHbIX
peiicoB MpH OpraHM3alUUd MECTHBIX MEPEBO3OK,
BPEMEHEM OKUJaHUs CTBIKOBOYHBIX PEMCOB MpHU
OpraHu3allii MECTHBIX PETHOHAIBHBIX U MEXpe-
TMOHAJIbHBIX NEPEBO30K, a TaKXKE YaCTOTOW OT-
MEHBl PEICOB B CBSA3M C HPUPOJHO-KIMMATH-
YECKUMH YCIIOBUSIMHU 3TUX Teppuropuil. Kaapo-
BbIA COCTAaB aBUAKOMIIAHUM U aBUATIPEAITPUATHI
OLICHMBAETCA KOJIMYECTBOM IIEpPCOHANA, €ro
CPEHMM BO3pacTOM M YPOBHEM KBaJIH(PUKALUU
B paszpese crneuuanpHocTell. Crucrtema opranusa-
UM BO3IYLIHOTO IBM)KEHUS M adpOHaBUrallM-
OHHOT'O OOCITY’)KMBaHUS OLIECHUBAETCS KaueCTBOM
IPEJOCTABIIAEMBIX YCIIYT.

Jns  BbIABICHUS MpoOiieM  obecredeHus
TPAHCHOPTHOM JOCTYIHOCTH HACEJIEHHBIX ITyHK-
TOB ApKTHYECKOW 30HBI Poccum Obulo mpoaHa-
JU3UPOBAHO COCTOSHUE IIECTH COCTABIISIFOIIUX
CUCTEMBI BO3yIIHOTO TpaHcnopra (puc. 1). s
KaX/I0T0 M3 COCTaBJISIOIIUX 3JEMEHTOB Ipea-
JIOKEHBl MEPONPUATHUS, HAIIPABJICHHBIE Ha pe-
IIEHUE BBIIEICHHBIX MPOOJIIEM B CUCTEME BO3-
JQYIIHOTO TPaHCIOPTa APKTUYECKUX PETUOHOB.
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CucteMa BO3AYIIHOTO TPaHCIOPTa

Air transport system

AsponopToBast CeTh: MapmpyTHas CeTh: [TapK BO3AVIITHEIX CYIOB:
KonnyecTeo a3ponopTos: KonmuecTeo perynapHeIx KonmuecTBo BO3TYIIHBIX CYIOB
[eorpadua paMemeHns; MapIIPYTOR IO THITAM,

JniHa u tHO nokpeiti BIIIT KonirecTBo HeperyIApHbX Bo3pacT BO3IVIIHBIX CY/IOB;
OcHaleHIe 00bEKTaMI Ha3eMHOIl MapIIPYTOR; DKOHOMIMHOCTD HCTIOTb3YeMBIX
HHpPACTPYKTYPBI. I'eorpadua MapmpyToR. BO3TVIIIHBIX CVIOR.

Airport network: Rout network: Aurcraft fleet:

Number of airports; Number of regular routs; Number of awrcratt by type:
Geography of airports location; Number of irregular routs; Age of aircraft;

Length and type of runway Rout geography; Cost-effectiveness of the aircraft
pavement; used

Equipping airports with facilities

ground infrastructure.

KRHDOBBIﬁ COCTAB aBHAKOMIMAHITI CrcteMa OpraHIisaiiil BO31y IMHOTO JABIDKEHIIT

I1 aBIIANpeIIPILITINT

HCIEHHOCTE TEPCOHANa;
Kpanuukamnms nepcoHana;
BospacT nepcoHana.

Staffing of arrlines and aircratt

companies:

Number of staff:
Staff qualifications;
Age of staff.

11 A3POHABITALIIIOHHOIO OOCIIY AKIBAHILA:

VpoBeHb TEXHHUECKOI 0CHAEHHOCTH,
KauecTeo nmpenocTaBiAeMbIx VCIVT.

System of air traffic management and air
navigation services system:

Level of technical equipment:
Quality of service provided.

Pacmicannie peficoB:

PerynapHocTs peiicoe.

TacToTa OTMEHHI peiicoB.

acToTa HEPETVIAPHLIX PENICOR;
CTBIKOBOUHOE BpEMA BHYTPH palfoHHBIX, BHYTPH | Docking times within district. intra-regional and
PErHOHATBHBIX H MEAKPETHOHANBHBIX PElicoB; inter-regional flights;

Flight schedule:

Regularity of flights:
Frequency of irregular flights;

Frequency of flight cancellations.

HCHOBEIH 11 (1)113]1‘1601(85:[ AJOCTYIIHOCTBE aBIIAIIEPEBO30K AT MECTHOI'O HACEIIEHITA

Price and availability of air transportation for the local population

Puc. 1. DnieMeHTBI CUCTEMBI BO3AYLIHOTO TPAHCIIOPTa, ONPEEISIONIe [IEHOBYIO U (PM3UYECKYIO JOCTYITHOCTb

aBUANepPeBO30K APKTUYECKOI 30HBI

Fig. 1. Elements of the air transport system determining the price affordability
and availability of air transportation in the Arctic zone
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Taoauna 1
Table 1

XapakTepHucTHKa a3pOIIOPTOBON CETH BOCTOUHOM yacTh ApkTuueckoil 30Hb1 Poccuiickoit denepannn
Indicators of the airport network in the Arctic zone eastern part of the Russian Federation

Peruon Inomans | Yuciaennocts | KomuduecTBo | KosmvectBo | KomuuectBo | KoamuecTBo
A3, ThIC. HACEJIeHUs] | HACEJIEHHBIX | a3PONOPTOB | a3PONOPTOB | AIPONOPTOB
KB. KM A3, ye. MYHKTOB B A3, mT. | B pacuere Ha B pacuyere
A3, mr. 1 000 xB. kM, | Ha 1 000 xu-
CAUHMIL TeJIeH,
eUHMI
KpacHospckuit
Kpaii 1 095,12 237 247 72 9 0,01 0,15
Pecny6Omnuka
Caxa (SIkyrtus) 1 625,62 67 652 130 14 0,01 0,21
UykoTtckuit
ABTOHOMHBI
OKpyr 723,50 49 300 43 9 0,01 0,18
Hroro 344424 354 199 245 32 0,01 0,18

CocTosiHMe cHCTeMbI BO3IYIIHOTO
TPAHCIOPTA B pailoHAX
apKTUHYeCKOU 30HbI Poccuiickon
Degepanuu U NpPeAJI0KeHU M0 ee
Pa3BUTHIO

AbdporopToBasi CeTb BOCTOYHOM YacTu poc-
cuiickoil ApKTuKM TmpezcTaBieHa 32 a’porop-
TaMH PETMOHAILHOTO M  MECTHOTO 3HAa4YEHUs
(tabm. 1) [15]. Io cpaBHenuto ¢ 1991 r. xommue-
CTBO a3pOIOPTOB HA 3TOW TEPPUTOPUU COKPATH-
J0ch B 3 paza. Tak, B HACTOSIIMX TpaHUIAX ApPK-
TH4yeckol 30HbI KpacHosipckoro kpas B 1991 .
neiictBoBao 14 asponoproB, B ApKTHUYECKOI
3o0He PecryOnmuku Caxa (Sxytus) — 42 asporopra,
B UyKOTCKOM aBTOHOMHOM OKpyre — 43 aspo-
nopta. To ecth B pacuete Ha 1 000 kB. KM IUIONIA-
1M B cpenHeM npuxoaunocsk 0,03 aspornopTa.

Bce neiicTByronme Ha CEroJHSIIHUN JEHb
a’pornopThl B ApKTHueckoil 30He Poccuiickoit
denepal pacrnoIOkKeHbl IPEUMYIIIECTBEHHO B
paliOHHBIX IEeHTpaX. MCKItoueHHe COCTaBIISIET
TONbKO ApkTHueckas 30Ha KpacHosipckoro
kpasg. OTCyTCTBHE a’pONOPTOB 3a IMpeAesiaMu
palloOHHBIX LEHTPOB JAENAeT peryjspHbIE aBHa-
MEPEeBO3KM HEIOCTYMHBIMU I OTJAJEHHBIX
HACEJICHHBIX ITyHKTOB, YTO CHIDKACT aBUAIMOH-
HYIO TIOJIBUKHOCTb HACEJIEHHUS U, KaK CIEICTBUE,
YBEJIMYMBAET UX CTOUMOCTH [16].
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Jnst cpaBHEHUS, TEPPUTOPUIO AJISCKH TLJIO-
maneto 1718 000 kB. KM 00cmykuBaer
459 asponoproB. B pacuere Ha 1000 kB. KM
npuxoautcs 0,26 aspomopra. UucineHHOCTH
HacesneHus: Asicku cocrasiisietr 731 454 yenose-
ka. EciyM HCKIIOUNTh YMCIEHHOCTh HACEJIECHUs
caMoro KpymHoro ropojaa — AHKopuaxka (OKoJo
300 000 yen.), To B pacuere Ha 1 000 xurenei
Ha Ausicke npuxomutca 1,06 aspomopTa, 4TO B
100 pa3 Gosnblie, yeM B BOCTOYHON 4acTH ApK-
THYecKoi 3001 Poccun [17].

IIprunHON CTONBL 3HAYUTEIILHOIO COKpalie-
HUSI KOJIMYECTBA a3pornopToB B Poccuu sBisoT-
csl KpaiiHe BbICOKME (PMHAHCOBBIC 3aTPaThl Ha
obecnieuenne tpedoBanuit MAII-142 «Tpebosa-
HUSl ABUAIIMOHHON O€30MacHOCTH K a’pomop-
Tam». COryacHO JaHHBIM TPeOOBaHUSIM, K peru-
OHAJIBHBIM U MECTHBIM a’ponopTraMm B ApPKTHKE
NPEIbABISIOTCS TaKue ke TpeOoBaHMS, Kak U K
KPYIMHEHIIUM  MEXIYHApPOJIHBIM  a’ponopTam
Poccun. Ilomumo TpeOGoBaHUII aBHAITMOHHOU
0€30MaCHOCTH paBHBbIE TPEOOBAHUS K MEXIyHa-
POIHBIM, PErHOHAJIbHBIM U MECTHBIM a’pomop-
TaM HPUMEHSAIOTCS B OTHOILEHUU €Ie LEJIO0ro
pana napametpoB. Tak, ®AII-262 permameHTH-
pyiot TpeboBanus Kk adponpomam; OAII-251 pe-
[JIAMEHTUPYIOT MpaBUiia PErUCTPAllUU a’pOApO-
MoB u Beproapomos; PAII-121 ompenenstor
TpeOOBaHUSI K OpraHu3alusM, OCYIIECTBIISIO-
MM a’pOIOPTOBYIO0 AesTenbHOCTh, DPAII-286
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permaMeHTHpPYIOT TpeOOoBaHUS K OmepaTropam
a’poapomoB ['A. U3-3a cTONB KECTKOTO MPaBO-
BOTO pETyJIMPOBAHUS a3pPOMOPTOBOM M a’po-
JIPOMHOM J€STEIbHOCTH KOJMYECTBO a’pOApO-
MOB aBHAIMH OOILEro Ha3HAYCHHs] U B3JIETHBIX
wiomanok B Poccun cocrasnser Bcero 400 equ-
Hul, B To Bpems kak B EC — 4 200, B CIIA —
19 300, rne neicTByrOT OOJiee MSTKHE aBHUAIIM-
OHHbIE NpaBuia [18].

B Bo3gymnom komekce m dAllax Poccuii-
ckoil denepauy B HACTOAIIEE BPEMs OTAETHHO
HE BBIJICJICHO TIOHATHE MaJjoW aBUAIlMH, BO3IYIII-
HBIX CyJIOB Majoi aBHallMH, a’pOJPOMOB, TOCa-
JOYHBIX IUIOHIAJIOK M MX KiIacCU(UKALUKU C pe-
TJIAMEHTUPOBAaHUEM JIESTENILHOCTH, K KOTOPOIi,
M0 MHEHUIO CTCIMAIIMCTOB, JOKHBI IPUMEHSTh-
cst Oonee ymporieHHble TpeboBanus [9-22]. Ilo-
HSITUE BEPTOJIETHOW IUIOMIAJIKK OMNPEACIICHO B
Bo3ayiiHoM Kojekce ¢ yHpoOIeHHOW Mpoleay-
poOil 3KCIUTyaTallMd, OJIHAKO €CIH I0CaJI04Has
IJIOMIAIKA dKCIuTyaTupyetcs: oompine 30 mHel B
TOJy, OHa CTAHOBUTCS OOBEKTOM TPAHCHIOPTHOMU
UHQPACTPYKTYPHl U PETJaMEHT MO YNPOILEHHUIO
npoueayp yxe He aelictByer. B Hacrosiuee
BpEMSI BOIIPOC YMPOILEHUsT TpeOOBaHUI K a’3po-
MOpTaM C MaJioil MHTEHCHUBHOCTBHIO TOJIETOB pe-
miaerca B pamkax mnopydenus IIpaButenbcrBa
Poccuiickoit ~ ®epepauun ot 05.12.2019
No MA-T19-10724 o npopaboTke BOIPOCOB B OT-
HOIIICHHH ONTHMH3AIUN TPEOOBAHUN K TMPOCKT-
HBIM PELICHUSIM [0 CTPOUTENHCTBY MaJIbIX PETH-
OHAJILHBIX a3POINOPTOB HA TPYJIHOAOCTYIHBIX
TEPPUTOPUSAX, ONTHUMHU3ALUU CTOMMOCTH COJAEp-
KaHUs 00bEKTOB HHPPACTPYKTYPHI a3POMOPTOB C
MaJol MHTEHCUBHOCTHIO NoJ1eToB. Ha ocHOBaHuM
JTAHHOTO TOpYYEeHHs pa3pabaThIBAIOTCS MPOSKTHI
npukazoB Muntpanca Poccun «O0 yTBepKIACHUH
denepanbHBIX aBHAMOHHBIX HpaBui "Tpebosa-
HUS aBUAIIMOHHOM 0€30MacHOCTH K a’pomnop-
tam"», «O0 yTtBepxneHun [IpaBun mpoBeneHUs
MPEATONETHOTO 1 TOCICTIONETHOrO JOCMOTPOBY .

* Iokmax «O6 utorax pabotsr deepaabHOr0 areHTCTBA
BO3yIIHOTO TpaHcnopTa B 2020 roxy, OCHOBHBIX 3a/a-
gax Ha 2021 rog U cpeqHECPOUHYIO IEPCIIEKTUBY»
[DnexTponHslii pecypc] // DenepanbHOE arT€HTCTBO BO3-
LyumHoro tpascnopra Poccuiickont denepanuu.

URL: https://favt.gov.ru/public/materials//1/7/0/9/7/170
970c75541832932338f8f6d4c2f59.pdf (naTa obpartue-
Hus: 27.10.2021).
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BropbIiM 00s3aTebHBIM 3JIEMEHTOM CHCTEMBbI
BO3AYIIHOTO TPAaHCIOpPTa B ApKTHUKE SIBISIETCS
MapuIpyTHas CETh JEUCTBYIOIINX aBUAKOMIIAHUN
U CTBIKOBKA pEHCOB MEXIy HHUMHU. AHamu3
MapuUIpyTHOM CETH AaBUAKOMIIAHUM BOCTOYHOM
YaCTH POCCUMCKON APKTHKM ITOKa3aj, 4TO MapIl-
pyTHasl CETb aBMAKOMIIAaHMHA B KaXXI0M U3 pac-
CMaTPUBAEMBIX PETHOHOB OOECIIeYMBACT JIUIIb
CBSI3b CTOJIMLBI PETUOHA C aMUHHMCTPATUBHBIMU
LIEHTPaMH apKTHYECKUX paiioHOB. lIpu 3TOM pe-
TYJISIpHBIE MEKPallOHHBIE aBUAIIEPEBO3KH BHYTPH
PETMOHOB MPAaKTUYECKH OTCYTCTBYIOT, Kak U
MEKPETUOHAJIBHBIE NEPEBO3KH MEX]y HaCEJICH-
HbIMU IyHKTaMH apKTHuyeckoi 30HbI. Hepas3su-
TOCTb MapLIPYTHOW CETH aBUAKOMIIAHUM 00y-
CJIOBJIEHA HEAOCTaTOYHBIM YPOBHEM ILIATEXKe-
CIOCOOHOTO CIIpOca [yl OTKPBITHSI HOBBIX Maplil-
PYTOB M HECOIVIACOBAHHOCTBIO JEHCTBUI PETrHO-
HAJIBHBIX aBHAINIEPEBO3YUKOB. OTCYTCTBHE CIIpOCca
CBA3aHO C YPE3MEPHO BBICOKOW CTOMMOCTBIO
aBUAIEPEBO30K, 4YTO SBIIICTCS CICICTBUEM 3a-
BBILICHHBIX MPABOBBIX TPEOOBAHUN K PETHOHAIb-
HbIM M MECTHBIM a’pONOpTaM, a TAKXKE CAMUM
NEPEeBO3YMKaM MECTHOro 3HaueHus. CyliecTBeH-
HbIC OIPaHMYEHMs Ha OpPraHU3aldI0 MECTHBIX
aBuanepeBo3ok okasbiBatoT DAII Ne 246, conep-
Kale TpeOOBaHHUsA K KOMMEPUYECKUM aBHariepe-
BO3UMKAM U TMOPSOK HX  CepTH(UKAINHU;
DAII Ne 128 «IloaroroBka M BBIIIOJIHEHUE MOJIE-
TOB B IrpakaaHckoi asuanuu Poccuiickoit dene-
pauum», KOTOpble periIaMeHTUPYIOT U30bITOUHBIE
TpeOOBaHUs K HA3eMHOMY OOCITY>KUBAHHUIO CYyJIOB
MaJloil aBWAIM{, HE BBIACIAS HUX B OTACILHBIM
TUN BO3AYWHBbIX cynoB, PAII Ne 147, pernamen-
TUpYIOIIE TpeOOBaHUs K WieHaMm 3kunaxa BC,
CHeLHaICcTaM 110 TEXHUYECKOMY O0OCITyKHBa-
Huto BC 1 coTpyaHuKam 1Mo 00ecreueHuto mose-
TOB I'PAKJAHCKOW aBHAIUH.

Jns  pemieHuss npoOsieMbl  CBA3aHHOCTH
MapILIPYTHBIX CETEH pEerMoOHaIbHBIX aBUAKOMIIa-
Huil [IpaButensctBoM Poccuiickoit ®Denepaunu
ObUIO TPUHATO PELICHHE O CO3JAaHUHM Ha TEPpH-
topun Cubupu u JampHero BocToka emawHOrO
ABHAIIEPEBO3YMKA B JIMLE YXKE CYLIECCTBYIOLIETO
AO «ABuakoMmanus «ABpopa»5 .

Tperbell HEOTBEMIIEMOM COCTABISIOLIEH CH-
CTEMBI BO3JYIIHOIO TPAHCIOPTa B APKTHKE SB-

5 Tam xe.
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Table 2

CrpykTypa napka 1 Bo3pacT BO3AYLIHbIX CyA0B aBuakoMnanuu «llonspHeie ABHAIINHII»
Structure of the fleet and age of Polar Airlines aircraft

Tun Bo3aymHoro cyaua KosmyecTBO B napke Cpennmnii Bo3pact, | MakcuMajabHOe KoJM4Ye-
ABHAKOMIIAHUM, IIIT. JeT CTBO KpeceJ, IIT.
AH-24 12 35-40 48
AH-26 3 30-35 43
JI-410 5 20-25 19
Mu-8T 9 30-35 22
Mu-8MTB 16 5-10 22
AH-2 7 40-45 12
AH-3 6 10-15 9
Da-40 1 0-5 6
Pc-6 2 0-5 2
Bcero 61 X X

I'oposoii otuer AO «ABunaxomnanus «Ilonspusie aBuanuuaum» 2020 r. SAxyrck, 2021 r.

JsieTcs JSHCTBYIONIMNA MapK BO3AYIIHBIX CYJIOB.
CypoBble NPUPOJHO-KIUMATUYECKHE YCIIOBUS,
HU3Kas TUIOTHOCTh HACEJIEHUS U PACCESTHHOCTH
HACEJICHHBIX MyHKTOB Ha OOJBLIONW TEPPUTOPUU
MPEIBSBISIOT 0COObIe TPeOOBAHUS K BO3LYIIHBIM
cynam. C omHON CTOPOHBI, AIKCIUIyaTHpyeMbIe
BO3YIIHbIE Cy/a IOJKHBI BBIICPKUBATh BO3/IECH-
CTBHE HU3KHX TEMIEpaTyp W MMETh CepTU(UKaA-
IIMI0 Ha OKCIUTyaTallMli0 TpU TeMIepaTypax
—60 °C. Ceprudukarysi BO3IYIIHbIX CYJIOB s
AKCIUTyaTallid B TaKUX YCJIOBHUSAX OCIOXKHSETCS
HaJIMYMEM OOJIBIIOr0 KOJMYECTBA 3JIEKTPOHUKU
Ha OOpTY, OCOOEHHO UYBCTBUTEIHHON K HU3KUM
temmeparypam [23]. K oTeuecTBeHHBIM BO3IyIII-
HBIM CyJaM, OTBEYAIOLIUM 3TUM TpeOOBaHUSIM,
otHocATc: AH-24, Au-26, Au-2, AH-3, Mu-8.
Kpome Toro, Ha YpanabckoM 3aBojie TpakIaHCKOU
aBUallUy OpraHU30BaHa cOOpKa YELICKOro caMo-
neta JI-410 «TyHapa» v aBCTpUIICKOTO camoJieTa
Diamond DA-40. OnHako 3TH cy/1a HaXOAATCs 32
TPaHbIO0 CBOETO JOMYCTUMOIO CpOKa JKCILTyaTa-
UK ¥ TpedyroT oOHoBNeHUs. B Tabn. 2 mpusene-
HBl CTPYKTypa M CpEIHUN BO3pacT MapKa BO3-
OyIIHBIX CcynoB aBuakommanuu «llomsipHbie
ABUAIMHUMY», OOCTY)KUBAIOIIEH  TEPPUTOPHUIO
Pecny6immku Caxa (SxyTus).

s pemieHust mpobiemMbl OOHOBIICHUS TTapKa
BO3JIYIIHBIX CY/IOB Ha PETHMOHAIBHBIX M MECTHBIX
nepeBo3kax B Poccun paspabaThiBaroTCs HOBBIC
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camonetsl «baiikam» u TBPC-44 (ero na3Banue
emnie BeIOupaercs). Camoner «baiikam» Oyxaer
UMETh MOJIE3HYI0 HArpy3Ky — 2 T, JalbHOCTh IO-
nera — 1500 kM, KpeHCEepCKyl CKOpOCTb —
300 km/u. lnig B3nmeTa emy TpeOyeTcsi TpyHTOBas
B3JIETHO-TIOCAJI0YHAasl mosoca JiauHoil 250 mer-
poB. Takum 00pa3oM, IUIaHUPYETCS, YTO JAHHOE
BO3/YIIHOE CYJTHO CMOXXET MOJIHOCTBIO 3aMEHUTH
camonetsl AH-2. [lpeamonaraercsi, 4To camoJieT
TBPC-44 Oynmer wuMeTh B3JIETHYIO Maccy
17 500 kr, MaKCUMaJIbHYI0 KpEMCEpCKYI CKO-
pocth — 510 kM/4, manpHOCTH ToieTa — 1250 KM,
naccaxxupoBmectumocts 4044 yen. TpeOyemas
mmHa BIIIT cocraBur 1300 M. DTOoT camoier
CMOXET 3aMEHHUTh BBIOBIBAIOIINE M3 JKCILTyaTa-
nuu BC AH-24 u AH-26. OmHako NpoBEICHUE
JICTHBIX WCTBITAHUN W CcepTUHUKAIMS 3alMyT
eme He oauH roj. CepuiiHoe NMPOU3BOJICTBO Ca-
monera «baiikam» TUIaHUpyeTCs 3amyCTUTh B
2024 r., a camonera TBPC-44 — B 2025 1.

C nmpyroii CTOpOHBI, HU3Kas MJIOTHOCTh Hace-
JEHUsI U €ro JUCIEPCHOHHOE pacCelIeHue IJis
OpraHMu3ali SKOHOMHUYECKU IIeIeCO00pa3HOro
PEryJspHOTO aBHACOOOIIEHHS C MaJloHAaceJeH-
HBIMU ITyHKTaMU TpeOyeT HaIW4Ms CyI0B Majou
BMECTHMOCTH, KOTOPHIE B 3apyOEIKHON MPAKTHUKE
HA3bIBAIOTCS BO3AYLIHBIMU CyJaMH Majoi aBHa-
mud. Iloa Manol aBuanyeil IOHUMAaETCI CETMEHT
PETHOHANIBHBIX U MECTHBIX aBHANepeBO30K, IKC-
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IJIyaTUPYIOLIHUKA CaMOJIEThI B3JIETHOM Maccou 10
5,7 ToHHBI MK BepToaeThl 10 3,1 ToHHBL. Cpenu
BO3JIYIIHBIX CYJOB POCCHMCKOTO MPOU3BOJCTBA
s10 AH-2 n AH-28, ka"Haackui Twin Otter, ame-
pukanckuii Cessna 208, Beproner Mu-2. Tonbko
20 xoMMepUecKUx JIKCIulyaTaHToB B Poccun
UMEIOT B CBOEM MapKe KaKhe-TuOo U3 3THX Cy-
noB. Hanpumep, aBuaxkommanusi «llonsipHbie
aBUAIMHUMY», oOciyxuBatomas 96 % BHYyTpU-
YIAYCHBIX (MECTHBIX) COIHMAIbHO 3HAYUMBIX
aBUAIEPEBO30K B CBOEM COCTaBE UMEET CEMb
cynoB AH-2 u mectb cyaoB AH-3. MecTHble
aBUAIEPEBO3KM OCYILECTBISIOTCS IPEUMYILe-
CTBEHHO BepTOjieTaMu MH-8, KOTOpBIX B Mapke
aBUaKOMMAaHUM HacuuThiBaeTcs 25 mr. U3-3a
3aBBIIICHHBIX TIPABOBBIX TPEOOBaHUI K KOMMEp-
YECKUM HKCIUTyaTaHTaM CyJOB Majoil aBUalUU
UX KOJIMYECTBO B PoccuM MOCTOSIHHO COKpalia-
€TCsl, YTO NMPUBOJUT K HAJIMYMUIO HEYIOBIIETBO-
PEHHOI'O0 CIpOoca HAa MECTHBIE aBUAIEPEBO3KHU.
[To nmamapiM Denepanuyi  aBUAIMK  OOIIETO
Ha3HAYCHMs B POCCUMCKUH IapK CaMOJIETOB Ma-
Joi aBuaumu HacuutbiBaeT 7 500 cynoB, B TO
BpeMsa kak B EC on cocrasmser 110000, a B
CIIA — 221743 [18]. B CIIIA B pacuere Ha
100 000 uenoBex nmpuxoautcs 76,5 cy1oB Manon
aBuanum, B Poccun — tonpko 3,1 camonera. Ilo
OLIGHKaM CIIEIUAIUCTOB, MOTPEOHOCTh POCCHii-
CKOM ApPKTHKH B CyJax MaJiOd aBUAllUH, BEPTO-
JeTaX U PEruOHaJbHBIX CaMOJIETaX COCTAaBJISIET
ot 1000 mo 3 000 egunaut. [ToTpebHOCTH B Cca-
Moserax «balikany, KOTOpbIe JTOJKHBI 3aMEHHUTh
ycrapeBmue cyna AH-2, Ha nepuoa g0 2030 r.
PYKOBOJCTBO ypajbCKOIO aBUALlMOHHOI'O 3aBOJAA
oneHuBaet B 500—-650 cynos.

B PoccuiickoM 3aKOHOIATENBCTBE €CTh I1O-
HSTUE «aBUaAlUsl OOILEro Ha3HA4YeHHUA», K JAes-
TEJIBHOCTU KOTOPOW MPEABSABISIIOTCA Oosiee MsT-
K€ TpeOOBaHHUA, YEM K JIEATEIbHOCTH KOMMEp-
YEeCKOW aBHANepeBO3KM HAa OCHOBE CIIELMAIBHO
pa3paboTtanubix denepanbHBIX aBUALMOHHBIX
npaBui: OAIIl 147 onpenensior TpeOOBaHUS K
AKCIUTyaTaHTaM aBUAIMKM OOIIETr0 Ha3HAuYeHUs U
nopsiiok ux ceprudpukanun; GAIT 118 — nomyck
K okcmiyaranuun — eaquHuudbix  BC  AOH;
®AII 29 — TpeboBaHMs TO aBHAMOHHOU 0e3-
onacHoctn K 9kcrryatantam AOH. Opnako
aBHalMK OOIIEro Ha3HAUYEHUs 3ampelieHa KOM-
MepuecKas MmepeBo3Ka Jo/Ie u rpy3oB. | siHBa-
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ps 2021 r. Berynunu B cuiny ®AII-429, kotopsie
ONpEAENAOT IEepeueHb JAEBSITH BHIOB padoT,
pa3pelIeHHBIX 71 BHITIOJHEHUS aBHAIIMK OO0IIIe-
ro HazHauyeHus. Cpeau HUX BBIJCJIEHBI TpaHC-
MOPTHO-CBA3aHHBIE PAOOTHI, KOTOPHIE BKIIOYAIOT
TPAaHCIOPTHUPOBKY MEPCOHANIA U I'Py3a 3aKa3yuKa
aBUAIMOHHOM paboThl. OAHAKO 3TOT MYHKT HMeE-
€T MHOXECTBO HEPEIIEHHBIX OrPaHUYECHUH.

OtcyrctBue cnenuanbHeix DAIlloB, perna-
MEHTUPYIOUIUX JIeATEIbHOCTh KOMMEPUECKHX
3KCIUIyaTaHTOB CYJOB MaJlOil aBHAllMH, MPHUBO-
JTUT K COKpAIllEHHWI0 MX YHUCJIa U HaJU4YUI0 He-
YAOBJIETBOPEHHOT'O CIIPOCAa HA MECTHBIE aBHare-
peBo3ku. B CIIIA nerkoMoTopHble BO3yIIHbIE
cyaa nepeo3zsar 120 000 000-165 000 000 mac-
caxupos B roa. B Poccun, no nanueim PocaBua-
[IUU, 00bEM MECTHBIX aBUANEPEBO30K COCTABIISI-
eT okoJio 1,97 MJTH maccaxupoB B rof.

Pe3ynbTatoM CTOJIb KECTKHX IMPABOBBIX Tpe-
O0OBaHMI K KOMMEpPYECKHM 3KCIUTyaTaHTaM Cy-
OB MaJIOM aBHAllUM CTaHOBUTCS TOT (akT, YTO
OKCIUTyaTaHThl aBUAIMU OOMIET0 Ha3HAYCHUS
WIM YacTHbIE NPEANPUHUMATEIN HAYUHAIOT
HE3aKOHHO BBINOJHATh YCIYI'M KOMMEPUYECKON
NIEPEBO3KM, TaK KaK MX 3aTPaThl CYLIECTBEHHO
HWD)KE 3aTpaT KOMMEpYECKHX aBHAIEpPEBO3UM-
KoB [24]. Ha mam B3risa, HEOOXOAUMO Majou
aBUAIMU MIPEIOCTABUTH PA3PEUICHUE OCYIIECTB-
JATh KOMMEPUYECKYIO MEPEBO3KY MaCCa)XMpPOB C
YOPOIICHHOH Tponeaypoi cepTudukaiu u ca-
MO IEpPEeBO3KH, HO AJI 3TOT0 HEOOXOIMMO BBe-
JICHHE TepMHHA Majioi aBHalMu B Bo3aymiHbiil
konekc P®. Ilo crmoBam 3ammpencenarens Ko-
muteta CoBera Penepan 10 KOHCTUTYLIMOH-
HOMY 3aKOHOJATEJIbCTBY W IOCYAapCTBEHHOMY
ctpoutenbecTBy Makcuma Kasmxapanze, «eciu
PErHOH CTAaHOBUTCS TPYAHOAOCTYIIEH AaXKe IS
MaJjoi aBUaIU, OH 3aKPBIBAETCS ISl IKOHOMH-
YECKOI'0 pa3BUTHUS, HAYMHAETCS HEKOHTPOJIMPY-
eMas Jfenonyssnusy. B SIkytun o cpaBHeHuIo ¢
1989 r. aBHanMoHHas IIOABYI)KHOCTH HACEJICHUS
Ha PETMOHAIBHBIX MapIIPyTaxX COKpAaTUIACh B
5 pa3, a Ha BHYTPUYJIYCHBIX — B 25 pa3, 4TO To-
BOPUT O KpailHEe HEIOCTaTOYHOM OOECIICYCHHUU
PEruoHa yciiyramy BO3JyLIHOTO TPaHCIOPTa U O
npoOIeMax COCTOSHUS €ro CeTH.

B CHIA nannas mpoOriema perieHa 3a cuer
pasrpaHUyeHus] JOKyMEHTOB, PErJIaMEHTHPYIO-
IIUX JEATEIbHOCTh KOMMEPUYECKNX MarucTpaib-
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HBIX ABUAIEpPEBO30K M KOMMEpPYECKHUX MEpeBO-
30k manoil aBuanuu [23]. Kpome Toro, ceprtu-
duKanyss KOMMEpYECKHX MEepPEeBO3UMKOB MaJIoH
aBUALMH TAK)KE€ UMEET IPajIaliiio B 3aBUCUMOCTHU
OT BHJIa U 00bEMa OCYLIECTBISEMBIX IIEPEBO3OK.
AOH B CIIIA umeeT mpaBo OCYIIECTBISATh KOM-
Mepyeckre IepeBo3ku. basupoBanue wmamoi
aBUAIlMM OCYIIECTBJIIETCS Ha YacTHBIX BEPTO-
JETHBIX IUIOIAAKaX W KOPIOPATHBHBIX a’3po-
IpoMax, HE MOJyYaloMUX CYOCHIUH OT TOCY-
napctBa. B Poccum roroButcs mpoekt DAII,
pEerIaMeHTHPYIOIUX TpeOOBaHUS K KOMMepYe-
CKUM aBMaIlepeBO3YMKaM, HKCIUTyaTUPYIOIIUM
cyna Maioi aBuauuu. CorjacHO MPOEKTY JaH-
HOT'O JOKYMEHTA, COKPATUTCSI KOJIMYECTBO 00s-
3aTeIbHBIX PYKOBOSIINX JOJKHOCTEH Ha Mpea-
NPUATUAX MaJOH aBUalMU ¢ ceMH 10 Tpex. O0s-
3aTeJIbHBIM OCTAHETCS HAIWYHE B IITATE JUPEK-
TOpa MO YHPaBIEHHUIO 0€30IaCHOCTBIO TOJIETOB,
JUPEKTOpa MO peaju3aluy CUCTEMbI YIIpaBJe-
HUS Ka4€CTBOM M FeHepaibHOro aupekropa. Ho-
BbIC IIpaBHJIa MPEAINOJATaloT COKpAIlEeHUe Ila-
HOBBIX IPOBEPOK JII MaJbIX aBHAKOMIIAHHM.
Hanpuwmep, uis 00beKTOB a3poApoMHOi HH(ppa-
CTPYKTYpBI IUIAHUPYETCS COKPATUTH KOJIUYECTBO
IIPOBEPOK B IOJl 10 OJHOM BMECTO CYLIECTBYIO-
MX 4eThipex [25].

Cepbe3Hoil Tpo0JIeMOil B pa3BUTHH aBHAIIH-
OHHBIX TIEPEBO30K Ha CEBEpE SBIAETCS OTCYT-
CTBHE JIOCTaTOYHOTO MPUTOKA KBAIU(UIUPO-
BaHHBIX CHEIMAINCTOB, B OCOOEHHOCTH JIETHOTO
nepcoHana. CpenHuil BO3pacT JAEHCTBYIOIIMX
MWJIOTOB PErMOHAIBHBIX aBUAKOMIIAHUN COCTaB-
asiet Oonee 50 ner. Pemenne gaHHOM MPOOIEMBI
TpeOyeT pa3pabOTKH TPOrpaMM TPHUBJICUCHUS
MOJIOZIBIX CIIELUAINCTOB B APKTHUECKHE PETHO-
Hbl IIyT€M CO3JaHHs OJAronpUsATHBIX YCIOBHUH
paboThl 1 pokuBaHus [26-27].

Eume ogHMM BaXKHBIM 3JIEMEHTOM CHUCTEMBbI
BO3/YIIHBIX NIEPEBO30K SABISAETCS TEXHUYECKAS U
TEXHOJIOTU4ecKass MH(pacTpyKTypa Ui OpraHu-
3anuu W oOciykuBaHusi moneToB. Cepbe3Hoi
npoOJIeMON apKTHUECKUX a’pOINOPTOB SIBISAETCA
OpraHM3anusl CHUCTEMBl a’POHABUIALIMOHHOIO
o0CIly’)KMBaHUsl, OTCYTCTBHE  COBPEMEHHOIO
OCHAIIIEHUSI CBETO- M PaJUOTEXHHYECKOro 000-
pyZOBaHus, OOJIErYaroIIEro IOJIETHI BO BpeMs
MOJIIPHON HOYH, HEYOBJIETBOPUTEIBHOE COCTO-
SHUE TOIUIMBO3AIPAaBOYHBIX KOMILJIEKCOB. Bax-
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HOH 3ajauell B OpraHu3aliy a’3pOHABUTAIIMOH-
HOTO O0OCIyXUBaHUSI APKTUKH SIBISECTCS IIO-
TpeOHOCTh TOBBIIICHUS] TOYHOCTH HABUTAIUH,
CHI)KEHHE METEOMUHHMYMOB 3a CUET Iepexojia
K CIyTHUKOBBIM TEXHOJOTHSAM HAaBUTalLIUH.
B Hacrosiiee BpeMsi TOTOBSITCSI U3MEHEHMSI B
@denepalbHbIX aBUAIMOHHBIX MPABWIAX, KOTO-
pbl€ MO3BOJIAT UCIOJIB30BaTh CPEACTBa yAaJleH-
HOTO BHJICOHAONIOACHUS Ui yNPaBICHHUS BO3-
TYITHBIM JTBUYKEHUEM.

CocrosiHue BcexX BBIIICNIEPEUNCICHHBIX 3Jie-
MEHTOB CHCTEMBbI BO3AYLIHOIO TPaHCHOPTa pocC-
CUICKON ApPKTUKU OIpenesseT UEeHOBYIO U (u-
3UYECKYI0 JOCTYIHOCTb aBMANEpPeBO30K JJIf
HacesneHusl. Onpockl MECTHOTO HACEJIEHUs Ioce-
JICHUH apKTUYeCKuX paiioHoB PecryOmmkm Caxa
(AxyTus1) mokazanau, 4TO H3-3a BBICOKOW CTOHU-
MOCTH OWJIETOB Ha BO3AYUIHBIA TPAHCIOPT JaH-
Hasl yCIIyra CTAaHOBUTCS HEAOCTYITHOM ISl MECT-
HOro HaceneHus. Hampumep, ctonmMocTh mnepe-
nera U3 MoCKkBBI B SIKyTCK Ha pacCTOSIHUE B
4 883 kM B cpeanem cocrtasisier 17 500 pyo6.
A CTOMMOCTb BHYTPUYJIYCHOI'O IIE€peleTa U3
SAxytcka B Hokypaax Ha paccrosiHue 1 245 kM B
cpenaem cocrtasisier 30 000 py6. CroumocTs
nepesera U3 SIkyrcka B THKCH COCTaBIIIET OKO-
ao 27000 py6. Takas CTOMMOCTh MECTHBIX
aBUAIIMOHHBIX IEPEBO30K 00YCIIOBIEHA BBICOKON
CTOMMOCTBK) aBHALIMOHHOTO TOIUIMBA BCIE-
CTBHE BBICOKHMX 3aTpaT Ha €ro JI0CTaBKY, HU3KOU
TOIUTMBHON A()PEKTUBHOCTBIO 3KCIUTyaTHpYe-
MBIX BO3AYLIHBIX CY/IOB, BBICOKOM CTOMMOCTBIO
MOJ//IepKaHUs JIETHON FOJTHOCTU B CBSI3U CO CTO-
UMOCTBIO U JIOTUCTHYECKUMHU MpoOIeMaMu To-
CTaBKH 3aIlacHBIX JyacTeil [28].

Perynsipnast mapuipyTHasi ceTb aBUaKOMIIa-
Huu «[lonspHbIe aBUATUHUNY, 00CITYKHUBAIOIIICH
MECTHBIE MacCaXUPCKUE IMepeBo3ku B PecmyO-
muke Caxa (SIkyTwsi), coeqUHSET TOJIBKO aIMHU-
HUCTPATUBHBIC PAaHOHHBIE LIEHTPBI CO CTOJIULIEH
pecny6nuku. [Ipsimoe perynsipHOe aBUAIIMIOHHOE
COOOLIeHHE MEXIY apKTHYECKUMH YIIyCaMu
pecnyOIMKN HE ocyluecTBiuserca. Beicokas cro-
UMOCTbh TIepeJieTa U OrPAaHUYEHHOCTh MapuIpyT-
HOM CEeTH NPUBOJMUT K CHIDKEHHUIO CIIpOca Ha
aBUAIIEPEBO3KM CO CTOPOHBI MECTHOTO Hacele-
Hus. CHHKEHHE CITpOca Ha aBUAINEPEBO3KU MPHU-
BOJIUT K HeJo3arpyske peicoB M morepe npuobl-
7Y aBUAKOMIIAHWW, KOTOpPbIE B CBOIO OYEPENb
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Table 3

[{eneBbie MOKa3aTeNn Pa3BUTHSI CHCTEMBI BO3IYIITHOTO TPAHCIIOPTa ApKTHYECKO# 30HBI Poccun™
Targets for the development of the air transport system in the Arctic zone of Russia

JyieMeHT HanMeHoBaHue MeponpusTHS LeneBble O:xugaemblii
CUCTEMBI nokasareju pe3yJbTaT
BO3YLIHOIO
TpaHcnopTa
AnsponoproBasi | CHmKeHHe TpeOOBaHUH K aBHA- CoxpareHue 3aTpar Ha YBenuueHne Komde-
CeTh IMOHHOI 0€30MacHOCTH JUIS coJiep’KaHle adpONOPTOB B CTBa a3pOIOPTOB
a’pOIOPTOB C MAJIOH UHTCHCUB- ApKTHYECKOU 30HE
HOCTBIO TIOJIETOB U YTIPOIIICHHE Coxkpamenue asporopro- | CokpalieHne CTOUMMO-
ABUAIIMOHHBIX MPABUII, periIaMeH- BBIX COOPOB CTH IIepesnieTa
THPYIOINX UX ACSITeTbHOCTh
CTpOouTEeNnbCTBO U PEKOHCTPYKIUS | YBeIHUeHHe KOJIHIeCTBa [loBsItieHue TpaHc-
a’pONOPTOB U B3JIETHO- asponoptoB B A3 u obec- | MOPTHOH JOCTYHHOCTH
ITOCaI0OYHBIX TJIOMIAIOK B Hace- TIeYeHNE IS KaXKI0TO HACEJIEHHBIX ITyHKTOB
JICHHBIX MTyHKTaX, KOTOPBIC HE HACEJIEHHOTO ITyHKTa J10- A3, HaxopsIuXcs 3a
MTOKPBIBAIOTCS 30HOM MPUTSIKE- CTYITHOCTH a3poIiopTa B Mpe/ieaMu 30HbI TIPH-
HUS JEHCTBYIOLIUX a3pPONOPTOB paauyce He 6omee 150 km TSKEHUS JEUCTBYIO-
B A3 LIMX a3pOINOPTOB
IMapx [Ipon3BoACTBO OTEYECTBEHHBIX CoxkparieHre cperHero CoxkpareHue 3arpaT Ha
BO3IYLIHBIX BC TpebOyembIX THUTIOB U B HEOO- Bo3pacta BC B mapke PEMOHT U 3KCIUTyaTa-
Cy/IOB XOJTMMOM KOJIMYECTBE IS 00- aBUAKOMITaHUN ApKTHYe- [IUI0 YCTapEeBINX TH-
HOBJICHMSI TapKa aBUaKOMIaHUH cKoii 30HbI 10 5—10 jet o BC
YnporieHne nopsiika moayueHus CepTtuduxanms HOBBIX [IpousBoacTBO oTeue-
cepTuduKaTa THIIA Ha JIETKOE M | JIETKUX U CBEPXJIETKUX TH- CTBEHHBIX JIETKHUX H
ceepxiserkoe BC, ero asurarens o BC cBepxierkux BC
Y BO3AYIIHBIA BUHT
Ynporienne TpeboBaHUI K KOM- YBenuueHne KoMMepue- YBenuueHue mpeio-
MEPUYECKUM 3KCIUTyaTaHTaM Cy- | CKHX AKCIUTyaTaHTOB CYZOB | JKEHHIl Ha IepeBO3KY
JIOB MaJIOM aBHAIlAU MaJIoi aBuanuu B A3 naccaxupoB B A3 u
CHIDKEHHE CTOMMOCTH
MIEPEBO3KU
MapuipytHass | OTKpBITHE HOBBIX MPSIMBIX COLH- CHmXeHHne KOJIM4ecTBa [ToBeImeHwE ypOBHS
ceTh AJIbHO-3HAYUMBIX MapIIPYTOB CTBIKOBOK Ha BOCTpe0o- TPaHCIIOPTHOW JOCTYTI-
MEX]ly HACEJICHHBIMU ITyHKTAMU BaHHBIX COI[MAIILHO 3HA- HOCTHU HACEJICHHBIX
A3 YUMBIX MapuIpyTax ITyHKTOB A3
CHIKeHHe CTOMMOCTH Tie-
PEBO3KH MEXy BOCTpeOO-
BaHHBIMHU ITYHKTaMH OT-
MIPaBJICHUS M HA3HAYCHUS

COKpalaloT KOJIMYECTBO PETYJSPHBIX PEUCOB H
YBEJIMYMBAIOT CTOUMOCTh OuieroB. B pesynbra-
T€ LEHOBAas JOCTYIHOCTb YCIYTH IIE€PEBO3KH
YMEHBILAETCS W YBEIUYMBACTCA BPEMs OKUIaA-
HUS TIEPEBO3KH, COKpalas ee (U3NYECKyIo J10-
CTYIHOCTb. OTH OCOOEHHOCTH OLIEHKH TpaHC-
MOPTHOM JOCTYIHOCTH TEPPUTOPHIA CTpaHbI ObLI
oTMmeueHsl B padortax I1.A. JlaBpunenko [29].

s OLIEHKW TOJHOTHI M CTENEHU BO3JIECH-
CTBUSI MPEIJIOKEHHBIX MEPOIPUATUN HAa CHCTE-
MY BO3YIIHOI'O TPAHCIOPTa APKTHUECKOUN 30HBI
Poccun W mMoOBBIIEHWE €€ TPAHCHOPTHOM J0-
CTYITHOCTH HeoOXoauma pa3paboTKa LeJeBbIX
nokasaTesiei, Ha JOCTH)KEHHE KOTOpbhIX Oyjaer
HampaBlieHa WX peanm3anus. Mel pa3paboTanu
BO3MOJKHBII IE€PEYEHb IUIAHOBBIX LIEJIEBBIX IIO-
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IIponosxenne Tadaunbl 3
Continuation of Table 3

Dj1eMeHT HaumeHoBaHMe MepONIPUATHS LeneBble Oxxuaaemblii
CHUCTEMBI noKa3areju pe3yJbTart
BO3IYIIHOTO
TpPaHcHopTa
Pacniucanue Cocrapnenue pacnucanus noje- | CokpallieHue CTOMMOCTH U | TloBbIlIeHHE YPOBHS
MOJICTOB TOB, HANIPABJICHHBIX HA MUHAMHU- | BPEMCHH, 3aTPAYMBaEMOT0 | TPAHCIOPTHOM OCTYT-
3aII{I0 CTRIKOBOYHOTO BPEMEHHU Ha TIepeeT HOCTH HAaCEJIEHHBIX
[IPU OPTaHMU3aLUU MEXPAHOHHBIX MMyHKTOB A3
MIEPEBO30K YePe3 CTOIHILY PErro-
Ha
Kanpossrii Pa3paboTka mporpamMm mpuBJe- CokpallieHle CperHero Pemenne npo6ieMbl
coCTaB YSHHS MOJIOJIBIX CIICIIUATIHCTOR BO3pacTa MUJIOTOB PErHO- neduImTa KaapoB pe-
(MUJIOTOB ¥ TEXHUKOB) B aBHa- HAJIBHBIX ABUAKOMITAHUH | THOHAJIBHBIX aBUAKOM-
KOMITaHUU U aBUANIPEANPUATUA 1o 40 net TaHui
A3
Opranuzarnms OcHarienue a3pornopToB (ad3po- [ToBEIIEHNE TOYHOCTH CokpalieHue BeposiT-
BO3IYIIHOTO | JOpOMOB) A3 CpencTBamMu a’poHa- | HABHTAIUH, CHIDKEHUE Me- | HOCTU OTMEHBI pelCOoB
JIBMOKCHUS U BHTAIIOHHOTO O0CITYKHBaHHS TEOMHHHUMYMOB IS pa3- 13-3a MPUPOTHO-
a’poHaBHra- MOJICTOB, PAJIUO- U CBETOTEXHH- | PEIICHHUS IOJETOB, 00JIer- | KIMMAaTHYECKHX YCIIO-
LIMOHHOTO 00- 4eCKUM 000pyJ0BaHUEM YCHHE TIOJICTOB B YCIOBHSIX BUU
CITY)KMBaHUS MIOJIIPHON HOYH

* CoOcTBeHHas pa3paboTKa aBTopa.

KazaTenell s KakJIOro »3JIeMEHTa CHCTEMBI
BO3AYIIHOTO TPaHCIOPTa APKTUYECKOW 30HBI C
YYETOM MPEUIOKEHHBIX HaMH MEpPONPUITHH,
KOTOpBIH MpecTaBieH B Ta0l. 3.

3aKjIrouYeHue

Ha ocHoBaHMM ITPOBEIEHHOTO UCCIIEOBaHUS
MOKHO BBIJICJIUTh HECKOJIBKO HEO0OXOIMMBbIX
HaMpaBJICHUWA pA3BUTUS MaJjoll aBUAlUH JJIst
oOecrieueHHs MOTPeOHOCTEH APKTHUECKUX pe-
ruoHoB Poccun.

Bo-nepBbix,  ympomienue — denepanbHbIX
aBUALMOHHBIX MPaBWJI, PETIAMEHTUPYIOIUX Jie-
ATEJIbHOCTh ABUANPEANPUATHH, oOecreynBaro-
mux (YHKIMOHUPOBAHUE TIOACUCTEMBI MaJlon
aBuaIuu (pa3paboTKa yIpoOIIEHHBIX TPeOOBaHUN
K o0ecrie4eHnIo0 0€30IacHOCTH B CepTH(PHUKAINN
a’poJpOMOB C MaJlIOd MHTEHCHBHOCTBIO TOJIE-
TOB, pa3padOTKa YIPOIICHHBIX TPEOOBAHUU K
KOMMEpYECKUM aBHaIlepeBO3YMKaM, 3KCILITyaTH-
pylomuM cyna Majod aBuanuu). OmbIT 3apy-
OeXHBIX CTpaH MOKa3bIBAET, YTO Majas aBUaLUs

MOJKET CTaTh 3HAYMTEIbHBIM UCTOYHUKOM JOXO-
J1a 17151 pETMOHOB MPY YCIIOBUM CHUXKEHUS 3aTpat
Ha ee cogepxanue. Onelr Assicku n CeBepHOi
Kananel nokasbiBaeT BO3MOXHOCTH oOOecriede-
HUS HOPMAJIbHOM TPaHCIOPTHOM IOCTYIHOCTH
ApKTUYECKUX HACEJICHHBIX ITyHKTOB 3a CUET pa3-
BHUTOH IIOJICUCTEMBI MaJION aBUAIINU.

Bo-BTOpBIX, pa3BUTHE NPOU3BOACTBA BO3-
OYLIHBIX CYIOB MaJIOM aBHAlM¥ IO3BOJUT 3a-
MEHUTH KCIUTYaTalHI0 IKOHOMHYECKH JOPOTUX
BepTosieToB MMU-8, cTOMMOCTH JIETHOrO wyaca
KOTOPOTO B apKTHUYECKHUX YCJIOBHUAX OO0XOAMUTCS
B 500 000—600 000 py6. TeTKUMU BO3IYIIHBIMU
CyJlaMH CO CTOMMOCTBIO JIETHOIO Yaca B
60 000—80 000 py©. mis opraHU3alUA MECTHBIX
NACCAXUPCKUX TEPEBO30K U  BBINOJHEHUS
OOJBLIOr0 CIEKTpa aBHAIIMOHHBIX pabor. s
pa3paboTKu MjaHa MPOU3BOJCTBA OTEUECTBEH-
HBIX CYJIOB MaJIOMl aBHAIMM HEOOXOAMMO pac-
CUMTATh MOTPEOHOCTh U BMECTUMOCTH BO3/YIII-
HBIX CyJ0B JJaHHOTO KJlacca.

TperbuM HampaBiaeHHEM pPAa3BUTUS MaJOU
aBUalMyU B APKTHKE SBJIIETCS pacIIUpeHue Aei-
CTBYIOILIEH a’pONOPTOBOM CETH 3a CUET BOCCTA-

65



HayuyHbiit BectHuk MITY TA

Tom 25, Ne 02, 2022

Civil Aviation High Technologies

HOBJICHUSI He(DYHKIIMOHHUPYIOIINX B3JIETHO-IIOCA-
JIOYHBIX T0JOC COBETCKOrO MEepuoja, MO3BOJIS-
IOIUX MMPUHUMATh JIETKHE BO3AYIIHbIE CyJa He-
ooabmoii BMectumocTu. Onbeir CIHIA n Kanager
TaK)K€ JOKa3bIBAET BO3MOXKHOCTh HOPMAaIbHOM
AKCIUTyaTallii TPYHTOBBIX B3JIETHO-MIOCAIOUHBIX
MOJIOC AJI1 OOCITYy>)KMBAaHMSI JIETKUX BO3IYIIHBIX
CYyJlOB.

UeTBepThIM HampaBlICHUEM SIBISETCS pac-
HIMPEHUE MApUIPYTHOM CETH AaBUAKOMIIAHHI,
KoTOpasg OyneT BKJIOYaTh Hambosiee BOCTpeOo-
BaHHbIC HAIPABIICHUS BHYTPU PErHOHANBHBIX U
MEXPErHOHATBHBIX TIEPEeBO30K. J[1s peanuzanuu
JTAHHOTO HAaIpaBJICHUsS HEOOXOAUMO IPOBECHHE
rTyOOKOTO WCCIIEJIOBaHUS CIIPOCa HaCElleHUs
apKTHUYECKUX TMOCEJIeHU Ha aBHUALMOHHbBIE
MapIIPyThl IEPEBO3KH.

[IaThIM HampaBJIE€HUEM Pa3BUTHUS MaJIOU
aBUAIIMM SBIIETCS COBEPIICHCTBOBAHUE CHCTE-
MBI a9POHABUTAIIMIOHHOTO U METEOPOJIOTUYECKO-
ro 00CITy>)KMBaHHSI TIOJIETOB TPa)TaHCKOW aBHa-
MU B apKTHYECKHX pernoHax. B kauecTBe aib-
TEPHATUBHI TOCYAAPCTBEHHOTO (PMHAHCUPOBAHUS
Masiol aBuanuu B Apktuke no omsity CIHIA
MOKET OBITh cO3/1aH (OHI, B KOTOPHIH J100bIBa-
IOIE KOMIIAaHUH, (PYHKIMOHHUPYIOIIME Ha ATHX
TEPPUTOPHUAX, OYIyT OTUYUCIATH YacCTh CBOCH
npuObLTH. JlaHHBIE CpencTBa MOTYT  OBITH
HATPaBIIEHbl HA MOKPBITUE a’POTOPTOBBIX COO-
poB 3a oOcCIy>KMBaHUE BO3AYILIHBIX cynoB. Mc-
nonb3oBanne ombita CIIA n Kanagsl mo3Boaut
YBEJIMYUTH MPUBJIEKATEILHOCTh MaJIOW aBHAIIMU
JUIsi OM3HECa W TOBBICUTH TPAHCIOPTHYIO [0-
CTYITHOCTh POCCUMCKONW APKTHKH.
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Abstract: Currently, much emphasis is given to the environmental problems. This article is not an exception. It is devoted to the
issue of propagation and interaction of vortex and condensation trails that form behind aircraft when flying in the atmosphere,
depending on its state. A vortex trail is an area of disturbed air flow behind an aircraft formed as a result of its motion. A
condensation trail is a product of the aviation fuel combustion in the engine and represents condensed moisture in the form of ice
crystals, which is generated under certain ambient conditions. As the numerous studies and observations have shown, condensation
trails can affect the heat exchange processes in the atmosphere, contributing to the greenhouse effect, deteriorate the environment. It
is especially relevant for the area where numerous transitional airways pass. Therefore, it is essential to understand behind what
aircraft type the condensation trail, interacting with the vortex one, dissipates in the atmosphere, and the substances composing the
condensation trail lose their concentration. And on the contrary, behind what aircraft type the condensation trail does not dissipate
for a long term, and the substances, composing the contrail, retain concentration for a long time. It should also be noted that the
contrail, while interacting with the vortex wake, can reveal its structure and visualize the processes of propagation and attenuation
of the vortex wake. This paper uses a special computational software application, based on the discrete vortex method, to study the
interaction of condensation and vortex trails. It considers the flight weight, aircraft speed and altitude, its in-flight configuration,
atmospheric conditions, axial velocity in the vortex core and some other factors, when calculating the vortex wake performance.
This complex passed the required testing and state registration. Several procedures were executed to validate and verify the
developed complex, confirming its program efficiency and the reliability of the results obtained. The Airbus A320 and A380 were
selected as the research object of this article. The flight mode and atmospheric conditions are similar for all aircraft. The results
obtained allow us to understand how atmospheric conditions affect the propagation of contrails behind aircraft of different classes,
provided their interaction with vortex trails.

Key words: ecology, condensation trail, vortex wake, aircraft, interaction of trails, concentration.
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Bausinue cocrosinust atMocdepbl HA B3aUMO/IeliCTBHE BUXPEBbIX
U KOH/JICHCAIHOHHBIX CJICJ0B BO3AYUIHBIX CYJ10B

A.N. )Ke.ﬂaHHuKOBI, A.H. 3aM$[TI/IH2, FO.M. Yunwouun’
Henmpanvuwiii aspozudpodunamuyeckuii uncmumym umenu npogp. H.E. Kykoeckozo,
2. Kykoeckuu, Poccus
? lTemno-ucnsimamensioiii uncmumym umenu M.M. I'pomosa, e. ’Kykosckuii, Poccus
I Mockosckuii 20CY0apCmeeHHblll MeXHUYeCKUL YHUBEPCUMem 2paicoOanHcKoll asuayul,
2. Mockea, Poccus

AHHOTaumsi: B HacTosIee BpeMsi MHOTO BHUMAHUS YAEISIETCS SKOJIOIMYECKMM npoOiemaM. JlaHHas paboTa HE MCKITIOUEHHE.
OHa mocBsIIeHa MpobiaeMe PacpoCTPaHEHUsI U B3aUMOJEIHCTBHSA BUXPEBBIX M KOH/ICHCAIMOHHBIX CIIEIOB, 0Opa3yIOIMXCS 32
BO3IYILIHBIMH CyJaMH IIPH MOJIeTe B aTMoc(epe B 3aBUCHMOCTH OT €€ COCTOsIHMS. Brxpesoii cieq — 310 001acTh BO3MYLIEHHOTO
BO3JLYILIHOI'O IIOTOKA 32 CaMOJIETOM, 00pa3yIOIasics B Pe3yJIbTaTe ero ABIKeHNs. KOHIeHCAMOHHBIH clief] ABIeTCs IPOLYKTOM
CropaHusi aBHallMOHHOTO TOIUIMBA B JIBUTaTelie M IPEACTaBIIsIET COOOH CKOHIEHCHPOBAHHYIO BIIary B BUAE JIEASHBIX KPUCTAILIOB,
KoTOopasi OoOpasyercsi NpH ONPEAENIEHHBIX COCTOSHMSX arMocepbl. Kak Toka3and MHOrOYHCIICHHBIE WCCIIENOBaHUS H
HaOJIONCHNUs, KOHJICHCAIMOHHBIE ClIebl MOTYT BIIMATH HA TEIUIOOOMEHHBIE TIpoLecchl B atMocepe H, CIIOCOOCTBYS
HapHUKOBOMY 3(deKTy, yxXyamars 3konoruto. OcoOeHHO 3TO aKTyalbHO Ui MECTHOCTH, TJIeé MPOXOAST MHOTOYHCIICHHBIC
BO3/YyILIHbIE TPAH3UTHBIE TPAacChl BO3AYLIHBIX CYyAOB. Il03TOMy BaXHO MNOHMMATh, 33 KAaKUMM BO3JYLIHBIMH CyJaMH
KOHJICHCAIIMOHHBII CJIe]], B3aMMOJEHCTBYS C BHXPEBBIM, paccerBaeTCsi B aTMoc(epe, a BEIIECTBA, BXOAIIME B COCTaB
KOHJICHCAaIIMOHHOTO CJIe/ia, TEPsIIOT CBOIO KOHIEHTparuio. M, Hao00poT, 3a KaKMMH BO3AYIIHBIMH CyAaMH KOHICHCAIMOHHBIA
cllell JONTO HE PAcCeMBACTCs, a BEIECTBA, BXOMSINUE B COCTaB KOHACHCALMOHHOIO CHENa, UIMTEIBHOE BPEMSI COXPAHSIOT
KOHIEHTparmio. OTMETUM TaKKe, YTO KOHICHCALMOHHBIN CJENl, B3aUMOJCHCTBYS C BHUXPEBBIM CIIEZIOM, MOXET BBIIBIATH €0
CTPYKTYpYy, a TaKKe BH3yalIW3HPOBaTh IIPOLECCH PACHpPOCTPAaHEHMS W 3aTyXaHHWs BUXPEBOro ciena. B naHHOM cratbe Uit
WCCIIEZIOBAaHUS B3aMMOJICUCTBUSl KOHJCHCALMOHHBIX M BUXPEBBIX CJIEIOB OBUI HCIONB30BAaH CIELMAIBbHBIA PACUETHO-
MPOrpaMMHBIN KOMILIEKC, Oa3upyroLuiica Ha MeTo/e JUCKPETHBIX BUXpel. B HeM mpu pacuere XxapakTepUCTHK BUXPEBOTO ciesia
YUUTBIBAIOTCS OJIETHBIN BEC, CKOPOCTh M BBICOTA IIOJIETa CAMOJIETa, €r0 MOJNETHas KOH(Urypauus, arMocepHbIe yCIOBUS,
0ceBas CKOPOCTh B SIpe BHUXPSL M HEKOTOpbIE Apyrue (hakTopbl. DTOT KOMIUIEKC INpOIIEN HEOOXOIMMYIO anpoOaluio M
TOCYapCTBEHHYIO PErHCTPALHIO. BbUT BBINOIHEH psii MEPOIIPHATHI 110 BATUIALMH U BEPUPUKALMHI Pa3pabOTAHHOTO KOMILIEKCa,
TIOATBEPIKIAIOIINX PAOOTOCIIOCOOHOCTh MPOrpamMM, BXOSIIMX B HETO, M JOCTOBEPHOCTH MOJIydaeMbIX Pe3yJbTaToB. B maHHOM
CTaThe B KayecTBe OOBEKTOB MCCIEIOBAaHMS ObUTH BBIOpaHbI BO3myIIHbe cyna A-320 u A-380. Pexxum nonera n armoctepHble
YCIIOBHSL JUISL BCEX CaMOJIETOB BBIOpaHBI OHM W Te Xke. IlomydeHsl pe3ysbTaThl, KOTOPHIE MO3BOJIIOT MOHATH, KaK BIHUSIOT
aTMoc(epHbIE YCIIOBHS HA PacpOCTpaHEHHE KOHJICHCAIMOHHBIX CIIEJIOB 33 BO3/IYIIHBIMH Cy/laMH PAa3HOTO KJacca IpU YCIOBUH
HX B3aUMOJICHCTBUS C BUXPEBBIMH CIIEIAMH.

KunroueBble cjioBa: SKOJOrMs, KOHJICHCAIIMOHHBIA CJIel, BHXPEBOW CIIel, BO3MYIIHOE CYIHO, B3aUMOJCHCTBHE CJIENOB,
KOHIICHTPALIHSL.

Jost murupoBanus: XKenanaukoB A.U., 3amstua A H., UnarounH FO.M. Bimstaue coctosiamst atTMocdepsl Ha B3aUMOJICHCTBIC
BUXPEBBIX W KOHJICHCAIIMOHHBIX CIIEZ0B BO3AYIIHBIX cynoB // Hayuneni Bectnuk MI'TY T'A. 2022. T. 25, Ne 2. C. 70-80.
DOI: 10.26467/2079-0619-2022-25-2-70-80

Introduction servations have shown, contrails degenerate into
thin cirri high-altitude clouds as time progresses
and can affect the Earth's climate, as well as the

It is known that under certain flight condi-  heat exchange processes in the atmosphere, con-
tions, a contrail is formed behind flying aircraft  tributing to the greenhouse effect and deteriorat-
(fig. 1). When aviation fuel combusts in the en-  ing ecology. This is especially relevant for the

gine at the outlet of the nozzle, there is water  areas with intensive air traffic, where numerous
vapor among other combustion products. Under airways pass. At present, various methods to
certain atmospheric conditions, this water vapor  reduce or even eliminate the contrail are being
together with atmospheric moisture condense in developed. For example, if ultra-low sulfur fuel
the form of drops and ice crystals and become is used, it is claimed by the authors that the con-
visible [1-4]. As the numerous studies and ob-  trail can be almost fully eliminated (US Applica-
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Fig. 1. Example of a condensation trail behind an airplane

tion No. 12/614,640 dated November 9, 2009).
The options for changing the altitude and flight
route are also considered, but these alternatives
can lead to an increase in flight time, which
means additional carbon dioxide emission [2, 3].
A local increase in carbon dioxide can result in
acid rain [1-4]. Several works [5-7] study air-
craft vortex and contrails. This research has
shown that contrails behind aircraft of modern
aerodynamic configuration of the Airbus A320
and A380 types are drawn into wake vortices
and their further propagation in the atmosphere
depends on a variety of factors. Among these
factors we can mention the flight speed and alti-
tude, aerodynamic configuration of the aircraft,
its flight configuration, as well as the atmospher-
ic conditions in which a flight operates [8—14].
The paper [1] shows that some aircraft aerody-
namic configuration can have a favorable effect
on contrail propagation, in terms of its dispersion
in the atmosphere. The engines of these aircraft
are located short of the wingtip, which means
that tip vortices releasing the wing, capture the
contrail and disperse it partially or completely,
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thus reducing the negative impact of the contrail

on the environment.

On the other hand, if the contrail is not drawn
into the wake vortex, and there are such aircraft
aerodynamic configurations, its propagation in
the atmosphere will occur according to the phys-
ical principles. In the non-turbulent atmosphere,
the contrail can remain long, but in the turbulent
atmosphere it can do considerably shorter [1].

This article explores the process of contrail
propagation under the conditions of its interaction
with wake vortex. The wake vortex effect on the
contrail is prioritized but not atmospheric turbu-
lence. It is common knowledge that[12-18],
the atmospheric turbulence effect is by an order
of magnitude weaker than wake vortex. Wake
vortex propagation, in its turn, depends signifi-
cantly on the ambient conditions [5].

It is known [2, 3, 5] that the ambient condi-
tions can vary from highly stable to highly un-
stable, depending on the turbulent processes oc-
curring in the meteorological atmosphere. This
article carries out the study of the various atmos-
pheric conditions effect on contrail propagation
in the conditions of its interaction with wake
vortex.

Methodology of the research

The studies on the interaction and propaga-
tion of vortex and condensation trails were car-
ried out using the computational software appli-
cation [15] which basics and ideas are described
in the monographs [5-18] and articles [19-23].

The foundation of the computational soft-
ware application is a mathematical model of the
long-range wake vortex [5], in which speeds
disturbed by aircraft are obtained, based on an
accurate solution of the Helmholtz equation [17].
This allowed us to consider the dissipation and
diffusion of vortices, modeling wake vortex.
These phenomena are associated with the natural
process of vortices attenuation in the meteoro-
logical atmosphere. The contrail was modeled in
the following way: eight markers, which simu-
lated the contrail boundary, were located around
the nozzle contour of each engine. Another
marker was placed in the center of the nozzle.
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Taoauma 1
Table 1
Assessment of ambient conditions
Richardson number Ri Ambient condition (AC) Estimates

Ri<-1.0 Highly unstable 5
—-0.01>Ri>-1.0 Unstable 4
0.01>Ri>-0.01 Neutral 3
2.5>Ri>0.01 Steady 2
Ri>0.25 Highly stable 1

The markers were considered weightless. The
problem was solved in a nonlinear non-
stationary setting by the method of discrete vor-
tices. The markers moved in space within the
time frame, considering the effect of aircraft
wake vortex. The problem was solved in the
dimensional format; therefore, the graphs below
show calculation data for the specific aircraft
flight conditions. In order to simplify under-
standing of the process of vortex and contrails
interaction, the graphs below only monitor the
marker movement, which was placed in the cen-
ter of the nozzle. The paper [1] shows the
movement of other markers, which simulate the
engine contour.

To assess the ambient condition in the math-
ematical model of the long-distance wake vortex
of the computational software application, the
Richardson number was used.

g AT/Az

T (AN/A2)?

Here g is acceleration of free fall, T is the aver-
age temperature of the layer Az thick.
AT / Az and AN / Az are respectively the aver-
age horizontal wind velocity temperature gradi-
ents in the layer Az thick.

The Richardson number characterizes the ra-
tio of buoyancy forces (numerator) and dynamic
factor (denominator), id est, the ratio of the con-
tributions of free and forced convection in the
formation of atmospheric turbulence. Thus, the
increase in the temperature gradient modulus
corresponds to the state in which buoyancy forc-
es dominate. The increase in the velocity gradi-
ent corresponds to the increase in the dynamic
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factor and characterizes the atmosphere as un-
stable. The ambient condition is considered neu-
tral if —0.01<Ri>0.01, in this case, the
thermal influence is minimal so only forced con-
vection can exist. When the Ri<—0.01
number decreases, buoyancy forces become
more apparent, mixed convection arises, and at
Ri<—-1.0, a free convection mode is estab-
lished. On the contrary, with an increase in
Ri > 0.01 buoyancy forces begin to impede the
turbulence development. At Ri>0.25 the
current becomes almost laminar, turbulent mix-
ing is virtually absent.

So, at Ri<—1.0 the ambient condition
is considered highly unstable (AC=5), at
—0.01>Ri>—-1.0 unstable (AC=4), at
0.01 > Ri > —0.01 neutral (AC =3), at
25>Ri>0.01 steady (AC=2) and at

Ri >0.25 highly stable (AC=1). All the
above argumentations can be narrowed down
to Table 1.

To make the application of this table and the
introduction of initial data into the mathematical
model of long-distance wake vortex convenient,
the ambient condition estimates are given.
A highly unstable atmosphere is rated at
5 points, and strongly stable at 1 point. From
Table 1, we can see the estimates of other ambi-
ent conditions. The flight experiments as well as
the observations of real aircraft flights showed
that the position and propagation of vortex as
well as aircraft contrails significantly depend on
the ambient condition. In a non-turbulent atmos-
phere, vortex trails exist for prolonged time,
while in the unstable atmosphere they quickly
disappear due to dissipation and diffusion.
It means, contrails, when interacting with vortex
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ones, will behave differently. The rapid destruc-
tion of the wake vortex in a highly unstable at-
mosphere leads to the cessation of its effect on
the contrail, which can exist for more extended
time. Vice versa, the long-term existence of
wake vortex in a highly stable atmosphere leads
to the rapid destruction of the contrail and its
dispersion in the atmosphere. Turbulence of the
atmosphere itself also affects the contrail disper-
sion. This mathematical model also takes into
consideration this fact.

Results of the research

Twin-engine Airbus A320 and four-engine
A380 were chosen as the objects of this investi-
gation. The similar flight mode and atmospheric
conditions were chosen for both aircraft. The
altitude was H 10,000 m, air speed
V = 850 km/h, the distance behind the aircraft, to
which vortex and contrails were calculated, was
equal to 25 km. The Airbus A320 and A380
weight came to 77 tons and 560 tons respective-
ly. Furthermore, the ambient condition, in the
calculations, was introduced as highly stable
(AC=1), neutral (AC =3) and highly unstable
(AC=5) in accordance with Table 1. In the
graphs below, all linear dimensions are made on
a scale for the convenient perception.

Figure 2 represents the calculation results for
position of the Airbus A320 contrails in a highly
stable atmosphere (AC=1). Herewith, the
movement of the marker in the oval form, origi-
nally located in the center of the nozzle, is
shown. The time of wake vortex impact on the
contrails will be assessed by the length of its
trajectory. The longer the trajectory is, the longer
the interaction time of these trails. The vertical
axis of the charts shows the aircraft altitude
H (m), so does the horizontal axis — the distance
(offset) to the right from the aircraft Z (m). The
presented trajectories of the marker are obtained
by taking into consideration the Airbus A320
wake vortex effect. The vortex trail exists in the
non-turbulent atmosphere for a long space of
time.

We can see that the vortex trail, having cap-
tured the condensation one, commences long
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Fig. 2. Propagation of a condensation trail
in a highly stable atmosphere

interaction with it, thereby, more diffuses it in
the atmosphere.

Figure 3 shows the calculation results of po-
sition of the Airbus A320 contrails in a neutral
atmosphere (AC = 3).

In this case, due to atmospheric turbulence,
the vortex trail fades faster. As in a highly stable
atmosphere, after capturing the contrail, it dis-
perses. But here the time for dispersing the trail
is significantly shorter. In gusty air (AC = 5), the
vortex trail fades more quickly and its interac-
tion with the contrail, weakens more greatly
(fig. 4).

The contrail retains its structure and concen-
tration of inclusive substances for a long time.
The contrail “hangs” at one height. In this case,
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Fig. 3. Propagation of a contrail in a neutral
atmosphere

only processes, taking place in a turbulent at-
mosphere, have an impact on it. Let us take no-
tice that these processes in their effect are by an
order of magnitude weaker than the vortex trail
effect [12, 15].

The similar results are obtained for the
Airbus A380. Figure 5 shows the calculation
results of the contrail position in a highly sta-
ble atmosphere. The movement of two mark-
ers, originally located in the center of each
engine nozzle, is also shown. The presented
trajectories of markers are obtained by means
taking into consideration the Airbus A380 vor-
tex trail effect. The argumentation for the Air-
bus A320 is also reasonable. In the non-
turbulent air (AC = 1), the vortex trail, having
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Fig. 4. Propagation of a contrail in a highly
unstable atmosphere

captured the contrail and interacting with it,
disperses quickly it in the atmosphere. In a
neutral atmosphere (AC = 3), the vortex trail
fades faster than in a highly stable atmosphere.
Therefore, the contrail dispersion time is sub-
stantially shorter (fig. 6). In a turbulent at-
mosphere (AC = 5), the vortex trail fades more
quickly and its interaction with the contrail
weakens more greatly (fig. 7).

The contrail retains its structure and, there-
fore, the concentration of inclusive substances.
In this case, only processes, taking place in a
turbulent atmosphere, affect it. But these pro-
cesses in their effect, as it has been noted above,
are by an order of magnitude weaker than the
vortex trail effect [12, 15].
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Fig. 5. Propagation of a condensation trail
in a highly stable atmosphere

Conclusion

Thus, the calculations showed that in case of
the vortex and contrails interaction, the diffusion
of the contrail behind aircraft substantially de-
pends on the ambient condition. In a highly sta-
ble atmosphere contrail dissipates fastest of all.
Here, the vortex trail remains long and affects
the contrail continuously. Subsequently, the
concentration of inclusive substances decreases
due to the longer time of interaction. Converse-
ly, in a highly unstable atmosphere, the vortex
trail fades rapidly and its effect on the contrail
weakens, afterwards it disappears entirely. The
contrail “hangs” at the same height. In this case,
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Fig. 6. Propagation of a condensation trail
in a neutral atmosphere

only processes that happen in a turbulent atmos-
phere, which, as it has been noted above, in
terms of their effect on the contrail, are by an
order of magnitude weaker than the vortex trail
impact. The contrail retains its structure and
concentration of inclusive substances for a long-
er stretch of time.
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