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FLIGHT SAFETY LEVEL IMPROVEMENT METHODOLOGY BASED
ON THE PILOT MODEL

A.D. BARABASH!, S.F. BORODKIN', M.A. KISELEV!, Yu.V. PETROV!

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

Despite the regular efforts on the part of national regulators, the International Civil Aviation Organization and the International Air
Transport Association (ICAO and IATA), as well as on the developers of aeronautical equipment, the vast majority of accidents
and incidents continue to occur due to the human factor. With the course of time, aircraft design and reliability are steadily and
significantly improving, nevertheless, the number of aviation accidents is happening more and more frequently, including accidents
with serviceable aircraft. Considerable evidence is the fact that a Controlled Flight into Terrain (CFIT) remains one of the most
common causes of aviation accidents. This is specified by a wide variety of problems that require the search for complex,
interconnected solutions. Among these issues it is necessary to highlight the increasing sophistication of the aircraft as a technical
system, as well as practically unchanged for more than half a century approaches to pilots training for the type and maintaining their
qualifications based on pre-defined scenarios taking into consideration the previous experience of aircraft operation. One of the
possible ways out of the situation may be the introduction of so-called concept of personnel training relying on the evidence-based
training analysis (EBT) based not on the pursue to memorize a certain list of exercises but to develop each particular pilot’s skills
and competences that could help him cope with any unpredictable situation. The key feature of EBT lies in refocusing on the
analysis of original causes of unsuccessful maneuvers (actions of the pilot) primarily in order to correct the wrong actions instead of
repeatedly complying with the "correct sequence of actions". In this regard, the tools providing a continuous analysis of the pilot's
actions to identify errors for the purpose of realigning (forming) the pilot's professional competencies in due time, are of paramount
importance. The article describes the content of the methodology representing an ultimate goal to develop recommendations aimed
at improving pilot’s expertise based on generalized and personalized models of the pilot, as well as solving the inverse problem of
flight dynamics using a comparative assessment of a particular pilot piloting quality.

Key words: flight safety, human factor, personnel training, evidence analysis, flight dynamics, pilot model.
INTRODUCTION

At present time the issue of flight safety still remains very actual taking into consideration the
fact that the amount of aviation accidents hasn’t reduced lately on average (Fig. 1). The analysis of the
events mentioned above unequivocally implies the human factor predominance among other causes of
aviation accidents [1]. On average approximately 80% of all causes of aviation accidents were ac-
counted for by a human factor for over the period from 2009 to 2018. (Fig. 2). Thus, according to the
data and reports of the State Aviation Supervision and the Intergovernmental Aviation Committee on
the Flight Safety in Civil Aviation of the Russian Federation' the most common causes of aviation ac-

' The flight safety in civil aviation state of the party-states to the agreement on civil aviation and on the use of airspace
in 2018. (2019). Interstate Aviation Committee. Available at: https://makiac.org/upload/iblock/4b6/bp-17-2.pdf
(accessed:15.10.2021).
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cidents have become CIFT (17%), flight crew’s errors on take-off and landing (45%), as well as loss
of control in flight (11%) (Fig. 3)".

Among the main reasons that contribute to keeping a high degree of the human factor in avia-
tion accidents we should emphasize the following:

Firstly, these are the problems associated with both imperfection of the modern pilot training
paradigm’ and non-compliance of the material and technical base with the modern requirements [2, 3,
4, 51.

20 0,8
0,7
aviation 1° 0e
. aviation
accidents .
10 o4 accidents
E D‘IS U
5 0,2
0,1
0 0

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Year
mmmm  The number of aviation accidents in ==@= Tha numbsr of accidents per 100 thousand
commercial aviation fight hovrs

Fig. 1. Absolute and relative (number of accidents per 100 thousand flight hours) flight safety indicators for commercial air
transportation of passengers and cargo in the Russian Federation for 2009-2018

2016 2017

Fig. 2. The share of the human factor in aviation accidents (period 2009—2018) according to the annual reports of the
Interstate Aviation Committee

2 The civil aviation of the Russian Federation 2018. Fight safety analysis. Department of the aviation safety inspec-
tion (2018). State Aviation Supervision. Available at: https://avia.rostransnadzor.ru/flight safety/flight safety
analysis (accessed: 18.10.2021).

* Doc 9995 AN/497. (2013). Evidence-based Training Manual. 1st ed. International Civil Aviation Organization, 170 p.

9
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Fig. 3. The main types of events leading to aviation accidents with commercial aircraft (period 2001-2018)

Among the main reasons that contribute to keeping a high degree of the human factor in avia-
tion accidents we should emphasize the following:

Firstly, these are the problems associated with both imperfection of the modern pilot training para-
digm4 and non-compliance of the material and technical base with the modern requirements [2, 3, 4, 5].

Secondly, these are the problems related to the increasing aircraft complexity and automatic
systems significance. So, the more automation is used in-flight, the more the person controlling
the aircraft gets adapted to the role of the operator, the less he remains a pilot trained to respond to
the force majeure circumstances arising in flight [6]. The lack of comprehensive training for actions in
case of any automatic system failure is sure to have a negative effect on the flight safety if such a fail-
ure occurs. Accidents on October 29, 2018 and March 10, 2019 with the Boeing 737-8200 (Boe-
ing 737 MAX) aircraft can serve as a bright illustration when pilots were not properly trained to oper-
ate the new Maneuvering Characteristics Augmentation System (MCAS) adjusting the stabilizer angle
for the purpose of reducing the pitch attitude with increase of the angle of attack®. At the same time it
is obviously impossible to foresee all the scenarios of probable aviation accidents, especially in
the conditions of the sophisticated aviation system, which complexity and high reliability actually
mean that the subsequent flight accident can be completely unpredictable.

Thirdly, it is evident that competency of the educational institutions training staff and opera-
tor’s flight services that provide training, assessment of knowledge and piloting proficiency is essential
in forming the pilot’s skills and expertise [7]. Subjectivity of instructor personnel in the process of pi-
lots training and obtained skills assessment can cause lack of readiness of the pilot for a number of sit-

* Doc 9995 AN/497. (2013). Evidence-based Training Manual. Ist ed. International Civil Aviation Organization, 170 p.

> Komite Nasional Keselamatan Transportasi Republic of Indonesia. Aircraft accident investigation report. PT. Lion Men-
tari Airlines Boeing 737-8 (MAX); PK-LQP Tanjung Karawang, West Java Republic of Indonesia. Available
at: https://reports.aviation-safety.net/2018/20181029-0 B38M PK-LQP PRELIMINARY .pdf (accessed: 11.01.2021).

10
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uations during flight operation. Besides, there is a problem of a frequently formal flight performance
assessment of a particular pilot in airlines, merely relying on the express analysis of flight data when
only parameters going beyond flight limits are recorded in accordance with the regulating documents.
However, such an approach does not allow us to evaluate flight performance to a full extent as well as
to give correct recommendations to the pilot, particularly to predict the possible fatal problems in the
future flight operations.

The implementation of the evidence-based training (EBT)® concept of personnel training can be
considered as an effective way to resolve the problems outlined above. Evidence-based training (EBT)
assumes the change of the pilot training methodology specifically refusal from training exclusively
based on the scenarios in favor of development and assessing expertise to support more qualitative re-
sult upon completion of training. It is proposed that acquiring a limited number of certain competen-
cies will enable the pilot to cope with unexpectedly unfamiliar and potentially hazardous situations in
flight. Thus, it is necessary not to just replace partially an outdated set of critical scenarios for a new
one, but to use event-based scenarios as a method and means for developing and evaluating the effec-
tiveness of the crew's actions in terms of applying the required specific competencies. The potential of
the similar approach is indicative of the above-mentioned Boeing 737 MAX 8 airplane accidents,
namely, before the stated above disasters several Boeing 737 MAX 8 crews successfully coped with
MCAS operational features, obtaining the incorrect data from the angle-of-attack sensor, and complet-
ed the flights uneventfully.

Thus, the EBT concept refocuses the training system on analyzing the original causes of unsuccess-
ful maneuvers (pilot actions), primarily in order to correct inappropriate actions instead of simply complet-
ing repeatedly the "correct sequence of actions". The ability to apply correctly the "error analysis" princi-
ples is meant to be the key factor in the training process. In this regard, approaches ensuring an unbiased,
extensive, objective, and continuous analysis of the pilot's actions are of paramount importance. The given
analysis is bound to rely on the factual data of objective control — a big amount of data generated in the
course of all the pilot’s flight operation (aircraft type training, maintaining qualifications, routine flight op-
eration). One of the most important goals of such an analysis, as it has already been mentioned above,
should be developing a well-founded series of recommendations with respect to forming (correction) pi-
lot’s professional competencies that ensure safe pilotage capabilities in any circumstances even unknown
before. A possible approach to the solution of this problem is presented in this article.

TASK ASSIGNMENT

The aircraft control problem can be provisionally divided into flight path and pilotage compo-
nents. The flight path component can be defined as the choice of the right control strategy, in other
words, the choice of the correct maneuver. The pilotage component is comprised of selecting by the
pilot particular deflections of the aircraft controls (control column, side stick, pedals, throttle lever)
that assure the implementation of an assigned flight path (maneuver). With rare exceptions, while pi-
loting the civil aircraft of transport category, the desired flight path is known. So, maneuvering at take-
off and landing stages in the area of the airfield takes place in accordance with the prescribed departure
routes SID (Standard instrument departure), arrival procedures STAR (Standard arrival routes instru-
ment) and approach (Approach), including glide slope descent on final (Final Approach Segment).
Therefore, the civil aviation pilot makes the main errors while pursuing prescribed flight paths i.e.
while addressing the pilotage component of the aircraft control task.

Quality evaluation of piloting component is a complex task currently implemented in suffi-
ciently a narrow sphere by means of analyzing the individual flight parameters in terms not exceeding

% The analysis based evidence personnel training. Implementation Guide. (2014). 1st ed. 2014. International Air Transport
Association, 210 p.
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accepted values. Flight speed, deviation from the glide path (at the points of entry, passing inner and
outer beacons, etc.), angle of attack, vertical acceleration, etc. are referred to similar parameters. The
carried-out research has shown [8] that the applied tolerance estimates are random and have low corre-
lation with the level of pilot training. Complexity of flight performance assessment for the pilotage
component and, accordingly, usage of all the capabilities for such an assessment are specified by a
large variety of possible control effects that ensure the implementation of the same flight path with the
given accuracy. Generally, each pilot has his own individual manner of piloting [9, 10]. Therefore,
from the point of view of searching for capabilities to improve a particular pilot’s flight performance it
is relevant to develop a methodology to resolve the subsequent tasks:
¢ validation of the flight performance criterion;
e calculation of the flight performance criterion for a particular pilot;
e calculation of the probability of unsuccessful maneuver completion under given conditions
for a particular pilot in order to identify challenges while implementing flight modes;
e giving recommendations concerning the pilot’s professional competencies formation (cor-
rection).

METHODOLOGY OF RESEARCH

The content of the proposed methodology is presented in Figure 4.

The input data for this methodology is personalized information obtained from voice and data
recorders of the aircraft operated by a particular pilot during flight operation:

e training for an aircraft type;

¢ maintaining qualifications;

e routine flight operations,
as well as data generated during the pilot’s simulator mission. This information is divided into the
stages (take-off, climb, etc.) and flight conditions (time of the day, meteorological conditions, failures
and their type, etc.).

In addition, the data obtained by means of pilot two models is input data of the methodology:

1) an individual pilot model;

2) a generalized (idealized) pilot model.

The pilot model is a model that simulates pilot response to flight controls deflection under as-
signed flight conditions, the aircraft state and its attitude. The problems of constructing a pilot model
are concerned with of the pilot performance features as a control operator. Among these features we
should highlight as follows:

1) discreteness of information perception;

2) a delayed response to the events considering the fact that a delay value can vary in flight;

3) erroneous and imprecise flight controls handling — largely depends on the pilot proficiency
and his condition;

4) pilot sensitivity thresholds, which vary when the force acting on the pilot changes.

A person ability to be affected by external factors (the intensity of incoming information, the
level of fatigue, stress, physical impacts, etc.) determines a probability of pilot’s abilities variations as
an aircraft control operator during the flight (several flights), which, in turn, defines the pilot model
stochastic nature.

In the suggested methodology, the pilot model is used in order to solve the following tasks:

e conducting additional research, in other words, "increasing flight hours" in order to identify

potentially dangerous modes for this pilot and their further training on the simulator;

e generalizing an analysis for the pilot models array for the purpose of identifying the best con-

trol pattern for each specific situation to create a generalized model of the "best" pilot.
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Fig. 4. The content of the methodology for improving the level of flight safety based on the pilot model

The essence of the methodology is as follows.

The information about flight parameters obtained from the aircraft voice and data recorders, the
aircraft simulator as well as from the pilot personal model, is analyzed:

1) in terms of trajectory parameters in order to determine their exceeding the established limita-
tions and calculate the corresponding indicator;

2) calculation of the indicator that characterizes the professional competence of aircraft control;

3) determination of the number of dangerous flight modes, i.e. the modes in which the flight
parameters are close to the limit conditions and their going beyond will pose a threat to flight safety.

The comparative analysis of the different pilots qualitative characteristics, generalization of
these indicators allow you:

1) to calculate the best indicator for this group;

2) to create a model of the best pilot for this group — the model of the "ideal" pilot;

3) to rank pilots according to the proximity of their indicators to the indicators of the "ideal" pi-
lot model;

4) to offer personal recommendations in terms of improving professional skills.

We will evaluate the flight proficiency using the analysis of the pilot's control actions — flight
controls deflections. The relationship between the nature of the flight controls deflections and the
flight proficiency is based on the research of the Institute of Aviation and Space Medicine [11]. How-
ever, the previously proposed approaches [8, 12—13], implementing the given concept, propose to ap-
ply the filters in order to separate the trajectory and flight components. In contrast to the known ap-
proaches, the proposed method presents the direct calculation of the trajectory component by means of
solving the inverse problem of flight dynamics. Let us have a closer look at the specified algorithm.
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The flight path based on the known coordinates is approximated using splines. Let us state that,
under the Weierstrass approximating theorem, for any continuous function on the segment, one can
choose a sequence of polynomials that converge evenly to this function on the segment [14]. The most
"physical" is the representation of the trajectory by cubic splines, which are a piecewise polynomial of
the 3" degree. At a separate section, a cubic spline is a dependency in the form of:

x(t)=a, 0 +b 1’ +c1+d,
y(r) = ayr3 +by172 +e,t+d,
z(t)=a P +b v +c1+d,

Then, the controlled trajectory parameters (overload and roll) required for the achievement of
the specified trajectory are calculated as follows:

1 Ve 0 ¢'cos0
Ma = L, oSy gy, = 2 2 n
cosy, g\/x +y +z , gcosex/x +H" 4z
0"+ 2
sinf = J z' y"(x'z +Z'2)—y (xx"+22") —cos p(x'z" — z'x")

[ 12 1”2 2 tg(P:—_ 0= ¢ =
X+ + i 3/2 2
Yoz X (x'2 +y"7+ z'z) cosO x'

If you know transfer relations for the aircraft control system, you can determine the required
flight controls deflections to implement the path. For example, if you know the gradient of a control

. . 1 V' . . .
stick movement concerning overload X, you can determine the movement of a control stick required

. n,
to create an assigned overload X, =X ,"n, .

Then, as a criterion of quality pilotage component, we will use the criterion of the following

klzf

where Uicu,,em,, U’}equired — current and required on the basis of solution of the flight dynamics inverse
problem, the i control lever deflection value;
S — the area of the figure made by the required and factual flight paths;
ki k>, — weight coefficients variable depending on the value of S in such a way that in case of slight
(acceptable) disagreements between the required and the factual flight paths &, — max, k£, = min

form:

current requtred

dt + k,S

requlred

while under unacceptable variations between the required and the factual flight paths
k, = min, k, — max.

The key requirement for the mathematical model of the pilot is its sensitivity to changes of the
particular pilot’s flight technique over time, determined by changes in flight hours, training sessions,
the availability of breaks, etc. The most suitable tool to form such an individual model of the pilot will
be the utilization of artificial neural networks. The advantages of neural networks over traditional
mathematical approaches and expert assessments are the opportunity to use them in order to solve
problems with the unknown patterns of the situation development and obvious dependencies between
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input and output data [15, 16], which will allow us to create a model of the pilot with individual fea-
tures of aircraft control.
The proposed method will utilize multilayer neural feed-forward networks [17] (Fig. 5).

Input layer

Hidden layer

Fig. 5. Multilayer neural feed-forward network

The required number of layers between their input and output, called "hidden" layers, will be
clarified in the course of research.

Each artificial neuron is a non-linear function of a single argument — a linear combination of all
input signals (Fig. 6).

Synaptic Activation
weights Adder function

Xy ———F—
_— xi
’ > f =

Input

data

—t >

Xn

Fig. 6. Artificial neuron with the activation function

Mathematically, an artificial neuron is a weighted integrator and a nonlinear function is applied
to its output, which is called the activation function and determined through its inputs and matrix of
synaptic weights:

y}iﬂ :f(zn:wixi"'wo] (D

where @, — a coefficient of neuron bias ( the weight of single input);
o, — synaptic weight of 7 neuron;
x, — input of i neuron;
n — the number of neurons which enter the processed neuron.
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Output of k£ neuron of j+1 layer is calculated as the sum of all its inputs from layer j, to which
the activation function is applied, which normalizes the output signal. The most common activation
functions are: a nonlinear function with saturation so-called logistic function or sigmoid (Fig. 7b), and
a linear rectifier (ReLU) (Fig. 7a).

Mathematically, the sigmoid function is expressed as follows:

1
f(x)=o(x)=17— )
The function of the linear rectifier ReLU has the following form:
f(x)=max(0,x) (3)
s 1 . 14 /M,w————m“'
////
05 :’ 0:5

| |
z |
o
- —_— o
5 25 0 25 5 5 2.5 0 2!5 5
X X
-0.5 -0.5
a) b)

Fig. 7. Activation functions: a) linear rectifier ReLU; b) sigmoidal function

To evaluate the accuracy of neural network learning, the loss (of costs) function is used. The
most common loss function is the root-mean-square error (4).

1< i 0\
J(0)=3 2@ -7) o)

where i — number of the element;
n —number of elements in the learning sample;

()
Y
yﬁi) — output parameter value from the learning sample.

— value of input parameter;

In this case, the synaptic weights @, act as a parameter of the loss function, and learning the

neural network according to the objective control data involves correction of the synaptic weights us-
ing the method of error back propagation.
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The synaptic weights will be adjusted using the stochastic gradient descent method [17], by
adding Aw, based on each group of correct answers.

dJ
Aw, =—1—— 5
=1 do, (5)

where 0 < 1 < I — the multiplier that sets up function speed.

The flight parameters are used as input data for the model at the beginning of the maneuver.
The output parameters are quality indicators in terms of flight parameters (we use the penalty function
for controlled parameters) and the pilotage component.

Summarizing the information for all the individual models, as it has already been mentioned
above, according to the considered criteria, the best pilot models for each of the flight segments and
input data will be determined, which will allow us to form a model of the best pilot for the given
group, or, in other words, a model of the "ideal" pilot.

CONCLUSION

Taking into consideration the fact that currently the number of accidents and incidents associat-
ed with pilot errors remains at a fairly high level. New approaches aimed at improving the level of
flight safety are relevant and in demand. One of the promising approaches to solve this problem is the
concept of personnel training based on evidence-based analysis (EBT). For the successful implementa-
tion of this concept the availability of tools that provide a continuous analysis of the pilot actions both
in terms of identifying errors and predicting possible risks in various flight situations as well as identi-
fying potential areas for improvement and adjusting the pilot's professional competencies is extremely
important. This article proposes an approach designed to solve the tasks mentioned above and pro-
vides, firstly, comparative indicators calculation of pilots proficiency and, secondly, special studies
with the aim of identifying flight modes potentially dangerous or difficult for implementation by the
pilot. The proposed approach is based on the aircraft means of objective control data, simulators, as
well as on the data obtained by specially developed pilot models and flight dynamics inverse problem
solution. Scheduling the events aimed at improving (maintaining) the pilots’ proficiency will facilitate
flight safety improvement without significant material costs using the results obtained by means of the
proposed methodology.
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METO/IUKA ITIOBBIINIEHUA YPOBHSA BE3OITACHOCTH ITOJIETOB
HA OCHOBE MOJEJIA ITMJIOTA

A . Bapaﬁaml, C.D. Boponmml, M.A. Kucenes', 10.B. HeTpOB1

1 « « o «
Mockoeckuii 20cy0apcmeenblll mexXHU4ecKull yHueepcumem epadcoancKkou asuayuu,
2. Mockea, Poccus

HecMoTpst Ha peryisipHO NpeIpUHAMAEMbIE YCHIIHS CO CTOPOHBI HAIMOHATIBHBIX PETYITOPOB, MeXIyHapOIHONH OpraHU3aliy
IpaXAAHCKOW aBHamku W MexayHapoaHoil acconmanuu BozayiiHoro TpaHcnopra (MKAO u HMATA), pa3pabordrkoB
aBHMAIMOHHON TEXHUKH, O/IABJISIOIIEe OOJIBIIMHCTBO aBUALIMOHHBIX [TPOUCIIECTBUH U MHIIMICHTOB POAOIIKAET IPOUCXOIUTD 10
NPUYMHE YesloBedeckoro (pakrtopa. Tak, ¢ TeueHreM BpeMeHH KOHCTPYKUMS M Ha/IeXKHOCTh BO3/IyIIHbIX cynoB (BC) HeykioHHO 1
CYILECTBEHHO YIIyYIIaeTCsl, HO, TEM HE MEHEE, aBUALMOHHBIE TIPOMCILECTBUS MPOUCXOIIT BCE YAILle U Yallle, B TOM YHCIIE U Ha
ucnpasabeix BC. SIpkuM ToMy MOATBEpIKIEHUEM CITy>KHT (DakT TOTo, YTO CTOJIKHOBEHHE ¢ 3emiieli B ynpasisiemoM nosere (CFIT)
0CTaeTCs OZIHOM M3 CaMBIX PACIPOCTPAHEHHBIX MPHYNH aBHAIMOHHBIX IIPOUCIIECTBUIA. ITO 00YCIIOBICHO LIETBIM PSIOM IIPoOIIeM,
TpeOYIOIIMX MOMCKAa KOMIUIEKCHBIX, B3aMMOYBS3aHHBIX pemeHni. Cpemy yKa3aHHBIX TIpOOJIEM CIERyeT BBIIEIHUTH BCE
BO3PACTAIONIYI0 CIOKHOCTh BC Kak TEXHWYECKOW CHCTEMBI, a TakKe MPAKTUUECKW HEM3MEHHBIC BOT Y)Ke OoJiee MoiyBeKa
MOAXOABI K TIOATOTOBKE IMIJIOTOB HAa THH M K TOJICPXKAHMIO MX KBAIM(HKALMM, OCHOBAaHHBIC Ha 3apaHee OIPEIENICHHBIX
CLEHapHsIX, (POPMUPYEMBIX UCXO U3 IPEIIIECTBYIONIEro omblTa skciutyaTaniy BC. OnHUM M3 BO3MOXKHBIX IyTeil BBIXOfA 3
CO3[IaBIICHCS CHTyallud MOXKET OBbITh BHEAPEHHE TaK HA3bIBACMOI KOHIIEMIMH TOATOTOBKM MEPCOHAIA HA OCHOBE aHAIN3a
(haxtiueckux maHHBIX (EBT), B OcHOBE KOTOpOH JISKHT HE CTPEMIICHHE 3ay4WTh ONpEICICHHBIN IepedeHb yIpaKHEHHH, a
Pa3BUTh Y KaXIOr0 KOHKPETHOTO IMHJIOTa KOMIIETEHLMH, KOTOpble oOecrieunii Obl €My BO3MOXKHOCTH CHPABHTHCS C JIHOOOI
Henpezckazyemoi curyanued. KioueBass ocodenHocth EBT 3akirouaercss B IepeopueHTallid Ha aHAIM3 TEPBONPHYMH
HEYCIIEIIHO BBITIOJIHEHHBIX MAaHEBpOB (IEHCTBMI MWIOTAa), B IIEPBYIO O4YEpeAb I TOTO, 4TOOBI OTKOPPEKTHUPOBATH
HECOOTBETCTBYIOIINE JIEUCTBUS, BMECTO TOro, YTOOBI IPOCTO OTPabOTaTh IIOBTOPHO «IPABHIIBHYIO IIOCIIEOBATEIEHOCTD
JieficTBriD. B 3TO# CBsI3M 0c00YI0 3HAYMMOCTB MPUOOPETAIOT HHCTPYMEHTHI, 00€CIIeUHBAOIINe HENPEPBIBHBIN aHAIN3 IeHCTBUH
NWIOTa Ha TIPEAMET BBIABJICHHMS OMIMOOK Ul CBOEBPEMEHHOM KOPPEKTHPOBKH ((OpMHpPOBAaHMS) MNPOQECCHOHATBHBIX
KOMITCTCHIIMH THiIoTa. B cTaThe OmMChIBaeTCS COAEp)KaHWE METOOWKH, KOHEYHOHW LETbI0 KOTOPOH SBISIETCS BBIPAOOTKa
OCHOBaHHBIX Ha CPaBHUTEIIBHOH OIIEHKE KaUeCTBA MAJIOTHPOBAHNMSI KOHKPETHOTO MHJIOTa PEKOMEHALINI TI0 COBEPILIEHCTBOBAHHIO
po(heCcCHOHATIFHBIX KOMITCTEHITHH IMII0Ta, Oa3UpyIOmascst Ha 0000IIEHHOH U TTepCOHATM3UPOBAHHBIX MOJIEISIX TIMIIOTA, a TAKKe
peleHny 00paTHOM 3a1auy JUHAMUKH MOJIETA.

KnoueBble c10Ba: 0€3011aCHOCTh IIOJIETOB, YEIOBEUECKUH (DaKTOp, MOJITrOTOBKA MEPCOHAIA, aHAIN3 (HaKTUUECKHMX IaHHBIX,
JIMHAaMVKa 110J1eTa, MOJIENb MTHJIOTA.
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METO/] COEBITUIHHOT' O YIIPABJIEHUA BE3ONACHOCTDIO ITOJIETA
HA ITPUMEPE KOPPEKTUPYEMOMU PEAKIIMOHHOU MOJIEJIN

B.1. BAUYKAJIO', C.I. BAHUHETOB?, C.I'. BOJIBAT>
! Boennviii yuebro-nayunwiii yenmp BBC «Boenno-6030yuinas akademus
um. npogeccopa H.E. Kyxoeckoeo u I0.A. 'acapunay, 2. Boponeoc, Poccus
? Cnyorc6a besonacnocmu nonemos aguayuu Boopyocennvix Cun Poccuiickoii @edepayuu,
2. Mockea, Poccus

B crarbe npoBezieH KpaTKuii aHaM3 Mpo0iieM CyIIECTBYIONIEH CHCTEMBI YIIpaBiieHHs: O€30MacHOCTBIO TI0JIeTa B TOCYIapCTBEHHOM
asuaimu Poccuiickoi denepaniuy, OCHOBaHHBIX HA OTCYTCTBUU YCTOWYMBOM IOJIOKUTEIBHOM JUHAMUKY CHUKECHYS aBaApUIHOCTH.
[TpuBeneHs! KpaTKye BBIBOJBI M3 aHANIM3a TPEeUIaraeMbIX B HAaCTOSIIEE BPEMs HayUHBIX MOAXOMOB JUIS CHIDKCHHS aBapUHHOCTH.
Paccmotpensl HanOornee 3HaYMMBbIE TPAKTHYECKHE PE3yJIbTaThl B OOJNACTH MOCTPOEHUSI CHCTEMbI YNPAaBICHHS O€30I1acHOCTBIO
KOHKpeTHOro nosera. [Ipesioxken HOBBIN MOIXO0A K Peai3aliii OOPTOBBIX CUCTEM YIIpaBJIeHHs O€30I1aCHOCTBIO TT0JIeTa Ha OCHOBE
COOBITHITHOTO yTIpaBNieHMSI. MeTox COOBITHIHOTO YIpaBIeHMsI Oe30MacHOCTBI0 KOHKPETHOTO TOJIETa TO3BOJIET B PEXKUME
pEaTbHOrO0 BPEMEHHN NCKITFOUNTH TPOSIBIICHHE U3BECTHBIX ONACHBIX (hakTopoB. Ist ero peanusanuy Bee IMpoLecchl MPUMEHHTEBHO
K M3BECTHBIM ONAaCHBIM (haKTOpaMm ONHKCHIBAIOTCS B BUIE COObITHH M (POPMHPYIOTCS B MOJHBIE TPymiibl coObiThil. KoHTpoIb
BO3HUKHOBEHUSI COOBITHI TOJHBIX TPYIN, MX AHAIN3 M YIPABICHHE COOBITUAMU OCYILECTBIICTCS MOJEISAMU COOBITHIHOTO
YIIpaBJIeHNs, OTPaOOTaHHBIMU ISl K&KAOTO OMacHoro gakropa. IIpu nocTmskeHn: OnpenenieHHOTo KOJMYECTBA COOBITHI B OJJHOM
WJIW HECKOJIBKHUX TIOJIHBIX I'pymIax CO6]:ITPII>1 AJITOPUTM 3alNThI aBHaLIHOHHOﬁ CHUCTEMBbI, HE JOITyCKask BOBHUKHOBCHHUSA OCTABIINXCS
OJIHOTO WJIM HECKOJIbKUX COOBITWH TOJIHOM TPYIIbI, NMPEJOTBpAIlaeT OIIMOOYHbIC JSHCTBUS DKUNAXKa, YeM HE JOIyCKaeT
BO3HUMKHOBEHUA aBUAITMOHHBIX MHIUJACHTOB U CCPHE3HBIX aBUAITMOHHBIX MHIIMACHTOB. B cratbe B kauecTBe Ipumepa peamsaliu
METOJ]a PAacCMOTPEH NPHUHIMI (OPMUPOBAHKS ABTOMATHU3MPOBAHHOH KOPPEKTUPYEMOW PpEaKIMOHHOM MOJENM KOHTypa
COOBITMHHOTO yIIpaBJIeHHs! Ul OmacHoro Qaxropa «HapyineHue ycTaHOBIEHHBIX MHHHMMAJIBHBIX O€30IacHBIX IapamMeTpoB
TIOJIETHOTO MOPSIAIKA BO3/LYILHBIX CY/I0B)» MPUMEHHUTEIFHO K POU3BOJILHOMY MaHEBpEHHOMY camorieTy. CrcTeMa, 3aperucTpipoBaB
COOBITHSI, OMpEEISIONINE TPYIIIOBOM MOJIET, BKIIFOYACTCS B aHAIM3 MHAMUYECKUX SJIEMEHTAPHBIX COOBITHH, ONMPEAEISIONIX
TIOJIO’KEHHE CamoJIeTa BEAOMOTO OTHOCHTENIBHO CaMoJIeTa BEAyIEro BHYTPH KOHTYpa COOBITUITHOTO YNPABIICHHS MO TAIBHOCTH,
YIVIy BU3UPOBAHMWSI M TPEBBIMICHNIO (MpHHIDKEHHIO). [Ipy moaxoae mapamMerpoB OHOTO M3 AWHAMHIYECKHX COOBITHI K TPaHHILE
KOHTypa COOBITHIHOTO YITIPaBJIeHHsS CHCTEMa DPEKOMEHIATENbHBIM WM YHPABILIIOIIMM BO3ICHCTBUEM MPECEKAET BBIXOX
MIapaMeTPOB 3a MPEEIbI KOHTYPA, YeM MPETSITCTBYET BO3HUKHOBEHHIO OLMOOYHBIX JEHCTBHI SKUITaXKA.

KitroueBblie ciioBa: 0e30MaCHOCTD MOJICTOB, OE30MACHOCT TOJIETa, YIPaBICHUEe OE30MaCHOCTHIO MOJIETa, METOM COOBITUIHOTO
yIpaBIieHust 6e30MACHOCTHIO MOJIETa, KOPPEKTUPYEMast PEAKIIHOHHAS MOJIEIb.

BBEJIEHUE

Hauunas ¢ 70-x romoB npouuioro cronerus B Boopyxennsix Cuiax cHavyana B CCCP, a mo3xe
Poccuiickoii @enepanyu B MPOLECCE AKTUBHOTO PA3BUTHUSA TEOPETUUECKUX M3BICKAHUN COBETCKOW Hayy-
HOW IIIKOJIBI MPOUCXOAUT (POPMUPOBAHUE U CTAHOBJIICHHE CHCTEMBI, ITO3BOJISIONICH OOPOThCS C aBHAITH-
OoHHOI aBapmitHOCTBIO. Jlo 70-x romoB mpoucxonuio Oonee 100 aBuanmoHHbIX npouciiecTBuil (All)
B T'0J1, YTPauMBaJIUCh Joporocrosiye Bo3ayunsle cyaa (BC), rubnum sxunaxku u naccaxupsi [1].

TeopeTrueckoil OCHOBOU TMOCTPOEHHUS CHUCTEMbl NPOPUIAKTHUKH aBAPUHHOCTH MOCTYKUIH
Hay4HbIe m3bIcKaHus [2—8] B o0mactu 6e3onacuoctu nosnetoB (b3[1oB), paccmaTpuBaromye nmpomeccsl,
MpoTeKaronye B aBuaninoHHoi cucreme (AC), Kak UMEIOIIHNE CToXacTUYecKkui xapakrep. [Ipu nBmke-
HUU B paMKax JTAHHOW HAay4YHOU MapaJurMbl ObUIH JOCTUTHYTHI CYIIECTBECHHBIC MOJIOKUTEIHHBIC Pe-
3ynbTaThl, KOoTopble K Hadanmy 2000-X TOJOB CHM3WIM W Jajee CTAOWIM3UPOBAIM aBAPUHHOCTH Ha
ypoBHe nopsiaka 10 All B rox.

OTcyTCcTBHE MPOAOIKAIOIIEHCS YCTOMYMBOM MOJOKUTEILHON JUHAMUKH 110 CHUKEHUIO YPOB-
Hsl aBapUMHOCTHU TMO3BOJISJIO ClIETaTh BBIBOJ, YTO MCIOJb3yEMbIE PaHEE METOJIbl HAyUHbIX 3HAHUU Ha
CErOAHSIIHUMN JIeHb ce0s MpakThuYecku ucuepnanu. [lanbHelinee pa3BUTHE TEOPETUUECKUX OCHOB CH-
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cteMbl ynpasineHus b3l1oB BUIuTCs B nepexoe OT MmapaJurMbl CIIy4aifHOCTH aBHALIMOHHBIX COOBITUN
K MapajJurMe UX HEOMpeeIEHHOCTH, KOTOpasi yCTPAHSAETCS 3a CUeT MOIy4eHHs] He0OX0IUMOM J0CTO-
BEPHOI1 HH(pOpMAIHH.

[To cymiecTBy, npeiaraercs HHOOPMAITMOHHBIA MTOAXO0 K MpobieMe yrpaBiieHus 0e301acHo-
cteio monera (b3lla). OueBuaHO, YTO MPAKTUYECKON peanu3alueil Takoro moaxoja OyJIeT co3aaHue
O0opToBBIX cucTeM ynpasienus billa n HazeMHBIX cuctem yrpaBieHus: ooecrnieuenueM b3llos.

CoBepIIeHCTBOBaHNE Ha3eMHBIX CHUCTeM ynpasieHus obecneueHuem b3lloB Tpebyer paspa-
OOTKHM METOJOB, MO3BOJSIONUX MUHHUMH3UPOBATH BIMSHHE YEJIOBEUECKOro (pakTopa Ha MPOLECCHI
KOHTPOJISI U IOJyYeHUs He00X01MMOoW HHPOpMALIUH.

OcranoBuMcst 6osee moapoOHO Ha cucTemMax yrpasieHus balla.

IIo mepe pa3BuTus aBualMU pa3sBUTUE CHCTEM yrpasiieHHs b3lla HOCHIIO JIOKAIBHBIN Xapak-
tep. [IpuMepaMu TakuX JOKalIbHBIX CHUCTEM, KOCBEHHO sBistomuxcsi cuctemamu bslla, moryt ciy-
JKUTh IPOTUBOIIOXKAPHBIE, MPOTUBOIOMIIAKHBIE CHUCTEMBI, CUCTEMbI MPEAYNPEKICHUS MPEBBIIICHUS
YCTAHOBJIEHHBIX NEPErpy3KU M yIJIa aTaKW, CUCTEM IPEAYIPEXKICHHUS CTOJIKHOBEHMSI C 3€MHOHM IO-
BEPXHOCTHIO U cTosnkHOBeHHsI BC B Bozayxe u T. A. CTano 04eBUAHO, YTO BEKTOP Pa3BUTHS OOPTOBBIX
CHCTEM HEOOXOIMMO CMEIaTh K KOMIUIEKCHOM cucteme ynpasienus balla.

Hayunsble 3agaun mo pazpaboTke KOMIIEKCHBIX OopToBbIX cucteM bslla craBummch u pera-
JUCh MHOTUMHU aBTOpamu [9—12], B Tom uucne B [12] Obu1a mpoBeaeHa riy0okasi TeopeTudeckast mpo-
paboTKa JaHHOTO BOIPOCA, OJJHAKO J0 HACTOSIIETO BPEMEHU MPAKTUUECKUE Pe3yIbTaThl HEBEIHKH.

Hawnyumme npakTudeckwe pe3ysibTaThl HAa TEKyIIMH MOMEHT JOCTUTHYThl B JIMU wum.
M.M. I'pomoBa pa3paboTKOil KOMILIEKCHOTO CTEH/Ia MOJIyHATypHOT'O0 MOJICIMPOBAHUS Ul UCCIIE0BaA-
HUW U OTPaOOTKH apXUTEKTYphl cucTeMbl yrpaBieHus bslla merarensubix ammapartoB [13]. C momo-
IO CTeHJa OTPabaThIBAIOTCSI OCHOBBI MH(POPMALIMOHHO-aHAIMTHYECKOM crcTeMbl ynpasineHus billa
camoneta Sk-130. Ha ocHOBe mpoBeneHHBIX HAyYHBIX M3BICKAHWW TpoOsemMa 0e30MacHOCTH ToJieTa
pemaercs skunaxem BC mpu ydactum rpynns! pykoBozctBa noieramu (I'PII), pemenust xoropoit
MO/IJICPKUBAIOTCS AKCIIEPTHOM CUCTEMOM aHan3a COCTOsSHUS ammaparypsl Ha 6opty BC mo nndopma-
UM, TTocTymnaromiei ¢ 6opra HenocpeacrsenHo B ['PII mo xanany cBs3u. [IpennoxxenHoe pemeHue ais
BC, BBINONHSAIOMMX TOJIETHI B 30HE TOCTYIa KaHalla CBA3W, HECOMHEHHO, aKTyalbHO, ogHako st BC,
BBITTOJIHSIOUINX 33241 B 30HE BEJCHHUS OOEBBIX JEHCTBHIA, IPH YCIOBUHU BO3JACHCTBHS CHCTEM PaJuo-
ANIEKTPOHHON OOpbOBI MPOTHBOOOPCTBYIOIMIMMH CTOPOHAMH, aBTOHOMHOE perieHue 3anad billa Bu-
mutes Oonee rienecoodpasHbIM. Jpyroit ocobenHocThio npooanmMoro B JIMM um. M.M. I'pomoBa uc-
CJIeJIOBaHUS, SIBJISIETCS aKTYaJbHOCTh pa3pabaThiBaeMON CHCTEMBI JIJIsl CAaMOJIETOB YETBEPTOTO ILIIOC-
IUTIOC U MOJIOXKE TTOKOJICHHH, To ecTh g BC, umeromux Ha cBoeM O0pTy COBPEMEHHbBIE IEKTPOHHO-
BBIYMCIIMTENIbHBIE MOIIIHOCTH.

OueBunHO, 4TO HE Bece rocyaapctBeHHble BC sBnstorcs BC yeTBepTOro Iiroc-miroc U MAToro
MoKoJIeHUH. Bo3HHMKaeT mpoTUBOpeune, pa3pelieHne KOTOPOTO MPEACTAaBIsIET COO00W OOBEKTUBHYIO
HAYYHYIO 3a7ady, CYIIHOCTb KOTOPOH 3aKII0OYaeTcs B HEOOXOIMMOCTH pa3pabOTKH yHHMBEPCAIbHOMN
CHCTEMBI, CTIOCOOHOM K MHTerpanuu Ha Beex Tunax BC.

B noucke HOBBIX myTei pemieHus npobiaeM pa3BUTHs cucteMsl ynpasienus bslla 6summ cdop-
MYJIMPOBaHbl TEOPETUYECKUE U MPAKTUUYECKUE MTOCTYJIATH IPUMEHEHHS aBTOMaTU3UPOBAHHBIX CUCTEM
KOHTPOJISI OKCIUTyaTallii aBUALMOHHBIX CUCTEM M Teopus ynpasienus bslla [1, 14], matemaTnuecku
000CHOBAHBI BBIBOJIBI O MIEPEXO/IE OT MAPaJAUTMBbl CIyYalHOCTHU K MMapaJurMe HeoNpeaeeHHOCTU B 00-
JacTu mpoiieccos, nporekaromux B AC [15], a Takke chopMyarpoBaHbl MPUHIUIIBI TIOCTPOSHUS OOp-
TOBOM nH(popMannoHHOU cuctembl b3lla — «uaTemekryansaoro areatay (bUC) [16].

Co3nanHas TeopeTHuecKasi OCHOBA IO3BOJIAET MOJONTH K pealu3alid HOBOTO, CUCTEMHOTO
noaxoja k obecrnieuenuto billa u BbIIBUHYTh Hay4YHYIO TMIIOTE3Yy O TOM, YTO BCE MPOLECCH], U B TOM
yrcne onacHele (¢aktopsl (OD), BozHukawmue B AC, umest He CIy4ailHbIN, a HeonpeaeIeHHbINH Xa-
pakTep, MOTYT OBbITh ONHCAHBl B BHUJE AJIEMEHTAPHBIX COOBITUMN, CTPYKTYpHUPOBAaHbI B €IMHOHN 0ase
JTAHHBIX, IPOAHAJIM3UPOBAHBI B pEXUME peajbHOro BpemeHu ¢ npumeHenueMm BUC, a rmaBHoe, 4TO
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OHHU JIOCTYNIHBI K ynpasienuto. [Ipu paccmorpenun mnpoueccoB AC B BHIE COOBITUH CYIIECTBEHHO
cHIKaeTcs TpedoBarenbHocTh BUC k anmapaTtHeIM pecypcam, 4To MO3BOJISET OPraHU30BaTh €€ PyHK-
IIMOHUPOBAHHME HA OCHOBE IITATHBIX BBIYMCIUTENCH M IITAaTHBIX JaTYUKOB OonbiimHcTBAa BC, sKcrmmy-
atupyeMbix B rocaBuanuu. Oynkunonnpoanue bUC npemyaraercs opraHn3oBaTh Ha OCHOBE METOAA
coObITHitHOTO yripaBnenus b3lla.

B ocHoBe meroma coOwbrtuitHoro ympasieHust b3lla HaxomuTcss HemomylieHHEe W3BECTHBIX B
HACTOsIIee BpeMs U yuteHHbIX B [IPATIN' kax aBuanmonnsie nHumnentsl (AM) O® perucrparmeit
AJIEMEHTApHBIX COOBITHUH TIOJIHBIX TPyNI COOBITHH, pa3zpaboTaHHbIX mis kaxaoro Od. Chopmupo-
BaBIINCH, PsiJl cOOBITUI MONHOM rpynmnbl aktuBupyeT BUC Ha HenomymieHue GopMHpPOBAHUS OCTaB-
IIEroCsl OJIHOTO WM HECKOJBKUX COOBITUH IPYIMIIbI, YeM HE MO3BOJISIET BOSHUKHYTh OLIMOOUYHBIM JeH-
CTBHSIM dKUNaxka U pa3Buthesi AU. [TomHble rpynmbl 31eMeHTapHbIX COOBITHIA 11 Kaxaoro O ¢ak-
TUYECKHU SIBIISIIOTCSA TPAaHULIAMHU KOHTYpa COOBITUIHOIO YIIPABIEHMS.

METO/I COBBITUMHOI' O YIIPABJIEHUS BE3OIMACHOCTBIO IMOJIETA

HemnocpencrsenHo meroa cobpiTuiiHOTO yrpasieHnus billa mpeamonaraer crporyro mocieno-
BaTEJIbHOCTH onepauui i kaxxaoro tuna BC.

Okcmtyatupyemble B rocaBuanuu BC pa3nuyHbl M0 MpeIHa3HAYeHHIO, JIETHO-TEXHHUYECKUM
XapaKTEPUCTHKAM, BOOPYKEHHUIO, TOPSAIKY UX SKCIUTyaTallMd HA3€MHBIM U JIETHBIM 3KHUIIAXXEM U TO-
T00HOMY, YTO MpeaIojaraeT UHIWBUIYAIbHOCTh B YACTHOCTSAX MOCTPOCHUS MOJIENEH CHUCTEMbI MPHU
coObITHitHOM ynpasienuu billa.

Ha nepBom stane mnst kaxxaoro tuna BC, skcruryaTupyemMoro B rocyJJapCTBEHHON aBuanuu Poc-
cuiickoit dexepanun, npoBoautcs GopmupoBanue katajgora OdD. C sroit nensio OD, onpenencHHbIC B
[TPAITN kak AU u CAU, rpynmupytrorcst B oo1ue ¢popMaTn3oBaHHbIE JIorucTrueckue rpymbsl OD ¢ mo-
CJIEIYIOIIMM HCKIIFOUEHHEM TTOBTOPSIOLIUXCS JIEMEHTOB U AJIEMEHTOB, KOTOPBIE SIBJISIOTCS CIICACTBUEM.

Ha Bropom stane mis kaxaoro tuna BC, Ha ocHOBaHuM KaTajnoroB O® u sKCIuTyaTarfmoOHHON
JIOKYMEHTAIlMU, OTPabaThIBAIOTCS MOJIHBIE TPYIIBI 3JIEMEHTapHBIX coObITHH. s dopmupoBaHms
MIOJTHBIX TPYMI 3JIEMEHTapHBIX coObITHI Katajgora O® HeoOxoaumo it kaxaoro Od BeIIEIUTH BCE
AJIEMEHTAPHBIE COOBITHSI, UMEIOIINE C HUM HEMOCPEACTBCHHYIO B3aUMOCBSI3b. TO €CTh ISl KaXKIOTro
tuna BC u kaxxgoro O® ux xarajgora J0JDKEH ObITh pa3paboTaH CBOM yHUKAJIBHBIN HAOOp dJeMEHTap-
HBIX COOBITUHN, B3aUMOCBSI3aHHBIX C TTIaBHBIM cOObITHEM OD.

Heo0xoaumMo OTMETHUTD, YTO 3JIEMEHTapHbIE COOBITHS MOJHBIX TPYII MOTYT OBITh KaK cTaTHye-
CKHMHU, TaK U JUHAMUYECKUMH.

[Ton craTu4ecKMMH COOBITUSMU IMOJIHBIX TPYII CIEIyeT MOHUMAaTh TaKue COOBITHS, KOTOphIE
3a eIUHUILY BPEMEHU U3MEHSIOTCS OAWH pa3. To ecTh cTaTU4ecKoe COOBITHE MOXKET MPUHUMATh JIBa
BO3MOJXKHBIX 3HAUEHUS — «J1a» WU «HET», «1» uiu «0».

[Tox MMHAMUYECKIME COOBITUSMU CIIETyeT MOHUMATh TaKHE COOBITHS, KOTOPBIC IEPEMEHHBI BO
BpeMeHH. To ecTh TMHAMUYEeCKUE COOBITHS SBJISIOTCS COCTaBHBIMU OOBEKTaMH, COCTOSIIIUMU U3 MHO-
JKECTBA KOJIMYECTBEHHBIX OIICHOK IMapaMeTPOB, OMUCHIBAIOIINX COOBITHSI.

Ha Tperbem 3Tame ¢ HUCIOJIb30BAHUEM IOJIHBIX TPYII 3JIEMEHTAPHBIX COOBITHH AJs Ka)KI0Tro
O® katasiora oTpadaThHIBAETCs CBOSI MOJICIIb KOHTYPa COOBITUITHOTO yIIPaBICHUS.

Kaxxmast Mmosiesb KOHTYpa COOBITUHHOTO YITPaBJICHUS pa3padaThIBacTCs KaK caMOJIOCTaTOYHAS
JUTSL JTOKANMM3AIMi KOHKPETHOro enuHuyHoro O®, mpu 3TOM MOJEIH aKTUBHO B3aUMOJICHCTBYIOT
Mexay coboi. B3aumonelicTBue Mozenell BHYTpH METOJA MPOUCXOIUT IMOCPEACTBOM HAIUYUS BO
MHOTHX MOJEISAX UICHTUYHBIX AIEMEHTAPHBIX COOBITHI, YYaCTBYIOLINX B UX padoTe.

' TIPAIIM-2000. [IpaBuia pacciel0BaHMs aBUALMOHHBIX MPOMCIIECTBHH ¥ ABHALMOHHBIX HHIMICHTOB C TOCYIapCTBEH-
HBIMH BO3AYIIHBIMU cynamu B Poccuiickoit ®@enepanuu, yB. [loctanoBnenuem [IpaButensctBa Poccuiickoit @denepanuu
2 nexadps 1999 r. Ne 1329 ¢ u3MeHEHUSAMU U JOTOTHEHUSMH.
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Mopnenu KOHTYPOB COOBITUITHOTO YIIPaBICHHUS MOTYT OBITh aBTOMAaTUYECKHE KOPPEKTUPYEMbIE
U HEKOPPEKTUPYEMBIE, PEAKI[MOHHbIE U Oe3peaKI[MOHHBIE.

[Tox aBTOMaTHYECKH KOPPEKTUPYEMBIMU MOJIEISMU CIEAYEeT MOHUMAaTh TaKUe MOJAENH, KOTO-
pBI€ B 3aBUCUMOCTH OT BBEJICHHBIX IPU MOArOTOBKE K MOJIETY WJIM MPOU3OLIEANINX B MOJIETE HJIEMEH-
TapHBIX COOBITUN, aBTOMATHYECKH TMOJCTPAaWBAIOTCA MOJ W3MEHeHUs. To ectb ans (hopMHpOBAHHS
U7ealbHBIX YCIOBUHN MPH MOJATOTOBKE K BBUIETY B CUCTEMY BHOCUTCS P JAHHBIX 00 yCIOBUSX MOJIe-
Ta, MOJETHOM 3a/IaHHH U MPOYEM, COOTBETCTBEHHO, B 3aBUCUMOCTH OT BBEJCHHBIX JTAHHBIX MOJEIIU
KOHTYPOB COOBITUHHOTO YIIPaBJICHUS MPUMEHUTEIBHO K KaXX0My HOBOMY MOJETy OyayT (PyHKIIMOHU-
poBath Mmo-pasHoMy. B mornere B mporiecce paboThl MOJENneli KOHTYPOB COOBITHMIHOTO YTPaBICHHS
aJIeMEHTapHbIe COObITHS OyAyT BO3ZHUKATh U MCU€3aTh, MO/ UX U3MEHEHUE MOACTPAuBAETCS U MOJIEb,
«OTCEKas» HeaKTHBHBIC dJIEMEHTApHBIC COOBITHS M KOHTPOIHPYS akTHBHBIE. Hampumep, npu u3meHe-
HUU CTPEJIOBUAHOCTU KPbUIAa WIIM BBITYCKE MEXaHU3allMU KpbUla aKTUBHbIE MOJETU OyayT KOPPEKTH-
pOBaThCS MO TEKYIIHE 00CTOSTELCTBA.

Monenu, He UMEIOIIME aBTOMAaTUYECKOW KOPPEKLIUU O BBIIICNIEPEUNCICHHBIM YCIOBUAM, OY-
JIEM Ha3bIBaTh HEKOPPEKTUPYEMBIMU MOJIEIISIMHU.

[Ton peakMOHHBIMU MOJENISAMHU OyJeM MOHHUMAaTh MOJIENH, CIIOCOOHBIE YIPABJISIOIIMM BO3/CH-
CTBHEM TIPEIOTBPATUTDH BHIXO] COOBITHI 32 TIPE/Iebl KOHTYpa COOBITUIHHOrO ynpasieHus. Harmpumep, npu
Oonpix ckopocTsx cOommkenuss BC B Bo3myxe BpeMEHH peakUuHM SKUMaXed Ijsl MpeAoTBpalleHHs
CTOJIKHOBEHHS YK€ HEOCTaTOYHO. [ OJOOHBIX CHTYaINii B PEAKIIMOHHBIX MOACISIX ISl KPUTHYECKUX
3HAUYEHUI MapaMeTpoB, OMMCHIBAIOUINX TUHAMUYECKUE 3JI€MEHTapHbIe COOBITHS, TPETyCMOTPEHO HE pe-
KOMEH1aTeNIbHOE Bo3/elcTBre Ha skumnax BC, a ynpasisitoiiee Bo3aeiictBue Ha cucremy BC.

CrpykrypHas cxema MeTojia coobTuitHoro ynpasienus balla npencrasnena na puc. 1.

: .
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Puc. 1. CtpykrypHas cxema MeTo/1a CoObITHIfHOTO yripaBieHus b3lla
Fig. 1. Block diagram of the flight safety event management method
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C anropuTMHU4ecKol TOYKHM 3pPEHHS CHUCTEMA MPOBOJIUT CPABHEHHE 3apETHCTPUPOBAHHBIX HA
TEKYIIHM MOMEHT BPEMEHHU JIEMEHTAPHBIX COOBITUI ¢ COOBITUAMHU MOJIHBIX TPYII. DJIEMEHTHI CUCTe-
MBI ICPEXOJAAT B aKTUBHOC COCTOSAHUC TIPHU JOCTUKCHHUU ONPCACICHHOTO KOJUYCCTBA COGBITI/IP'I B O1-
HOM MJIM HECKOJBKHX IMOJHBIX TPYIIIAX COOBITUN M PeaTM3YIOT anroputm 3amuThl AC ot ¢popMupoBa-
HHUA OCTaBIINXCA CO6BITHﬁ B AKTHBHBIX I'pyHIiax.

KOPPEKTUPYEMAS PEAKIIMOHHAS MOJEJIb

PaccmotpuM B kadecTBe mpuMepa aBTOMaTU3HUPOBAHHYIO KOPPEKTUPYEMYIO PEAKIIMOHHYIO MO-
JIelTb KOHTYpa coObITuitHOTO yrpaBienus st OD «Hapyiienne ycTaHOBICHHBIX MUHUMAJBHBIX 0€3-
OMNAaCHBIX MapaMeTPOB MOJETHOTO MOpAJKA BO3AYIIHBIX CYJIOB» JJisi MIPOU3BOJILHOTO MaHEBPEHHOTO
camoJieTa.

Od4eBUIHO, YTO B TPYNIOBOM TIOJIETE 3a/1ady BbIICPKUBAHHS MapamMeTpoB OOEBOTO MOPSIKA
peayiu3yeT 3KHUMaXX BEAOMOT0 caMoJieTa, YyTo NpHu (HOPMHUPOBAHHM MOJEIH KOHTYpa COOBITUHHOTO
yIpaBJeHUs] TOUKa OTCYETa B €AMHOM CUCTEME KOOPAMHAT ONPEIESIETCS] CaMOJIETOM BEIOMOTO.

[TapameTpamMu TUHAMHYECKUX AJIEMEHTAPHBIX COOBITUM KOPPEKTUPYEMOU PEaKIIMOHHON MOjIe-
JU TIPU TIOJIETE TAapOil SIBJISIFOTCS OJJHOMMEHHBIC BEIMYMHBI (PU3HMUECKUX MapaMeTpoB TAIbHOCTH (/[]),
yron BuszupoBanus (YB), npeBbliieHue nin NpUHUKEHHE caMojIeTa BEAOMOT0 OTHOCUTENIBHO camMoJie-
ta Benyuiero (AH).

[TomHas rpymnma 3J1eMEeHTapHBIX COOBITUI /TSl TAaHHOW MOJIENIA UMEET CIICAYIOIINI BUI.

1. KnnaccHas kBanudukanus KoMaHAUpa dKUIaKa (86edeHa Ha dmane no020moeKu K nojiemy).

. 3agaHue Ha MoJeT (MOJET Mapol/TPYIINON) (66edeHo Ha sSmane nOO2OMOBKU K NoJiemy).
. Coop mapsl.

. CootBerctBUE ycioBus o /1.

. CootBercTBHE yCioBus N0 ¥YB.

. CootBerctBue ycnoBus no AHT.

. CootBerctBHE ycioBus o AH|.

. OTtHOCUTENLHAA BeIcOoTa IToszeTa H 1.

. OtHOcuTenpHag BeIcOTa mosera H.2.

10. Pocnyck napsl.

DOnemeHTapHbIe cOObITHS 3—7, 10 JTaHHOU TPYIIILI SIBISIOTCS TUHAMUYECKUMHE, cOObITHS 1, 2, 8,
9 — cTaTu4eCKUMH.

BUC opranuzyer MOHUTOPUHT B PEXHME PEaTbHOTO BPEMEHHM Ha COOTBETCTBHE MAapaMETPOB
JUHAMHYECKUX COOBITUN 3aJJaHHBIM YCIIOBHSIM, U MPH MOAXOJIE JII0O0ro U3 COOBITUH K IpaHUIEe KOH-
Typa COOBITUIHOTO YIIPaBJICHUS CHCTEMa B 3aBHCHUMOCTH OT YPOBHSI TIOJITOTOBKHU JIETYUKA U CKOPOCTH
HapacTaHusl CUTyallMl PEKOMEHIATEeNIbHBIM WM YIPABJISIONIMM BO3JCHCTBIEM YBOJIUT MapaMeTphl OT
TPaHUIIBL.

Takum 06pazom, TpaHUIIAMH KOHTYpa COOBITUHHOTO yNpaBieHUs OyAyT SBISATHCS BbIACPKUBA-
HUS CIICTYIOIIUX MTAPaMETPOB COOBITUN OTHOCUTEIFHO CaMOJIeTa BEAYIIETO:

J = Imin — JImax;

VB = YBmin — YBmax;

AH?=0 M — AHTmax;

AH|= 0™ — AH|min.

Jlornueckast cxema BETBJIEHUS COOBITUM B KOHTYpE yIpaBiCHUS OyJIeT UMETh BHUJ, MPEICTaB-
JICHHBIN Ha puc. 2.

O 0O L B W
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Puc. 2. Jlornueckas cxema BETBJICHHSI COOBITHI B KOHTYpE YIIPaBICHUS
Fig. 2. Logical scheme of branching events in the control contour

Ha puc. 3 npencraBneno rpadguieckoe oToOpakeHUE TPaHMI] KOHTypa COOBITUHHOTO yIIpaBJe-
HUS TIPU «IIPUHUKSHUI» CaMOJIETa BEIOMOTO.

L. ! AH T}, f i

AH Y max p

Amax
VBmax e
. VBmin

..
Jmeax Tk

AH [ min

Puc. 3. I'paduueckoe oToOpakeHHe rpaHuLl KOHTYPa COOBITHIHOTO YIPaBIICHHS
Fig. 3. Graphical representation of the boundaries of the event control contour

W3 pucyHka BHIIHO, YTO 0OJACTh MPU3MBI C BEPIIMHONW BJOJb OCH Y U OTpaHUYEHHOW MHUHH-
MaJIbHBIM U MAaKCUMAJIbHBIM yIJIaMu Y B 1 MUHUMaJIbHOW M MakCUMalIbHOW fanbHOCTAMH [ mo YB, a
no ocu Y BeaumuuHaMmu npeBbimieHust AHT u npunmwkenust AH|, Oyaer SBIATbCs TpaHHLEld KOHTYpa
COOBITHITHOTO YTIpaBJICHHUS.

IIpu noaroToBKe K MOJIETY B CUCTEMY BBOAMUTCS YPOBEHb ITOATOTOBKY JIETYMKA U 33[JaHUE Ha I10-
net. [lpu 3ammaHuMpoBaHHOM ITOJIETE TApoi cUCTeMor (dopMupyercs coObiTHe 9 «3amaHue Ha TMOJET
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IpeAroaraeT MnojeT napou/rpymmnoi», 1 cucteMa oxkunaer coop napbl. C TOUKU 3pEHUS JIOTUKH CHCTE-
MBI [IOJIET TPYIIIBI — 3TO MOJIET Hap AJs ONPEAETIEeHHBbIX BbIlIe cucTeM KoopauHart. [pu commxenun BC
Ha BEJIMYMHBI MMapaMeTpoB coObiTuil mo [ u VB, 6amM3kue K MakCUMaJbHBIM, CUCTEMOW MPOBOIUTCS
OLIEHKa OTHOCHUTEIBHON BBICOTHI I1OJIETA CaMOJIETa BEOMOTI0, II0C/Ie KOTOPOro (OpMUPYIOTCS COOBITUS
«Co6op mape» u «CooterctBue yciosus mo AH;1 i AH;2». Jlanee BUC ocyiiecTBisieT MOHUTOPUHT
(GU3MUECKUX BEJIIMYMH AUHAMUYECKUX JIEMEHTAPHBIX COOBITHI OTHOCUTEIBHO YCTAHOBICHHBIX I'PaHNY-
HBIX TIAPaMEeTPOB, W MPH NPUOIIKEHUHU JI000r0 U3 COOBITUI K TpaHUIle KOHTYpa COOBITUIHOTO yIpaB-
JICHUs CHCTEMA PEKOMEHJATEIbHO WIN YIPABJISIOIIAM BO3ICUCTBUEM YIECPKMBACT NapaMETPhI B 30HE
JIOITyCTUMBIX OTKJIOHEHHH, a ITPU HEBO3MOXXHOCTH aBTOMAaTHUECKHU BBIIIOJIHAET POCIYCK Haphbl.

Peakmust BUC xoppekTupyeTcsi B 3aBUCUMOCTH OT CKopocTH commkenus BC, paccunutbiBaeMoit
110 BEKTOPY yTjla BU3MPOBAHUS, U B 3aBUCIMOCTH OT KJIACCHOM KBaJTM(UKAIIMU KOMAaHIUPa SKHUITaXKa.

[Tpu pacxoxaennun BC Ha BenmuuHbl mapaMeTpoB coObiTuit o /| 1 YB Gonee MakcuManbHBIX,
cucteMoil (opMHupyroTcs coObITHs «Pocmyck mapb», cOOBITHIHOE YIpaBlieHHE MO AAHHOW MOJENn
IIPUOCTaHABIMBACTCA.

3AK/IFOYEHUE

Takum oGpazom, peasmzaiuss BUC Ha ocHOBEe MeTo/1a COOBITUMHOTO YIpaBJICHUST O€30MacHO-
CTBIO KOHKPCTHOTO ITOJICTA IMMO3BOJIUT B PCIKUMC PCAJIbHOTO BPEMCHU UCKIIIOUUTH MPOSABJICHUC U3BECT-
HbIX O® MPUMEHHUTETHLHO HETIOCPEICTBEHHO K moieTy. [Ipu JocTHKeHUH ONpeieIeHHOTO KOJTMYeCTBa
COOBITHI B OHOI MM HECKOJIBKMX TOJIHBIX TPYIIax coObITUI anroput™ 3amuTthl AC mpegoTBpamaet
OIIMOOYHbIE NENUCTBUS SKHUIMAaXKa, YeM HE JOMYCKAaeT BOZHUKHOBEHUS TAKUX aBHAIIMOHHBIX COOBITHI,
kak AU u CAU.

[TpeumymectBom peanusanust bBUC Ha ocHOBE MeTOo/1a COOBITUIHOTO YyIpaBieHUs O€30MacHo-
CTBIO KOHKPCTHOI'O ITOJICTA SBJIACTCS MHUHUMAJIbHAA TpGGOBaTeHLHOCTb CUCTCMBbI K alIapaTHbIM pE-
cypcaM, 4TO MO3BOJIMT OPraHM30BaTh €€ (YHKIIMOHUPOBAHUE HA OCHOBE INTATHBIX BBHIYMCIUTENEH U
IITaTHBIX JaTYMKOB OosbpmuHCTBa BC, 3KCIIITyaTHpyeMBbIX B TOCABHALINH.
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FLIGHT SAFETY EVENT MANAGEMENT METHOD AS ILLUSTRATED BY
A GUIDED REACTIVITY MODEL
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ABSTRACT

The article provides a brief analysis of the problems of the existing flight safety management system in the state aviation of the
Russian Federation, based on the lack of stable positive dynamics of accidents reduction. Brief conclusions from the analysis of the
currently proposed scientific approaches for accidents reduction are given. The most significant practical results in the field of
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building a safety management system for a particular flight are considered. A new approach to the implementation of on-board
flight safety management systems based on event management is proposed. The method of event-based safety management of a
particular flight allows us to exclude the real time manifestation of known dangerous factors. To implement it, all processes related
to known hazards are described in the form of events and assembled into complete groups of events. Control of the occurrence of
the complete groups of events, their analysis and event management are carried out by event management models developed for
each dangerous factor. When a certain number of events in one or several complete groups of events is reached, the aviation system
protection algorithm, by preventing the occurrence of the remaining one or several events of the complete group, prevents
erroneous actions of the crew, which prevents the occurrence of aviation incidents and accidents. As an example of the method
implementation, the principle of forming an automated guided reactivity model of the event control contour for the dangerous
factor "Violation of the Established Minimum Safe Parameters of the Aircraft Flight" in relation to an arbitrary maneuverable
aircraft is considered in the article. The system, having registered the events that determine the group flight, is included into the
analysis of dynamic elementary events determining the position of the wingman relating to the leading aircraft inside the event
control contour in terms of range, angle of sight and altitude separation. When the parameters of one of the dynamic events
approach the boundary of the event control contour, the system uses a recommendation or control action to set limits to the
parameters not to go beyond the contour, which prevents the occurrence of erroneous actions of the crew.

Key words: flight safety, flight safety management, flight safety event management method, guided reactivity model.
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OPERATIONAL CONTROL SYSTEM OF CIVIL AICRAFT AIRBORNE
EQUIPMENT AND SCIENTIFIC BASIS OF ITS FORMATION

S.V. KUZNETSOV'
"Moscow State Technical University of Civil Aviation, Moscow, Russia

The system of operational control (SOC) of civil aircraft (CA) airborne equipment incorporates onboard equipment, as an object of
control, means and programs of operational control, maintenance personnel of an operating enterprise, carrying out procedures
using control means and organizing processes of operational control for the specified objects using control programs. Quality of
A/C onboard equipment SOC becomes obvious in the process of operational control. Operational control is a set of processes for
determining the technical condition (TC) of objects of control (OC) at the various operational stages: in flight, during operational
maintenance (pre-flight and post-flight control), and periodic maintenance, after dismantling equipment from board. The process of
determining OC TC of includes control, diagnostics, forecasting and recovery. The process of operational control is characterized
by reliability of control — the property of TC control, which determines the extent of display objectivity as a result of monitoring the
actual OC TC. Based on the SOC analysis as an object of research, the analysis of the problem of its forming and updating as well
as the developed hierarchy of criteria for the effectiveness of interacting systems, the general problem will be formulated as follows:
on a given set of parameters of onboard equipment SOC, let us determine the parameter values so that the system costs in the
process of operational control reach minimum while performing all the required tasks and observing all the limitations for own
parameters of the system as well as indicators of its technical efficiency.

Key words: operational control system, technical condition, reliability of control, airborne equipment, hierarchy of criteria.
INTRODUCTION

Onboard equipment SOC incorporates airborne equipment such as an object of control (OC),
operational control means and programs, maintenance personnel of an operator executing the proce-
dures applying control facilities and organizing the processes of operational control of the stated ob-
jects by means of control programs [1-2].

Control facilities are represented as the airborne control devices, ground-onboard and ground-
based automated control aids incorporated with fulfilling operational control tasks for objects on board
A/C such as: onboard complexes, functional systems, constructive-functional units, or Line Replacea-
ble Units (LRU), constructive-functional modules, electrical and radio elements (ERE) [3—6].

The airborne control devices as a constituent part of onboard equipment are designed to control
onboard equipment directly on board A/C and implemented as integrated and self-contained control
means. The integrated control facilities or built-in test equipment (BITE) as the OC constituent part,
ensure control of onboard equipment functional systems on board A/C. They are represented as inte-
gral functional modules of control within LRU, as well as self-contained units of control [7—18].

Self-contained automated onboard means of control provide onboard equipment control on
board A/C. Incorporated into airborne equipment as an independent component, they are implemented
as functional systems control such as onboard maintenance systems (OMS).

The ground-onboard automated control facilities are intended to record operational capability
and failures of equipment on board the A/C using on-ground subsequent decryption of monitored in-
formation (a ground part). They are implemented as magnetic or solid-state facilities for recording pa-
rameters and systems of automatic data exchange with ground using decryption aids. On sophisticated
aircraft integral systems of TC control are installed as constituent components of ground-onboard au-
tomated equipment.

On board A/C integral systems of TC control conduct continuous recording and processing the
results of onboard equipment control in flight using onboard systems of control. The systems of auto-
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matic data exchange with ground execute continuous collection of data about the results of onboard
equipment control using both airborne control devices and integral systems of TC control in flight with
the subsequent transmission of this information over a radio channel to the ground. The ground part of
ground-onboard automated control facilities make provision for data decryption stored on a magnetic
or solid-state medium or for information obtaining from a radio signal.

On-ground control facilities are designed to monitor airborne equipment as directly on board
A/C as dismantled from board A/C in the ground conditions. They are implemented as checkout and
test facilities and ground-based automated equipment. Checkout and test facilities provide computer-
aided control of airborne equipment for functional systems, constructive-functional modules in the la-
boratory conditions and constitute the fixed and portable consoles. Ground-based computer-aided test
equipment executes automated control of the airborne equipment for LRU, functional modules in the
laboratory conditions and constitutes the fixed unified systems.

The programs of operational control determine the tasks and types, methods and algorithms,
volumes and periodicity of airborne equipment operational control specified in the appropriate docu-
mentation applicable to A/C and its systems maintenance and repair.

The objectives of airborne equipment operational control at the different stages are monitoring
serviceability, operational capabilities, functionality, fault isolation, etc. The basic types of operational
control are as follows: in-flight control, ground-based post-flight and pre-flight control, periodic
maintenance, control of removed units from board A/C, etc. The variety of operational control meth-
ods is defined with the tasks and types: physical and parameter methods, passive and active, tolerance
and test, etc. The algorithms of operational control are determined by the following tasks: algorithms
of functionality control, operational capabilities, serviceability, fault isolation, etc. Volume and perio-
dicity of operational control are specified with the methods of technical operation and the strategies of
maintenance and repair.

In compliance with the programs and using operational control facilities maintenance person-
nel carry out the procedures and organize the processes of OC operational control that is aircraft hard-
ware for the purpose of ensuring their efficient operation and the required flight safety.

Both flight officers of an airline and operator’s engineering and technical staff are in charge of
operational control. Flight officers perform a pre-flight inspection and monitor airborne control devic-
es in flight. During line maintenance engineering and technical staff carry out post-flight control, fault
isolation on board A/C. During periodic maintenance engineering and technical staff test functionality
and serviceability on board A/C. Maintenance personnel of a laboratory check workshop test and lo-
cate faults in removed units with accuracy within integral functional modules or ERE. Engineering and
technical personnel of maintenance operations centers organize the processes, accumulate and general-
ize operational control experience.

STRUCTURE OF AIRBORNE EQUIPMENT OPERATIONAL CONTROL PROCESS
AND RELIABILITY OF CONTROL

Quality of A/C airborne equipment SOC becomes evident in the process of operational control.
Operational control is a set of the processes to determine OC TC at the different stages of operation: in
flight, during line maintenance (pre-flight and post-flight tests) and periodic maintenance, after equip-
ment dismantling from board. The process to determine OC TC comprises control, diagnostics, fore-
casting and recovery.

The process of OC TC determines the technical condition type as a variety of affected OC
characteristics during operation characterized at a certain point with the criteria established with the
technical documentation for this object. Control is divided into control of serviceability, operational
capabilities and functioning depending on TC type determined during control.
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Diagnostics of OC TC under diagnostics determines its faulty or inoperative condition based on
the variety of faulty and inoperative conditions. Depending on the degree of troubleshooting, diagnos-
tics of airborne equipment is distinguished as the diagnosis within the accuracy of the functional sys-
tem, unit, constructive-functional module or ERE.

Forecasting of OC TC under forecasting determines its condition at a certain point or the time
interval during which actual OC TC is maintained.

Recovery of OC TC under recovery determines its condition during the previous time interval.

Operational capabilities control of onboard complexes and functional systems of flight and nav-
igation equipment as well as diagnostics within the accuracy of airborne equipment functional systems
are executed during in-flight control. During post-flight and pre-flight control monitoring airborne
equipment functional systems, complexes functioning as well as LRU diagnostics are executed. During
periodic maintenance control of functional systems and complexes serviceability as well as diagnostics
within the accuracy of the airborne equipment unit are executed. Control of onboard equipment dis-
mantled units’ serviceability, diagnostics within the accuracy of LRU or ERE, forecasting and recov-
ery of the functional systems and airborne equipment units are executed.

The process of operational control is characterized with control reliability — the control charac-
teristic of OC TC determining the degree of display objectivity as a result of control of OC TC actual
type. In accordance with the various types of operational control it is reasonable to define the basic
characteristic of control.

Reliability of in-flight control is the control characteristic for TC of airborne equipment func-
tional systems and complexes by means of airborne control devices. Reliability of post-flight and pre-
flight tests is the control characteristic for TC of airborne equipment functional systems and onboard
complexes using onboard and ground control facilities. Reliability of dismantled equipment tests is the
control characteristic for LRU TC, dismantled units, constructive-functional modules and ERE of
onboard equipment by means of ground control facilities.

Reliability of diagnostics is the characteristic to determine OC TC under diagnosis that allows
us to specify the degree of display objectivity as a result of diagnostics of the actual type of OC TC.

Reliability of in-flight diagnostics is the diagnosis characteristic of airborne equipment func-
tional systems and complexes TC by means of airborne control devices.

Reliability of post-flight and pre-flight diagnostics is the diagnosis characteristic of airborne
equipment functional systems and complexes TC by means of ground, onboard control facilities.

Reliability of dismantled equipment diagnostics is the diagnosis characteristic of constructive-
functional modules and ERE, dismantled units, LRU TC by means of ground control facilities.

As a rule, diagnostics on board A/C is conducted within the accuracy of LRU, whereas on the
ground it is implemented within the accuracy of constructive-functional modules, more rarely within
ERE accuracy.

ANALYSIS OF THE PROBLEM FOR FORMING AND UPGRADING THE SYSTEM
OF AIRBORNE EQUIPMENT OPERATIONAL CONTROL

Let us define the role and place of the system of operational control (SOC) within the technical
operation system. Onboard equipment SOC is subordinated to the technical operation system. Its quali-
ty is determined with the performance function to meet the requirements of the airborne equipment
technical operation system with maximum economic efficiency under the limitations for the required
levels of onboard equipment control reliability. SOC effectiveness becomes obvious in the process of
onboard equipment operational control.

Thus, onboard equipment SOC forming a constituent part of the operation system has all the fea-
tures inherent for sophisticated technical systems, that is: a hierarchical structure and obedience of purpos-
es, interrelationship of components, handling while functioning. It allows us to make a conclusion that
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forming and upgrading SOC should be conducted on the basis of the comprehensive system analysis con-
sidering all the processes happening within the system by means of the up-to-date mathematical methods.

In accordance with the hierarchy of purposes for the aircraft transport system functioning and inter-
relation of the purposes for the systems of lower level hierarchy: the aircraft operation system, airborne
equipment operational control and technical operation systems, the major problem of forming and upgrad-
ing airborne equipment SOC is maintaining the required level of control reliability that tests the level of
equipment reliability, consequently, the aircraft reliability level and eventually the flight safety level.

In compliance with the requirements of airworthiness, whatever airborne equipment failures
should not cause an abnormal situation that could be worse than deterioration of flight safety.

Failures that are impossible to reveal during the process of operational control, specified by low
control reliability, are the causes of a prerequisite to an aviation accident through the fault of onboard
equipment SOC. Similar failures reduce substantially reliability of onboard equipment functioning,
decrease the efficiency indicators of the onboard equipment technical operation system, aircraft tech-
nical operation system and aircraft transport system, affect flight safety.

The following key factor of forming and upgrading onboard equipment SOC is assurance of the
required level of flights regularity. Regularity of flight operations incorporates the conceptions of de-
parture and performing flights regularity. Disruption of regularity is caused by in-flight failures that
affect performance capabilities or deteriorate efficiency of A/C systems functioning. In fact, all these
failures are attributed to prerequisites to an aviation accident. The causes of disruption of performing
flights regularity through the fault of airborne equipment SOC are not revealed airborne equipment
failures during operational control due to low control reliability.

Disruption of departure regularity is considered while determining flight delays due to late A/C
arrival. The major reason for flight delays in the event of airborne equipment failures is complexity of
troubleshooting at a particular point. Recovery time is comprised of fault isolating time, fault location
and its subsequent repair in the conditions provided by airborne equipment SOC. Low control reliabil-
ity of control facilities impacts considerably the efficiency indicators of regular departures.

The following key factor of forming and upgrading airborne equipment SOC is maximum eco-
nomic efficiency. Economic efficiency of the technical operation process is specified by the value of
operational costs necessary to maintain one-hour flight.

A considerable item of operational costs in onboard equipment SOC is costs to purchase and
service multiproduct sets of test and checkout equipment that contain up to hundreds of items.

And eventually, another considerable item of operational costs is costs to purchase multiprod-
uct sets of spare parts for onboard equipment units, volume of which substantially exceeds real de-
mand due to low operational control reliability.

The main cause of the negative effect on the efficiency indicators of airborne equipment SOC, air-
craft transport and technical operation systems is the fact that forming SOC for the operational aircraft fleet
has been always funded far inferior to need without an analysis of the processes of operational control, mu-
tual considering the characteristics of system constitutive parts. Unfortunately, the similar approach has
remained partially unchanged while forming SOC for a new generation of civil aircraft SSJ-100 and MC-
21. However, the research results allowed us to improve, to the particular extent, the procedure of airborne
equipment SOC formation due to the system analysis and introduction of the synthesis elements.

STRUCTURE OF THE AIRBORNE EQUIPMENT OPERATIONAL CONTROL SYSTEM
AND THE PROBLEM OF ITS FORMING AND UPGRADING

The structure of airborne equipment SOC for modern and promising aircraft is given in Figure 1.

The onboard equipment complex comprises n functional systems. Each one has its own
onboard control facilities. The functional systems include m LRU that, as a rule, are equipped with
BITE as well. LRU incorporate | constructive-functional modules. Each module consists of k ERE.
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The results of built-in test enter OMS that activates BITE and executes on-board control during
post-flight and pre-flight test. The results of post-flight and pre-flight tests are stored in the onboard
integral system of TC control that can initiate a thorough onboard equipment test if necessary applying
OMS. Additionally, the integrated system of TC control stores parameter information in its memory
that, coupled with in-flight, post-flight and pre-flight test results, enters the ground part of the integral

system of TC control for decryption and taking a decision.

Dismantled from board LRU enter ground-based computer-aided equipment to a laboratory
where they undergo monitoring, diagnosis, and possibly, recovery by replacing structural-functional

ONBOARD MAINTENANCE SYSTEM (OMS) H

Aircraft
Condition
Monitoring|
System
(ACMS)
board

I

Ground-
based
Automated
Test
System

Civil Aviation High Technologies

]

Aircraft
Condition
Monitoring
System
(ACMS)
ground

Fig. 1. The structure of the operational control system of airborne equipment

modules and ERE.

Thus, circulation of onboard equipment components and information about the components
TC, generated by the onboard control facilities, OMS and integral systems of TC control occurs.

Onboard control facilities solve the following tasks:

perform instrumental and information control;

perform continuous automatic monitoring of own performance capabilities in flight and is-
sue information about its condition in the matrix-condition of computing systems data-word.

In the event of failure, words-conditions of failures are formed and issued,;

receive an external control input (command) of "Control" mode and initiate extensive

(ground) control;

store and issue information about revealed failures of units to OMS and integrated systems

of TC control,;

continue proper functioning after being de-energized;

assess reliability of input information from the sensor systems;
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o form words-conditions and issue them to OMS and integral systems of TC control storing
words-conditions in the memory until the completion of the flight.

OMS and integral system of TC control implement the following functions:

e performing pre-flight and post-flight tests procedures of onboard equipment;

¢ maintenance of onboard equipment by maintenance personnel;

¢ obtaining data about failures and malfunctions of onboard equipment hardware from OMS;

o fault isolating of onboard equipment within the accuracy of LRU with the subsequent data

display about a mode of failure;

data storage of malfunctions and failures;

¢ assignment of "Control" mode and its sub-modes to the functional onboard equipment sys-
tems forming the integral input such as "ready", "not ready";

e temporary referencing of equipment failures to motion variables and aircraft attitude;

o filing failure data and recording parameters required to investigate accidents, also to deter-
mine onboard equipment TC and forecast a pre-failure condition of LRU based on values of
integral parameters.

On-ground automated control aids implement the following functions:

e operational check of performance capabilities while conducting scheduled and repair work,
storage, adjustment, when obtaining new units from plants-manufacturers as well;

o fault isolating within the accuracy of constructive-functional modules or ERE in compliance
with the maintenance strategy;

e adjusting and parameter setting of units after replacing a constructive-functional module or

ERE;

functioning of local area computer networks according to the prescribed protocols;

filing control results;

issuing test results in the convenient format for an operator and further processing;

issuing the required reference information during adjustment and alignment work.

In-flight in the event of failure the automatic system of data exchange transmits a troubleshoot-
ing code to the ground using radio communication aids. After decryption of the malfunction code prior
to A/C arrival, maintenance personnel prepare the required units for replacement, tooling, consuma-
bles, expendable materials and the algorithm of troubleshooting.

The disadvantage of the SOC structure is that BITE, ground-based computer-aided equipment,
ground-onboard automated control facilities as well as onboard operational control systems are devel-
oped by various manufacturers and enterprises. Each of them contributes their own specifics into the
SOC structure. Due to absence of the unified concept of utilizing these aids during operation, there are
no reasonable standards to their operational characteristics. Therefore, the main problem of forming
and upgrading onboard equipment SOC is minimizing operating costs during operational control by
reassigning the requirements to reliability of various types of control applying different test facilities.
With regard to the above mentioned, flight safety requirements should be fully accomplished.

HIERARCHY OF EFFICIENCY CRITERIA FOR ONBOARD EQUIPMENT
OPERATIONAL CONTROL SYSTEM AND INTERRELATED SYSTEMS

In accordance with the hierarchy of functioning purposes for A/C aviation-transport system, A/C
technical operation system, onboard equipment operation system and SOC let us build the hierarchy of
efficiency criteria for these systems. For this purpose it is necessary to formalize the system-solvable
problems characterizing their parameters and efficiency indicators as well as relevant processes.

Let us consider the efficiency criterion for the system of the third level hierarchy of SOC solv-

ing the set Q9. Onboard equipment SOC as the system of the second level hierarchy introduces the

set Q29 for onboard equipment SOC solution for (Q(B;gK)* e (Q8%)".
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Onboard equipment SOC has the set of parameters 29y = {Ycax (])} defined with its structure,
relationships, resources and characteristics. As all the structures and relationships are conservative, the
resources are limited, but characteristics cannot exceed the certain ultimate values, the set TS5y is with-
in the boundaries of the set T8¢ = {yE9x(})}, that is yES () < [vES« (])] to all ;.

The process of onboard equipment SOC &52 (t [JéSK) is both the constituent part of the process
of onboard equipment operation €59 and the function time of ¢ as well as the set of parameters [E5.

Economic efficiency of onboard equipment SOC is characterized with operational costs Ceoy,
determined in the process of operational control CESc[E52(t, chK)]

Technical efficiency of onboard equipment SOC is characterized with the set of values
RE = (& (D}, c0n31der1ng each indicator r&9(1) = r&% (t,7¢3k) as the function of time t and the
set of parameters I'2§,.. Onboard equipment SOC as the system for the hlerarchy of higher level intro-

duces the required values of technical efficiency indicators set for SOC (Rc:-)K = {[Tca}((l)] }.

The criterion of onboard equipment SOC efficiency is minimum of operational costs on the
pre-assigned set of the system parameters during operational control while solving all the problems
required by onboard equipment SOC and observing all the limitations as for SOC own parameters as
for the technical efficiency indicators defined by onboard equipment SOC.

min{CE [E5R(t.785k) ]} YCSK(J) € FCSK;

(083 ’ -0 =0; (@ c31<) € (QCT:-) ;

Ycax(l) [Yc:—)}((l)] vesk () € T8 (1)
rch(l) [rca}c(l)] résc(D) € RES;

(RES) E (RE%)

CONCLUSIONS

Let us formulate a general problem on the basis of SOC analysis as an object of research, the
analysis of problem for its forming and updating as well as the developed hierarchy of the efficiency
criteria of interacting with SOC systems as follows.

On the given set of onboard equipment SOC let us define the parameter values so that the sys-
tem costs come to minimum during the process of operational control while performing all the re-
quired tasks and limitations for the own system parameters and its technical efficiency indicators.

For the solution of the general problem it is necessary to solve sequentially the following in-
termediates:

e choose and lay a foundation for the parameters and the basic indicators of onboard equip-
ment SOC efficiency inseparably interrelated with the basic efficiency indicators for the sys-
tems of the higher level hierarchy, in particular, the technical operation system;

¢ develop mathematical models for the processes of onboard equipment operational control
for the different levels of extension (dismantled unit — functional system — complex);

¢ develop mathematical models for optimization of operational control processes;

e execute mathematical modeling for the operational control processes, develop SOC software
and assess reliability of control and diagnostics of onboard equipment;

e assess the expected technical and economic effect as reduction of operational costs while
using SOC.
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Probability theory (Bayesian approach to random variables, Markov chains), mathematical sta-
tistics (determination of random variables for moments and designing a statistical experiment using
simulation modeling) serve as the theoretical basis to solve the given problems.

The conducted research establishes a theoretical basis for forming and upgrading onboard
equipment SOC.
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CUCTEMA SKCIIVIYATAIIMUOHHOI'O KOHTPOJIA BOPTOBOI'O
OBOPYAOBAHUA BO3AYIHIHBIX CYIOB I'PA’KIAHCKOU ABUALINHN
N HAYYHBIE OCHOBBI EE ®OPMHUPOBAHUA

1
C.B. Ky3Henos
1 o o« « o
Mockoeckuii 2ocyoapcmeenHblll meXHU4eCKull YHU8epcumem epaxcoanckol asuayuu,
2. Mockea, Poccus

Cucrema skcrutyararonHoro konrpousi (COK) 6oprosoro obopynoBanus Bo3ayusbix cynos (BC) rpaxnanckoii apuarmu (I'A)
o0bemuHsIeT OOpTOBOE O00OpYJOBaHME KaK OOBEKT KOHTPOJS, CPENCTBA W IPOrPaMMBI SKCILUTYyaTAllHOHHOTO KOHTPOJIS,
WHXEHEPHO-TEXHUMYECKUH COCTaB DKCILTYyaTallHOHHOTO TIPEANPHUSTHS, OCYIIECTBISIONINA C TOMOIIBIO CPEICTB KOHTPOJISA
TIPOLIELYPBl M OPTaHHM3YIOIINI C IIOMOIIBIO TPOrPaMM KOHTPOJIS IIPOLIECCHI SKCILTYaTalMOHHOTO KOHTPOJIS yKA3aHHBIX OOBEKTOB.
KauecTBo crcTembl SKCIUTyaTallMOHHOTO KOHTpoIIst 6opToBoro obopynosanus BC nposiBisieTcst B porecce SKCIUTyaTalMOHHOTO
KOHTPOJIS. DKCILTyaTallMOHHbBIH KOHTPOJb — 3TO COBOKYITHOCTH ITPOLIECCOB OIPEENICHHUS TEXHUYECKOIO COCTOSHHSI OOBEKTOB
koHTporst (OK) Ha pasnmudHBIX 3Tamax SKCIDTyaTalMy: B Tosiere, Tpu orepathBHOM TO (TIpeanoNieTHBIH M TOCIIETIONeTHBIN
KOHTPOIIB), TipH riepriomirdeckoM TO, mocie neMoHTaxka o6opynoBaaus ¢ 6opra. [Iporecc omnpenene st TEXHIIECKOTO COCTOSTHUS
(TC) OK BxiIrOYaeT KOHTPOINB, NUATHOCTHPOBAHWE, MPOTHO3MPOBAHME W BOCHPOM3BENeHHE. lIporecc SKCIUTyaTallMOHHOTO
KOHTPOJISI XapaKTepH3yeTcsi JOCTOBEPHOCTBIO KOHTpPossi — cBoiictBoM KoHTposst TC OK, omnpenensromyM —CTeneHb
OOBEKTUBHOCTH OTOOpaXXEHHS B pe3ysIbTaTe KOHTPOIS IEHCTBHTENHHOTrO BHIa TexHuueckoro cocrosHms OK. Ha ocroBanmm
aHammza COK kak oOBeKTa HCCIIENOBaHUS, aHaIW3a TPOoOJeMbl €€ (OPMHUPOBAHMS W COBEPIICHCTBOBAHUS, a TaKKe
pazpaboTaHHOW Mepapxuu KpurepreB 3(pQeKTHBHOCTH B3aUMOJCHCTBYIOLIMX C HeW cHCTeM OOIIyIo 3ajady copMylHpyeMm
cnenyrommmM obpazoM. Ha 3anananom muoxectBe napamerpoB COK 6oproBoro o00pyaoBaHsi ONpe/IeuTh 3HaUSHHs! TapamMeTpoB
TaKHe, '-ITO6]:-I 3aTparbl CUCTEMbI B IIPOLECCE SKCIUTYaTallMOHHOI'O KOHTPOJIA JOCTUTalIdi MUHUMYMa IIPU BBIIOJHEHUM BCEX
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TpeOyeMmbIX 3a/a4 U COOJIFOJICHUH BCEX OTpaHMYeHHH Ha COOCTBEHHBIC MapameTpbl CHCTEMbI M TMOKa3aTeln ee TeXHUYECKOH
3¢ PEKTUBHOCTH.

KitroueBble cj10Ba: crcTeMa 3KCIUTYaTAlMOHHOTO KOHTPOJIS, TEXHHYECKOE COCTOSHHE, JOCTOBEPHOCTh KOHTPOJS, OOPTOBOE
000pyI0BaHKE, HEPAPXHS KPUTCPHUCB.
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Ob YIIPABJIEHUU BE3OITACHOCTBIO ITOJIETOB
IIPU OKCIVIYATAIIMU BECIIMJIOTHBIX ABUALITMOHHBIX CUCTEM

B.Jl. IIAPOB', B.I1. EJJUCEEB', I.M. TOJISIKOB'
"Mockosckuii 20Cy0apcmeeHHblll MeXHUYeCKUll yHUgepcumem paxcoancKoll asuayu,
2. Mocksa, Poccus

Pa3Butre peIHKa OECIIMIIOTHON aBHAIMH CAEP)KHBACTCSI HEIOCTATKAMU HOPMATHUBHO-TIPABOBOTO PETYJIMPOBAHMS 3TOTO CErMEHTa
aBHalMU. JTO B MOJHONW MEpe OTHOCUTCA M K BAXKHEHIIEMY aCIeKTy ACATENBHOCTH — YIPABICHHUIO OC30MIACHOCTBIO MOJIETOB.
B cootBerctBun co Cranmapramu u Pexomenyemoii npaktukoit MKAO u BozaymiHoro 3akoHonarensctBa PO Hanuuue cuctem
yrpagienust 6ezonacHocThio noneroB (CYBII) sBisiercst 00s3aTeNbHBIM, B TOM YMCIE JUIs SKCIUIYaTaHTOB, pa3pabOTUMKOB M
W3rOTOBUTENIEH BO3IYLIHBIX CY/OB, aBHALIMOHHBIX JIBUTaTesied M BO3MYIUHBIX BUHTOB. OnHaKo 3TO TpeOOBaHHE HE
pacrnpocTpaHsieTcs B TOMHOM Mepe Ha OpraHu3aluy, 3aHMMAIOLIMECS MPOSKTUPOBAHHEM, M3TOTOBJICHUEM U AKCIUTyaTaluen
OecrmorHex  aBranmoHHbIX cucteM (BAC). B To e Bpems ucrons3oBanne BAC B paznmmusbIX cepax XO3sHCTBEHHOH
JIEATENBHOCTH CBSI3aHO CO 3HAUMTEIBHBIMU U PA3HOIUIAHOBBIMH PHCKaMU Ul MIJIOTUPYEMBIX BO3MYIIHBIX CYIOB, a TaKXKe
TPaAHCIIOPTHBIX CPEZCTB, JIIOAEH M BAKHBIX OOBEKTOB MH(PACTPYKTYpHl Ha 3eMile. B craThe NpoaHaIM3MpOBaHA TEKyIIas
CHTyalysi ¢ HOPMAaTHBHEIM PEryJIHpOBaHWEM B 9acTH pa3padoTku u BHenpeHws CYBII B cermeHTe OeCIAIOTHON aBHAH HA
MEXIyHapOJHOM M TOCYIapCTBEHHOM YPOBHE M IMEPCIIEKTHBBI €€ COBEPIICHCTBOBaHMS. Kak MOKa3bIBaeT OMBIT, HAMOOIbBIINE
METOJIOJIOTMYECKUE TpoOIieMsl pu pazpabotke u BHeapeHHH CYBII B pa3idHbIX OpraHu3anusax — HOCTABIIMKAX aBUALIOHHBIX
YCIIYT CBSI3aHBI C BBIOOPOM, BHEAPEHHEM M NMPHMEHEHHEM METOZOB YIPABICHMS PUCKAMH I O€30MacHOCTH, KOTOPBIE I
skcrutyatari BAC wmMerotr cymecTBeHHbIE ocoOeHHOCTH. C yderoM OXHAAaeMoro B OipKaimmeMm OyayIneM HpHHSATHSL
TpeboBannii k CYBII a1 Takux opraHu3aluii pacCMOTPEHBI HEKOTOpBIE MEPENOBbIE MPAKTHKU 110 YIIPABICHUIO PHCKOM IS
0€301acCHOCTH MOJIETOB B IAHHOM cepe e TeIbHOCTH.

KnaroueBsle cioBa: 6ecrunoTrsie apranmonHble cucteMbl (BAC), Gecriiotraeie Bo3aymmHble cyna (BBC), ymnpasnenue puckom
U1 OE30IIaCHOCTH ITOJIETOB.

BBEJEHHUE

BecnimitorHas aBuamusa CTAaHOBUTCS BCe Oejiee 3aMETHOM 4acThIO0 aBHUAIIMOHHON AEATENLHOCTH. 110
Pa3HBIM JJAHHBIM, 00BEM MHPOBOTO PhIHKA OeCIMIOTHBIX Bo3ayIIHbIX cynoB (bBC) B 2020 romay coctas-
st ot $11,2 mpa 1o $19,3 annl’2’3’4. Hoinsa Poccum — oxoso 2 % B neHexxHoM BbIpaxkenuu u 0,3 % B
KonyecTBeHHOM. Poccuiickas denepaiiys moka He BXOIUT B MEPBYIO AECATKY cTpaH no uucity bBC.

IIpornosupyercs, uto k 2035 roay 3TOT pbIHOK AocTUTHET 200 MIIpa q0JU1apoB, a nois Poccuun
B HeM cocTaBuT cBbiiie 35—40 mupa (okono 20 %) [1]. Hanx teppuropueii Poccuiickoii denepaunn k
2035 roxy moryT HaxonuThes B Bozayxe 100 teic. BBC, o0benuHeHHBIX B enuHyto cuctemy. Obmactu
PUMEHEHHS — CaMble Pa3HOOOPA3HbIE, OT CEECKOT0 XO3MHCTBA 0 TPAHCIIOPTHPOBKH GOMBHEIX” [2].

MacmrabHOMYy pa3BUTHIO pbIHKA OECHUJIOTHOW aBHAIlMM MPEMATCTBYET HECOBEPIICHCTBO pe-
IyJIMPOBaHUS U MHEPTHOCTh MPUHSTHS HOPMATUBHBIX akTOB. [lnmaHbl, 3amoxxeHHbie B TpaHCOPTHOM
crparerun P® no 2030 roxa, m. 124 «Co3manne HOPMATHBHO-TIPABOBOM 0a3bl CepTUHUKAIIMN U IKC-

UAS Vision an Independent Global Forum for the Unmanned Aircraft Systems Community [DnexTpoHHEIH pecypc] //
UAS Vision. URL: https://www.uasvision.com/readership-statistics/ (mara oopamenus: 21.02.2021).

PoiHOK OecnuIOTHUKOB B MHpe U B Poccuu: nHTEpecC K IpOHaM PacTeT ¢ KaIIbIM rofoM [DIeKTpoHHbIl pecypc] // Ar-
poXXI. Arponpombinuiennsiii mopran. URL: https://www.agroxxi.ru/selhoztehnika/stati/rynok-bespilotnikov-v-mire-i-v-
rossii-interes-k-dronam-rastet-s-kazhdym-godom.html (nara o6pamienus: 21.02.2021).

AERONEXT Aswuanus Oynymero Uro moxer UTM konuenuusi? MupoBas npakTuka U nepcrektuBbl B Poccun [Dnek-
TpoHHBIN pecypc] // Aeronext. Asuanus Oyaymiero. URL: https://aeronext.aero/press_room/analytics/251831 (mara 00-
pawenusi: 21.02.2021).

AHanu3 CyIECTBYIOIIETO COCTOSHUS MEXIYHAPOIHOrO PHIHKA PUMEHEHUH OECIMIOTHBIX aBHALIMOHHBIX CHCTEM IPaK-
JJAHCKOT'O Ha3zHa4yeHus [DnekTpoHHbIH pecypc] // Poceuniickue 6ecnimnoranku. URL: https://russiandrone.ru/publications/
1-analiz-sushchestvuyushchego-sostoyaniya-mezhdunarodnogo-rynka-primeneniy-bespilotnykh-aviatsionnykh/ (mara
obpamenns: 21.02.2021).
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nyaTanuy rpaxaanckux BBC» u B pacnopsokenun ITpaButensetsa PO 2018 rona He peaqn3oBaHb .
JestenbHocTh Pabouell rpymiibl M0 COBEPIICHCTBOBAHUIO 3aKOHOAATENbCTBA U YCTPAHEHUIO aIMUHU-
CTpaTHBHBIX OapbepoB, co3naHHoi B 2017 roay pemenueM npesuauyma Cosera npu [Ipesunente PO,
HE B TIOJTHOW MEpe COOTBETCTBYET OXKHIaHUSM.

[Tonerst BBC nopoxaaroT MUPOKUi CIIEKTP UCTOYHUKOB OMACHOCTHU JJIsl TPaXKAaHCKOM aBHa-
LIMOHHOM CUCTEMBI, TOJPOOHO MPOAHATU3UPOBAHHBIX B 0030pHOM cTaThe [3]. DT UCTOYHHUKH OINACHO-
CTH HEOOXOUMO MJCHTU(UIMPOBATh U CHU3UThH Yrpo3bl Uit BII nmo aHamoruu ¢ tem, Kak 3T0 IpoHcC-
XOJUT TPU BHEJIPEHUM M3MEHEHHOM CTPYKTYpPbl BO3AYIIHOI'O MPOCTPAHCTBA, HOBOTO OOOPYIOBaHMS
i npouenyp. CoBpeMeHHbIN MOAX0/1 K PELISHUIo 3TOH 3a1aun npeanonaraet ynpasienue bl kak Ha
roCy/IapCTBEHHOM YPOBHE, TaK M Ha YPOBHE IOCTaBIIMKa YCIyT MOCPEICTBOM BHEIPEHUS CHUCTEM
ynpasieHus 6ezonacHocTbio nosetoB (CYBII).

B Hacrosiiiiee BpeMst oIyIaeTcsi HEOMPEACIEHHOCTh B HOpMaTUBHBIX TpeOoBanusx Kk CYBII
JUI 3KCIUTyaTaHToB M u3rotoButeneil bBC u HenocrtaTok pekoMeHanMid mo ux paspaboTke. ITo
OTIpeNieNsIeT aKTYaIbHOCTh aHAJIN3a CUTYallly M U3YYEHUS TEePEIOBBIX MTPAKTHUK B ATOH OOJIACTH.

HOPMATHUBHOE PEI'YJIMPOBAHHUE YIIPABJIEHUA BE3OITACHOCTBIO ITOJIETOB
IKCIIVIYATAHTOB BAC B IOKYMEHTAX UKAO U P®

OcHoBomnonararomeil st GopMupoBaHUsl COBPEMEHHONH HOpPMAaTHUBHOW 0a3bl Mo Oe30macHoit
skcruryatanun bBC siBnsiercs craths 8 «becnunoTHble Bo3nyliHble cyaa» KoHBeHIMH O MeXITyHa-
ponnoii I'A. CormacHo »Toit cratke, g nonera bBC Ham Tepputopueit rocymapcTBa HE0OXOAUMO
paspelieHne 3TOro rocynapcTBa, W MPH 3TOM JOJDKEH OOECIeYMBATHCS KOHTPOJIb, HMCKIFOYAOLIHMA
omacHoOCTh urst rpaxaanckux BC. 11-s AsponaBuranuonHas kordepenums’ B 2003 rogy omoGpria
r100aJIbHYI0 JKCIUTyaTallMOHHYIO KOHLEHIUI OpPraHu3alMd BO3AYLIHOIO JABMKEHHs, B KOTOpOH
chopmynrpoBaHo omnpeneneHue «becnunoTHbI neTarenbHbld anmapar» (BJIA), HO B coBpeMeHHOM
noanManuu K BJIA oTHocsTcs Takke u 6ecnuiIoTHbIe adpocTtathl (1o [Ipuioxkenuto 7). Bumumo, mo-
stomy ¢ 2011 roma, mocne Beixoaa [upkyispa 328", Bmecto tepmuHa BJIA B nokymentax UKAO wuc-
HoJb3yeTcsl TepMUH «becnunomnoe 6o30yunoe cyono (bBC)», xak BozaymHoe cyaHo (BC), kotopoe
MpeIHa3HAYEHO BHITIOIHATH MOJIET Oe3 MIoTa Ha OOPTY.

B nupkynspe npuBeneHs! emie Tpu NoHATUA: «becnunomnasn asuayuonnas cucmema (bBAC)»,
«ducmanyuonno nunomupyemoe 6o30yuwinoe cyono (QIIBC)» u «/ucmanyuonno nunomupyemas
asuayuonnas cucmema ({IIAC)». B PykoBoacTse 1o JIITAC’ 2015 roma Takke IIPUCYTCTBYIOT BCE
YeThIpe TepMUHa, oHaKo B ITpmaoxkennsx 7 i 2'°, koTopsle, B OT/IHYME OT LUPKYIAPOB I PYKOBOJACTB,
coaepxat Cranmaptel u Pexomennyemyto mpaktuky MKAO (SARPs), orcyTcTByeT ompenencHue
JAIIBC u AITAC, X0TS B TEKCTE 3TUX MPUJIOKEHNUI OHU UCIIOJIB3YIOTCA.

B Boznymnom Koznekce PO umerores Tonbko nBa onpenenenusi: BBC u BAC, npuuem dhopmy-
JUPOBKH OTJINYaroTcs oT NpuHAThiX B UKAO.

Ormerum T'OCT P TOCT P 57258-2016'', B KOTOPOM IIPUCYTCTBYIOT BCE YETBIPE OIpeieIie-
HUsl, HO OHU He coOoTBETCTBYIOT HU MKAOQO, Hu BK P® u, Bugumo, npeacTaBisitoT co00i mepeBoa u3
HEYKa3aHHOTO MHOCTPAHHOTO JIOKyMEHTA.

Pacnopsoxenne [IpaBurensctBa PO ot 3.04 2018 Ne 576-p O6 yrBepx)aenun [Inana meponpustuii («lopoxxHoN Kap-
TBD») TI0 COBEPIICHCTBOBAHHUIO 3aKOHOAATEIbCTBA M YCTPAHEHUIO aJMHHHCTPATHBHBIX 0aphepoB B LENSAX OOECICUCHUS
peanm3anyy rmiaHa MeponpusaTHi HannoHaIbHON TEXHOIOTHYECKOW HHUITMATHBHI IO HAMTPABJICHUIO « ADPOHETY.

® ANConf/11, Monpeas, 22 ceHtsops — 3 oktsiopst 2003 r. 4 c.

HarmonaneHble U perucTpallMOHHbBIE 3HAKM BO3AYHIHBIX cyJoB. [Ipunoxenne 7 x KonBenuuu o mexmayHaponHoi ['A.
6-e uzn. // UKAO, 2012. 22 c.

¥ Becnunorasie asnarmonnsie cuctems! (BAC). Cir 328 AN/100 // UKAO, 2011. 48 c.

Doc, 10019 AN/507: PykoBoACTBO MO JMCTaHLMOHHO NHJIOTHPYeMbIM aBHAlMOHHBIM cuctemam ([IITAC). 1-e m3n. //
HKAO, 2015, 190 c.

' Mpasuna noneros. Ipunoxenue 2 k Kousermuu o Mesxaysaponsoit [A. 10-e usa. / UKAO, 2005, 104 c.

" TOCT P 57258-2016. CrcTeMbI 6ECIIMIOTHBIE ABHALIMOHHBIE. Tepmunsl u onpenenenus. 2017 T.
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Knaccupurxauus
Oobmenpunstoit mexxaynaponnoii knaccuduxanuu AITAC (BAC) nmm AIIBC (bBC) Her, a He-
OINPEIEIIEHHOCTh TEPMUHOJIOTUH CO3/1aeT JONONHUTENbHBIE TpyAHOCcTU. Ha 37 Ceccnn ropuaudeckoro
xomutera MKAO'? 3asBieno, 4To B 43 rocyaapcTBaX OTMEUEHBI PACXOX/ICHHS B ONMPEICTCHHUAX U
knaccupukanuu JIMAC u (mm) BAC. Ha noprane «Poccuiickue GECIIHIOTHHKI MpUBEACHA KJlac-
cudpukanms BAC, pazpadorannas rpymmoit UKAO, B 3aBUCHMOCTH OT MaKCUMAaJIbHOW B3JIETHOW Mac-
cel BBC, Bxomsamux B BAC (tabm. 1).

Tadauua 1
Table 1
Knaccuduxarms BAC"
UAS classification, the ICAO project'
Kateropus Bec BBC, kr YpoBeHb peryiupoBaHus
Maisie BAC Jo 25 HanunonanbHbIit
Jlerkue BAC 25-150 HanmonansHbIN
BAC Bomnee 150 UKAO, HagHanMOHaIbHBINA

[ToxppobHo Bompockl kiaccupukanmuu BAC paccMoTpeHsl B psfe pador, Hanpumep B [4, 5].
[TomMumo kiaccudukanuu 1o Becy, K ApyruM Kpurepusm s pa3ouBku BAC no kaTeropusiM OTHOCST-
Csl Ha3Hau€HUeE, TUN I0JIETa, JBUTATENs, Kpblla, CUCTEM YIIPaBIIEHUs U Apyrue napameTpbl. Hakoner,
Ha ropraie AERONEXT" npuBeZieHa UHPOpMaLUs O MpoeKkTe Kiaccudukauuu ¢ pazdHeHueM Ha
1iecTb Kareropuii, onoopennom PocaBuanueii B 2018 roxy.

Ha naugano 2021 roma B Poccutickoit deneparnuu opunuanbaoi kinaccudukanuun bAC HeT, X0-
1 @3 ot 03.07.2016 Ne 291-®3 omnpenenun rpanuunsie 3Hadenust 0-0,25 xr u 0,25-30 xr makcu-
MaJIbHOM B31eTHOM Macchl. B cooTBeTcTBHE cO cT. 8 M 32 BK P® cucremsl, Bxmovaronue bBC ¢ mak-
CUMAaJIBHOM B3JICTHOUM Maccoii 6onee 30 Kr, moaiexar o0s3aTeIbHON CepTU(HUKAIIMNA U TOCYIapCTBCH-
HoM peructpaunu. bBC ¢ makcumanbHOl B3neTHOM maccod or 0,25 mo 30 Kr mojiekar y4eTy Io
[TpaBuiiaMm, yTBepxaeHHbIM nlocTaHoBiIeHHEM [IpaButenbetBa PO ot 25.05.2019 Ne 658, u o cocrosi-
Huto Ha 01.01.2020 ux Obuto yuteno 14171 B,

OctaBnsisi B CTOpOHE TPOOJIEMBI MPABOBOTO M IOPHIUYECKOTO XapaKTepa, pacCMOTPEHHBIE B
YIOMSIHYTBIX BbIIIE€ HCTOYHUKAX, OCTAHOBUMCS Ha BOMpocax, cBs3aHHbIX ¢ CYBIL

Ho3umuss UKAO u P® no CYBII 3kcrutyaranra,
pa3padoruyuka u usroropuresisi BAC

Ha ceronnst B SARPs UKAO Hetr nonoxeHu#, nperycMaTpUBAIOIIUX HEMOCPEICTBEHHYIO OT-
BETCTBEHHOCTh rocyaapctBa 3a Hanuuue CYBII y skcrimyaTaHTOB, a TakKe y OpraHu3alnuil — pa3pa-
6otunkoB u m3roropureneii BAC. B Ilpunoxenusx 2 u 7, cogepxkammux HekoTopsle SARPs mo oco-
o6ennoctsaM skcrutyaTaruu BAC, Het Hukakux nonoxxenuit mo CYBII. B I[punoxenun 19' BBC yIo-
MHHAIOTCS TOJIBKO B ONPE/ICICHNN aBUALIMOHHOTO TIPOUCIIECTBUS U B cchlike Ha IIpmmoxenue 137,
B KOTOPOM OTMEYEHBI OCOOCHHOCTH pacciieIoBaHMs aBUAITMOHHBIX coObITHH ¢ BBC.

12 1.C/37-WP/2-1 26/7/18. Moupeas, 47 centsops 2018 r. 19 c.

13 MexaynaponHas kiaccudukanus BAC rpaxnaHckoro HazHadeHus! [ DIeKTpOoHHBIN pecypc] // Poccuiickue 6ecnuaoTHH-
ku. URL: https://russiandrone.ru/publications/1-1-mezhdunarodnaya-klassifikatsiya-bas-grazhdanskogo-naznacheniya/
(mata obpamenus: 21.02.2021).

" Tpoext kmaccudukarmu BAC npetokeH accoruanueii «A>poHer» n 0106peH B PocaBuarmu [nexTpoHHsIi pecype] //
Aecronext. ABuarus Oyaymiero. URL: https://aeronet.acro/press_room/news/091728 (nara obpamenus: 21.02.2021).

15 Ananus cocrosiaus GesonacHocTy noneros B I'A PO 8 2019 r. Pocasuanus, 2020. 38 c.

16 YupagieHue 6e30macHOCTEIO mojeToB. [Ipmiokenune 19 k Konsenmmu o MexxayHapoaaoi ['A. 2-e m3n. // UKAO, 2016. 44 c.

"7 PaccieioBaHMe aBHALIMOHHBIX npoucuiecTBUi M uHIMAECHTOB. [Ipunoxenue 13 k KouBenuuu o mexaynaponnoit T'A.
11-e u3n. // UKAO, 2016. 74 c.
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B Ilpunoxenun 6" us [Ipunoxxenuu 8 B koTopeIx umerorcsa Cranpaptsl no CYBII skerny-
atanToB U usrorosuteneil BC, Boobmie HeT ynomunanuii o BAC unu BBC. Mexny tewm, eme B Lup-
kymspe 328 2011 rona npenycMarpuBaiocs pacmupenue IIpunoxenus 6 ¢ nensto BitoueHus bAC,
B TOM uucie u 1o Tpedoanusm k CYBII.

B I'mo6ansaoMm mnane MUKAO mo BIT va nepuoa 2017-2019 rogos AITAC BKIIOYEHBI B YHCIIO
IIPUOPUTETHBIX HampasieHui. B atom mane otmeueno, uro B 2007 rony UKAO co3nana Hccnenoa-
tenbekyto rpynny UASSG no BAC nns pa3paboTku HOpMAaTUBHO-IIPABOBOW 0a3bl Mo Ge30MacHOM MH-
terpauuu BAC B HecerperupoBaHHOE BO3yIIHOE MPOCTPAHCTBO (TO €CTh BO3AYIIHOE MPOCTPAHCTBO,
koTopoe onHoBpeMeHHO ¢ BBC ucnons3ytor u nunotupyemsle BC). B 2014 rony I'pynna UASSG
Obuta mpeoOpazoBana B ['pymmy skcreproB (RPASP). Ilpenmonaraniocs, yto OymyT pa3paboTaHbl
SARPs 1o neTHO# roTHOCTH, IPOU3BOACTBY MOJIETOB, CEPTU(UKALIUHN IKCIIITYyaTaHTOB, BbLAAYHN MHUIIOT-
CKHUX CBUJETENIbCTB, OpraHU3alliy BO3AYIIHOTO JBW)KEHMS, aBHALIMOHHOW O€30MacHOCTH M 3allMTe
OKpYyKaromiei cpenbl. Boimyck 3Tux monoskeHuit nomkeH Obi1 HayaThes B 2018-2020 romax. UsBecT-
HO, 4YTO B paboTe ATUX IpyII MPUHUMAIOT y4acTHe U cnenuanuctsl Poccuiickoit @enepanuun. OnHako
Ha Hayano 2021 roga o BHenpennn SARPs mo OecniunorHoit aBuanuu uHdopmamnmu HeT. B I'moGanb-
HoM 1utane MKAO no BII na nepuon 2020-2022 ronos JITAC B uuciio NpHOPUTETHBIX HANPABICHUN
JESATEIIBHOCTH HE BXOJIUT.

[Tozumms UKAO mo HopMaTUBHOMY PETYJIHPOBAHUIO IESITEIBLHOCTH OCCIMIOTHON aBUAIUH, B
TOM uMciie U B Bonpocax BHeapeHus CVYDBII B opraHmsanmsx — MOCTaBIIMKaX COOTBETCTBYIOIIHX
YCITyT, TTOKa CBOJIUTCS K MPEIOCTABICHUIO TOCYIapCTBAM peKOMEHAANui, coopy nHpopmammu, 0600-
menuto onbita. UKAO paspaborana u npeanaraeT K UCIOJIb30BaHUIO B TOCYJapCTBaX HECKOJIBKO Py-
KOBOJICTB TI0 PETYJIMPOBAHUIO JESATCIIEHOCTH BAC%, nanpumep, ICAO Model UAS Regulations, Part
101, 102, June 23, 2020 u ICAO Model UAS Regulations, Part 149, June 23, 2020. OTu pekoMeHye-
MBI€ TIpaBWJIa TIPEACTABISIIOT COOOW CBOAKY W m3iokeHue npasui it BAC, neiictByrommx B HoBoi
3enannuu, ABctpanuu, Kanane u CIIA.

Pa3paboTky HOpMAaTHBHBIX JOKYMEHTOB 10 HamOOjee Ba)KHBIM HAIpaBJICHUSM BEOyTCS U B
Haiuelt crpane. Hanpumep, noaxo Kk GOpMHUPOBAHUIO CTPYKTYPBI U COJEPKAHUSA HOPM JICTHOM roJIHO-
ctu BAC omucan B pabore crenmanuctoB LIAT'U [6], BompocaM MOATOTOBKM BHEIIHUX MHJIOTOB U
pa3paboTku coorBeTcTBYIOLIEH Mporpammel B MI'TY I'A nocBsiuena crates [7].

Ho oco6ennoctsim CYBII skcrnyaranta u usrorosutenss BAC moka 1ocTaTouHOTO BHUMAHMS
He ynenserca. B Pykosoactse no AITAC Doc. 10019 ynpasnenuto BII nocssimena rnasa 7. B sToi
IIaBe YKa3BIBAETCS HA CBS3b JAHHOTO JOKyMeHTa ¢ ITpmoxennem 19 u PYBIT MUKAO®'. ano ompe-
nenenue 3kcrutyatanra JJITAC kak nauna, opraHu3alvy WK NPeANpUsaTUs, 3aHUMAIOIIErocs dKCIulya-
tarueit [ITITAC. TMockosbky rocymapctBo TpeOyetr BHeApeHnus CYBII mocTaBmmkoM oOCITyKHBaHWS,
HaXOZAIIMMCS 110/l €r0 KOHTPOJIEM, JEIAETCs BaXKHBIN BBIBOJ O TOM, 4TO 3KcIuryaTanTs! AITAC nomxk-
Hbl pa3pabateiBath CYBII. Yka3zano, uto skcmmyarantsl AITAC, He3aBUCMMO OT TUIA MOJIETOB, MOA-
aexaT ceprudukanuu rocyaapctsoM. OHO U3 cepTU(PUKALMOHHBIX TpeOoBaHUN OyneT 3aKiItoyaTbes
B Hannuuu CYBII y akcrmyaranrta JAITAC.

[Tpu Buenpennu CYBII HEoOX0AMMO yUUTHIBATh MOTEHIMANBHBIE MTocneacTBus ans bl uz-3a
B3aMMHOI'O BJIMSHUS BHYTPEHHMX U BHEIIHUX CyOBEKTOB aBUALIMOHHOW CHUCTEMBI (Y4eT «HUHTepdeii-
cos» o PYBII UKAO). Unrerpanus AIIBC B HecerperupoBaHHOE BO3IYIIHOE MPOCTPAHCTBO TPeOy-
eT MPOBEICHUS TIATEeIbHOHN olleHKH () dexkTuBHOCTH oOecnieuenus BIT JITTAC.

OTmeueHa HeOOXOAMMOCTD COTJIacOBaHMs MJIaHa JeHCTBUN B aBapHiHOM 0OCTaHOBKE 3KCILTya-
TaHTa C AHAJIOTMYHBIMU IUIAHAMU OpraHM3alMi-IapTHEPOB. YKa3aHo, uTo sKkciuryaTaHT [AITAC necer

' Skcmryaramus BC. Tpunoskenne 6 k Koueruun o MesxayHaponsoit [A, u. 1-3 // UKAO, 2014-2016. 262 c.

"% Jlernas romuocts BC. Ipunoxenne 8 k Konpenmuu o mexaynapoasoii [A. 11-e u3n. // UKAO, 2010. 230 c.

ICAO model UAS regulations [Dnexrpormsii pecypc]. URL: https://www.icao.int/safety/UA/Documents/
Final%20Model%20UAS%20Regulations3%20-%20Parts%20101%20and%20102.pdf (nata odpamenus: 15.01.2021).

! Doc. 9859: PykoB0/CTBO 110 yIpaBiIeHHIO 6e30macHocThio0 no71eToB (PYBIT). 4-¢ u3n. // UKAO, 2018. 218 c.
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OTBETCTBEHHOCTSH 3a 3¢ dexkTuBHOCTH 0Oecnieuenust BII mpu npegocTaBieHNH NPOIYKTOB U YCIYT MOJ-
PSAAYMKAMHU, U UX PUCKH TOJKHBI yunuThiBaThesl B CYBII akcrutyaTaHTa.

Boznymnoe 3akoHonarensctBo PO He comepxkut tpeboBanuit o Hammuun CYBII y skcmmya-
taHTOB BAC. OHU He BKJIIOUEHBI B IEPEUYEHb OCTABUIMKOB yCIIyT B MOCTaHOBJIEHUX [IpaBuTenscTBa
P® ot 18.11.2014 Ne 1215 u ot 15.03.2016 Ne 192. Dtoro tpeboBanus noka Het u B @AII, xors no
Mepe nopabotku OAII-128 u G AII-246 Takue TpeOOBaHUS JOJKHBI TOSBUTHCS.

Hoctynusle nokymMeHTsl MKAO He conepxar Kakux-J1nbo ykazaHUH 10 HEOOXOJMMOCTH HaJH-
yust CYBII nnn pexomenaanuii o ee pa3paboTKe B OpraHu3aluax pa3padOTUMKOB M U3TOTOBUTEIEH
BAC, onnako tpe6oBanue P® o nannuuu CYBII y nzrorosureneit BBC yxe nmeercs B ®AII-21%. B
cootBeTcTBUH € 1. 21.125 n 21.139 stux ®AII uzrorosutens bBC, nonaBmmii 3asBKy Ha Mojy4eHue
Ceprudukara ogo06peHus MPOU3BOACTBEHHON opraHu3aiuu, o0s3an paspadorate CYBII u PykoBon-
CTBO 1O ympaBieHuro Oe3onacHocThio monetoB (PYBII) B cootBerctBUM ¢ SARPs UKAO u3 [pwuio-
xkeHus 19.

Takum oOpazom, 3amaya pazpadbotku u BHeApenus CYBII ans paspaboTunka M 3KCILTyaTaHTa
CVBII sBnisieTcst akTyaJIbHOM MIJIM CTaHET TaKOBOW B OJMKaiiiiee BpeMsi.

U3 ombita pazpadborku CYBII nzBectHO, 4TO HAaUOOJBIINE METOIOJIOTHIECKUE TPOOJIEMBI CBSI-
3aHbI ¢ peaninzanuel Broporo komnonenta CYBII MKAO — ynpasnenns puckamu ais bl

YIIPABJIEHUE PUCKOM SKCIIITYATAHTA BAC
B MEKAYHAPOJHOMU ITPAKTHUKE

Cnenyer ormetuts, uto puck s BIl, onpenensiemsiii Ctannaprom MKAO Ilpunoxenus 19
KaK «IpeanojaraeMas BEpOsITHOCTb M CEphE3HOCTh MOCIEACTBUI WIN Pe3yIbTaTOB OMACHOCTHY SIBJIS-
eTcs MMPOTHO3HOW OIIEHKOHM OMacHOTo COOBITHA. B aBHanpeAnpusaTHIX MPUMEHSIOTCS pa3iIndHbIE Me-
TOJIbI OLIEHKU PUCKa [8] B 3aBUCUMOCTH OT OCOOCHHOCTEN MX JEATEIIbHOCTH.

MeToauka oueHkn pucka, pekomenayemas @AY (FAA) CIIA
PaccmoTpuM noctpoenue cuctemsl ynpasieHust puckom s BIT sxcruryatanta BAC Ha ocHOBe
pekoMeHauui npukaza FAA 10/04/2019%. [Ipeanonaraercs, 4TO CUTHAJIaMu JJis 3allycKa MpoLeay-
PBI yIpaBJIEHUS PUCKOM MOTYT OBITh TPOOJIEMBI U (WIN) TUIAHUPYEMble U3MEHEHUsI (Tabd1. 2).

Tadauna 2
Table 2
CurHansl, 3amyCKaroIye Mpoleaypy yIpaBIeHUs pPUCKOM
Safety Risk Management Procedure Triggers

ITpo6aemsr BIT (Safety | ssue) Ilnanupyemoe uzmenenne (Planned Change)
[Morentmaneabie | HeaddexruBroe | HecoorBercTBust 3anpoc Ha OpUHATHE BBona Ho-
OTIaCHOCTH yrpasienue (ac- | (Harp., HEBBITIOJ- COOTBETCTBYIOIINX BBIX/M3MEHEHNE JCH-
(acconmupoBaH- | COIMUPOBAHHOE C | HEHUE MPABWI, OT- | MEp COTJAcHO MpUMe- | CTBYIOIIUX MPaBUII,
HBIE C COOBITHSA- COOBITUSAMH C Hocsmuxcs K BAC) | HUMBIM ITpaBwiiaM otHOocsmuxcsa kK BAC
mu ¢ BAC) BAC) skcruryatar bAC

Ha cnemytomem sramne cocraBnsercss oOmuid nepeueHsb ¢gakropoB omnacHoctu (DO), koTOpHIE
pacTpeeNstoTcs o TPYIIaM, 3aTeM dKCIepTaMu (OPMUPYIOTCS CIICHAPHH BO3MOKHBIX HEKEIaTelb-
HBIX COOBITHI M MX BEPOSITHBIC ITOCIEACTBHUS, a TAK)KE CYIIECTBYIONIHE MEpONpusTHs (Oapbepsl 3aIu-
TBI) 17151 CHUKEHUS pUcKa. Pe3ynbTarel mpeacTaBieHsl B Ta0I. 3.

*? Tpuka3 Muntpanca ot 17.06.2019 Ne 184 O6 yreepxaenuu DALl «CepTudukanus aBUAMOHHON TEXHUKH, OPTaHH3a-
Ui pa3paboTInKOB U n3rotoBureneil. Yacts 21».
# U/S/ Department of Transportation FAA Order 8040.6 Eff Date 10/04/2019. 26 p.
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[Iponenypa Heckonbko otauvaercs oT pekomenaoBanHo B PYBII UKAO. B cootBercTBuM C
pexomenganusimMu MKAO onenka pucka IOKHA TPOBOIUTHCS IS KaXIOTO COOBITHS, CBSI3aHHOTO C
kakuM-1u60 PO, a B nokymenre FAA npesiaraercst yrpoIieHHbI M0X0/1, KOTJa OLEHUBAETCS PUCK,
cBa3aHHbId ¢ rpynmnoit @O. IIpu 3ToM U3 Tpex BO3MOKHBIX KOHEUHBIX COOBITHH (CTOJIKHOBEHUE C MH-
aotupyembiM BC, CTOJNIKHOBEHHE C YETOBEKOM WJIM TPAHCIIOPTHBIM CPEICTBOM M C OOBEKTOM Ha 3€M-
Jie) He BBLICISIETCS KOHKPETHOE, a OLIEHUBACTCS «OOIIHI PUCK» TPEX MOCIIEeICTBHUIA.

JI1 OLIEHKH pUCKa UCTOIb3YETCS. METOJ «MATPULBI MIOCIEICTBUN U BEPOSTHOCTEN), PEKOMEH-
noBanHbIil PYBIT MKAQO, HO O1IeHKH BEPOSITHOCTH U CEPhE3HOCTH BBIPAKAIOTCS UHAYE.

BeposTHOCTE COOBITHS OLIEHUBAETCSI HEYETKOM Mepoil BO3MOXKHOCTU €r0 BO3ZHUKHOBEHUS, KO-
TOpPO# CTAaBUTCS B cOOTBEeTCTBHE OykBa OT A 110 E, a Cephe3HOCTh MOCIIECTBUN COOBITUS — HEUETKOM
MEpOi Cepbe3HOCTH COOBITHUS, KOTOPOH CTaBUTCA B cooTBeTcTBUE IHdpa ot 1 mo 5. B PYBII UKAO
HA000POT, BEPOATHOCTSIM COOTBETCTBYIOT LU (PHI, & CEPbE3HOCTH MOCIEICTBHIA — OYKBBI.

Kpome Toro, nrorosas matpuna FAA ortnuuaercs ot marpunsl MKAO no xommdecTBy 3ene-
HBIX M JKEJTHIX SIYEEK, [0 MOPSIIKY PACIIONOKEHHS CTOJIOOB U HAJTMUUIO OJTHON «CMELIaHHOW) sTYeHKU
(puc. 1).

Xots Marpuma MKAQO sBisiercs peKOMEHIAIMEH, OHa BBINIAIUT OoJjiee OOOCHOBAHHOM.
Hanpumep, oLeHKa puUCKa HUYTOXKHBIX ITOCIEICTBUI, HO IPOUCXOISIINX YacTO, KAK «3EJIEHOT0» B
matpuiie FAA Bemsigut ciopHoil. I 0003HaueHHsT BEPOSTHOCTH OyKBaMH, a CEPhe3HOCTH HU(ppaMu
HEIMPUBBIYHO IS clienuanucToB, npuBbIKINX K Matpuie MKAO ¢ 2006 rona, 1 MOXKET BbI3bIBATH J10-
MOJIHUTENIbHYIO Ty TaHHUILy, KaK OTMEYEHO B cTaThe [9].

Copveanocry Huvytomuan | Heawauw- | 3Wauwtenp- | OnacWan | Hatactpodm- Puck ana
BepoATHOCTD 5 TenbHan 4 HaR 3 2 veckan 1 Gesonacocmu
fonemos (Cepsessocms pucka
Yacro A Kamacmpochuveckas | OnacWas | 3wavumenswas | Heswayumensias | Husmoxwas
Baposmwocms A B c D E
WHorpga B Yacro 5
Becbma pegro C Heorm 4
Becewma pegro
Manosepostio D ManosepoaTHo
Kpaitne Kpalbe
manoseposTHo E MANOBEPORTHO
a b

Puc. 1. CpaBHenune marpunr gokymenta FAA (a) u PYBIT UKAO (b)
Fig. 1. Comparison of FAA document matrix (a) and ICAO SMM matrix (b)
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[Topsinok nanpHeHmuX aercTBuil o Mmeroanke FAA:

— TIPH «3€JICHOM» YPOBHE JeHCTBU He TpebyeTcs (ananornyHo pekoMmeHnnanusm MKAO);

— (OKEJTBII» ypOBEHb SBISETCA MPUEMIIEMBIM; TpeOyeTcsi TOJIBKO OTCIC)KUBAHUE U MOHMTO-
punr (nmo MKAQO Bce-Taku He00X0UMO BHEIPUTH HEKOTOPBIE pa3yMHbIE MEPBI);

— IIPU «KPACHOM» PUCKE HEOOXOJUMBI CPOUYHBIE MEPBI JJIsl BHIXO/1a U3 «KPAcHOM 30HBI» (aHa-
noru4Ho pekoMeHaanusm MKAO).

Jlasiee B JOKyMEHTE IPUBOAUTCS KOHKPETHBIN IPUMEP MCIIOJIB30BaHUs METOAUKH. Paccmarpu-
Baercsi BBC makcuMmanbHOH B3eTHOHM Maccoit 75 ¢yHToB (33,8 Kr), ¢ OCH3MHOBBIM JIBUTATENEM, 000-
pynoBanHslii GPS- u A3H-B npueMHHKOM, NapamroToM Ha ciay4yail OTKas3a JBUraTels WIM yIpaslie-
HUS, aBapUITHON cricTeMol aekTpocHad)eHus. Yka3ano, uto bBBC nmeer 3000 4acoB yCHemHbIX MO-
netoB. [Ipennonaraercs ucnoabzoBanue bBC 1151 MOHUTOpUHTA COCTOSIHUSA JIMHUIM 3HEProCHA0KEeHMS,
Ha bBC ycranoBiieHa Bugeokamepa.

Heo0xoauMocTh mporeypbl OLIEHKM PHCKa CBA3aHAa C BBEACHUEM B JKCIUTyaTallMI0 HOBOTO
HA3eMHOT'0 paJrojIoKaTopa.

PaccmarpuBaercs BiausHue Beex At rpynn PO u3 Tabi. 3 u nogpoOHO pacKpbIBaeTcs nepBas
«Texnuueckue otkassl BBCy. 13 3toil rpynnsl paccmarpuBatotest PO: «Otka3 asurarensy, «Omuo-
ku [10», «Iloteps cBa3u C2», «YkinoHeHue ot MapumpyTta», «Otka3z npuemHuka GPSy». OuennBaercs
puck no Bcei rpymme @O. OueBugHO, cuuTaeTcs, 4to o0beaunenue OO, CBA3aHHBIX C PA3IUYHBIMU
3JIeMEHTaMHu TeXHu4Yeckoro ocHameHuss BAC, He BHeceT OOJIBIIOrO UCKa)KEHUsI B OLIEHKY PUCKa, HO
MIO3BOJIUT COKPAaTUTh BPEMSI U TPYJ03aTpPaThl.

Bwmecre ¢ Tem ananusupyetcs kaxapii uz @O, nanpumep, st PO «OTka3 nBUraTes» aHaln3
BBITJISITUT TaK. «J{BUTaTeh JaHHOTO THUIIA XOPOIIO 3apEKOMEH/I0BaJ ce0sl Ha CIIOPTUBHBIX CaMOJIeTax.
VY aaneHHblld TWJIOT U MHXEHEP KOHTPOJUPYIOT MapaMETphbl ABUIATeNs, IPU UX BBIXOJE 3a INPEAECIBI
mtot nocanut bBC B OGnmokaiimieii 3oHe mocanku. [Ipu oTkase ABHUTATeNsl MAapalltoT PacKpbIBAeTCs
aBTOMaTHuyecku. KanuranabHbIil peMOHT npoBoAUTCs He peke yeM depe3 2000 yacoB HapaOOTKU B CO-
otBeTcTBUU ¢ PykoBoacTtBom o TO».

Tsoxects BeIOpaHa kak «OnacHas», mudpa 2, xotds bBC uMeer Xpynkylo XBOCTOBYIO Oalky,
MapanroT U QYHKIUIO aBTOMATHYECKONW TTOCAIKH.

BeposTHOCTB, YTO TexHHYecKas MpobieMa MpUBEAET K OJHOMY M3 TPEX yKa3aHHBIX BBILIE CO-
ObITHH, OlleHeHa Kak «MamoBeposTHo», D, mockonbky [1O cepTudunmupoBaHo mno DO-178B**, npura-
TeNb IPOBEpeEH, cBA3b C2 npoTecTupoBaHa. B palioHe BBINOIHAIOTCS PEAKUE NOJIETHI TOJIBKO aBUALIUU
00I11ero Ha3HAYEHMS.

Puck mpu cymecTByronmx Mepax 0e3omacHocTu omnpenensercss kak 2D — «kentsli». XoTs B
3TOM ciy4ae, ¢ no3unuu FAA, 10CTaTOYHO MOHUTOPUHIA CUTYAllMH, MPEAJaraioTcs Mepa B BUAC
OrpaHUYEHUS KOJIMYECTBA MOJIETOB JI0 TPeX B HEJEN0. B pe3ynbrare BEpOSATHOCTh COOBITUSI CHUYKAET-
cs1 1o «KpaiiHe ManmoBepoOATHO», E, 1 PUCK CTAHOBUTCS «3€IICHBIMY.

JIOKyMEHTUpOBaHUE MPOLELYPbl B JTOKYMEHTE IPOBOAMUTCA C MCIOJIB30BAHUEM HECKOJIBKHUX
Ta0JINI, HO JJI yI00CTBa OHU MOTYT OBITh O0OBECIMHEHBI B OJIHY (Ta0I. 4).

OrmeTnM, 4TO B JaHHOM IIpUMEpPE HE paccMmarpuBaeTcs crosikHoBeHHE ABYX [IBC. ABTopsl
nopoOHOT0 0030pa [3] CUUTAOT, UTO COOBITHS TAKOTO THIIA TAKXKE JOJDKHBI YUUTHIBATHCS TIPU OLIEHKE
JKCIUTyaTalMOHHBIX puckoB BAC.

Ounenka pucka crojikHopeHusi BBC ¢ nuiorupyembim BC
PaccMoTpuM KpaTko XapaKTEpUCTHKH TAKOTO PUCKA M MOAXOM K YIPABIEHUIO UM I10 JOKyMEH-
Ty aBUAIlMOHHBIX BIACTEH BeJ'II/IK06pI/ITaHI/II/125 .
Bo3MoskHbIe BapuaHTHI pa3BUTHs coObITuil npu cOmbkernn bBC u nunortupyemoro BC npu-
BEJICHBI HAa PUC. 2, 3aMMCTBOBAaHHOM M3 PACCMATPUBAEMOI0 JOKYMEHTA.

* DO-178B — Crannapt RTCA Inc. Ha pa3paboTKy OOpPTOBOI amlmaparyphl.
> CAP 1627 Drone Safety Risk: An Assessment. CAA, 2018. 35 p.
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B noxymenTe nmoapoOHO pa3duparotcs Hanbosee BEpOsSTHBIC BAPUAHTHI MTOBPEKIACHUS Pa3IUy-
HeIX gacteid BC (J1o6oBoro crekia kaOwHbI MWIoToB, oO0TekatTens PJIC, neurarenelt, mepeaHux Kpo-
MOK KpbLJa, IIACCH, 3aKPBUIKOB, CIIONIEPOB, YIMPABIAIOIMIUX MOBEPXHOCTEH, BUHTOB) M HX MOCIHE-
CTBUs. YKa3bIBaeTCs, YTO HaMOOJIee OMAcHBIC IMOCICACTBHUS TAKUX CTOJKHOBCHHU MOTYT OBITH IS
BeprosieToB U Hebobux BC AOH.

Conu:eHue BBC m nuaoTupyemoro BC

CronKkHOBEHMWE

CepbezHble
noBpexAeHHUA

Puc. 2. BapraHThI BEpOSTHBIX HOCIEICTBUN CTOJIKHOBEHHUS
Fig. 2. Variants of probable collision consequences

OlLIeHKH BEPOSITHOCTH TAKOTO COOBITUS JIEIAI0TCS Ha OCHOBE HAOJIOCHUIA B BO3YLIHOW 30HE
(TMA) Jlonnona, ogHoit u3 HanOomnee 3arpyeHHbix B EBpone. Ha MOMEHT co3anusi 1OKyMeHTa (SH-
Bapb 2018 roga) 8 TMA Jlonnona He Ob110 3a)UKCUPOBAHO HU OJHOTO CTOJKHOBEHMs (B MupoBon ['A
Ha TOT MOMEHT OBIJIO U3BECTHO CEMb TAaKUX CIIy4aeB).

B 2016 rony 8 TMA Jlonmona 6s110 monyudeHno 121 coobmenne o HaxoxaeHun bBC Bomm3u
nunotupyemoro BC, 95 % Ttakux coOwiTuii npoucxoamno Ha Beicotax MeHnee 10000 ¢ytos (3000 m).
Ha puc. 3, 3aMMCTBOBAaHHOM M3 paccMaTpPUBAEMOTO JOKYMEHTA, MOKa3aHbl OLIEHKH BEPOSITHOCTEH
COMMKEHUH B 3aBUCUMOCTH OT BBICOTHI M CKOPOCTH TIOJIETA, MTOJyYEHHbIE HA OCHOBE 00pabOTKU CTa-
TUCTUYECKHUX JaHHbIX.
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HakonneHHaA BepOATHOCTb Ha OAWH NoneT

Puc. 3. BepositHocTs HaOmoaeHus munorom BC kordumkTHOT0 BBC B TMA JloHm0HA
Fig. 3. Probability of aircraft pilot‘s observation of the conflicting UAV in London TMA

MOo>KHO BHJIETh, YTO MOKA BEPOSITHOCTU TaKMX COOBITUN MpUEMJIEMbIE, C yY€TOM TOTO YTO Be-
POSITHOCTH CTOJIKHOBEHHs OyJeT emie MeHbIle. J[1s cpaBHEHMS: 4acTOTa peasibHbIX CTOJIKHOBEHHI C
ntuiiamu B TMA Jlongona BABOe mpeBbIlIana KOJWYECTBO COMMKEHUH (TO €CTh MOTCHITMATBHBIX
cronkHoBeHuit) ¢ BBC. Bmecte ¢ TeM HecoMHEHHO, uTo ¢ pocTtoM konnuectBa BBC B Bo3myxe Bepo-
ATHOCTb CTOJIKHOBEHUH OYyJET BO3pacTaTh, YTO OUEBUIHO.

OTMeTHM, 9TO 1o AaHHBIM PocaBuanun™ B 2019 roay B Poccuiickoit denepanuu 3adukcupo-
BaHO 78 cllydaeB HECAaHKIMOHUPOBAHHOTO HCMOJIb30BaHUS BO3AYyIIHOro mnpoctpanctea bBC
(82018 rony — 124 cnyuas, 2017 roxy — 87, 2016 roxy — 41). Ilpu stom B 30 ciyuasx B 2018 roxy
sxkunaxku BC Bu3yanbHO HaOmoganu npudnmkenne bBC, co3maromiero noreHnuanbayo yrposy bIl.

Jnist o1leHKH pucka U pa3paboTku MeponpusTiii CAA HCHOIB3yeT METOJ «TaJCTyK-0a0ouKay.
DTO METOJ| ONKCaH U MpUMEHsSETCs B pUCK-MeHeKMeHTe B CYBII HEKOTOPBIX POCCUICKUX aBUAKOM-
nauuii [6]. [lo uCronb30BaHNI0 METO/IA «TANICTYK-0a004YKay NIl PUCK-MEHE/DKMEHTA B Pa3JIUYHBIX 00-
JIacTSIX UMeeTCsl OOLIMpHAas JIUTepaTypa, U3 HelaBHUX My OIMKaIiil OTMETUM JOKJIaJ Ha KOH(pepeHIun
Bbpuranckoro uncturyta ¢pusuku [10].

CAA BenukoOpuTaHu# MPOBOJUT TaKUE OICHKU PETYJSIPHO M CYUTAET, YTO METOJ MO3BOJISIET
MOJIYYUTh HATTISIAHYIO JIEMOHCTPALMIO KApTUHBI pUCKa OT BOZHUKHOBeHU PO, CBSI3aHHOTO C OpraHu-
3alMed WM SKCIUTyaTalluOHHOW AesITeNbHOCTBIO, 0 KOHEYHOTO COOBITHS. DTO IMO3BOJISIET MPEAJIO-
XKHUTb 000CHOBaHHbIE U YPPEKTHUBHBIE MPODYUITAKTUIECKIE U KOPPEKTUPYIOIINE MEPOTIPUATHS.

C UCrosib30BaHUEM MOJENHU «TalCTyK-0a00uka» Ui OLEHKU PHCKa CTOJIKHOBEHMS B BO3/yXe
MO>KHO O03HaKOMUTbcA B okyMeHTe CAA CAP 1627BT?.

JAK/IIOYEHUE

Kak nokasan ananus, 3aKOHOATEIbHOE M HOPMATUBHOE PEryJIMPOBAaHUE B 00JACTH OECHUIIOT-
HOM aBHAIMK HaXOAUTCA B cTanuu (popmupoBanus. [lnansl pa3paboTku U BHEAPEHUS BaXKHEUIINX J10-
KyMEHTOB HE BBIIIOJIHAIOTCS KaK Ha MEXAYHAapOJHOM, TaK U Ha FOCYyapCTBEHHOM YPOBHE, YTO TOPMO-
3UT Pa3BUTHUE 3TOTO CETMEHTA aBUAILIMOHHOM e TEIIbHOCTH.

Bomnpocs! obecnieuenus: 6e30macHOCTH TOJIETOB MPH 3KCIuTyatauu pasnuuaeix BAC B Hecerpe-
TUPOBAHHOM BO3YIIIHOM MPOCTPAHCTBE MOKa He Hanum cBoero orpaxeHus B SARPs UKAO. B gactHo-

% AHanm3 cocrosiHus Ge3onacHocTH mojetos B [A PO B 2019 1. Pocasuanus, 2020. 38 c.
7 CAP1627BT: Drone Safety Risk: Bowtie model [9nextponnsiii pecypc]. URL: http://www.caa.co.uk/CAP1627BT (zna-
Ta oOpamenus: 15.01.2021).
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CTH, OTCYTCTBYIOT TpeboBaHus SARPs 00 obs3aTenbHoM Hannuuu CYBII B opranuszanusx pa3padboryuu-
KOB, m3rotoBuTeneii u skciuryatantoB BAC. Ha manaom atane MKAQO orpanudmBaeTcsl myOUKaIe
LUPKYJISIPOB, TEXHUUECKHX PYKOBOJCTB, COJAEPXKAIMX caMble OOIIMe PeKOMEHJAIMU M0 JTaHHOMY BO-
IIPOCY, ¥ PaCHPOCTPAHSET OIBIT OTJAECIBHBIX TOCYIaPCTB U OPTaHMU3ALMNA, KOTOPBIE CAMOCTOATEIBHO Pe-
maroT 3Ty npobnemy. B Poccuiickoit denepanun obs3arensHocts Hanmuuus CYBII, kak ceptudukanm-
OHHOE TpeOOBaHUE, UMEETCS TOIBKO JJIsi opranuzanuii — nsrorosureneit BAC (OAII-21).

Bmecte ¢ TeM MOXXHO OXHJAaTh, YTO MOJOOHBIE TpeOOBaHUS B CKOPOM BPEMEHH MOSBATCA B
SARPs UKAO, Brmrouas [Ipumoxxenus 6, 8, M, COOTBETCTBEHHO, B ()eIepaIbHbIX aBUAITMOHHBIX Tpa-
BUJax, npexzae Bcero B GAII-128, GAII-246, a Takxe @AH—13228, DAII-147%.

B co3naBmmxcs ycnoBusix, y4UTbIBas BAXKHOCTb 33/1a4U, IPEICTABIAETCS LEeIecO00pa3HbIM aK-
TUBU3UPOBATh Pa3padOTKy METOJMUYECKUX MOCOOMI MO CO3/aHUI0, BHEAPEHHIO U TOAJCPKAHUIO
CVYHBII skcnmyarantoB u usrorosureneit BAC ¢ yuerom cnenuduku ¢pakTopoB ONMAaCHOCTH U CBSA3aH-
HBIX C HUMH PHCKOB.

PexoMenpaiu MoryT pa3pabaTbIBaThCSi HA OCHOBE IMEPENOBBIX MEXIYHAPOJIHBIX MPAKTHK C
ydeToM ocobeHHocTell 1 ycnoBuil akcmryatanuu BAC pa3Horo Ha3Ha4yeHHs B Pa3IMYHBIX PETHOHAX
Poccuiickoit ®enepanuu. JIBe Takue NPAKTUKM IO yIpaBiIeHUIO puckom ais BII mpu skcrumyatanuun
BAC, npoananu3upoBaHHbIE B JAHHOW CTaThe, MOTYT OBITH IOJIE3HBI IPU YCIOBHM MX MOAPOOHOTO
W3Yy4YEeHUs U aJjanTalyy B KAKJION OpraHUu3alyH.

B CVYBII skcmmyarantoB BAC MOryT ycnenHo NpUMEHSTECS U APYTHE METOIbI, KOTOPbIE I10-
Ka3zainu cBoio 3(eKTBHOCTH B aBMakoMIaHusIx. Hanbornee moiaHas cucreMaTH3ays METOJ0B PHCK-
MeHeKMeHTa BeInojHeHa B HoBoM [ OCT P 58771-2019%.

BaxxHoli siBIIIeTCS Takke 3ajada OOyYeHUs CIICIUATUCTOB M3 OPraHU3aIlluil — pa3paboTINKOB,
u3rotoBureneit u skcrryatantoB BAC ocHOBaM ynpaBiieHHs 6€30MaCHOCTBIO 1M0JIETOB. Takoe oOyueHue
MO’KET NPOBOJIUTHCS HA CIIELMAIN3UPOBAHHBIX Kypcax noBbiieHus kBanudukammu no CYBII nns cne-
LIMAJIMCTOB, CBA3aHHBIX ¢ oOecrniedyenueM b1, opranuszanuii — mocTaBIIMKOB aBUALIMOHHBIX YCIYT.
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ABOUT FLIGHT SAFETY MANAGEMENT DURING OPERATION OF
UNMANNED AIRCRAFT SYSTEMS

Valeriy D. Sharov', Boris P. Eliseev', Pavel M. Polyakov'
"Moscow State Technical University of Civil Aviation, Moscow, Russia

ABSTRACT

The development of the unmanned aircraft market is hindered by the regulatory deficiencies of this aviation segment. This fully
applies to the most important aspect of the activity — flight safety management. In accordance with the Standards and
Recommended Practices (SARPs) ICAO and the Air Legislation of the Russian Federation, the availability of flight safety
management systems (SMS) is mandatory for operators, developers and aircraft manufacturers, as well as for aircraft engines and
propellers. However, this requirement does not fully apply to organizations involved in design, manufacture and operation of
unmanned aircraft systems (UAS). At the same time, UAS use in various spheres of economic activities is associated with
significant and diverse risks for manned aircraft, as well as vehicles, people and important infrastructure facilities on the ground.
The article analyzes the current situation with the regulatory framework with relation to SMS development and implementation in
the unmanned aviation segment at the international and state level and the prospects of its improvement. Based on experience, the
most major methodological issues while SMS developing and implementing in various entities-aviation services providers are
related to the selection, implementation and application of methods for safety risk management techniques, which have significant
features for UAS operation. Considering anticipated adoption of SMS requirements in the near future, some innovative practices in
this area of activity about aviation safety risk management for such entities have been reviewed.

Key words: unmanned aircraft systems (UAS), unmanned aircraft (UA), safety risk management.
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NCCIEAOBAHHUE CITIOCOBOB CKJIOHEHUA ITPU @OPMUPOBAHUU
OBJIMKA BECITMJIOTHOT O JIETATEJIBHOTI'O AIIITAPATA
C BEPTUKAJIBHBIM CTAPTOM

A.B. BUHJIEKEP'?
Iﬂwzeonpydnencxoe HAYYHO-NPOU3B00CMEeHHOe npeonpuamue, 2. J{oneonpyonuwiii, Poccus
Mocxkosckuil aguayuorHbll UHCMUmMYm (HAYUOHAILHBIU UCCIe008aMeNbCKULL YHUGEpCUment),
2. Mockea, Poccus

Paccmotpena 3amaya BBIOOpa pAILMOHAIBHOM CHCTEMBI CKJIOHGHHS M3 4YHCIA AIBTCPHATHBHBIX BapHAHTOB HAa OTare
¢dopmupoBanmss 00dMKa OecrmoTHOro JerarenbHoro armmapara (BJIA) ¢ BepTukaimbHBIM crapToM. B HacTosmmee Bpems
BEPTUKAIBHBIA CTApT HaXOOUT Bce Ooliee IIMPOKOE MPHMEHEHHWe Uil OCCIIOTHBIX JICTATENBHBIX allapaToB Kiacca
«TIOBEPXHOCTH — BO3IYX», PaCCMaTPHBAEMBbIX B HacTosmell paboTe. XapaKTepHbIM HayaJbHBIM YYacTKOM TPAaeKTOPHUH TaKHX
OeCIMIIOTHBIX JIETATeNbHBIX alllapaToB SBISIETCS CKIOHEHHE O TPeOyeMOro YIVIOBOTO IOJIOXEHHs 32 KOPOTKHI MPOMEXKYTOK
BpemeHH. st ocymectieHus mporecca ckioHeHHs BJIA Tpebyercss co3maHWe OTHOCHTENBHO OOJBIIMX YHPABIIIOIINX
MoMmeHToB. Crionenne BJIA kiacca «IOBEPXHOCTb — BO3ZAYX» peaIu3yeIcs MOCPEICTBOM MOMEHTHOIO Ta30AMHAMUYECKOIO
YiipaBJICHUA ABYMsSI OCHOBHBIMU CHOCO6aMI/l — B IIPUMEHCHUU CUCTEMBbI YHPABJICHUA BEKTOPOM TATU OCHOBHOI'O PEAKTHUBHOI'O
JABUTaTCIIsA BJIA wmu ucnoiap30BaHHH CIICHUAJIBHBIX JOIOJHUTCIIBHBIX Ta30JUHAMHYCCKUX yCTpOﬁCTB. AJ'II)TepHaTI/IBHI)IMl/I
BapHaHTaMU CHCTEM CKJIOHEHHWsI IIPY PEIICHHM PacCMaTpUBAEMOM 3aJaudl SIBJIIOTCS: CHUCTEMa YIPaBJICHUS BEKTOPOM TSTH C
Ta30BBIMH PYJISIMH, pa3MeliaeMbIMU B coruie fapurarens bJIA mmm cpasy 3a ero cpe3oM Ha CHelMalbHBIX MMHIOHAX; UMITYJIbCHAS
JIBATaTebHasl YCTaHOBKA, CO3Jaiolias MOMEHT cKiIoHeHHs BJIA TmocpencTBOM peakTHBHBIX CTPYH MHKpOIBUTraTeney,
BKJIFOYAEMBIX T10 CHIELIMATBLHOMY allropuTMy. [1pn cpaBHHTENIEHOM aHAIN3€E CUCTEM CKJIOHEHHUSI KPUTEPUEM TIPaBIIIBHOCTH BBIOOpa
croco0a CKIIOHEHHS SBISIIACh peain3yeMasi OJIMKHSS TpaHHIIa 30HBI OpakeHHsl. B kauecTBe KpuTepust BBIOOpa paliMOHAIIEHOTO
BApUaHTa CHUCTEMbl CKIIOHEHHSI NPHHAT MUHMMYM Macchl npoektupyemoro BJIA. IlpuBeneHbl OCHOBHBIE COOTHOLICHHS VIS
pacueTa TJIABHBIX INPOEKTHBIX IIAPaMETPOB PAacCMATPUBAEMBIX CHCTEM CKJIOHEHHWs. BBINONHEH pacyer mapameTpoB OOJIHMKa
runorerdeckoro BJIA Kiacca «IOBEpPXHOCTb — BO3AYX» CpeNHEH NaIbHOCTH C IbTEPHATHBHBIMU CHCTEMAaMH CKJIOHCHHS.
IIpoBeneH cpaBHUTENBHBINA aHATN3 TTOTYYEHHBIX PE3YIIBTATOB.

KnroueBble cnoBa: GecrioTHbIN jeTatensHbld anmapar (BILJIA), cuctema CKIOHEHHMS, Tra30JMHAMHYECKHE YCTpOICTBA,
T'a30BBbIi PyJib, UMITYJIbCHAS IBUTaTENbHAs yCTAaHOBKA, AJTbTEPHATUBHBIC BAPHAHTHI.

BBEJAEHUE

BeprukanbHblli CTapT TPATUIMOHHO HCIONB3yeTCS ISl OANIMCTUYECKHX DPAKET M pakeT-
HOCHUTEJICH, 00CECIEUYMBAIONINX BBIBOJI B KOCMHYECKOE IPOCTPAHCTBO PA3HOOOPA3HOM IOJIE3HON
Harpy3ku. B Hacrosiee BpeMs BEpTUKATIbHBINA CTAPT HAXOIUT BCe O0JIee MUPOKOe MPUMEHEHUE U IS
OecnIoTHBIX JieTaTenbHbIX anmapatoB (BJIA) npyrux kmaccos, B Tom uucie u BJIA kiacca «moBepx-
HOCTb — BO3/IyX», paCCMaTpUBAaEeMbIX B HacTosimel padore [ 1-8]. XapakTepHbIM HaYaIbHBIM YYaCTKOM
TPACKTOPUH TaKWX OECTIMIIOTHBIX JIETAaTEeNbHBIX alllapaToB SIBISETCA CKIOHEHHE A0 TpeOyeMoro yrio-
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BOT'O TIOJIO’KEHUS 32 KOPOTKUI POMEXYTOK BpeMeHH. JlJ1s ocyliecTBIIeHUs poliecca ckioHeHus bJIA
TpeOyeTcsl CO3JTaHuE OTHOCUTEIHHO OOJBIINX YIIPABIISIIOIINX MOMEHTOB.

Cxiionenue coBpeMeHHBIX BJIA kinacca «IOBEpPXHOCTh — BO3yX» pPEaIN3yeTcsl MOCPEICTBOM
MOMEHTHOT'O T'a30/IMHaMUYECKOr0 YTpaBieHUs ABYMs OCHOBHBIMHU criocoOamu. IlepBbiii cocTouT B
IIPUMEHEHNUNU cucTeMbl yrpasiaeHus BekTopoM Tiaru (CYBT) ocHoBHOro peaktuBHoro asurarens bJIA,
BTOPOW — B UCITOJIB30BAHUU CIIEHHUATIBHBIX JOMOJHUTEIbHBIX Fa30AMHAMUYECKHUX YCTPOMCTB.

[Ipobnemam pa3pabOTKU CHCTEM Tra30JMHAMHUYECKOrO YIPABICHHS, BONPOCAM HCCIEIOBAHUS
MIPOUCXOAAIINX B HUX Ta30MHAMHUYECKUX IPOIECCOB MOCBAIMIEHBI padoThl [9-23]. AHanu3 paboT B
JAHHOM 00JacTH CBHIECTEILCTBYET, YTO, HECMOTPSl Ha JOCTHUTHYTBHI YPOBEHBb HMCCIEIOBAHUHM, aKTy-
aJbHBIM OCTAE€TCs B MEPBYIO OYEPEb PACCMOTPEHHE BOIIPOCOB, CBSI3aHHBIX C UCCIEAOBAHUEM CIIOCO-
OOB CKJIOHEHHUS] Ha HaYaJIbHBIX dTanax npoekTupoBanus BJIA ¢ BepTUKaIbHBIM CTapTOM IpU (OpPMH-
POBaHUU €ro 00JIMKa.

O6muk BJIA — 3T0 KOHUENTyaNbHasl XapaKTEPUCTUKA JETaTEeIBHOIO anmnapara, OTpaxkaromast
€ro cxemy, oOIIUi BUJA, CTPYKTYPY, NPUHIUIIEI YCTpolicTBa U (pyHKIIMOHUpoBaHus [1]. Ber6op 006-
muka BJIA — 3To mepBbIi 3Tam, HA KOTOPOM pELIAETCA IIMPOKUN CHEKTP 3aJad IMPOEKTHUPOBAHMUS
yrpasnenus. OqHoM U3 BaXHBIX 3a1a4 st BJIA ¢ BepTUKaIBHBIM CTapTOM SIBIISIETCSI BBIOOP crioco0a
CKIIOHEHUSI, TO €CTh BBIOOp crocoba co3aaHus CUJI U MOMEHTOB Ha y4acTKe CKJIOHEHHs. Beibop cro-
coba CKIIOHEHHUs B CBOIO OYEpE/b CBS3aH C BHIOOPOM YCTPOMCTBA, OCYIIECTBISIOIIETO CKIOHEHUE
BJIA, u onpeneneHrneM €ro OCHOBHOI'O SHEPTETUUYECKOI0 IapaMeTpa — 3Ha4eHUs yIpaBIISIOLIEH CH-
Jbl U €e MeXaHu3Ma co3laHus. Ha BTOpOM 3Tamne TeXHHYECKOro MPOEKTUPOBAHUS OCYLIECTBIISIETCS
BBIOOP CTPYKTYpPHOM CXEMBI CHCTEMBI YNPaBJICHUS U JETAJIbHOE MAaTEMaTHYECKOe MOJAEITUPOBAHUE
y4JacTKa CKJIOHEHHUs JUIsl YTOUYHEHHS U MOATBEPKACHUSI TEXHUUECKUX PEIICHUH, IPUHATHIX Ha HTare
BbIOOpa 06nuka BJIA.

PaccmaTtpuBaemble B HacToAlIel paboTe BOMPOCH UMEIOT OTHOILLIEHUE K PEIICHUIO 3a]ad, CBS-
3aHHBIX C aHAJIN30M AJIbTEPHATUBHBIX BAPUAHTOB CIIOCOOOB M PEaTU3yIOIIUX UX CUCTEM CKIIOHEHUS Ha
MIEPBOM 3Tare TEXHUYECKOoro npoektupoBanus bJIA npu dhopmupoBannn ero o0ImkKa.

METOABI U METOJOJIOI'A NCCJIIEJOBAHUA

PaccmarpuBaroTcs 1Ba anbTEpHATUBHBIX BapuaHTa CUCTEMBI CKIIOHEHUS! BJIA ¢ BepTUKaIbHBIM
CTapTOM:

— CHCTE€Ma yIPaBJICHUS BEKTOPOM TATHM OCHOBHOTO JIBUTaTeNsl C UCIIOIb30BAHUEM T'a30BbIX PYy-
neut (I'P);

— CIIENMAIBHOE Ta30JUHAMHUYECKOE YCTPOMCTBO B BUJI€ UMITYJIbCHOM JBUTaTEIbHOW YCTAHOBKHU
uamy).

[IpeaBapuTenbHbIl aHATU3 PACCMAaTPUBAEMBIX CUCTEM CKJIOHEHHMSI MOKAa3bIBAET CIIEAYIOIIEE.

BosmoxHocTs ynpasienus BJIA Bo Bcex Tpex KaHajlaX, B TOM YHMCIIE 110 KpEHY, SIBJISIETCA Mpe-
nmymiecteom CYBT. Ilpu peanuzauuu 3TOM CUCTEMBI MOTYT HCHOJB30BAaThCSl TA30BbIE PYJIH, OCh
BpalIeHUsl KOTOPBIX pa3MemiatoT B coruie asuratens bJIA unu cpasy 3a ero cpe3om (puc. 1).

Henocrarkamu ympaBienusi BJIA npu OTKIOHEHUW CTPYH IBHUTATENs SBISIIOTCS OOJBIION pa-
JINyC TOBOPOTA TPACKTOpUM BeleAcTBUE YekopeHust BJIA Ha yuyacTke ero CKJIOHEHUs, IOTEPU OCEBOU
TSTH JBUTATENS 3a CUET HaXOosIMXcs B peakTuBHOU cTpye ['P. Eiie oauH cyliecTBEeHHbI HETOCTA-
TOK — ObIcTpoe obropanue ['P BciencTBue MHTEHCUBHOTO KUHETHUECKOTO U TEIUIOBOTO BO3ICHCTBHS
ra3oB Ha KOHCTpykuuto ['P.
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Puc. 1. biok ra3oBbix pyneit
Fig. 1. The gas rudder unit

NwMiynbcHas nBUTaTeNlbHAS YCTaHOBKA (pUC. 2) MO3BOJISIET pemiath 3aaadu ynpasieHus bJIA
10 TPaeKTOPHH (B TOM YHCIIC M TIPH HEPaOOTAIOIIEeM JBUTATENE). DTO Ta30IMHAMHUYECKOE YCTPOHCTBO
obecreynBaeT co3qaHlue HEOOXOIUMOTO MOMEHTA CKJIOHEHUS 3a CUET PEAKTHBHBIX CTPYH MHUKPOBH-
rareyiel, BKIIFOYaeMbIX 110 celuaibHOMYy anroputMy. PasBopot ocu BJIA 1o 3amycka gBuraresns mos-
BOJISICT 32 HAMMEHbBINIEE BpEeMs HM3MEPUTh OpPUEHTAIMI0 TpackTopuu moieta BJIA co craproBoro
HaIpaBlIeHUs, 00ECTIeYNBAEMOr0 CUCTEMOM MyCKa, /10 HallpaBJIeHUs B TOUKY BCTpeuu c 1enbto. K He-
JOCTaTKaM JaHHOH CHCTEMbI CKJIIOHEHHUS CIIEAYyeT OTHECTH 00s3aTeIbHOE HAJTMYUE JTOTIOJHUTEIILHOTO
ycTpoiicTBa s ctadmmsaruu bJIA mo kpeny.

Puc. 2. MukpoaBurateny UMIyIbCHOM JBUraTeIbHON YCTAHOBKU
Fig. 2. Micro-thrusters of the pulse propulsion system

OOenpuHATHIM KpUTEpUEM IPaBUIBHOCTU BbIOOpa criocoba ckinoHenus BJIA sBnsercs pea-
au3yemas OJVDKHSIS TpaHWIa 30HBI opakeHus. Hambomee ciioykHBIE yCIOBUS [UIsS CKIIOHEHHS BEPTH-
KajbHO crapryomero BJIA kimacca «moBepXHOCTh — BO3yX» CO3JAIOTCS MPU MepexBaTe Ha OJmKHEN
rpa”uIle 00bEKTa, JICTSIIET0 Ha MPEACIIbHO MaJIol BbICOTE, paBHOU 10—15 Merpam. OCHOBHBIM Tpebo-
BaHUEM K MPOEKTUPYEMOH CHCTEeME CKJIOHEHHUs npu (opmupoBaHun oOnuka Takux BJIA Ha ydacTke
CKJIOHEHUSI SBJISIFOTCS OTpabOTKa 3a 3aJaHHOE BpeMs 3aJaHHBIX MApaMETPOB TPAEKTOPHH: BBICOTHI,
JAJIbHOCTH U yTJIa HAKJIOHA TPACKTOPHUH.
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Jns omeHKHM ONMKHEW TpaHUIBl 30HBI MOpaskeHus, peanuszyemoil BJIA mocne okoHYaHUsS
y4acTKa CKJIOHEHMsI, UCIIOJIb3YOTCSI KHHEMATHYECKUE COOTHOLIEHNUS [T HAYaJIbHOTO M OTpadaThIBae-
MOT'O IIPOMAaxOB.

HauanbHbIil npoMax, MOSBISIIOIMICS K MOMEHTY Hayajla HaBeaeHus — hy, omnpenensercs or-
KJIOHEHHEM BeKTopa ckopocTu BJIA B KoHIle yyacTka pa3BopoTa t, OT HalpaBIeHUs B TOUKY BCTPEUH C
o0BeKTOM [2]:

hy = (8(ty) + AB)Ar + (y(t,) —yy) = (8(t;) + A8) (s, — x(t,)) + (y(t2) — yu), (1)

TII€ I'sr — JAIBHOCTH 10 ONMKHEN TpaHUIBI, M:
rer = X(t7) + Vi (t2)tn, )

rac tH — JJIUTCIIbHOCTD y4aCTKa HaBCACHUSA, C:
ty = tg—t,, (3)

rae tg — Bpems nonera BJIA 1o BcTpeun ¢ 00BEKTOM; Yy, — BBICOTA II0JIETA HU3KOJIETAIIETO OOBEKTA,;

x(t,), y(t,), 6(t,) — mapamerpsr TpackTopuu BJIA B KOHIIE yYacTKa pa3BOpOTa: JAIbHOCTh, BHICOTA,
yroJl HAaKJIOHAa TPACKTOPHUH COOTBETCTBEHHO; Vi (t;) — ropH30HTaNbHAsI MPOEKIMS BEKTOPAa CKOPOCTH
BJIA B koHIe ydactka pa3sopota; AO = 0,03 X (9 ;1 — I9y) — pa3dpoc yIiIoBOro MOJIOKECHUS BEKTOPa
ckopocTt BJIA B KOHIIE yuacTKa pa3BopoTa.

[Tocne nauana HaBeneHus BJIA ¢ mpeaenbHO AOMYyCTUMOM OOKOBOM meperpy3koil oTpada-
THIBA€T HAYaIbHBIN MTpoMax. Y CIOBHUEM BCTPEYHU ¢ OOBEKTOM Ha OJMMKHEW TpaHUIIe SBISIETCS CBOE-
BpeMEHHas 0TpaboTka HayaldbHOTO Mpomaxa h, mo mensmieit mepe 3a At = (0,8+1) ¢ mo Touku
BCTpPEYH.

st pazBopoTa ocu koprryca BJIA HeoOXoaumMo co31aTh YIPaBISIOMIMA MOMEHT KakK MPOU3Be-
JICHUE yIPaBIISIOIEH CUIbIL, CO3/1aBAEMOM CHCTEMOI CKIIOHEHHS, Ha €€ IuIedo ly,, (paccTOsIHUE OT TOY-
KU MIPUJIOKEHHUS CUIIBI JI0 IIEHTpa Macce):

Mynp = Pynp * lynp- (4)

MakcumManbpHas yrnpasisionias cuia, HeoOXxoaumas ik pa3BopoTa MPOJOJILHOM OCH KopIryca

BJIA, onpenensercst BIpakKeHUEM

_ Iz"i)m
Pymp = Lp (5)

rae I, — momenT unepuuu BJIA OTHOCHUTENBHO MONEPEUYHON OCH; Wy — MAKCUMATIBHOE YIIIOBOE YCKO-
penne BJIA, co3maBaemMoe NpU COOTBETCTBYIOIIMX MAaKCUMAJbHBIX YIPABISIONIUX BO3JEHCTBUAX
YCTPOMCTB ra30AMHAMHUYECKOTO YIIPaBICHHUS.

Pacuer mapamerpoB I'P. "a30BbIil pysb npencrasisieT co00il mpouIMpOBaHHYIO MIACTH-
Hy, KOTOpas 3aKpeILIAeTCs Ha OCU U KOHCOJIBHO YCTaHABIMBAETCSA B Ia30BOM NOTOKE. OCHOBHBIM
pacueTHsIM napaMmerpoM I'P sBasercs ero miomans S;p, HeoOXoaumas s CO3JaHus MOTPEeOHON
BEJIMYUHBI yrpasistomei cunbl Py, [14]. Ha HayanbHOM 3Tane npoeKTUPOBAHUS IIOWIA/b PYJIs,
B 3aBUCHMOCTH OT MOTPEOHON BEIWYUHBI YIPABISAIONMEH CUJIBI, ONPENEIAIOT HA OCHOBE JKCIEpHU-
MEHTAJIbHBIX JAHHBIX, B YaCTHOCTH MOJEIUPOBAHUEM OIBITHBIX O0OpPa3LOB B CMOJEIMPOBAHHOM
ra3oBOM IOTOKE.
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s HaxoKAeHUs JOJIM yIPABIAOLIEN CUJIbl, co3aaBaeMoi ['P OT Tsru OCHOBHOrO ABUTaTENs,
HEOOXOAMMO OMPEEIUTh BEIUYUHY ATOW TATH. 3HAs CEKYHIHBIM pacxXoj TOITUIMBA U YISIbHBIA UM-
MyJIbC TSTU, MOKHO HaWTHU 3HAYEHHE OCHOBHOT'O JBUTATEIS:

P = Heek Iy.El " My, (6)

rae Iy, — ylenpHbIi UMITyJIbC TATH (ONPEenseTcss u3 0aUIMCTUYECKOrO MIPOEKTUPOBAHMUs); My — CTap-
toBasg Macca BJIA; Lcex — CEKYHAHBIM PacXo]l TOTUIMBA, KOTOPBIA MPUOIMKEHHO OMPEAEIseTcs IO

bopmyie

Meex = =2, (7)

T

IJI€ Lym — OTHOCUTEIIbHAS Macca TOIUIUBA; Ty — BPEMS paOOThI JBUTATEIS.
Torma oTHOCHUTENBbHAS JOJISI MAaKCUMAaJbHOW YIIPABIAIOLIECH CHIIBI, co3aaBacMor mapoi I'P,
ONPEAEITUTCS B BUJIE

Prp =50 (8)

[Totpebnyto miomaas ['P onpenensior, Kak MpaBuiio, 3KCIEPUMEHTAIBHBIM MyTEM, B YaCTHOCTH MO-
ACIIMPOBAHUCM OIIBITHBIX 06pa3u013 B CMOACIIMPOBAHHOM Ira30BOM ITOTOKC.

[To pe3ynbTatam mpoayBOK i obecrieueHus: TpeOyeMol BETUYMHBI OTHOCUTEIBHOTO YIIpaB-
JIAIOIIETO YCHIIHS Fr_p_ ONpeAeIsIeTCA BEIMYMHA OTHOCUTENbHOM ttonaau ['P:

S p=333" Fr_p.. 9)

Jns Hanbonee pacnpocTpaHeHHONH koMoHOBKHU [P B pacTpyOe comia 3Ta 3aBUCMMOCTD HpaK-
TUYECKH JINHENHA U UMEET BUJ

Spp= =2, (10)

riue Srp. — mromans nosepxuoctu I'P; F, — muomazns cpesa comna.

3Hasi BEIMUMHY OTHOCUTENbHOM muiomanu I'P, 3amaBummcek ero cpeaHeil OTHOCUTENbHOM TOJ-
IIMHOM U MJIOTHOCTBIO MaTepualia, MOKHO paccuuTath maccy ['P.

Pacuer morpedoHoro koianyectsa MUY na yuacrke ckiaonenuss BJIA. mnynscHas nBu-
raTtejibHasi yCTaHOBKA peaju3yeTcs B BUJEC PAKETHBIX TBEPAOTOIUIMBHBIX MHKpOJBHUraTesel, pas-
MEIAEMbIX paJHaJIbHBIMH PsIAaMU IO KOPIYCY PakeThl BJAJIW OT LieHTpa mMacc. Kaxablii ennHu4-
HBIH uMnyabCcHBIN aBuratens (MUJ]) cozmaer Tary, paBHyto ymnpasistomei cuie. Croco0 BKIIOYe-
HUS MHUKpPOABUTATENIEH ONpPEAENseTCs B 3aBUCUMOCTH OT KOMAaHABl YIPABICHHS alrOPUTMOM
BKJIFOUEHHS.

I'paHnyHBIMU yCIIOBUSIMU Pa3BOpOTa NPOAOJIBHON ocu Kopiyca BJIA sBisioTCS HavalbHbIE
3HAYCHMsI yria TaHraxa (39) U yIrJIoBOH CKOpPOCTH (), a TaKKe KOHEYHBIC 3HAUCHUS yIJIa TaHTa)Ka
(91), To ecth opueHTanMu npoaosnbHOM ocu BJIA no okoHuanuu paszBopota. [Ipu 3TOM KOHEUHOE 3HA-
YEHHE YIJIOBOM CKOPOCTH TaHTa)ka IPUHUMAETCS PABHBIM HYJIIO, TO €CTh oy = 0.

Hwxe mpuBeneHb! COOTHOMIEHUS [T ONPEAETICHNs YHca UMITYJIbCHBIX JIBUTATeNeH, moTped-
HBIX [T 00ecrieueH sl 3aJaHHOTO PEXKUMa CKIIOHEHUS.

VYrnoBas ckopocTs pazBopora bJIA no Tanraxy, cosgaBaemas enuHuaHbM W1 [2]:
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P,-1
w; = % *Tag1s (11)

rae Py — tara enunuunoro umnynscHoro nsuratens (UJ); 1,1 — cpenHee BpeMs paboThl eAHHUYHO-
ro UJI.
YrnoBas ckopocTs pazBopota bJIA mo Tanraxky Ha TpeOyeMBbIil Yoyl CKIIOHEHUS

(9, — 9p) + wg - 281
0 = 1~ Vo) + Wo 2 (12)

T1 — Tns1

riae 9y — yron tanraxka bJIA B MOMeHT Havana CKIIOHeHHUS;, 3 — yroia Tanraxka bJIA B MOMEHT OkOHYa-
HUSI CKJIOHEHHS; ¢ — yriioBasi ckopocTh BJIA B MOMEHT Hauana ckioHeHus; T — cyMMapHOe Bpems
pas3Boporta npojonasHoi ocu BJIA Ha yroun ckinoHeHus (3 — 9).

KonudecTBo omHOBpeMeHHO BKItoUaeMbiX MJI, TpeOyeMbIX ajis co3AaHMs yTIIOBOM CKOPOCTH
pa3BopoTa ocu kopiryca BJIA:

wW—Wwg

n1=E|

+1, (13)

W1

rae E — cumBoun nenoro uucna.
KonuuectBo omHoBpeMeHHO BKItouaeMbix MJI, TpeOyeMbIX aJisi TOPMOXKEHUS YTIIOBOM CKOPO-
ctu BJIA:

n, = E|2|+1. (14)

O6miee konuecTBO ucnonb3dyembix N/

N=n; +n,. (15)
Yucno konen B UIY:
N
Neon = E( ) +1, (16)
Ny

TJI€ Ny — KOJMUYECTBO JIBUTATENICH B OTHOM KOJIBIIE.
O61ee konmnuectBo U/ ¢ yueToM KOHCTPYKTUBHOW KOPPEKIIUHU:

Ny = Ngon * Nyryx. (17)

Macca konctpykuuu MJIY (6e3 TommmBa) MOXKET OBITH MpEACTaBICHA B BHJIE CYMMBI MaccC
eauHn4uHbIX ] 1 Macchl CUITOBOM KOHCTPYKLIHH.

Macca TormBa equHUIHOTO MJ] ompenensercs uepes ero CeKyHIHbIM PacXo U BpeMst padOThI.

Jlyist onipenienieHus XapakTePHBIX Ka4eCTB U ONTHMAILHOTO BBIOOpA MEXKIY CUCTEMAaMH CKJIOHE-
HUSl HEOOXOIMMO BBIMOJIHUTH MPEABAPUTENBHBIN pacyeT JBYX CHUCTEM M MPOBECTU CPABHUTEIHHBIN
aHaIM3.
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PE3YJIBTATBI HCCJIEJOBAHUA

PaccMoTpuM npuMep perieHus 3a1add CPaBHUTENIBHOTO aHAIM3a albTEpHATUBHBIX BApUAHTOB
cucreM ckionenust BJIA npu dopmupoBanun ero oosmka. B kauecTBe cucTeM CKIOHEHUS OyJeM pac-
cmatpuBats CYBT, peanusyemyto ¢ nomouipto I'P, n cnenuansHoe ra3oquHaMUYECKOE YCTPOMCTBO B
Buge UJIY.

B xauectBe BJIA BriOepem runorernueckuii BJIA kimacca «moOBEpXHOCTh — BO3AYX» CpEeIHEH
JAIBHOCTH M cKopocTsMu nojseta 3—4 Maxa. bJIA BbIIIOJIHEH IO HOPMaJbHOW a’pOAMHAMMUUYECKOMN
CXeMe, IMEeT OCHOBHOI JIBUraTeNb — paKeTHBIN JBUTAaTEIb TBEPAOT0 TOMINBa. OCHOBHBIE XapaKTepH-
ctuku bJIA npuBenenst B Tadm. 1.

B kauectBe KpuTepusi BhIOOpa pallMOHAIBHOTO BApHAHTA CUCTEMBI CKIIOHEHUS! IPUMEM MHHHU-
MyM Macchl mpoekTupyemoro BJIA.

Tabaunna 1
Table 1
TakTuKO-TeXHUYECKHE XapakTepucTuku BJIA
Tactical and technical characteristics of the UAV
XapakTepucTHKa 3HaueHue
JlanbHOCTB [M] 80000
JlnamaszoH BEICOT [M] 0-20000
Macca annapatypsl [Kr] 100
Macca nosne3noit Harpysku (bY) [kr] 70
CraproBas macca JIA [kr] 700
VYroia tanraxa BJIA B MOMEHT Hauana CKJIOHEHU [°] 115
Yron tTarraxa bJIA nocie okoHYaHUS CKIOHSHHS [ ] 0
Bpewms cknonenus npogoasHoit ocu BJIA [c] 1

CpaBHuBaemble BJIA mpenHa3sHayeHbl Ji BBIIIOJIHEHUS] OJHOM M TOM K€ LIEJIEBOM 3ajauw,
UMEIOT OJIMHAKOBBIE TAKTUKO-TEXHUYECKUE XapaKTEPUCTUKH, MOJIE3HYI0 HArpys3Ky, OCHOBHOE OOpTO-
BOE¢ 000pyJOBaHHE, NBUTATEIIbHYIO YcTaHOBKY (1Y) M mpuMeHseMble KOHCTPYKIIMOHHBIC MaTePHAITBI.
[TpumensieMble KOHCTPYKIIMOHHBIE MaTepuaibl Npu (pOPMUPOBAHUM 3aJaHUS: TUTAH, CTajlb, AJTIOMHU-
HUH, )KapOIMPOYHbIE MaTEPHAIIbI.

Ormmuarorcst BJIA KoMIIOHOBKOUW M Maccoid. OTINYUsS KOMIIOHOBKH OOBSCHSIOTCS OCOOCHHO-
CTSIMU Ta30JJUHAMHYECKON CHCTEMbI CKIIOHEHHUSI.

Ha BJIA-1 (puc. 3) I'P pynu MOXXHO pa3MECTUTh TOJBKO B XBOCTOBOM OTCEKE, Tak Kak ['P or-
KJIOHSIFOT Ta30BBIM TOTOK, 00pa30BaHHBIA BCIEACTBUE TOpeHUs: ToruiuBa J[Y, KOTOPBIM HMCTEKaeT W3
COILJIa XBOCTOBOT'O OTCEKA, YTO MPUBOAUT K OTKIOHEHHUIO BEKTOpA TATH U pa3BopoTy. [locie yuactka
ckionenus I'P cOpacbiBaroTcs.

63




Hayunslii Bectrhuk MI'TY TA Tom 24, Ne 03, 2021
Civil Aviation High Technologies Vol. 24, No. 03, 2021

P66 e 848 rp

Puc. 3. Aspoaunamuueckas komrnonoBka bJIA-1
Fig. 3. The aerodynamic layout of the UAV-1

B cBoto ouepenp Ha BJIA-2 (puc. 4) UJIY pekoMeHayeTcs pacnoioXUTh B IepeiHel yacTu
bJIA B BHIy IJZIOTHOCTH KOMIIOHOBKH XBOCTOBOTI'O OTCEKA. B XBOCTOBOM OTCEKE HEAOCTATOYHO MECTA
i pasmerenus MJ/1Y, u3-3a Haxondmuxcs TaM OpraHoOB adpOJUHAMHYECKOTO PYJIEBOTO YIPABICHUS
Y pa3MEIIECHHOIO Ta30BOJa OCHOBHOTO JIBUTATENIsA, KOTOPBI OIPaHUYMBACT IMPOCTPAHCTBO I pa3Me-
LICHHS JaHHOW CUCTEMBI CKJIOHEHHUSI.
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Puc. 4. AspoauramMuyeckast kKommnoHoBka bJIA-2
Fig. 4. The aerodynamic layout of the UAV-2

Pacuer mapamerpoB oOimka neraTenpHbIX anmnapatoB (JIA) ¢ paccmaTpuBaeMbIMH aibTepHa-
TUBHBIMHM CUCTEMAaMHU CKJIOHEHHMsI BBINONHsIICSA B mporpammHoit cpene CAIIP JIA [4, 24-26]. Martema-
tuaeckoe u nporpammuoe obecnieuenue CAIIP JIA mo3Bosser permarts 3a1auu GOpMHUPOBaHUS 00JIMKa
OECIMIOTHBIX JIETATENbHBIX allapaToB pa3IMYHBIX KJIacCOB, B TOM YHCIIE PAacCMAaTPUBAEMOro B
HacTosIel paboTe BepTukanbHO crapryromero bJIA kiacca «moBepxHocTs — Bo3ayx». B CAIIP JIA
peaan30BaHbl AJITOPUTMBI OANTUCTUYECKOIO M MAacCOBO-TEOMETPUUYECKOro MpoekTupoBaHus bBJIA,
BKJIIOUAIOIIME KAK aITOPUTMBI pacdeTa Macchl U reomerpuu bJIA B 1enom, Tak U alnropuTMel pacyeTa
€ro OTAEJIBbHBIX MOJCUCTEM, B YACTHOCTH, IPUMEHUTEIBHO K paccMaTpuBaeMomy Tty BJIA anropur-
MBI pacdeTa MacChl UCCIEyEMbIX CUCTEM CKIOHEHHUS.

OcHoBHbIe apaMmeTpbl cpaBHHBaeMbIX BJIA mpencrasnens! Tabdmn. 2. BJIA-1 u BJIA-2 otnuya-
I0TCS Maccol U reoOMeTpU4ecKUMH pazmepaMu. OTINuus B Maccax BapHaHTOB O0JIMKa paccMaTpuBae-
moro BJIA 00ycioBieHO B OCHOBHOM Pa3iIMYHON MaccOW albTEpPHATUBHBIX CHCTEM CKJIOHEHHS, a TaK-
K€ JIONIOJTHUTENIBHBIM PAacX0J0M TOIIJIMBA OCHOBHOT'O JBUTATENs IPU CKIIOHEHUH.
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Tadauna 2
Table 2
[lonyuennsle nmapametpsl bBJIA
Obtained parameters of the UAV

[Mapametp BJIA-1 BJIA-2
Paccrosinue [M] 79654 79959,6
CraproBas macca JIA [kr] 618 685,7
YrnoBas ckopoctb BJIA B MOMEHT Hauasa CKJIo-
Henus [pan/c] 0,875 B
PaccTostnue oT HocoBoro odTekaTens [M] 5,437 2,376
iﬂg;};;m[}fﬁuas{ cuIIa, HeoOXoauMast ISl pa3Bopo- 1275026 3436,175 (12 W)
Huametp xopmyca BJIA [M] 0,366 0,380
JmmHa xoprryca [M] 5,491 5,707
Macca cucTeMbl CKIIOHEHUS [KT'| 5,9908 14,256

[TapameTps! Tpaekropuu npu nojasiere bJIA k KOHeUHOW TOUKE MPUBEIEHBI B Ta0II. 3.

Tabaunna 3
Table 3
[Tapametps! TpaekTopuu BJIA
Trajectory parameters of the UAV
BJIA T [c] X [m] H [vm] 0] V [m/c]
BJIA-1 90,2 79654,0 20207,1 8,0 754,6
BJIA-2 90,2 79959,6 20227,6 8,0 7623

B ta6n. 1: T — Bpems nozera; X — paccTosiHUE OT TOYKHM mmycka; H — BeicoTa monera; ® — yron
TaHTaxa; V — CKOPOCTh IPU MOMJIETE K LIEIH.

CpaBHeHue noxy4eHHbIX 00ukoB BJIA ¢ anbrepHaTHBHBIMEU cucTeMamu ckiioneHus (BJIA-1 u
BJIA-2) moka3siBaeT, 4TO BapuaHT CKJIOHEHHs ¢ ['P sBisieTcst parimoHabHBIM BBHIY MEHBIIICH MacChl
U reoMerpuueckux xapakrepuctuk bJIA-1. Ognaxo I'P, Haxonsmuecs B peakTUBHOW CTpYye, YMEHb-
Ial0T TATY OCHOBHOTO JIBUTaTesst BO BpeMs pa3Bopora BJIA, o uem cBuzeTenbcTByeT Oosiee HU3Kas
KoHe4Has ckopocTh bJIA npu nojyere k KOHEYHON TOUKE.

3AK/IIOYEHUE

PaccmoTpena 3amauya BbIOOpa pallMOHANIBHOM CHUCTEMbI CKIIOHEHHUS M3 YMCIa albTEPHATHUBHBIX
BapHaHTOB Ha dTane GopmupoBanus odmnka BJIA kmacca «IOBEpXHOCTh — BO3IYX» C BEPTHUKAILHBIM
CTapTOM. AJTbTEpHATUBHBIMU BapUaHTAMH CUCTEM CKJIIOHEHUS IPU PEIICHNUH TaHHOU 3a1a4M SABJISIOTCS:

— CHUCTCMaA YIIPAaBJIICHUSA BCKTOPOM TATHU € TAa30BbIMHU PYJISAMU, pa3MCUIaCMbIMU B COILJIC JIBUTa-
tena BJIA unu cpasy 3a ero cpe3om Ha ClelMalbHbIX MUJIOHAX;

— UMIIYJIbCHAasl ABUTaTCJ/ibHAsl YCTAaHOBKA, CO3Aarollass MOMCHT CKJIOHCHUA BJIA nocpcaACTBOM
PEaKTUBHBIX CTPYH MHUKPOJBUTATENCH, BKIIIOUaEMBIX IO CIIEHUATBHOMY aJTOPUTMY .
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IIpuBeieHbl OCHOBHBIE COOTHOLIEHUS IS pacyeTa ITIaBHBIX IIPOEKTHBIX I1apaMETpPOB paccMar-
PUBAEMBIX CHCTEM CKJIOHEHUS.

[Ipu cpaBHUTETHFHOM aHAJIHM3€ CUCTEM CKJIOHEHMS KPUTEpPHEM MPaBMIIBHOCTU BBIOOpaA criocoda
CKJIOHEHHUS SIBJISUIACh peanu3yemasi OJMKHsS FpaHULa 30HbI MopaxxeHus. B kayecTBe kputepus BbIOO-
pa palMOHAIBLHOTO BApUAHTAa CUCTEMBI CKIIOHEHMSI IPUHAT MUHUMYM Macchl IpoekTupyeMoro bJIA.

BrimontHeH pacder mapameTpoB o0imKka runoretndeckoro bJIA kimacca «mOBEpXHOCTh — BO3-
IyX» CpeqHEH NAJIbHOCTH C AJIbTCPHATUBHBIMM CUCTEMaMH CKJIOHEHMs. IIpoBeneH CpaBHUTEIBbHBIN
aHaJIu3 MOJIyYEHHBIX PEe3yJIbTaTOB.
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STUDY OF DECLINATION METHODS WHILE FORMING
THE APPEARANCE OF THE SURFACE-TO-AIR UNMANNED AERIAL
VEHICLE WITH A VERTICAL START

Alexander V. Vindeker'?
! Dolgoprudny Research and Production Enterprise, Dolgoprudny, Russia
? Moscow Aviation Institute (National Research University), Moscow, Russia

ABSTRACT

The problem of choosing a rational declination system from alternative variants at the stage of forming the appearance of an
unmanned aerial vehicle (UAV) with a vertical launch is considered. Currently, the vertical launch is becoming more widely used
for surface-to-air unmanned aerial vehicles, which are considered in this paper. A characteristic initial part of the trajectory of such
unmanned aerial vehicles is the declination to the required angular position over a short period of time. The UAV declination
process requires the generation of relatively large control moments. Declination of surface-to-air UAVs is implemented by means
of moment gas-dynamic control with two main methods — by using the thrust vector control system of the UAV main jet engine or
by using special additional gas-dynamic devices. The alternative variants of declination systems for solving the problem under
consideration are:

— a thrust vector control system with gas rudders installed in the UAV engine nozzle or just behind its cut-off on special pylons;

— a pulse propulsion system that creates the UAV declination moment by means of jets of micro-thrusters, which are activated by a
special algorithm.

In the comparative analysis of declination systems, the criterion for choosing the correct method of declination was the actual near
border of the affected zone. The mass minimum of the projected UAV is accepted as the criterion for choosing a rational variant of
the declination system. The main relations for calculating the main design parameters of the considered declination systems are
given. The appearance parameters of the hypothetical surface-to-air UAV of medium range with alternative declination systems
were calculated. A comparative analysis of the results obtained was carried out.

Key words: unmanned aerial vehicle (UAV), declination system, gas-dynamic devices, gas rudder, pulse propulsion system,
alternative variants.
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CPABHEHUE XAPAKTEPUCTHUK COITPOTUBJIEHUSA YCTAJIOCTHU
AJIIOMUHHUEBBIX CIIJTABOB U CJIOUCTBIX YIVIEIIJNIACTUKOB

1
B.E. CTPHKNNYC
1 o o« « o
Mockosckuii aguayuoHHbll UHCMUmMym (HAayuOHAIbHLLU UCCIe008AMeNbCKULL YHUGEPCUmMent),
2. Mockea, Poccus

I/ISBCCTHO, YTO MHOI'ME€ HCCJICAOBATCIIM MEXAaHUYCCKUX CBOMCTB CJIOMCTBIX KOMIIO3UTOB YTBEPKAA0OT, YTO IO CPABHCHHIO C
TpaAUIUOHHBIMU KOHCTPYKIIMOHHBIMU MCTAJUIaMH W CIUIaBaMH KOMIIO3UTbBI MMCIOT CEPLE3HBIC MNMPECHUMYIICCTBA, CBA3aHHLIC B
OCHOBHOM C BBICOKMMH YJENBHBIMU XapaKTePUCTHKaMH CTaTUUECKOM M YCTaIOCTHOH mnpodHocTH. Cremyer OTMETUTh, 4TO
000CHOBAaHHOE TIPEJNICTABIICHHE O NPEHMYILECTBAX XapAaKTEPHCTUK HPOYHOCTH KOMIIO3MTOB HMeEET 0co0oe 3HaueHHe I
5JIEMEHTOB aBHAKOHCTPYKIMH, JUIsI KOTOPBIX KpaiHe BaKHBIM BOIPOCOM SIBIISIETCSl oOecriedeHrne 0e30MacHOCTH 3KCILTyaTalyy.
K coxanenuto, 1o kpaitHeil Mepe B BOIIPOCE O XapaKTePUCTUKAX COMPOTUBIICHHUSI YCTAIOCTH, TAKOE 000CHOBAHHOE MPECTABIICHUE
JI0 CUX TMOp He C(HOPMHUPOBAHO, YTO OCTAaBIsICT O3 OTBETA LIENbIA PsJi BOMPOCOB, KACAIOIIMXCS MPUMEHEHHUS CIIOMCTBIX
KOMITO3UTOB B aBHAKOHCTPYKIMSIX. [Ipe/icTaBieHa METOAMKA U MPUMEP CPAaBHEHHS YCTAJIOCTHOM JOJITOBEYHOCTH OOpasloB CO
CBOOOJHBIM OTBEPCTHEM M3 COBPEMEHHOTO AJIOMHHHEBOTO aBHAIMOHHOTO cmwiaBa 1163T7 m w3 mammHaTa yriemiacThka
AS4-PW. OTMeueHo 3HaYMTENTHHOE TIPEIMYIIECTBO YCTAJIOCTHON JIONTOBEYHOCTH YIJIETUIACTHKA [0 CPABHEHHIO C AJTFOMUHHECBBIM
CIUIaBOM IIPY KOMHATHOM TemIieparype. BbineneH psa Gpakropos, 10 pe3ysibTaTaM yueTa KOTOPbIX OTMEUEHHOE NPEUMYILECTBO
MOXXeT ObITh B 3HAUMTEIBLHOW CTENeHW HHBenupoBaHO. K TakuMm (hakTtopam OTHECEHBI NPEKIE BCEro CICAYIOIIHE: BIIMSHUC
TEMIICPATYPbl U BJIAKHOCTU U CHWIKCHHE XAPAKTCPUCTHUK COMPOTUBJICHUSA YCTAJIOCTH CJIOMUCTBIX KOMIIO3UTOB IIOCJIC YIapHbIX
noBpexxaeHui. [1peacraBieHs! pe3ynbTraThl CpaBHEHNS XapaKTEPUCTHK COMPOTHBIICHHS YCTAIOCTH PAcCMaTpHBAaEMbIX 00pasIoB ¢
YYETOM BIMSHHS II€pEUMCIICHHBIX (akropoB. OTMEYEHO, YTO IPOBEECHHOE CPABHEHHE BBINOJHEHO C WCIOJIb30BaHHEM
9KCIEPUMEHTAIIBHBIX JTAHHBIX IUI PACCMATPUBAEMBIX 00pa3LoB MPU HUKIMYECKOM HAarpy>KEHHH C IOCTOSIHHBIMU aMILIATYIaMH,
NP HEPETYJISIPHOM HArpy>KEHHH PE3YJIBTAThI CPABHEHHSI MOTYT OBITh HECKOJIBKO MHBIME. TeM He MeHee O4EBU/IHO, UTO MOI00HOEe
CpaBHEHHUE BbI3BIBACT OMPEICIICHHBIN HHTEPEC U HEOOXOAMMO NP (GOPMHUPOBAHIN OKOHYATEIIHHBIX BBHIBOJIOB O TPESHMYILECTBAX
(WM MX OTCYTCTBHH) XapaKTEPUCTUK COMPOTUBIICHHUS YCTAIOCTH YIJICIUIACTUKOB HaJl AFOMUHHEBBIMH CILTABAMH.

KinroueBble ¢J10Ba: aTIOMUHHEBBI CIUIAB, CIOMCTBIA YIVIEIUIACTUK, OOpasibl CO CBOOOIHBIM OTBEPCTUEM, YCTaJOCTHAS
JIOJITOBEYHOCTh, BIAMSHUE TEMIIEPATYPBI U BIAXKHOCTH, YIaPHBIE MOBPEKICHUSL.

BBEJIEHUE

H3BecTHO, YTO B HACTOSIIIEE BPEMSI COBPEMEHHBIE TIOJMMEPHBIE KOMITO3UIIMOHHBIE MaTEPHUAIIbI
(ITKM) HaxozmsT Bce OoJblliee MPUMEHEHHE B OCHOBHBIX CHUJIOBBIX 3J€MEHTaX KOHCTPYKIUil. MHorue
uccaenosarenn MexaHndeckux cBoucTB [IKM cumrTaror, 4T0 110 CpaBHEHMIO C TPAAULMOHHBIMU KOH-
CTPYKLIMOHHBIMU METAJIJIAMH U CIIaBaMH KOMIIO3UTHI UMEIOT CEPhE3HBIE IPEUMYIIECTBA, CBSI3aHHBIC B
OCHOBHOM C BBICOKMMH YJI€JIbHBIMHU XapaKTEPUCTUKAMU CTaTUYECKON U YCTaJOCTHON ITPOYHOCTH.

Ocoboe 3HaueHne uMeeT HOpMHUPOBAHKE YETKOIO MPEJICTABICHUS O MPEUMYIIECTBAaX XapaKTe-
puctuk npouynoctu [IKM 11 351eMEeHTOB aBUaKOHCTPYKIUH, 111 KOTOPBIX KpaliHE BaKHBIM BOIIPOCOM
ABIIsieTcs obecnieyeHue 0e3onacHoCTy KcIuTyaTanuu. K coxanenuro, mo kpaiiHeit Mmepe B BOIpoce xa-
PAKTEPUCTUK COTIPOTUBIICHUS YCTAJIOCTH, TAKOE YETKOE MpEJICTaBIEHHE 70 CHX MOp He c(hOopMHUpOBa-
HO, YTO OCTaBJIAeT O€3 OTBETa LIETBIM PsJ BONMPOCOB, Kacaromuxcs npuMmeHeHus [IKM B aBuakoH-
CTPYKLHSAX.

B Hacrosmiel ctarbe NpeACTaBICHBI METOAMKA M IMIPUMEP CPaBHEHUS XapaKTEPUCTHK COIPO-
TUBJIEHUS ycTanocTu yriemnactuka AS4-PW 10/80/10 ¢ amomunueBbM crtaBoM 1163T7 (mwura, ¢ =
20-40 mm).

CpaBHEHUE XapaKTEPUCTUK CONPOTUBIIEHHS YCTAJIOCTH BBIIIOJHEHO KaK IO JaHHBIM, IIOJy4YeH-
HBIM TIpM KOMHATHOH TeMIepaType, TaK U C y4eTOM psja (paKTOpoB, BIUSIOIMIMX HA XapaKTEPUCTUKU
COIPOTUBIICHUS YCTAJIOCTH, IIPEXKIE BCETO YIVICIUIACTUKOB.

CrenaH psa BaKHBIX BBIBOJIOB O PE3YJIbTaTaX TAKOTO CPAaBHEHUS.
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METOIAUKA CPABHEHUA XAPAKTEPUCTUK COITPOTUBJIEHUA YCTAJIOCTH

OcHOBHBIE TNOJIOKEHUSI MCIOJB30BAaHHON METOAMKU CPaBHEHHS XapaKTEPUCTHK COINPOTHBIIE-
HUSl YCTAJIOCTH AJIOMHHUEBBIX CIUIABOB M CIOMCTBIX KOMIIO3MTOB MOJKHO INPEICTaBUThH CIIEIYIOIIUM
00pazomM.

1. CpaBHeHHe NPOBOIUTCS HA 0a3e OLEHKH XapaKTEpUCTUK COIPOTHUBIIEHHS YCTaIOCTH 00pa3-
IIOB CO CBOOOIHBIMU OTBepcTHAMU. [Ipeamnonaraercs, 4To CBOOOTHBIE OTBEPCTHS B 00pasnax sBISIOT-
Csl TAIMYHBIMU TPEACTAaBUTENIIMU JOCTATOYHO IIMPOKOTO KPyra KOHIIEHTPATOPOB HANpsKEHUH B 31e-
MEHTaX aBUAKOHCTPYKIIHIA.

2. OueHka XapaKTEPUCTHUK COMPOTHUBIEHHS YCTAIOCTH 00pa3loB CO CBOOOAHBIMH OTBEPCTUSIMU
BBITOJTHSIETCS C UCIIOIb30BAHUEM KPUBBIX YCTAIIOCTH IIPU CUMMETPUYHOM LIMKJIE HarpykeHus (R = —1).

3. B xauecTBe 0OBEKTOB CpaBHEHHUs BBIOpaHbI 00pa3libl CO CBOOOJHBIMU OTBEPCTHAMM U3 yT-
nerutactuka AS4-PW 10/80/10 u u3 amomunneBoro crutaBa 1163T7 (mmra, ¢t = 20—40 mM). Beibop
yrienjacTuka U CIuiaBa o0yCJIOBJIEeH CelyomuMI cooOpaxkeHuaMu. Yriemiactuk AS4-PW 10/80/10
ABJIIETCS. U3BECTHBIM 3apyO0ekHbIM cioucTeiM ITIKM, st koToporo B 3apy0OeKHbIX UICTOUHHKAX MOXK-
HO HaMTU OCTaTOYHO OOJIBIION 0OBEM SKCIEPUMEHTANbHBIX JAHHBIX M0 XapaKTEPUCTHKAM COIpO-
TUBJICHUS YCTAJIOCTH HECKOJBKUX TUIOB OOPa3LOB IPU Pa3IUYHBIX PEKUMaX IUKIMYECKOrO Harpy-
xenud. CraB 1163T7 (runta, ¢ = 2040 MM) sABIS€TCS OJHUM U3 Jy4IIUX (110 XapaKTepUCTUKAM CO-
IPOTUBJIEHUS] YCTAJIOCTH M TPEIIMHHOCTOMKOCTH) OTEYECTBEHHBIM ABHALIMOHHBIM aAIIOMHUHHEBBIM
CIUIaBOM, M3 KOTOPOTO M3TOTaBIMBAIOTCA HW)KHHUE MaHETN METaNIMYEeCKUX KpPbUIbEB COBPEMEHHBIX
OTEUYECTBEHHBIX CAMOJIETOB TPAHCIIOPTHOM KaTErOpuHu.

4. CpaBHEHHE XapaKTEPUCTUK COMPOTHBIIEHHUS YCTAJIOCTH BBIIOJIHEHO KaK 110 JAHHBIM, MOJY-
YEHHBIM ITPH KOMHATHOM TeMIepaType, Tak U C YIeTOM psijia (hakTOpOB, BIUSIOMINX HA XapaKTePUCTH-
KU COIIPOTHUBIICHHSI YCTAJIOCTH, IIPEXK/IE BCETO YIIIEIIaCTUKOB.

CPABHEHMUME KPUBBIX YCTAJIOCTHU OBPA31LOB U3 YIVIEINIACTUKA AS4-PW
W U3 CILJIABA 1163T7 ITIPU KOMHATHOM TEMIIEPATYPE

Ha puc. 1 npuBeneHbl KpUBBIE YCTATOCTH sl CTAHAAPTHBIX 00pa3LOB CO CBOOOAHBIMH OTBEP-
ctusimu u3 crtaBa 1163T7 (muta, ¢ = 2040 mMm) n u3 namuHaTa yraemiactuka AS4-PW 10/80/10.
KpuBble ycTanocTu noxy4eHsl CleayonM 00pa3oM.

1. KpuBas ycranoctu cTaHIapTHBIX OOpa3lloB CO CBOOOJHBIMU OTBEPCTHAMHU W3 CIUIaBa
1163T7 nmpu KOMHATHO#M TeMIiepaType MojiyueHa Mo pe3yiabTaraMm o0paboTku naHHBIX U3 CrpaBOYHH-
Ka' M MOXET ObITh IPEICTABICHA YPABHEHHEM

N' (GaR:*l )7,69 — 1020,72 , (1)

R=-1 v
rae o, — aMIUIATY Ja HAIIPSOKECHUU CUMMETPUYIHOT'O UKIJIA, MHa;

N — ycTanocTHas JOATOBEYHOCTh 0OPA3IOB JI0 MOSBICHUS YCTAIOCTHON TPEUIHUHBIL.

2. KpuBble yCTaIOCTH CTAaHIAPTHBIX 00PA3IOB CO CBOOOAHBIMH OTBEPCTHSIMH W3 JIAMHUHATA yT-
nerutactuka AS4-PW npu KoMHaTHOW TemrepaType W pa3iHyHbIX 3HAYCHHUSIX aCHMMETPUU IHKJIHYe-
CKOTO HAarpyXeHHs R TIOJIY4YeHBI IO pe3ysibTaTaM 00pabOTKH MaHHBIX paboTel [1] mms pexxmma RTA
(Room Temperature Ambient — Komnamnas memnepamypa okpydcaioweii cpedvt) U MOTYT OBITh Mpe-
cTaBlieHBI B popme ypaBHeHHs Mennemna (Mandell) [2-3]

' PacueTHble 3HAYECHMS XAPAKTEPHCTHK ABMAIMOHHBIX METAIUIMYECKMX KOHCTPYKIMOHHBIX MaTepuaioB. CIPaBOUHHK.
Bemmyck 1. OAK, Mocksa. 2009.
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Cpax =@ +b-1gN, ()

rne o,.. — MakKCHUMaJIbHOC HAIIPsPKCHHUEC ITUKJIA,

N — ycTanocTHas JOITOBEYHOCTh 0OPA3IOB JI0 MOSBJICHHS YCTAIOCTHOTO TTOBPEKICHHUS,
a u b — napaMeTpbl ypaBHEHUS.
B wacTHOCTH, KpHBasi yCTaJlOCTH PAacCMAaTPUBAEMBIX OOpa3lOB I CUMMETPUYHOTO ITUKIIA
Harpy>kKeHHUsI MOKET OBbITh MpECTaBIIEHA YpaBHEHUEM

of1=27757-29,243x1gN 3)

HJIM B HOpMAJIM30BAHHOM BUIC
o oyes | =1-0,105x1g N, (4)

TI€ |60 | =277,57 Mlla — npenen npouynocTy 00pasoB Ha CXKaTHE.

Crnemyer OTMETHTh, YTO YpaBHEHUE KPUBOU YCTAIOCTH (4) MPaKTHYECKH COBIANAET C YpaBHe-
HHUEM HOpMaJII/BOBaHHOI‘/i KpI/IBOf/’I YCTAJIOCTHU IJIsA CIIOUCTBIX KOMIIO3UTOB, KOTOPOC MOYKHO IMOJYYUTD,
UCIIONB3Ys AaHHBIE padoT [2—4]:

6 oyes | =1-0,11x1g N .

350
300 ==tz
—= NSt
|l ==l [ [k
My L T4t —
E 250 i ks SRR L e
E— ~. L ] M1~ - M=t -4._,_:-' ~.|m ||
® e iy —~ -~ L i .“"‘--.. e
: =~ DT e L
— ~ b~ L [[]=~~=x Rl i
= T~ * Trope e -~ | T[T~ | L.
g- 200 = ] ‘ﬁ“u‘i‘é&_ﬂ"‘ N
c b L
g | Mo =t
g ™R }
T 150 * R=5 AS4PW < -
S ) ST L
= B R=0, AS4-PW T~ L
S A R=02, AS4PW Ml T
= 100 _ . ] =
= X R=-1, AS4-PW ~
—=R=-1, 116317
50
0
1 10 100 1000 10000 100000 1000000
N, uuknei

Puc. 1. Kpussie ycramoctu a1t 06pasiioB co CBOOOJHBIM OTBepcTHEM U3 ciasa 1163T7
U U3 JJaMHMHaTa yriemiactuka AS4-PW
Fig. 1. S-N curves for the specimens with the open hole of 1163T7 alloy and AS4-PW carbon laminate
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[lo pe3ynbraTam cpaBHEHMsI IPEJCTABICHHBIX Ha pPHUC. | KPUBBIX yCTAJOCTU MOXHO CHEJaTh
CJIEAYIOIIHE BBIBOJIBI.

1. YpaBHeHHsI KPUBBIX yCTaJIOCTH 00pa3ioB u3 cmaBa 1163T7 u o6pa3uoB U3 yriemiacTuka
AS4-PW uMmeroT pa3Hble MaTeMaTU4YE€CKUE BBHIPAKEHUS M Pa3HbIE AMANa30Hbl HAPSDKEHUH, yUUTHIBA-
€MBIX MPHU MOCTPOCHUH KPUBBIX yCTAIOCTH. CrieyeT 0c000 OTMETHTh, YTO IMEPBOM TOYKON HA KPUBOM
ycTanoctu 00pa3noB u3 cioucteix [IKM (B ToM uucne, 06pasuoB u3 yriemnactuka AS4-PW) senser-
cs TOYKA, XapakTepusyromas crarndeckyro npouHocts IIKM. Ilpu nmocTtpoeHuu KpHBBIX yCTalOCTH
JUIs1 00pa3IoB U3 METALTMYECKUX CIJIABOB, B TOM YHCIIe 00pa3IoB U3 amroMuHUEBOro crutaBa 116377,
HE MPUHATO PaCCMATPUBATh U YUUTHIBATH TOUKH, XapAKTEPUIYIOLIME CTATUUECKYIO TPOYHOCTh METAaJI-
JIMYECKUX CIUIABOB, a TAK)KE TOUKH C BBICOKUM YPOBHEM JIEHCTBYIOLINX HANPSKEHUH.

2. CpaBHUBas KpHUBbIE yCTAIOCTH 00pa3uoB u3 yruemnactuka AS4-PW ¢ pasnuuHoii acumMmer-
pHell UKIMYECKOTO Harpy>KeHus, MO’KHO ClIelaTh BBIBOJ, YTO KpUBasl yCTANIOCTH (3) A CHUMMETpUY-
HOTO ITMKJIa HarpykeHust (R = —1) sBisercs Hanbonee KOHCEepBaTHBHOW. VIMEHHO 3Ta KpUBasi JOJKHA
CpaBHHUBAThCS ¢ KpuBOU yctanoctd (1) mist obpasnoB u3 cmwiaBa 1163T7. MoxxHO OTMETUTB, YTO B

JIMara3oHe JEHUCTBYIOIIUX HANPSHKEHUH ng_l =90-+110 MIla ycranocTHasi TOJITOBEYHOCTH 00pa3IoB

CO CBOOOJIHBIM OTBEPCTHEM M3 PACCMATPUBAEMOTI0 YIJIETIACTUKA BBIIIE YCTAJOCTHON JTOJTOBEYHOCTH
aHAJIOTMYHBIX 00pa3noB u3 amoMuHueBoro cruaBa 1163T7. Tak, mpu ypoBHE HampsHKeHUH

R=-1
o, =110MIIa yCTajloCTHAasA AOJIOBCHYHOCTH 06pa3u0B N3 YIJICIJIACTUKA COCTAaBJISICT BCIUYHUHY

Ny =537400 uukios. [lpu ToM ke ypoBHE HANPSDKEHUH YCTAIOCTHAS JOITOBEYHOCTh 00PA3IioB M3
craBa 1163T7 cocraBnsier Benmuunny Ny, ,, = 71000 1iuxioB, 94T0 HUXKE YCTAJIOCTHON JJOITOBEYHO-

CTH 00pa3I0B U3 YIJCIIaCTHKA MPUMEPHO B 7,6 pasa.

OpHaKo M3BECTHO, YTO CYIIECTBYET psia (aKTOPOB, IO pe3ybTaTaM ydeTa KOTOPBHIX OTMEYEH-
HOE€ BBIIIE MPEUMYIIECTBO XAPAKTEPUCTHK CONPOTHUBIIEHUS YCTAJOCTH OOpa3lOB M3 yIjenjacTuka
MOJKET OBITh B 3HAYUTEJIBbHOM CTENIEHN HUBEIUPOBaHO. K TakuM (akTopaM MpexJie BCEro cileayer oT-
HECTH BIMSHHME NapaMeTpOB OKpY’KaroIlel cpelbl (TeMIepaTypbl U BIaKHOCTH), a TaKXkKe CHUKECHUE
XapaKTEPUCTHK COMPOTUBIIEHHUS YCTAIOCTH CIOMCTHIX KOMIIO3UTOB I1OCJIE yIaPHBIX MOBPEXKICHUI.

CrnenyeTr OTMETHUTH, YTO U1 METAJUIMUECKHUX 3JIEMEHTOB aBUAKOHCTPYKIMM BIUSHHUE IIEpEUnC-
JICHHBIX (PAKTOPOB HA YCTAJIOCTh CYUTAETCS HE3HAUUTEIbHBIM U IPAKTUUECKU HE UCCIIETYETCS.

CPABHEHUE KPUBBIX YCTAJIOCTHU OBPA3IIOB U3 YIJEILIACTUKA AS4-PW
U U3 CILIABA 1163T7 C YYETOM BJIUSIHUSI HA YCTAJIOCTh IAPAMETPOB
OKPY)KAIOUIEN CPEJBI M VIAPHBIX OBPEKIEHUI

Ha puc. 2 B nomnosHeHne K KpUBBIM YCTaJOCTH, ONMUCAaHHBIM ypaBHeHUsMHU (1) u (3), mpen-
CTaBJIEHbl KPUBbBIE YCTAJIOCTU JJisi 00pa3LoB cO CBOOOAHBIMU OTBEPCTUSIMM U3 JIAMHHATa yrjeria-
ctuka AS4-PW c yyeTom BIIMAHMS Ha yCTaJOCTh ITapaMETPOB OKPYKAIOLIEH Cpebl U yIapHBIX IO-
BPEKICHHIA.

Yuem enusanus napamempoe okpysrcaroweu cpeovl. Kpupas ycTanocTd, AEMOHCTPHPYOIIAS
BIIMSHHIE TAPAMETPOB OKPY’KAIOIIEH Cpebl, MOTydeHa CIEAYIOIUM 00pa3oMm.

1. Ilo pe3ynbTaram aHanu3a JaHHBIX paboTel [1] s yrinemnactuka AS4-PW MosxeT ObITh MO-
JY4E€HO COOTHOLICHHE

Sucs Etw /Syes =0,7,

TAE Oycs pry — UPEIEN NPOYHOCTH 0oOpasuoB Ha cxkarue B pexume ETW (Elevated Temperature

Wet — Ilogviuennas memnepamypa u 61a4CHOCHDb).
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Takum 06pa3oM, MOXKHO ONIPEEIUTh 3HAYEHUE Oycg pry UL OTOTO YIIIEIUIACTHKA:
[Oues emw|=0.7-|oyes| =0.7-277,57=194,30 MTa.
2. IlpuHuMmast JomyuieHue, 4YTo ypaBHEeHUE (3) MOXKHO B3SITh 3a OCHOBY JUIS ONpEJEJICHUs Na-

paMeTpoB KPUBOH yCTAIIOCTH paccMaTpUBaeMbIX 00pasloB B pesxume ETW, 11 3TOro pexuMa Mo>KHO
MOJIyYUTh YpaBHEHHUE

ci=1=194,30-20,479x1g N . (5)

Kpusas ycranoctu (5) npencrasnena Ha puc. 2. C UCHOJIB30BaHUEM STOW KPUBOM MOKHO
OIPENIEeIUTh YCTAIOCTHYIO JIOJTOBEYHOCTh paccMaTpUBaeMbIX 00pas3loB B pexume ETW npu ypoBHE

o~ R=-1
Hanpspkeanit o,  =110MIla, ona cocraBnsger Bennunny N, =13070 muxiios.
300
~ .
tab '
250 4 T EEEEEE 11 RSN 1 5 8 5 0 N A 5
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™ — - 2 'H I
- ~o * b 8 -
© ™ - Jd e |
g 200 - ) -~ u s _.h;._:_ ettt
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Puc. 2. Kpussle ycranoctu aist 00pasios u3 cruiaBa 1163T7 u u3 namunara yriemiactuka AS4-PW
C YYETOM BIIMSHHMS Pa3IMYHBIX (HaKTOPOB
Fig. 2. S-N curves for the specimens of 1163T7 alloy and AS4-PW carbon laminate
considering effect of various factors

Yuem cnusicenus xapakxmepucmux conpomuenenuss yemaniocmu nocie yoapuvlx nospesxcoenuti. Kpu-
Bas yCTaJOCTH, IEMOHCTPUPYIOLIAs CHIYKEHUE XapaKTePUCTUK YCTaJIOCTH 00pa3lioB U3 JIaMUHATa yT-
nerutactuka AS4-PW, nonydeHa cieayonmm o0pa3om.

1. ITo pesynpTaTam aHanm3a AaHHBIX padoThl [1] mis yrnemnactuka AS4-PW MoxeT ObITh TI0-
Jy4YE€HO COOTHOIIICHUE

Sucs BviD / Syes =0,85,
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TAE Oycs pyp — TPEIEN MPOYHOCTH HA CxKaTue 00pasloB ¢ yAapHbIMHU MOBpexkAeHUsMU Tina BVID

(Barely Visible Impact Damage — Edsa eudumsie yoapuwie nogpescoenus) [1].
Takum 00pa3oM, MOKHO ONPEACITUTh 3HAYCHUE O g pyyp U1 ITOTO YIIIETIACTHKA!

[Gucs sin| = 0,85+ [oyc| = 0,85-277,57 = 235,93 MIla,

2. IlpuHuMas JomyILeHne, 4To ypaBHeHHE (3) MOXKHO B3SITh 32 OCHOBY JJISl ONpE/eNICHHs Ma-
paMeTpoB KPUBOW YCTaJIOCTH pacCMaTPUBAEMBIX 00pa3IOB C yAapHBIMU MOBpexAcHUsIMU Tuia BVID,
JUIS TAKUX 00Pa310B MOXKHO MOIYYUTh YPaBHEHUE

c"=1=235,93-24,867xIg N . (6)

Kpusas ycranoctu (6) Takke npencrabiieHa Ha puc. 2. C UCIIOJIb30BaHUEM 3TOH KPHUBOW MOX-
HO ONpCACINTh YCTAJIOCTHYIO JOJITOBCYHOCTH paCcCMAaTPUBACMBIX 06p3.3LIOB C YAApHBIMH IOBPCIKIAC-

HusMu tuna BVID mnpu ypoBHe HamnpshkeHUn Gf}l =110MIla, oHa cocCTaBIsieT BEIHMYUHY
Ngyp =115900 nuxnos.

OBCYXXIEHUE PE3YJIbTATOB

Ha puc. 3 u B Tabn. 1-2 npezacrapiieHbl pe3yabTaThl CPABHEHUS! YCTAIOCTHBIX JOJITOBEYHOCTEHN
oOpa3uoB u3 cruaBa 1163T7 u u3 namunara yriaemnactuka AS4-PW npu ypoBHE CHUMMETPUYHBIX

HanpsokeHuit o« =110 MIla ¢ y4eToM BIMAHHS PACCMOTPEHHBIX BHIIIE (PaKTOPOB.

600000

500000

400000

300000

YCTanocTHan AONroBeYHOCTb, LMKNbI

200000

100000

1163T7. RTA AS4-PW, RTA AS4-PW. BVID AS4-PW, ETW
Puc. 3. Pe3ynbraTsl cpaBHEHHS yCTAIOCTHBIX IOJTOBEYHOCTEH 00pa31oB u3 cmasa 116377
U U3 JaMHuHaTa yraeminactuka AS4-PW npu O'fz_l =110MIla
Fig. 3. Results of comparison of the fatigue lives of the specimens of 1163T7 alloy
and AS4-PW carbon laminate at o' =110 MPa
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Tabauna 1
Table 1
Pe3ynbTaThl OLIEHKH YCTATIOCTHBIX JOJATOBEYHOCTEH 00pa3noB u3 crutaa 1163T7

¥ U3 TaMuHAaTa yriemwiactuka AS4-PW npu o' =110 MITa
Evaluation results of the fatigue lives of the specimens of 1163T7 alloy
and AS4-PW carbon laminate at o'~ ' =110 MPa

NRTA_AL’ NRTAa NETW’ NBV[D’
1163T7, uuk- AS4-PW, AS4-PW, AS4-PW,
JIBI IIUKJIbI IMUKJIbI IMUKJIbI
71000 537400 13070 115900
Taoauma 2
Table 2

PesynbraThl CpaBHEHHS yCTAIOCTHBIX JOJITOBEYHOCTEH 00pa3moB u3 cruasa 1163T7
¥ U3 TaMuHata yriemnactuka AS4-PW nmpu o' =110 MIla
Comparison results of the fatigue lives of the specimens of 1163T7 alloy
and AS4-PW carbon laminate at %~ =110 MPa

NRTA /NRTA_AL NETW/NRTA_AL NBVID/NRTA_AL

76 0,18 1,6

[To pesynbraram aHanm3a MaHHBIX puc. 1-3, Tabn. 1-2 MOXKHO clienaTh CIeIyIONINe BHIBOIBI.

1. IIpeumyniecTBO XapaKTEPUCTHK CONMPOTUBICHHS YCTAJIOCTH OOpA3loOB CO CBOOOIHBIMU
oTBepcTUsAMU U3 yriemnactuka AS4-PW Han oOpasuamu u3 amomuHueBoro crasa 1163T7 ue
BBITJISIIUT OJHO3HAYHBIM M 3aBHCUT KaK OT MAapaMeTPOB IHUKINYECKOTo HarpyxeHus (ko3¢ duuu-
eHTa aCHMMETPHUH, YPOBHS Harpy>XeHHs ), TaK M OT HAJIMYHUS U y4yeTa psaa (akTopoB, 3HAUUTEIHHO
BIUAIOIMX Ha yCTAJIOCTh, MPEXIe BCero yrieriactuka. OueBUIHO, YTO MPU CPABHEHUHU XapaKTe-
PUCTHK CONMPOTHUBIICHUS YCTAJOCTH PACCMOTPEHHBIX 00pPAa3IOB U3 YIJICINIACTUKA M M3 AJTIOMUHUE-
BOTO CIJIaBa CJIEIyeT THIATEIbHO aHAIM3UPOBATh 3TH (DAaKTOPHI M YYUTHIBATH X BIUSHHE.

2. Haubonee HeOmaronpusTHHIM (GakTOPOM, CHIKAIOIIUM XapaKTEPUCTUKH CONTPOTHBIICHHUS
ycTanoctu oopas3noB U3 yriuemnactuka AS4-PW, cnenyer npu3HaTh MOBBILICHHYIO TeMIlEpaTypy U
BIAXHOCTh. CiieyeT 0co00 OTMETHTB, YTO IIPH OLIEHKAaX BIMSHHS 3TOT0 (aKTopa Ha yCTAIOCTHYIO
JIOJITOBEYHOCTh PACCMAaTPUBAEMBIX 00paA3LIOB CIEAYET OCOOCHHO TIIATENFHO OIICHWBATH BKJIAJ IO-

BPEXKIAEMOCTH My / Ny B OOIIYIO MOBPEXIAEMOCTh 00pa3LoB NMPH HArpy>KEHUH KaKHUM-THOO

CIIEKTPOM Harpy KCHHS.

3. IIpoBeieHHOE CpaBHEHUE YCTAJIOCTHBIX JOJITOBEYHOCTEH pacCMOTPEHHBIX 00pa3IoB U3
yraennactuka AS4-PW u o6pa3noB u3 anomuHueBoro criasa 1163T7 BblnoaHEHO 1O pe3yibTa-
TaM YCTaJOCTHBIX MCHIBITAHUI 00pa3LoB NP PEryJSpHOM IUKINYECKOM Harpy>KeHHH € MOCTO-
SHHBIMH aMIUTUTyAaMu. O4YeBUIHO, YTO MPU HEPETYISIPHOM HArpyKeHHH (HAarpy>KeHHH C Iepe-
MEHHBIMU aMIUIMTYJIaMH) MpoLelypa CpaBHEeHHs OyeT HaMHoTo cioxxkHee. [logoOHas npouenypa
JOJDKHA BKJTIOYATh KaK MPUBEACHUE IUKIOB C PAa3IMYHON aCHMMETPHEH K SKBUBAJICHTHBIM ITHK-
JaM ¢ MCTOJIb30BaHUEM AMArpaMM MOCTOSIHHON yCTaJ0CTHOM JOJArOBEYHOCTH (TaKoe NMpUBeACHUE
MOXET OBITh BBIIIOJHEHO C HCIOJIb30BAaHUEM JAaHHBIX paboT [5-9]), Tak W ucHoiab30BaHUE IpU

77



Hayunblii Becruuk MI'TY T'A Tom 24, Ne 03, 2021
Civil Aviation High Technologies Vol. 24, No. 03, 2021

OLIEHKAaX CHELHUAJbHBIX THIOTE€3 CYMMHUPOBAHHS YCTAJIOCTHBIX MOBPEKICHUNW MPU CIOXKHOM
HeperyasipHoM HarpyxeHuu cioucthix [IKM (B kauecTBe TakMX TUIOTE3 MOTYT OBITh HCIOJIB30-
BaHBI TUIIOTE3bI, IpecTaBIeHHBIC B pabore [10]). HecMoTps Ha CIOXKHOCTH MpOLEAYPHI, T0100-
HOE CpaBHEHHME HEO0OXOIMMO NMpU (POPMUPOBAHMU OKOHYATENBHBIX BHIBOJOB O IMPEUMYIIECTBaX
(MM UX OTCYTCTBUM) XapaKTEPUCTUK COMPOTHUBIICHUS YCTAIOCTU YIJICILUIACTUKOB HaJl aJIlOMUHHU-
€BBIMH CIIJIABaAMU.

BbIBO/IbI

[IpencraBieHsl pe3yabTaThl CPAaBHEHUS YCTAIOCTHOM JOJITOBEYHOCTH 00Pa3I[0B CO CBOOOTHBIM
OTBEPCTHEM M3 COBPEMEHHOTr'0 aJIOMHUHHEBOTO aBUALMOHHOTO cruiaBa 1163T7 (ruta, ¢t = 2040 mm)
u u3 namuHara yriaemiactuka AS4-PW 10/80/10 (¢ = 8,84 mm) mst pexxuma RTA (Room Temperature
Ambient — Komnamnas memnepamypa oxpyaicaroujeti cpedst). OTMEUEHO JOCTATOYHO 3HAYUTEIHLHOE
MPEUMYIIIECTBO XapaKTEPUCTHK COMPOTUBIICHHUS YCTAIOCTU YIJICIUIACTUKA 110 CPABHEHUIO C AIIOMUHHU-
€BBIM CILJIABOM.

Boigenensl (GakTopbl, Mo pe3ysibTaTaM ydeTa KOTOPBIX OTMEUEHHOE MPEUMYIIECTBO MOXKET
OBITh B 3HAUUTEIHHON CTENICHH HUBENUPOBAaHO. K TakuM (pakTopaM OTHECEHBI: BIHMSIHHE TEMIIePaTyphl
U BJIQXKHOCTH M CHI)KEHHE XAapaKTEPUCTUK COMPOTUBIICHUS YCTaJOCTU CIOUCTBHIX KOMIO3UTOB IOCIIE
YAApHBIX MOBPEKICHUN.

[IpencraBieHsl pe3yJbTaThl CPAaBHEHMSI YCTAJIOCTHOW JOJITOBEYHOCTH PAacCMaTPUBAEMBIX 00-
pa3loB C YYETOM BIUSHUS HAa YCTAIOCTh BbIIEICHHBIX (QakTopoB. CaenaH BBIBOJ, 4TO Hamboyiee He-
ONaronpusITHBIM (PAKTOPOM, CHIDKAIOIIUM XapaKTEPUCTUKU COMPOTUBIICHHS yCTAaJOCTH OOpas3IoB U3
VTIIEIUIACTUKA, CIEIYeT MPU3HATh MOBHIIICHHYIO TEMIIEPATypPy M BIAXHOCTh. Pe3ylbTaThl CpaBHEHHS
YCTAJIOCTHBIX JOJITOBEYHOCTEH paccMaTpuBaeMBbIX 0Opa3loB C yUETOM BIIUSHUS MOBBIIICHHON TeMmIe-

paTyphl U BIaXHOCTH Mpu o« =110 MIla nokasanu 3HAUMTENEHOE yXy/IIIEHHe COOTHONIEHHS yCTa-
JIOCTHBIX JOJTOBEUYHOCTEH 00pasinoB u3 craBa 1163T7 u u3 namuuata yrieractuka AS4-PW:

NETW_AS4—PW /NRTA_1163T7 =0,18.

OTMmedeHo, 4TO IPU OLIEHKAX BJIMSHUS NOBBIIIEHHON TEMIEPATYPhI U BIa)KHOCTH Ha YCTaJI0CT-
HYIO JOJTOBEYHOCTh OOpa3lloB U3 jJamMuHaTa yrieriactuka AS4-PW npu HarpykeHuu Kakum-J1u0o
CIICKTPOM  HArpy>XCHUA CICAYCT OCO6€HHO THIATCIIBHO OHLCHHUBATL BKJIdJ HOBPCKIAACMOCTH
Ny | Ny B OOILYIO IOBPEXKIaEMOCTh 00PA3LIOB.

Pe3ynbTaThl NpeaCTaBICHHOTO MPUMEpPa CPaBHEHUS YCTAJIOCTHBIX JOJIFOBEYHOCTEH 0Opa3lLoB
u3 yriemnactuka AS4-PW u u3 amomunmneBoro cmasa 1163T7 He MOryT OBITH pacrpoCTpaHEHBI Ha
BCE TUIIBI YIJICIUIACTUKOB M JIIOMUHHUEBBIX CIUIABOB. J[JIs1 CpaBHEHUS XapaKTEPUCTHK CONPOTUBIICHUS
yCTaJOCTH 00pa3IOB U3 IPYTHX THIIOB YTJICIUIACTUKOB M IPYTUX THUIIOB aFOMUHHEBHIX CIUIABOB HEOO-
XOJMMO MPOBEJICHUE CIENMATbHOTO JIOMOJIHUTEIBHOIO aHAIN3a.
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COMPARISON OF FATIGUE RESISTANCE CHARACTERISTICS OF
ALUMINUM ALLOYS AND CARBON LAMINATES

Vitaly E. Strizhius'
"Moscow Aviation Institute (National Research University),
Moscow, Russia

ABSTRACT

It is known that many researchers of the mechanical properties of layered composites claim that in comparison with traditional
structural metals and alloys, composites have serious advantages, mainly associated with high specific characteristics of static and
fatigue strength. It should be noted that a well-founded idea of the advantages of composites strength characteristics is of particular
importance for the elements of aircraft structures, taking into consideration an extremely important issue of operation safety.
Unfortunately, at least, such a reasonable conception with respect to fatigue resistance characteristics has not been formed yet,
consequently, a number of points concerning application of laminated composites in aircraft structures remain unanswered. The
article presents a method and an example of comparing the fatigue life of the specimens with the open hole made of modern
aluminum aviation alloy 1163T7 and carbon laminate AS4-PW. An obvious advantage of fatigue life of carbon composite
materials compared to aluminum alloy at room temperature is noted. On the basis of a number of significant factors to be
considered, the specified advantage can be largely diminished. First of all, these factors include the following: effect of temperature
and humidity and degradation of the resistance characteristics of layered composites after impact damage. Taking into account the
effect of the listed factors, the results of the comparison for the fatigue resistance characteristics of the specimens under
consideration are presented. It is noted that the mentioned comparison was carried out using experimental data for the specimens
considered under cyclic loading with constant amplitudes as well as under irregular loading, therefore, the comparison results may
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be slightly different. Nevertheless, it is obvious that the similar comparison presents relevant interest and should be considered
when drawing final conclusions about the advantages (or their absence) of the fatigue resistance characteristics of carbon laminates
over aluminum alloys.

Key words: aluminum alloy, carbon laminate, specimens with the open hole, fatigue life, effect of temperature and humidity,
impact damage.
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