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Abstract

Purpose: lack of recommendation action algorithm of UAV operator in emergency situations, decomposition of the
process of decision making (DM) by UAV’s Operator in emergency situations, development of the structure of
distributed decision support system (DDSS) for remotely piloted aircraft; development of a database of local decision
support system (DSS) operators Remotely Piloted Aircraft Systems (RPAS); working-out of models DM by UAV’s
Operator. Methods: Algoritm of actions of UAV operator by Wald criterion, Laplace criterion, Hurwitz criterion.
Results: The program "UAV AS" that gives to UAV operator recommendations on how to act in case of emergency.
Discussion: The article deals with the problem of Unmanned Aerial Vehicles (UAV) flights for decision of different
tasks in emergency situation. Based on statistical data it was analyzing the types of emergencies for unmanned

aircraft. Defined sequence of actions UAV operator and in case of emergencies.

Keywords: algorithm, decision making process, emergency situation, unmanned aircraft system.

1. Introduction

Unmanned aircraft has several advantages, namely
low operating cost, good concealment and
flexibility, simplicity and availability of technology
compared to manned aircraft and Unmanned Aerial
Vehicles (UAV) can be used in cases where the
usage of manned aircraft is impractical, expensive or
risky [1; 2]. The main advantage of using UAVs is
tasks that involve risk to humans and efficiency in
solving economic problems.

Obviously, UAVs are effective in monitoring
forest fires, search and rescue operations in the
processing of  agricultural crops, relay
communications and the movement of goods. In this
sense, the usage of UAVs is more appropriate: to
relay communications in those places - where the
antenna coverage cannot be set because of difficult
terrain, agriculture, with aerial photography, moving
cargo. In addition, UAVs were used for military
purposes since 1961 [1].

The disadvantages of unmanned aircraft include
the limited capacity due to the small size of UAV
that can be satisfied for the group flight usage [2].

Emergency situations may occur when flying
both in manual, and in the autonomous management.
For operations carried out "manually”, plays an
important role the human factor and a significant
part of emergency arises due to wrong actions of the
operator. Using a constant two-way radio comes to
continuous Manual control device parameters, which
leads to certain restrictions and inconveniences - the
operator can’t be distracted from the management
and takes full responsibility for the state-controlled
UAVs, for his safety and for the safety of the
environment and people.

Let we have some UAV that performed different
tasks purposes. Air traffic controller using
technological procedures “ASSIST” (Acknowledge,
Separate, Silence, Inform, Support, Time) decides in
emergency situations of flight. At a certain stage of
flight is probable extraordinary or emergency
situations (for example: loss of control, engine
failure, etc.), where it is some risk to lost UAVs.
Taking into account the high cost of UAVs it is
proposed to build an algorithm of UAV’s operator
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actions using module «ASSSIST» (Acknowledge,
Separate, Synergetic ((Coordinated, Cooperation,
Consolidation)) Silence, Inform, Support, Time) for
each type of UAV. Module «ASSSIST» includes in
Distributed Decision support system (DDSS) and
has models of the Decision Making (DM) by H-O
under Certainty, Risk and Uncertainty [3].

The purposes of the article are: lack of
recommendation action algorithm of UAV operator
in emergency situations; decomposition of the
process of DM by UAV’s Operator in Emergency
Situations; development of the structure of DDSS
for remotely piloted aircraft; development of a
database of local DSS operators Remotely Piloted
Aircraft Systems (RPAS); working-out of models
DM by UAV’s Operator (DM under Certainty, DM
under Risk and DM under Uncertainty).

2. Distributed control system for remotely piloted
aircraft

Advantages of UAV’s are to perform the tasks
associated with the risk for man and effectiveness in
solving economic problems. In this sense, the use of
UAVs is more appropriate: to relay communications
in those places - where the antenna coverage cannot
be set because of difficult terrain, agriculture (group
of spraying fields), with photo/video monitoring
(group survey of large areas, monitoring of forest
fires, patrol areas, etc.), moving cargo [2].
Obviously is the usage of UAVs for military
purposes.

Noted additional wuseful properties: faster
coverage of area fragment and consequently more
effective at photo/video  monitoring, relay
communications, agricultural operations - owned
group compared UAV using one UAV [4 - 8]. But
despite a number of advantages there are some
drawbacks, namely the main problem associated
with the use of airspace allocation of the frequency
range for UAVs management and transmission of
information from the board to the ground; lack of
recommendation action algorithm of UAV operator
in case of emergency situations [5; 6].

In [2; 7; 8] investigated an emergency engine
stop, electrical problems, in excess of the maximum
and minimum the display height of the flight of the
parachute release is done automatically, with
transferring the coordinates of the forced landing site

to the operator's monitor. The use of a parachute
landing system will not only provide reliable
survival craft in an emergency situation, but also to
simplify its operation.

When a loss of communication with the UAV
made an immediate report to the ATM unit. The
report states the time and place of loss of
communication, the height of the UAV flight, the
estimated remaining time of flight and follow the
course of landing area (falling) UAV [2]. When
hovering UAV in the crown of the trees must be up
to the crown, fix the UAV tether and if necessary, to
cut the branches and holding, drop to the ground [2].

Remotely piloted aircraft controlled with remote
piloting station (RPS) with the management and
control line (C2). Together with other components
such as the starter equipment and equipment for the
return, if it is used, remotely piloted aircraft (RPA),
remote piloting station RPS and the line C2
constitute RPAS [9].

3. Aims of the work

1. Lack of recommendation action algorithm of
UAYV operator in emergency situations.

2. Decomposition of the process of DM by
UAV’s Operator in Emergency Situations;.

3. Development of the structure of DDSS for
remotely piloted aircraft; development of a database
of local DSS operators Remotely Piloted Aircraft
Systems (RPAS).

4. Working-out of models DM by UAV’s
Operator (DM under Certainty, DM under Risk and
DM under Uncertainty).

4. Estimation of situation’s complexity in case of
PCS with the help of fuzzy sets method

There are following classification of UAV’s that is
shown on Table 1 [6]. The type of UAV designs are
divided into sets, which are made of airplane (fixed -
wing) and helicopter (rotary - wing) schemes and
devices with flapping wings.

The type of take-off UAVs are divided into sets of
take-off from the runway and a vertical take-off
(usually used depending of the purpose).

Unmanned aerial vehicles are classified by way of
take-off and landing, airfield and non-airfield, also
taking off from the runway or with a catapult; landing
to the runway or by parachute or by using snares [8].
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Table 1
UAYV types
NeClassClassification Subclass Code
name
1| A UAV Surveillance UAVs A,
classification Agricultural UAVs A,
by purposes | Relays communications UAVs| Aj
A,
2| B UAV UAV of a short flight (1 hour)| B,
classification| Medium-flight UAV’s(from 1| B,
by duration to 6 hours),
of the flight | Early flight UAV’s (6 hours).| B;
B,
3| C UAV Micro UAVs (to 1kg). C
classification Small 1 - 100 kg. G,
by weight. Lightweight 100 - 500 kg. | C;
Medium 500 - 5000kg. Cy
Heavy 5000 - 15000 kg. Cs
Superheavy 15,000 kg or more | Cg
Gy
4] D UAV UAVs airplane (fixed-wing) | D,

classification [UAVs helicopters (rotary-wing)| D,

by the type off UAVs with flapping wings. | Ds

aircraft D,

Airfield take off UAV E,

5| E UAV
classification| Non-airfield UAV taking off | E,
by way of from a catapult;
take-off | Non-airfield UAV taking off | E;
from hands
. E,
70 F UAV Airfield landing UAV F,
classification| Non-airfield UAV landing | F,
by landing | with the help of parachute;
way Non-airfield UAV landing | F3
with the help of snares;
™ F,
8| G |UAVs by the UAYV of single usage G,
number of UAV of repeated usage G,
applications . G,

By the purpose, the UAV classified as agricultural,
surveillance, search and rescue, cargo and relays
communications. As the number of applications
classified as single and multiple applications.
Typically, these UAVs are used in monitoring forest
fires and search and rescue operations where there is a
high probability of loss of the aircraft. For the duration
of the flight of the UAV are classified on the aircraft a
short flight (1 hour), medium-flight (from 1 to 6
hours), and early flight (6 hours). Given the rather large
variety of UAVs also classified by weight. Micro to
lkg., Small 1 - 100 kg., Lightweight 100 - 500 kg.,
Medium 500 - 5000kg., Heavy 5000 - 15000 kg., Extra
heavy 15,000 kg or more. All the above types of UAVs

by weight are classified depending on flight distance
and maximum take-off weight [7]. So, according to
ASSIST there are such types of emergency situations
which can be on a board of UAV: bird strike, brake
problems, communication failure, electrical problems,
emergency descent, engine failure, fire on a board, fuel
problems, gear problems, problems with the hydraulic
system, icing, fuel dumping, emergency landing, take
off abort, low oil pressure. And actions of UAV’s
operator almost the same like actions of a pilot of a
civil aircraft [3; 6; 9].

For example, let us consider the pre-flight
preparing of UAV Birdeye 500 (Fig. 1). There are 7
main steps of preparing (Table 2, 3):

1. Make sure that the system is deployed, all
cables are connected and the power is turned on
remote controll and UAVs.

2. As data channel, set
maintenance.

3. Ensure you have a strong signal reception of
UAV.

4. Put terrestrial channel to mode «Hucto».

5. Check for a strong signal transmission.

6. Set the working channel.

7. Set the operating mode
necessary), and set the number sequence.

The middle index of ¢, is shown in Table 3, for
example time of st step

the channel

Secure  (if

t={ti, tiay ooy tin} =5

T Ts T Ts Ty T

CiMy)

Fig 1. Determination grapf of preparing process

So, according to ASSIST there are such types of
emergency situations which can be on a board of
UAV: birdstrike, bomb warning, brake problems,
communication failure, electrical problems, emergency
descent, engine failure, fire on a board, fuel problems,
gear problems, problems with the hydraulic system,

T, sec.
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icing, fuel dumping, emergency landing, takeoff abort,
low oil pressure. And actions of UAV’s operator
almost the same like actions of a pilot of a civil
aircraft (Fig.2).

For planning and flight control UAV developed a
distributed Adoption Support System Solutions
(ASSS), which represents a complex system with
complex interactions geographically distributed local
ASSS operators of UAS.

Table 2
Generalized structural-hourly table of the technology of the air traffic controller work in FE
Designat Set of the Time of the
Ne Contents of the work ion of . Support on the work performing the
operations
the work] work
Setting of primary connection
Make sure that the system is deployed, all
1. |cables are connected and the power is turned | A {ain, ap, ...y Ain) | — {ti, tia, ..oy tin)
on remote controll and UAVs.
2.|As data channel, set the channel maintenance.| A, {az, ay, ..., ;| Ag {ta1, t2, -.., ton}
Ensure you have a strong signal reception of
3.uav Az {as, a3, .o am) | AN Ay {t31, t32, ..., tan}
4. |Put terrestrial channel mode Qucmo. A4 {841, A4y oeey a4n} A1 U A2 U A3 {t41, tao, oo t4n}
5.|Check for a strong signal transmission. As {asi, asy, o asy | ALNA NA; NA {851, ts2s --o5 tsn}
6.|Set the working channel. Ag {ag1, Q625 - Agn} | ATN Ay N A3 N AL N As [{tsr, tez, -+ ten}
Set the operating mode Secure (if necessary), AN AN AN AN
7. and set the number sequence. Ag 1361, 36, -+ A7n} AsN Ag {ti, tia, oo tinj
Table 3
Main steps of preparing
Setting of primary | Make sure that the system is deployed, all cables are connected 5 minutes
connection and the power is turned on remote controll and UAVs.
As data channel, set the channel maintenance. 15 seconds
Ensure you have a strong signal reception of UAV 5 seconds
Put terrestrial channel modeYucro. 5 seconds
Check for a strong signal transmission. 5 seconds
Set the working channel. 30 seconds
Set the operating mode Secure (if necessary), and set the 30 seconds
number sequence.

During the flight UAVs may be controled by
remote piloting station (RPS). At any given time t; k-
UAYV must piloted by only one j-th RPS, if necessary,
at time t;; to be transmitted to the control (j + 1) th
RPS (Fig. 3). This transfer flight control of the j-th
RPS to (j + 1) -th RPS to be safe and effective, which
is provided through the local DSS operators UAV.

At any given time #; k-RPA can be controlled from
only one j-th RPS, if necessary, at time #.; to be
transmitted to the control (j + I)th RPS for using
DDSS (Figure 1). This transfer flight control of the j-th
RPS to (7 + 1) -th RPS to be safe and effective, which
is provided through the local DSS operators RPAS
(Figure 2). According to the recommendations of the

ICAO guidelines [9] task system can perform one or
more nodes (local DSS operators RPAS). With the
formation of the database addresses issues related to
the inclusion of RPA the existing regulatory
framework of civil air navigation system; description
and classification of UAVs and related components;
rules of flight, such as instrument flight rules (IFR) and
Visual Flight Rules (VFR) flights in the visual line of
sight (VLOS) and beyond line of sight (BVLOS) [9].
To coordinate interaction and exchange of
information between remoted pilots developed
database of local RPS NoSQL [10]. During developing
a database of local RPS, UAV users, it was made UAS
components analysis, UAV, RPS, C2, and so on.
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| Dietermining the type of emergency |

| Determining the type of UAV from Table 1 |

Strategzy of
actions

Aszessment eritical time of flight and
definition AV field range

Continue flight

Is it able to
land UAVT

Transfer to the Trving to land
ATC wnt place TAV on any
of UAV = suitabla locally
crashing place or via
parachute

[ ]

Fig. 2. Algoritm of actions of UAV operator

Fig 3. The structure of distributed
RPS Mission Control UAVs

For optimization the solution of problems are
developed models of determination the optimal landing
site in case of an extraordinary situation, search for
optimal flight routes UAS with the module
«ASSSIST». The investigation into the processes of
modelling the DM by UAV’s operator in the normal

and unusual situations enabled to build the following
models: DM under Certainty, DM under Risk and DM
under Uncertainty [3-6]. For example, for determine of
the optimal landing aerodrome in flight emergencies
(FE) we using model of DM under Uncertainty
[3;11;12].

Pre-flight planning should include consideration
to alternate aerodromes / recovery sites, as
appropriate, in the event of the emergency or
meteorological-related contingency. Before selecting
an alternate recovery / landing, location the remote
pilot should consider the adequacy fuel / energy,
reserves, reliability of C2 links with the RPA, ATC
communication capability as necessary and
meteorological conditions at the alternate. For using
known criteria of decision making under uncertainty
are finding optimal landing aerodrome in FE [9].

To coordinate interaction and exchange of
information between remoted pilots developed
database of local RPS NoSQL [8]. During developing
a database of local RPS, UAV users, it was made
UAS components analysis, UAV, RPS, C2, and so
on. Taking into account the UAVs operating
procedure that includes the purpose of the flight,
flight rules, flight areas, functional level C2 lines and
other standards (Fig. 4).

Relational mode!

Orderitem Product
order_id | product_id | quaniity id name
Order 100 55 2 55 | Iphone s
i date 100 56 1 56 Ipad 3
100 | 01052012
Payment
oderig | ™
. / 100 | 1000 \
N 100 200 3
Aggregate model 1 Agoregate model 2
11 Grder document 1 Onder document
W 100, “id 100,
“customer_id" 1000, “customer_id": 1000
“date™ 01.05.2012, “date™ 01.052012
“ondar_items™ | “order_tems™ |
{ {
“product_ld™ 55 “product_id": 55,
“product_name”. iphones, “product_name”. Iphones,
“quantity”- 2 “quantity™- 2
!
“product_id™ 56 “product_id™: 56
“product_name™ Ipad3 “product_name’ lpad
“quantity” 1 “quaniity™. 1
] }
! 1
“payments™{ ]
1 i Paymant documant
“sum”: 1000,
“daie™; 03.05.2012 "order_id": 100,
{ “sum”: 1000,
1 "date™: 03.05.2012
1 1
/I Product document hare i Product documant here:
1] 4}

Fig. 4. Fragment of NoSQL database of local RPS UAVs
users

Algorithm of determination of the optimal
landing aerodrome in flight emergencies:
1. Formation of the set of alternative decisions {A}:
{A} = {Adest U Adgep U {Aar} } = {A1, Ay, .. A,
ooy An},
where
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Age — 18 an alternative decision to land at the
destination aerodrome; Ag, — is an alternative decision
to return to the aerodrome of departure; A, — is a set of
the alternative decision to alternate aerodromes /
recovery sites.

2. Formation of the set of factors {A}, influencing
the choice of alternate aerodromes / recovery sites:

A=A Ay Ny ey A,
where

A, Ao, ..., Aj — is set of factors (fuel level,
remoteness of the aerodromes, technical
characteristics of runways of  destination
aerodromes, meteorological conditions, reliability of
C2 links with the RPA, etc.).

3. Formation of the set of possible results of
decision making under the influence of specified
factors in FE, that were determined by the method of
expert estimates by rating scales according to the
regulations:

{U} = U]l, Ulz, ceey Uij, ceey Unm-

4. Formation of the decision matrix M:HMiH

(Table 1). It was created computer program [11] for
optimal solutions using criteria decision making
under uncertainty (Fig. 5).

The program "UAV_AS" gives to UAV operator
recommendations on how to act in case of
emergency. To start you must select the file
UAV_AS.exe and run it. After starting the main file
software opens the main window (Fig. 6).

Choosing of the optimal aerodrome, in case of
forced landing is carried out by the methods of
decision making under uncertainty [10]. Selection of
criterion of DM under uncertainty (Wald, Laplace,
Hurwitz, Savage) is conducted according to the type
of flight.

Flight route |Kiev (Borispol) | = Jwiv =]
Alternate airdrome  [Kiev (Zhuljanu) x| v =
|Khme|ny‘tskyi j Alternate aerodrome 4 ~|
Vinnitsa =
Weather Remo-  Fuel Gostomel
Airdroms conditions teness availability gg:_'lgg?{etmvsk .
Zhytomyr
Zaporizhzhia
IKv_anD-Frarakivsk
. . irovogra ~|
Kiev (Borispol) 1 10 s [ lw |g T N - S

Fig. 5. The program ,,UAV_AS”: choosing of alternate
airdrome

B Do _as — [m] *

Ambulance Drone -
|-sanitarian UAVs  ~| [Fuav stucking in the ~|
¢~ Enable to continue the flight

| Get recommendations |

Clear

Fig. 6. The program ,,UAV_AS”: the main window

Wald criterion (min/max) is based on the
principle of "conservative attitude", and is applied if
it is necessary to find a guaranteed solution in case
of primary flight:

A :mAa’lx{n}Jnug (4,4, )}
Laplace criterion is based on the principle of

"insufficient reason" and applied is in case of regular
flight:

1<
A =mfx{m;uU(A,,/1j)}
Hurwitz criterion uses coefficient of a
pessimism-optimism a (0 < o < 1) and is applied in
case of flight once in 2 weeks:

v o max u; (4,,4,)+
A" = max ' .
4, +(1—a)rr}11n u; (4,,4;)

Table 4

Matrix of possible results of decisions in the task of choosing of the optimal landing aerodrome / recovery site

Factors influencing the decision making
i remoteness of | technical characteristics | meteorological |reliability of]
Alternative adequacy 1 1 rologt 1apiLy ATC
decisions the of runways of conditions at | C2 links oL
fuel /energy ) communication
aerodromes / | aerodromes / recovery | aerodromes/ | with the o
on RPA X . X capability
recovery sites sites recovery sites RPA
Ay Adest Uy up Uy Uiy
A, Adep Uz Uz2 Wy; Uzn
A A Uy U Uyj Uin
A, A Umi Ump Upj o Umn
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The optimal solution for the Savage criterion can
be found using matrix of “regret”. In case of win the
elements of the “regret” matrix r;i(A;, Aj) are defined
as the difference between the maximum value uj;; in
the row and other values in the row. Then, with the
help of the “regret” matrix according to the min/max
principle the minimum deviations are determined:

1 (4, 4;) = A =maxu, (4, ;) —u; (4, 4)) -

A =n%inn1gxrij(Ai,7uj)'
i i
Thus the person, who makes a decision, expresses

with the help of matrix H,,UH his “regret” if he can’t

make a best decision in the condition A;. Making this
decision the person, who makes a decision, has a
guarantee that in the worst conditions the obtained
income would be not lower than the found income. If
flight of UAV is a scheduled one, Laplace and
Hurwitz (0 < a < 0.5) criteria are used for decision
making. If the flight of UAV is performed for the first
time, Vald, Savage and Hurwitz (0,5 < a < 1)
criterions are used for decision making.

5. Conclusions

Further research should be directed to the solution of
practical problems of actions UAV’s operator in case
of emergencies, software creation. Models of FE
development and of DM by UAV’s in FE will allow
to predict the H-O’s actions with the aid of the
informational-analytic and diagnostics complex for
research H-O behavior in extreme situation.
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Mera: BincytHicTe anroputMy peKkoMmeHpaliii mii omepatopa BIIJIA B Haa3BWYallHWX CHTYaIlisX,
pO3KIIamaHHs TPOIECYy MPHUHHATTS pimeHs omepaTopoM bBIIJIA B Haa3BHUallHUX CHTyaIlisfX, pPo3poOKa
CTPYKTYpH CHCTEMH HiATPUMKH NPUHHATTS piieHs 1 oneparopa BIUJIA, po3pobka Moneneil mpuiHATTS
pitens omneparopom BITJIA. Metoamn: CTBOpeHHS alropuTMy HPUHHSTTS PillleHb 3a JOTIOMOTOI0 KPUTEpIiB
Banpna, I'ypsima, Jla Ilnaca. PesyabTaTn: mporpama "UAV_AS", mo mae pekomenpariii oneparopy bIIJIA
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mpo Te, SK MiATH B pa3li BUHUKHEHHA HaA3BHYaiiHOI cuTyalii. ABTOpaMH pO3pOOJNIEHO aJITOpUTM il
pexomennanii onepatopa BIIJIA B Han3BuyaitHux cutyanisx. [lpeacraBnenuii mpomec MPUAHSITTS PillleHb
oneparopoM BIIJIA B Ham3BHYAWHMX CHTYyaIliIX y BHIJISAI JACTEPMIHOBAHOI MOJCIHI 13 3aCTOCYBaHHSIM
METO/IIB MEPEKEBOT0 MOzeTIoBaHHs. [100ynoBaHO MepekeBHid rpad), 3a SIKUM BH3HAYEHO KPUTHYHHN Yac Ha
NapupyBaHHA Ha/J3BUYalHOI cuTyallii y pasi monboty BIIJIA. Po3pobneno crpykrypy posmoninenoi CIIIIP
JUTSI KOJICKTUBHOTO YIPABIIIHHS IJIOTOBAaHUX Ta OE3MMUIOTHUX JITATRHUX ammapaTiB omepaTopoM. ABTopaMu
po3pobiieHo 6a3u manux it nokanbHuX CIIIIP omepatopiB ympasninas BITJIA, Pospobneno mopnemi
OpURHATTA pimeHs onepatopoM BITJIA B yMoBax pH3HMKy Ta B yMOBaxX HEBH3HAYEHOCTI y pasi aBapiiHOI
mocagku BITJIA. O6roBopenHsi: Y cTaTTi po3rismalOThbCs MPoOJIEMH TOJBOTIB OE3MMUIOTHUX JITaTbHUX
amapaTiB JUIsl BUPILICHHs PI3HUX 3aBJaHb B HAJA3BUYANHIN CUTYyallii, 3aCHOBaHE Ha CTATUCTUYHUX JaHUX BiJ
aHaJi3y TUMIB HAJA3BUYAWHUX CHUTYaIlii JUIsl OC3MUTOTHUX JIITAIBHUX arnapaTiB. BU3Ha4aeThCs MOCTiI0OBHICTh
niit oneparopa BITJIA B pa3i BUHHKHEHHS HAA3BUYAWHUX CUTYAIlil.

KurouoBi cioBa: anroput™m; OE3IMUTOTHI aBialiifHI CHCTEMU; HAI3BHUYAWHA CHUTYAIlis; MPOIEC MPUHHATTS
pillleHb.

XapueHko B.H.', IImeneBa T.(I).z, 3HakoBCbKA E.A.S, Bongapes I[.I/I.", Crparuii A.B?

MogenupoBaHue NPUHSITHSI PEUICHUIl ONEPATOPOM JMCTAHIMOHHO MUJIOTHPYEMbIX JIeTATEIbHBIX ANMNAPATOB B
ABAPUIHBIX CUTYAIUSIX

IIpocn. Kocmonaeta Komaposa 1, 03680, Kues, Ykpauna

E-mails: 'kharch@nau.edu.ua; ’shmelova@ukr.net; 3zea@nau.edu.ua; *dmytriy.bondarev@gmail.com;
>stratij@gmail.com

Hean: OtcyTcTBUE anropuTMa pekoMeHaanuil neictBuid onepatopa BIIJIA B ype3BblUaMHBIX CUTYaLMSIX,
pasiokeHne Tpollecca MPUHATHA pemeHuii ormepatopoM BIIJIA B 4pe3BBRIYAHBIX CHTyaIusAX, pa3zpaboTka
CTPYKTYphl CHCTEMBI MOIACPKKH NPUHATUS pemeHnid s omepatopa BIIJIA, paspaborka mopeneit
npuHsaTusl peweHud omepatopoM BIIJIA. Mertoabl ucciaenoBanus: Co3laHue alropuTMa MOPUHATHUS
perieHuit ¢ moMormipio KputeprueB Bambna, ['ypeura, Jla [lmaca. PesyabTaTtsl: mporpamma "UAV_AS", 4to
nmaet pexomenmanuu onepatopy BIIJIA o ToM, kak neHCTBOBaTh B CIydac BO3SHHKHOBEHHS UPE3BBLIYAMHOMN
cUTyauuu. ABTOpaMH pa3paboTaH allfOpPUTM JCHCTBHH pekoMeHAauuu oneparopa BIIJIA B upe3BbIualiHBIX
cutyanusx. [Ipeacrapien npouecc NpuHATUS pemieHuit onepatopoM BIIJIA B upe3BbIYaliHBIX CUTyaIUsAX B
BUJIE JCTEPMHHHPOBAHHOM MOJENHM C MPUMEHEHHEM METOJO0B CEeTEeBOr0 MonenupoBaHud. llocTpoeno
ceTeBoii Tpad, Mo KOTOPOMY ONpeAeIeHO KPUTHIECKOE BpeMsl Ha MapupoBaHKUE YPE3BbIUAHON CHUTyalnuu B
ciyvae mosera BITJIA. Pa3zpaborana crpykrypa pacupenenernoii CIIIIP mns KomieKTHBHOTO yIpaBIIEHUS
MWIOTUPYEMbIX M OECHMJIOTHBIX JIETATENbHBIX AaIIapaToB ONEpPaTOpoM. ABTOpaMHU pa3paboTaHbl 0a3bl
nmaHHbIX JUIs nokanbHbIX CIIIIP oneparopoB ynpasnenus BIIJIA, Pa3paboTtansl Mojeny NpUHATHS peIIeHUN
oneparopoM BIIJIA B ycloBHSX pUCKAa U B YCIOBHUSX HEOIPENEICHHOCTH B CIIy4ae aBapUMHON MOCAIKHU
BIIUTA. Ob6cy:xxaenne: B craThe paccMaTpuBarOTCS MPOOJIEMBI TIOJIETOB OCCHFUIOTHBIX JIETATCIBHBIX
anmapaToB IS pElIeHHs Pa3IMYHBIX 337ad B Ype3BbIUAHOW CHUTyaIlH, OCHOBAaHHOE Ha CTATHCTHYECKHUX
JaHHBIX OT aHajW3a THUIIOB YpPE3BbIUAMHBIX CHUTyauud A OECHHJIOTHBIX JIeTaTeNbHBIX allapaToB.
OrnpenensieTcss NOCAEAOBATENbHOCTD NeicTBUl onepaTopa BIIJIA B ciiyyae BOSBHUKHOBEHHS Upe3BbIYANMHBIX
CUTyAaLM.

KiroueBbie cjioBa: anropuTM; OCCIMIOTHBIE aBHUAIMOHHBIE CHCTEMBI, aBapHHHBIC CUTYallUH; IPOILECC
IIPUHATHUS pEIICHUI.
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