YK 004.891.2 DOI1:10.31854/1813-324X-2021-7-4-110-117

Artificial Intelligence-Based Aircraft Accident
Threat Parrying Method

A. Kulik!®*

1Bauman Moscow State Technical University,
Moscow, 105005, Russian Federation
*E-mail: kulikalekse@yandex.ru

HHpopmanusa o ctaTbe
Received 28th October 2021
Revised 16th November 2021
Accepted 18th November 2021

For citation: Kulik A. Artificial Intelligence-Based Aircraft Accident Threat Parrying Method. Proc. of Telecom.
Universities. 2021;7(4):110-117. (in Russ.) DOI1:10.31854/1813-324X-2021-7-4-110-117

Abstract: An anti-aircraft accident method is proposed, implemented in the decision support module, which is the main
element of the flight safety control system and is a dynamic expert system. On the basis of the proposed method,
recommendations are formed to the threat countering crew accidents using the information about its psychophysical
state, the technical state an aircraft, external influencing factors, as well as a forecast of changes in flight conditions.
The advantage of the proposed method is the ability to identify the immediate threat of an accident, as well as the
development of management decisions to reduce the impact of the cause of the accident on flight safety. The peculiarity
of the method of parrying the threat of an aircraft accident is the classification of management decisions depending on
the flight conditions of the aircraft, which will reduce the computational costs for generating a threat parrying signal.
Numerical modeling of the work using the assessment of a set of decision support rules made it possible to confirm its
performance. The results can be used in systems development for safety an aircraft’s flight, the mathematical support

of decision support systems.
Keywords: flight safety, expert system, decision support.

Introduction

In recent years, the active development of aviation
technology has largely helped to raise the level of flight
safety of aircraft of various types. One of the methods
to ensure flight safety is the use of various decision
support systems as part of the onboard complex of the
vessel. For example, an intelligent decision support
system that is element of a complex control system and
used for intelligent recommendation to aircraft crew
actions in the form of expert solutions [1].

The operation of the system is based on obtaining
and evaluating information about the hardware and
software condition of the onboard equipment and the
flight conditions of the aircraft. Another example of
aircraft flight safety devices are systems that averting
the threat of an aircraft incident on the runway [2-3].
Such systems transmit information to the aircraft crew
in the form of sound and light alerts, characterizing the
excess of the permissible speed and the wrong flight
route during the landing approach.

There is also the “Method for supporting an aircraft
operator in hazardous situations” [4], during the
implementation of which knowledge baselines are
formed regarding the flight modes of aircraft and could

be the threats of aircraft incidents. Later, on the basis of
the expert system, the serviceability of the airborne
equipment complex (AEC) of the aircraft, the
effectiveness of the pilot's actions and the type of
signaling is defined.

Based on the results of the operation of the expert
system, information is generated about the failure of
the AEC elements, the deterioration of flight conditions,
the degree of an aviation accident. Based on the
information received and analyzed, the system issues
instructions to the pilot to resist an aviation
catastrophe. In the absence of a positive reaction from
the pilot parry the threat, the aircraft is controlled by
an automatic control system.

Also, the operation of the system includes the
operator's actions by the ground control point, which,
with the help of a password, can allow the crew to
control the aircraft without restrictions from the side of
the aircraft's automatic flight control system (AFCS).
With the planned elimination of the danger of an
aircraft accident is required without limiting the
actions of the raft, then the operator of the ground
control post enters the corresponding password, which
is transmitted to the expert system of the aircraft. In
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case of operational parrying of the aircraft accident and
violation aircraft flight operation mode, its control is
transmitted to the AFCS of the aircraft.

The disadvantage of such systems is the lack of an
integrated approach to evaluation of aircraft flight
safety on the basis of the aggregate influence of external
and internal influence factors, including considering
the prognosis of changes in them. The use of emergency
forecasting devices at an early stage allows the team to
warn the accident in advance and subsequently fend it
off. Therefore, a promising option for enhancing
aircraft flight safety is its flight safety control system.
The structural diagram of the aircraft safety control
system is shown in Figure 1.
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Fig 1. Structural Diagram of the Aircraft Safety Control System

The main elements of the proposed aircraft flight
safety control system are information preprocessing
device, decision support device and data transfer
device. The preliminary data processing consists in the
formation of electrical signals characterizing the excess
current values of aircraft flight safety coefficients based
on data obtained from the information measuring
systems of the onboard equipment complex. Later, on
the basis of information about changes in the flight
conditions of the aircraft, the decision support device
forms a conclusion characterizing the degree of danger
of the flight event and methods for its elimination.

In the meantime, each group contains a list of input
variables that measure the values of flight safety factors
and their effect on flight conditions. A feature of these
factors is their weak formalization. Therefore, the input
variables of the flight safety control system are
transformed into the form of linguistic variables. Each
linguistic variable is defined on a set of fuzzy values that
relate to a certain space-time interval. The
representation of the input data of the decision support
unit in the form of linguistic variables allows their
processing by the fuzzy logic device, which is widely
used in decision support devices and aircraft control
systems [5-12].

Formulation of the problem

The purpose of this work is to design the method for
decision support (DS) for the crew, which allows the
formation of recommendations to the pilot and signals

to the aircraft control system to counter the accident
threat, based on the current and predicted flight
conditions of the aircraft.

To achieve this goal, it is necessary to carry out the
following main stages: formalization of the input
variables of the algorithm, formation of a set of decision
support rules and modeling of an accident threat
assessment.

Formalization of Input Variables

The proposed decision support device belongs to the
class of dynamic expert systems, a feature of which is
the formation of instructions for the operator to
counter an accident, taking into account the change in
the state of the input variables at a given time interval.
The structure scheme of the decision support device
(DSD) is shown in Figure 2 [13].
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Fig. 2. Structure Scheme Decision Support Device

Here X (t) - array of input data after preprocessing;
X(t) - the results of predicting the threat of an aviation
accident; Y (t) - output values from decision support
units that describe the instructions given to the pilot to
avert the risk of an emergency or to parry signals by on-
board automated systems.

The input of the device receives variables that are
associated with external and internal influences and
affect the safe flight environment of the aircraft. Flight
safety assessment is carried out on the basis of
information on the technical state of the control object,
psychophysical characteristics of the crew and flight
weather conditions. Also, the inputs of the decision
support unit are the values of the prognosis of changes
in the controlled variables, the flight conditions of the
aircraft and the current value of the accident risk. The
output values of the device are instructions generated
for the pilot to eliminate the risk of the catastrophic, as
well as signals to counter it provided by onboard
automation systems. A formalized representation of
the input variables of the decision-making unit is
presented in Table 1.




TABLE 1. Input Variables of the Decision - Making Block

Ne Group Variable Currer.lt Var.lable Foreca.st Va_rlable Variable Values VarlableIValue
Designation Designation Notation
Low Fi
Fatigue X1 X Average F,
High F3
High K1
. — Average K>
Attention X1, X1z Low K
1 The Psychophysical Distracted Ka
" | State of the Pilot High F1
Level of Training —
(Competence) Xi3 X3 Average F,
p Low F3
No K1
— Low Kz
Stress X4 X4 Average Ks
High K
Failure of Minor F1
Functionally X5, X Emergency F,
Significant Elements Catastrophic F3
Absent Ki
Deformation of X b Minor K>
Structural Members 22 22 Significant K3
, | Aircraft Technical Critical Ky
" | Condition Aircraft High Fi
Controllability and X3 Xo3 Average F,
Stability Low F3
Error in the Ab.sent ki
. o~ Minor K>
Software of Aircraft .oN Xou .
Control Systems Significant Ks
Critical K4 Ka
Week Fi
Headwind X34 X3 Average F
Strong F3
External Influencing C s —~ Good K1
3. Factors Visibility X3, X3, Bad K
Week F1
Side Wind X33 Xas Average F
Strong F3
Free Ki
Pre-Processing . . 5 Hard K>
4. Results Flight Conditions Z A Emergency K
Catastrophic Ka

The table shows the following variables:

a) Current Variables
X,; - variables characterizing the psychophysical state
of the pilot; X,; — variables characterizing an aircraft
technical condition; X5; — variables characterizing an
external influencing factors; Z - variables characterize-
ing the pre-processing results;

b) Forecast Variables — X,; X;,; X3,; Z.

The table shows that each group is characterised by
a set of input variables, on the basis of whom the state
of flight protection factor and their affect on the risk of
an emergency are evaluated. The peculiarity of this
factors is their weak formalizability, therefore, the
flight protection parameters of decision-making
sustenancetors are represented in a linguistic form.

Together to evaluate the current flight environment
of the airplane, it is expedient to use the feature of
forecasting the threat of an aircraft incident, which
provides for threefold stages: measurement of the

values of influence factors at a given range of flight,
receiving their relationships over the prognostic time,
estimating the critical values of these parameters
during the prognostication time with the determination
of the moment of their emergence. As a consequence of
the proposed approaches to evaluating and forecasting
the risk of an aircraft accident, it is feasible to
determine the reason affecting the crash during a given
time period, as well as to develop guidelines for the
team to counter an aircraft accident. The
representation of the input data of the decision support
unit in the form of linguistic variables allows their
processing using the fuzzy logic apparatus, which is
widely used in decision support devices and aircraft
control systems [14-20].

Formation of a Set of Rules for Decision Support

Table 1 shows that the decision support rule has a
rather complex structure, the implementation of which




can lead to high computational costs. Therefore, it is
advisable to structure the set of decision support rules
into groups of aircraft flight conditions. It should be
noted that the composition of the set of rules depends
on the control object, its on-board equipment, functions
performed and is determined in the process of
developing the aircraft flight safety control system.
Taking into account the division of the flight conditions
of the vehicle into classes and applying the precedent
matrix presented in [18], we obtain the following set of
decision support rules.

1) Flight conditions are accident-free Z = K;:
RULE <1>:
IFX,; = {F1'K1}&ij = {F1'K1}&X3j = (D
= {F,,K,} THEN Y = {G,},
here G, - threat of aviation accident is absent, parrying
is not required.
2) Flight conditions are hard Z = Kj:

RULE <2.1>:

IFX;; = {F3,K3}&X2]- = {Fl,Kl}&X3j
={F,, K} THENY = {G,},

RULE <2.2>:

IFX;; = {F3,K4}&X2]- = {Fl,Kl}&X3j
={F,, K} THENY = {G,},

RULE <2.3>:

IFX; = {FZ,KZ}&XZJ- = {FI,Kl}&X?,j
= {F, K,} THEN Y = {G,},

(2)

here G, - the threat of accident is counteracted by
means of automation, the object's controllability is
increased by signals from automatic control systems,
stability and controllability are improved.

3) Flight conditions are emergency Z = Kj:

RULE <3.1>:

IFX,; = {F,K3} & X;; = {F3, K} & X3
= {F,, K;} THEN Y = (Gs},

RULE <3.2>:

IFX;; ={F,K} &X,; = {F5, K} & X3
= {F;, K;j} THEN Y = {G5}, )
RULE <3.3>:

IFX,; ={F3, K} & X, = {Fp, K3} & X35 =

= {F,,K;} THEN Y = {G,},

RULE <3.4>:

IFX;; = {F,, K} &X,; = {F, K} & X
= {F3, K,} THEN Y = {G,},

here G; - signaling to the crew about failures on board
the control object, threat of accident with subsequent
parrying by the pilot on the instruction are transmited
of the speech translator; G, - ..., a threat, followed by

countermeasures by reconfiguring the control system
of the object and landing on the nearest suitable site.

4) Flight conditions are catastrophic Z = K,:

RULE <4.1>:

IFX,; = {F,, K3} &X,j = {F3,K4}&X3]- =

={F,,K;} THENY = {G:},

RULE <4.2>: (4)
IFX,; = {F;,K,} &X,j = {F3,K4}&X3]- =

= {F;,K,} THENY = {G:},

here G5 - signaling to the crew about failures on board
the control object, the threat of accident with the
requirement to leave the control object.

From the presented set of rules it can be realized that
in presence of failures of aircraft control systems and
deterioration of weather conditions of the flight, an
emergency situation may arise, which is parried by the
pilot. If during the flight there was a deterioration in the
psychophysical phase of the pilot and weather
conditions with a good technical condition of the
control object, then the emergency situation is
countered by the aircraft safety control system. From
the presented set of rules, it can be understood that in
device, is similar to that presented by formulas (1-4) in
terms of the flight condition. The formed set of rules for
countering the risk of the crash is used in the algorithm
of the crew decision support device, the action of which
is signaling at generating and issuing instructions to the
crew to prevent an accident with the identification of
the source of its threat.

Using the proposed set of rules and the values of the
input variables of the aircraft flight safety control
system, the simulation of the risk of an aviation crash
was performed out with the issuance of instruction to
the crew on its parry. Modeling of flight conditions was
carried out for difficult and trouble-free aircraft flight
conditions, taking into account failures of onboard
equipment and changes in flight weather conditions.
The characteristics of the results of simulation the flight
conditions of the aircraft are shown in Figure 3-4.

In the course of computational simulation of the
flying environment of the aircraft the following stars
were received:

— with linguistic variables being one, the significance
of flight conditions is 1.0, which equates to an accident-
free flying mode, hence there is no danger of an
emergency, and countering the danger is not needed
when the significance is equal in (Figure 3);

— with linguistic input variables corresponding to
difficult flight conditions (a low level of aircraft
controllability and an increase in crew fatigue from a
monotonous load), an improvement in flight conditions
by means of automation is required, which corresponds
to (Figure 4).
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Fig. 3. Characteristics of the Results of Numerical Simulation of Aircraft Flight Conditions for an Accident-Free Situation
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Based on the test methodology of the aircraft flight
safety control system [21] and numerical simulation of
flight conditions, the simulation of the formation of
recommendations for countering the risk of the crash
was carried out, the results of which are shown in Figure
5. From the information presented in Figure 5b, it
follows that the decision support device is able to form
instruction for the pilot on the actions of the risk of an
accident through the means of on-board indication and
signaling of the aircraft.

Based on the results of numerical simulation, it is
feasible to define the conformity of a collection of rules
of a decision support device to the index of completeness
(IC) and absence of inconsistency (Al). So, when IC =1, it
corresponds to taking into account all possible states of
input variables and changes in flight conditions. In turn,
the validity of Al<0,4 characterizes the absence of
inconsistency between the output variables of the set of
decision support rules for the same values of the input
variables.

Thus, the proposed method makes it feasible to
formulate advice to the crew and management
signaling to parry the risk of an accident, taking into
consideration the foretold changes in extrinsic and
internal factors influencing the flight condition of the
airship.

Conclusion

In the course of the work, a method of fending off the
danger of an aircraft accident was designed, consisting
in the creation of command instructions for the crew
and signals of on-board automation equipment to coun-
ter the danger of an aircraft accident using data on the
current and predicted flying conditions of the aircraft.

Reference

At the same moment, the input variables of the decision
support unit were analyzed, a set of rules for the
knowledge base was formed, on that basis simulations
be conducted to evaluate and counter the risk of an avi-
ation accident. When compiling a set of rules, they were
assessed for completeness and the absence of incon-
sistency, the indicators of which characterize the
formed set of rules for the possibility of being applied
as part of the aviation system. The decision support
method in the event of an aviation accident threat
makes it possible to determine the actions of the crew
in the process of piloting the vessel, depending on the
air situation and the values of the variables affecting the
flight safety. Based on the method of decision-making
support of the crew, an algorithm for parrying the
threat of an accident is proposed, the action of which is
aimed at generating a signal that initializes instructions
to the crew on countering the accident. A distinctive
feature of the algorithm is the formation of an aircraft
control signal in automatic mode in the absence of a
positive response from the pilot to counter the threat of
an accident. In addition, when developing the algo-
rithm, a classification of the set of rules was proposed
depending on the flight conditions of the aircraft, which
allows reducing the computational costs for generating
a signal to parry the threat of an accident. Further work
on the creation of aircraft flight safety control systems
is aimed at its software and hardware implementation,
followed by ground testing and testing as part of flying
laboratories. At the same time, ground tests of the sys-
tem presuppose its testing at the semi-natural simula-
tion stand with simulated aircraft flight and changing
the values of flight safety variables, which will ensure
verification of its software.

1. Sapogov V.A, Anisimov K.S., Novozhilov A.V. Fail-Safe Computer System for Complex of Aircraft Flight Control Systems.

Trudy MAI. 2011;45. (in Russ.)

2. Glubokaya M.G. The look of the onboard Decision Support System on Passenger Aircraft Takeoff Stage. Izvestiya RAN.

Teoriya i sistemy upravleniya. 2009;3:105-121. (in Russ.)

3. Shevchenko A.M,, Nachinkina G.N., Solonnikov Y.I. Modeling of the Pilot Information Support Tools at the Aircraft Takeoff
Stage. Proceedings of the Moscow Institute of Electromechanics and Automation (MIEA). 2012;5:54—-64. (in Russ.)
4. Sukholitko V.A. Method of Operator Support in Dangerous Situations. Patent RF, no. 2205442 C1 GO5D, 02.10.2001. (in

Russ.)

5. Wolf W. Cyber-physical system. Computer. 2009;42(3):88-89. D0OI1:10.1109/MC.2009.81
6. Rad CR., Hancu 0., Takacs L.A., Olteanu G. Smart Monitoring of Potato Crop: A Cyber-Physical System Architecture
Model in the Field of Precision Agriculture. Agriculture and Agricultural Science Procedia. 2015;6:73-79. DOI:10.1016/j.

aaspro.2015.08.041

7. Lee], Bagheri B, Kao H.-A. A Cyber-Physical Systems architecture for Industry. 4.0-based manufacturing systems. Man-
ufacturing Letters. 2015;3:18-23. D0I1:10.1016/j.mfglet.2014.12.001

8.  Kupriyanovsky V., Namiot D., Sinyakov S. A Cyber-physical system as the basis for the digital economy. The Interna-
tional Journal of org Open Information Technologies. 2016;4(2):18-25.

9. Kosko B. Fuzzy Systems as Universal Approximators. IEEE Transactions on Computers. 1994;43(11):1329-1333.

DO0I:10.1109/12.324566

10. Cordon 0., Herrera F.A. General study on genetic fuzzy systems. In Genetic Algorithms in Engineering and Computer

Science. John Wiley & Sons; 1995. p.33-57.

11. Averchenkov V.1, Miroshnikov V.V., Podvesovskiy A.G., Korostelyov D.A. Fuzzu and Hierarchical Models for Decision
Support in Software Systems Implementation. Proceedings of the 11th on joint ConferenceKnowledge-Based Software Engineer-
ing, 17-20 September 2014, Volgograd, Russia. Communications in Computer and Information Science. Cham: Springer; 2014.

vol.466.p.410-422.D0I1:10.1007/978-3-319-11854-3_35

12. Denisov M, Kozin A.,, Kamaev V., Davydova S. Solution on Decision Support in Determining of Repair Action Using Fuzzy




Logic and Agent System. Proceedings of the 11th on Joint ConferenceKnowledge-Based Software Engineering, 17-20 September
2014, Volgograd, Russia. Communications in Computer and Information Science. Cham: Springer; 2014. vol.466. p.533-541.
DO0I1:10.1007/978-3-319-11854-3_46

13. Bolshakov A.A, Kulik A.A,, Sergushov L.V, Skripal E.N. Design the Method for Aircraft Accident of Prediction. Mek-
hatronika, Avtomatizatsiya, Upravlenie. 2018;19(6):416-423. (in Russ.) DOI:10.17587 /mau.19.416-423

14. Bolshakov A.A, Kulik A.A,, Sergushov 1.V., Skripal E.N. Development the Control System Algorithms Functioning of
Flight Safety for the Aircraft of Helicopter Type. Izvestia of Samara Scientific Center of the Russian Academy of Sciences.
2016;18(1-2): 358-362. (in Russ.)

15. Fedunov B.E., Prokhorov M.D. Conclusion on the Precedent Knowledge Bases Airborne Intelligence Systems. Is-
kusstvennyj intellekt i prinjatie reshenij. 2010;3:63-72. (in Russ.)

16. Bahanov L.E, Demkin M.A., Fedunov B.E. Mathematical model of aircraft motion for knowledge bases of on-board op-
erational advising expert systems. Izvestiya RAN. Teoriya i sistemy upravleniya. 2010;1:103-111. (in Russ.)

17. Nejmark M.S., Cesarskij L.G., Filimonyuk L.YU. Decision support model for aircraft entering the airport's area of re-
sponsibility. All-Russian Scientific-Technical Journal "Polyot” ("Flight"). 2013;3:31-37. (in Russ.)

18. Gavrilova T.A.,, Horoshevskiy V.F. Knowledge Bases of Intelligent Systems. St. Petersburg: Piter Publ.; 2000. 384 p. (in Russ.)

19. Kuklev E.A. Flight Safety Control of the Basis of Uncertain Risk Evaluation with Non-Routine Flight Conditions Involved.
Civil Aviation High Technologies. 2016;226:199-205. (in Russ.)

20. Bolshakov A.A,, Kulik A.A.,, Sergushov L.V., Skripal E.N. Aviation Accident Threat Intelligent Assessment Method. Vestnik
komp'iuternykh i informatsionnykh tekhnologii (Herald of Computer and Information Technologies). 2018;5(167):3-9. (in Russ.)
DO01:10.14489/vkit.2018.05.pp.003-009

21. Kulik A.A. Development of Methods for Test of Air Flight Safety System. Vestnik of Samara State Technical University.
Technical Sciences Series. 2019;4(64):30-42. (in Russ.)

* X% ok

MeTo4 napupoOBaHUs yrpo3bl aBUALMOHHOI'O
IMPOUCHIECTBUS HA OCHOBE MCKYCCTBEHHOT0
UHTEeJJIEKTa

AA. Kynuk!1®*

IMOCKOBCKUM rocyjlapCcTBEHHBIN TexHUYecKui yHUBepcuTeT uMeHu H.J. BaymaHa,
MockBa, 105005, Poccuiickas ®@esepanus

HHpopmanusa o cTaTtbe
DOI:10.31854/1813-324X-2021-7-4-110-117
[Toctynuna B pegaknuio 28.10.2021
[Toctynuua nocJse peyeHsupoBanusa 16.11.2021
[IpuHsaTa K my6rkanuu 18.11.2021

Ccbuika A1 nuTupoBaHud: Kyavk A.A. MeToy napypoBaHuUsl yrpo3bl aBUALMOHHOTO IPOUCIIECTBUS HA OCHOBE
HCKYCCTBEHHOTo UHTes1eKTa // TpyApl yue6HbIX 3aBefeHUM cBs3u. 2021. T. 7. Ne 4. C. 110-117. DOI:10.31854/
1813-324X2021-7-4-110-117

AHHoTanms: [Ipedsazaemcs Memoo napuposaHus y2po3bl A8UAYUOHHO20 NPOUCUECMBUS], pealU308aHHbLI 8 MO-
dy/1e nodoepxcku NpUHAMUSA pewleHUll, KomopblLil 16./151emcs1 OCHO8HbLIM 3/1eMEHMOM CUCMeMbl ynpasieHus 6esondac-
HoCcmu noJiema Jiemame/bHO20 annapama u npedcmasasiem JUHAMUYECKYI0 IKchepmHyto cucmemy. Ha ocHoge
npeo10xceHH020 Memodd GopMuUpyrOmcs pekoMeHIaYuU SKUNAx*Cy No Napupos8aHuio y2po3sl A8UAYUOHHO20 NPOUC-
wecmeusl Ha 0CHoge UH@opMayuu o0 e2o NCUX0PU3UYECKOM COCMOSTHUU, MEXHUYECKOM COCMOSIHUU 06eKkma ynpas-
JIeHUsl, BHeWHUX go3delicmeyroujux akmopos, a makjce npo2Ho3a UsmMeHeHus ycaosuil nosema. Illpeumyujecmso
npeo/10JceHH020 Memooa A8451emcsl 803MOXCHOCMb UdeHMu@uKayuu HenocpedcmeeHHoll y2po3bl agUAYUOHHO20 NPo-
uculecmeusl, a makice 8blpabomka ynpas/aeH4ecKux peuweHull no yMeHbWeHuUo 8AUSHUS NPUYUHbI NPOUCWECMEUS HA
6esonacHocmb nosaema. OcobeHHoCcMb Memoda Napupos8aHusl y2po3sl ABUAYUOHHO20 NPOUCWECMEUS 3aKAI0HAeMCs 8
Kaaccugukayuu ynpasieH4eckux peweHull 8 3a8Ucumocmu om yca08ull nosema 8030yWHo20 CyoHa, Ymo no380aum
CHU3UMb 8bIMUCAUMEAbHbIE 3aMPambl HA POPMUPOBAHUE CUZHAAA NAPUPOBAHUS yepo3bl. YucieHHoe Modeauposa-
Hue pabombl ¢ UCN01b308AHUEM OYeHKU HA60pa npasul noddepicKu NPpUHAMUS peweHUll n0380.1u/10 nodmeepoums
e20 pabomocnoco6Hocmo. IloyyeHHble pe3yabmambl Mo2ym 6bimb UCNO0/16308aMbCS NPU paspabomke cucmem
ynpas/ieHusi 6e30nacHOCMbI0 noJiema Jiemames/ibHblX ANNapamos, a UMeHHO MamemMamu4eckozo obecneyeHus cu-
cmeM noddepicKu NPUHIMUSL peweHutl.
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