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Abstract: In management algorithms safety is understood as a
set of states, a measure of compliance with the appointment of
an object. The appointment is defined as a property of an object
attributed to natural origin or intended to be used. Monitoring
the safety states of an object can be described using a general
algorithm. The task is solved with the help of automata theory.
The definition of a safety automat has been compiled, the
structure and algorithms for the operation of the automaton in
processes, states and events have been developed.
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Introduction. The task is a conceptual description of the automat as
a temporary structure of fixed complexity [1], showing consistent
relationships and clear transitions of the object's safety states [2]. The
description of the state structure of the automat assumes the subsequent
development of software and a computing device for monitoring the
safety of objects. The development of safety control algorithms is carried
out similarly to the development of the dependability theory [3].

Automat definition. Safety automat (SA) designated as S (safety)
of an object as a deterministic, fully specified finite-state automat. SA is
defined by a set consisting of the following elements (Eq. 1):

SA = {X, S, Y, 5,2, so}, (1)

where DA 1is safety automat;
X 1s the input alphabet of the automat (set of input symbols) (Eq. 2):

X= {X1, ., Xm}; 2)

S 1s the automat states (Eq. 3):
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S = {sg,.:,Sn}; 3)
where s, 1s the initial automat state, sp i1s automat n-state;

Y is the output alphabet of the automat (set of output symbols)
(Eq. 4):

Y= {y1 - Ypk; (4)

0 1s the specified indication of states at a set of input signals, the
function of automat transition from one state into another (Eq. 5):

sj = 8i(si, X)), (5)

where sj is the subsequent state of the automat, s; is the current state
of the automat, x| is the current input symbol, A is the specified

indication of states at a set of output signals, the output function (Eq.
6):

y1 = }\i(si;Xk); (6)

where y; 1s the subsequent output symbol of the automat, A; is i-state
in subset of output signals, s; is the current state of the automat, xy is the
current input symbol.

The conditions are: sets X, S, Y are finite; the output symbol (y] €
Y) depends on the input symbol (xk € X) and the current state of the
automat (sji € S); description entries of the automat are defined at
discrete instants in time. The deterministic automat: a) from state sj
under the influence of signal xk transitions into state sj; at the output, yh
changes to y1; b) for (xj, yi) € (X, Y) & and A are defined.

Structure of Automat Safety States. In automata theory, the
properties of elements are considered from the point of view of being in
states and transitions between them. However, in the known scientific
literature on the theory of automata, there are no basic descriptions and
definitions of states, processes and events, their connections and
directions of transitions. In [2, 3], terms, definitions and a conceptual
state diagram of an automat in the form of an elementary graph were
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developed. Safety states change in conditions of violation and restoration
of the purpose of the object (figure 1).

Processes —( Safety recovery processes j&—

States —'F{ Safety states

r

Events ( Safety breach events )—

L

Figure 1 — Observation of safety states

Changes in the safety states of an object can be represented as a
directed graph, the nodes of which correspond to states, and the edges
correspond to transitions between states. As the safety restoration states
are deterministic, they can be represented as processes, i.e. planned,
consisting of activities, measures, procedures, operations. The states of
disrupted safety are random, therefore they can be considered as events.
Thus, the assignment property of an object is observed when safety states
are observed as changes in events and processes (table 1).

Table 1 — States of the safety automat

Terms States Q

Research & Development (R&D) SkRp

Processes Regulation and Standardization (R&S) Sgrs
Standard Operating Procedures (SOP) Ssop
Safety (security) S1°S»

States Protection S,
Protectability So
Threatened d,
Catastrophe S

Events Acciden]t;) Si
Incident S
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Development of SA Algorithms. The description of the SA
operation consists in the translation of the standard terms into symbolic
algorithms suitable for subsequent software development. The following
symbols and algorithms for the operation of the automat are introduced.

Safety processes:

S is safety;

IS are safety disruptions;

T S are safety restorations;

(S; = S;) - are the transitions from the current state into the
subsequent state in safety disruption events;

(Sj < Sj) are the transitions from the current state into the
subsequent state in safety restoration processes;

S: (Srp < Sgs < Ssop) are processes: subsets of safety restoration
states;

S: (Sc < Sp < S)p) are events: subsets of safety disruption states;
(Sj — Sj) | S are transitions in safety disruption events,

(S; < Sp) | S are state transitions in safety restoration events.

S:| (S1-S;,) « S; (Ssop « Srs < Sgp ) are safety restoration states
when all conditions for the execution of processes SgopV Sgrs V Srp are
met;

States in safety disruption events:

1 S: Sy | — Sgop is "incident" event, when at least one condition for
the execution of standard operating procedures is not met;

1 S:Sa | = (Srs Vv Ssop) 1s event "accident" when the conditions for
the execution of the SOP and RS processes are not met.

1 S:Sc| = (Sgrp Vv Sgs Vv Sgop) is a “catastrophe” event when the
execution conditions of SOP, RS and RD processes are not met.

States in safety restoration processes:

TS:d, | (s; « d,) is the process of transition from the state of a
threatened object d, to the state of an object having means of protection
S15

T S:s,| (s, « sp) is the process of transition from the state of an
object with means of protection s; to the state of an object with
protectability properties s ;
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TS:(51-S2)|((S1-S;) « sy) is the process of transition from the
state of an object with protectability properties s, to the safety state

(51 - S2);
SA states are shown in the diagram (figure 2).

R&D.

! |
| |
R&S I | Processes
I

SOP : ' |

l |

Y Y'Y ¢ Y v

[ Safety ] [ Protection J [ProtectabilityJ [ Threatening J
# A A
Incident
Accident Events
Catastrophe

Figure 2 — Conceptual diagram of the safety automat

SA work reflects optimal and alternative transitions. Restoration and
disruption of safety states are constructed as completed and partially
incomplete processes.

Conclusion. Normative regulation in the development of standards
begins with the derivation of definitions and terms of subject activity that
meets the requirements of effective management. The development of
safety management algorithms in the theory of automata for the software
of a computing device for monitoring the safety of objects has been
carried out. The developments were implemented in solving the
terminological and logical problem of safety definitions of international
standards. The practical significance of the results lies in the creation of
logical foundations for technical aviation safety standards.
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Cramenko B.U., CkBopuos O.b.

Mexann4deckue gedopManuu 3JIEKTPONPOBOASIINX MATEPUATIOB U
3JICKTPOMATHUTHBIC BO3AeCTBUS

AHHOTAIMS: PaccMmoTpensr BOIPOCHI yHU(DUKAITUN
TEXHOJIOTHYECKUX PEIIeHUI B 00JIacTh 00pabOTKH METAIIJIOB U
CIIJIABOB C MCITOJIb30BAHUEM DJICKTPOILUIACTHYECKOTo A dekTa, a
Takke C TPUMEHECHHEM BHOPAIMOHHOTO M YJIHTPa3BYKOBOTO
JOKaIbHOTO BO3/AeUCTBUA. Takue pemieHus MOryT ObITh
UCTIOJIb30BAHBl  JUIS  yOPOYHEHWS] W Pa3ylMpOYHEHUS
TIOBEPXHOCTHOTO CIIOSI, CHSTHS OCTAaTOYHBIX HAMPSHKECHUN W
CHIDKEHHUSI COMPOTHBIICHUS IIJIACTHYECKOW nedopManuu mpu
0o0pabOTKE METAJJIOB JIaBJICHUEM: TMPOKATKE, BOJOYCHHH,
MIPECCOBAHUM, IUTIOMICHUH, a TakK)Xe CBEPJICHUU, CBapKe H
pe3aHny MeTaa.

KuaroueBble ciaoBa: AJIEKTPOILIACTUYECKUM apdexkr,
nedopMaius,  MeTauiooOpaboTka,  MeTali,  BuOpaius,
DJIEKTPUUYECKAN UMITYJIBC

OnekTporiactTudeckuii 3pPexT B MeTammax ompeaenseTrcs Kak
CHIDKCHUE CONPOTUBIAEMOCTH MaTephaiia MPHU €ro IJIaCTUYECKOM
nedopMaruu B CiIydae BO3JCHCTBUS Ha o0JlacTh jAedopMaliuu
ANEKTPUYECKUX UMITYIBCOB. DTOT 3P(DHEKT MOKET ObITh HCIOIH30BaH
Opy pa3IUyHbIX BHUAAX 00paboTku MertamioB nasienvem [1]. Ilpu
UCIIOJB30BAaHUM  JJIEKTpoIiacTudeckoro  sddexkrta Ha  MeTall
BO3JICHCTBYIOT 3JEKTPUUECKUMHU UMITYJIbCAMH TOKA C IJIOTHOCTHIO OT 3
0 5000 A/mm2 M mgmurensHOCTRIO 50-200 Mixc. Kpome cHukeHHs
COMPOTHUBIIAEMOCTH JehopMaIiiu TpH AJIEKTPOIUIacTUUeCKOM d(ddekre
MPOUCXOJUT peEJaKcalusi HMEIOIIUXCS OCTATOYHBIX HANpPSIKEHUA U
U3MEHEHUE CTPYKTYpPhl TMOBEPXHOCTHOTO CJIOS MeTajjla 3a CueT
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