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B nanHoil cTaThe packpeiTa npoOiema BIMSHHUS YeJI0BEUYECKOro (pakTopa Ha HaJEKHOCTD
n 0e3aBapuiHOCTh PabOTHl SHEPreTHUEKON CeTH. Bplin paccMOTPEHBI TPU TJIABHBIX I'PYIIIbI
MIPUYMH OMACHBIX CUTYAl[Mil 1 HECUACTHBIX CIy4aeB. DTO HapylleHus motivative, Hoka3zaTeb-
HBIC Y UCTIOJIHHUTCIIbHBIC ITPOU3BOACTBA. BrimosHeHHEBIN aHaIN3 TT03BOJISIET cozgaBaTb MOACIb,
KOTOpbIe (POpMaNIU3YIOT BIMSIHHE YeJIOBEYECKOro (paKTOpa Ha Ha/IEKHOCTh CETH BJIACTH C YHC-
JIOBBIM HUCIIOJIB30BAHUEM METOJ0OB U YMCHBIIATH 3TO OTPHULATCIIBHOC BIIMAHUC.

Knrouesvie cnosa: 6e€30macHOCTb, UyeaoBeUecKuil (akTtop, cOOil, SHEpruyHasi ceTb, Mpo-
(eccroHaIbHBIA 0TOOP, OTIACHOCTb.

In this paper the problem of human factor influence on reliability and fail-safety of power
network is discovered. Three main causes groups of hazardous situations and accidents have
been reviewed. These are violations of motivative, indicative and executive actions. Performed
analysis allows to create the model which formalize the human factor influence on reliability
of power network with numeric methods using and to reduce this negative influence.

Keywords: safety, the human factor, failure, energetic network, professional selection,
danger.

The amount of man-made catastrophe has been increased dramatically
since 1980s. This growth relates to technology progress and increasing influence
of human being on nature [1].

Electroenergetic systems are characterized by long equipment lifetime. Pre-
domination of obsolete equipment and poor quality of new devices might increase
unit load on electrical equipment, thus increasing probability of equipment failure.
The actual workload of operational personnel might increase as well due to this.
This leads to enhance the role of operational personnel related to preventing tech-
nological violations which might subsequently lead to accidents and failures.

The most important task of any operational group is human safety. Risk
analysis should provide detailed description of possible consequences of accident.
Potential personnel, human and environmental losses must be properly evaluated
before preventing measures planning.

Management and situation control is considered as important factor as well.
The feeling of danger can be decreased by controlling the situation, for example,
when a person takes a risk on a period of time intentionally. Another important
factor is possible severity of consequences. Personnel can take more risk in case
of supervising presence. Thus, definition a “subjective risk” is appeared. Proper
balance between risk and benefit should be developed for clear differentiation of
subjective and objective risks [2].
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Right combination of using personnel competence and modern devices al-
lows significant increasing in work efficiency and promotes technical equipment
optimization.

Human factor is expressed as a failure in identification and evaluation of
hazardous situations and an inability to make appropriate decisions in dangerous
situations. The presence of certain individual psychological features causing ac-
cidents is one of the reasons of human factor existence. These features are reac-
tion, concentration, attention, logical thinking, emotional stability etc. That is why
mistakes which are connected to human factor often relates to operational person-
nel who have psychophysiological disabilities [3]. Thus, the problem of cause
evaluation and impact of negative influence of human factor in hazardous situa-
tions and accidents occurring is quite actual.

PJSC “MRSK Yuga — Astrakhanenergo” — the subsidiary company of PJSC
“Rosseti”, leading electro energetic company in Russia, was chosen to analyze the
impact the psychophysiological state of individuals. The company has got 2.34
billion kilometers of power lines, 502 thousand of substations with total trans-
former power is about to 781 thousand of MW. PJSC “Rosseti” is consisted of 36
subsidiary companies including 14 interregional network company.

Annually, the number of technological violations related to operational per-
sonnel errors in PJSC “Rosseti” make up about 4% of the total number of viola-
tions. 221 technological violations related to operational personnel errors hap-
pened from January 2013 to July 2017 in PJSC “Rosseti” (fig. 1).

Technological violations related to personnel wrong decisions in PJSC
“MRSK Yuga — Astrakhanenergo” which has occurred during 2013-2017yy are
grouped by types of violation.

It was established that 50% of wrong decisions which lead to technological
violations made by operational personnel, 22% of mistakes relate to personnel
servicing substation and devices of relay protection and automation and 6% of
wrong decisions relate to personnel servicing power cable lines (fig. 2).

It is proposed to consider human factor from three points of view [4]:

1) Mindset according to which any event is considered as its functioning
product. That can be related to the personnel mistakes during job execution.

2) Mechanism which provides reliable functioning based on consideration
of psycho-physiological capabilities and limitations of specialists who create and
operate machinery and equipment. It allows to apply optimal ergonomic charac-
teristics and to exclude any consequences which can lead to mistaken decisions.

3) Tool which allows investigation of catastrophic event (destroying, inci-
dents, road accidents etc).
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Unanthorized job execution

Tzme of false, non-comect command

Applying voltage on grounded area

Non-compliance of mstallation position

Lack of control equipment

Grounding equipment which is under voltage

Non-compliance (skipping) of steps during standard work operations

Technological violation

Wrong choice of switching device

Unmtentional (false) mmpact on relay protection and automation

(=]
(W
[y
=
[
n
[
=
o

Fig. 1. The reasons of technological violations related to personnel wrong decisions

W substation service personnel, distribution stations 70

B personnel serving air and cable lines 18

M personnel serving devices of relay protection and automation 67
W operational staff 150

Fig. 2. Diagram of wrong decisions divided by personnel category

Human factor is considered as personnel ability indicator to perform tasks
reliably and in timely manner.
It is proposed to perform evaluation and analysis of human factor by using
of three variables:
1) Actual and required number of industrial personnel to perform complex
of task for safe operation of hazardous production facility (HDF).
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2) The number of competent personnel for certain type of work.

3) Number of personnel wrong decisions relating to industry safety require-
ments

The following factors are important for reliable production performance of
operational personnel: personnel’s qualification, psychological features, health
condition and mental capacity.

There are 3 functional parts of human actions: motivative, executive and
indicative. Wrong decision in any part of actions can lead to entirely wrong action
which subsequently can lead to appearance of hazardous situation or accidents.
Based on this fact, it is proposed to highlight 3 main reasons of hazardous situation
and accidents appearance [5]:

1) motivative violation is characterized by absence of desire to perform cer-
tain tasks, for example, worker is prone to risks or his attitude to labor and tech-
nical regulations is completely negative;

2) executive violation is described as non-adherence to rules, instructions
and standards due to non-compliance of psychophysiological abilities to job re-
quirements. For example, insufficient coordination, poor attention and memory,
disability and health deterioration;

3) indicative violation is considered as absence of competency to perform cer-
tain job task due to poor professional training. It is characterized by lack of
knowledge in operating technical systems and applying safety rules during the job
execution. Prevention of indicative violations is the most efficient measure for haz-
ardous situations and accidents reduction. This enables to conduct professional op-
erational personnel selection and reduce possibility of operator’s wrong decisions.

The modernization of technical system functioning is facilitated by three
factors:

1. compliance of individual abilities of an employee with professional re-
quirements;

2. continuous knowledge improvement in certain type of activity;

3. optimal management system planning.

Professional selection is considered as prognosis of professional suitability
and as choice of job profiles on its basis, the requirements of which correspond to
the individual characteristics of a person [6].

The concluding stage of professional selection execution is consisted of
analysis and correct results processing of psycho-physiological assessment and
evaluation of professional suitability.

Performed analysis allows to create the model which formalize the consid-
eration of personnel’s qualification, psychological features, health conditions,
mental abilities with application of numeric methods and to reduce negative im-
pact of human factor on reliability of energetic network performance.
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ABTOpBI cTaTbl OOOCHOBaIM HEOOXOJUMOCTh HH(OPMAIMOHHO-AHAIUTUYECKON TOJ-
JCPKKH CISIIUATIMCTOB MTPH MPUHATHNA TEXHHYECKUX M YITPABJICHYSCKUX PEIICHUH IO ONITUMAITh-
HOMY BBIOOPY TEXHOJIOTHYECKUX CXEM OUYHMCTKH IMUTHEBOH BOIbI, BEIOpaHa 1 000CHOBaHA cpena
pa3paboTKH, MPEIUIOKEHBI POSKTHBIE PEIICHHS M0 CO3aHNI0 0a3bl JaHHBIX M MOJIH30BATEIIb-
CKOro HHTepQeiica I peIeHUs] CHHTE3a TEXHOJIOTHYECKIX CXeM OYHCTKH MMUTHEBOM BOIBI.

Knroueeswvie cnosa: ouucmka, numvesas 600d, MexHOLOSULECKAs CXeMA, CUHMES, AHANU3,
0aza OaHHbIX.

Authors of paper proved need of information and analytical support of experts at ac-
ceptance of technical and administrative solutions at the optimum choice of technological
schemes of drinking water cleaning, the development environment is chosen and proved, design
solutions on creation of the database and the user interface for the solution of synthesis of tech-
nological schemes of cleaning of drinking water are proposed.

Keywords: cleaning, drinking water, technological scheme, synthesis, analysis, database.

The ecological condition of water resources of the majority of regions of the
Russian Federation is near-critical or critical. Environmental protection, rational use
and reproduction of natural resources, maintaining their biological diversity is one of
the most relevant tasks of modern society. The pure problem occupies one of the major
places in the solution of this task as a surface water is the most sensitive link of the
environment. The major factors exerting negative impact on the level of rationality of
use of water resources are use of outdated water capacious production technologies,
insufficient degree of equipment of water intaking constructions the systems of instru-
ment account and so forth. The problem requiring special attention is the remaining
high level of negative anthropogenic impact on water objects.

In the conditions of not decreasing anthropogenic loads of water sources,
insufficient financing on commissioning of new capacities of water supply sys-
tems, increases in requirements to quality of drinking water the special relevance
is acquired by a problem of the choice of methods of processing of water at design
new and reconstruction of the existing stations of preparation of water [1].
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