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Abstract

Since the beginning of Ukraine's full-scale war with the russian federation, the personnel of two
Ukrainian Nuclear Power Plants (NPP) (Chornobyl and Zaporizhzhya) have been held hostage by
the russian occupiers and subjected to intimidation and abuse. An additional strong stress factor
can significantly affect the decision-making of NPP control panel operators, increases the proba-
bility of erroneous actions in the event of emergency situations, and can even become their cause.
The purpose of our study was to determine the possible influence of the "human factor” on the
development of emergency situations, as well as additional parameters for monitoring the health
and psychological state of NPP operators working as hostages. Fourteen expert psychologists with
at least 10 years of experience in the field of extreme psychology were involved in the study.
After the introductory seminar, they were offered a questionnaire to determine the range of pro-
fessionally important qualities that have the greatest impact on the effectiveness of professional
activity. The results of the expert evaluation became a hypothesis for the next stage of research
on the possible influence of the temperament of operators on resistance to the stress of captivity.
The technique of professiograms and psychograms separation, methods of scaling and balancing,
methods of mathematical statistics and system analysis were used for the research. One hundred
and twenty-four anonymous psychological examination cards and occupational profiles of NPP
control panel operators who received a license for professional activity in Ukraine or improved
their qualifications within the period of 2017-2020 were analyzed. The predominant types of
psychological reactions according to subjective-objective indicators in response to significant
stressful situations were studied, and the types of temperaments were determined. The ability to
perform professional functions at high and medium levels was recorded in 79 sanguine operators
(63.2% of the total number of examined), in 16 choleric operators (12.8%), and was not recorded
in melancholic operators. Also, high and medium levels of neuropsychological stability of oper-
ators were recorded in 74 sanguine operators (59.2% of the total number of examined), in 6 chol-
eric operators (4.8%), and was not recorded in melancholic operators. To assess the psychological
state of NPP control panel operators, it is proposed to use a retrospective analysis of interrelated
parameters necessary for the performance of professional functions and indicators of neuropsy-
chological stability. The study of additional parameters of the psychological state will allow to
reduce the influence of the "human factor" on the risks of creating or untimely correction of emer-
gency situations.

Keywords: professionally important qualities, nuclear terrorism, hostages, performance of pro-
fessional functions, neuropsychological stability, NPP control panel operators.
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increased approximately 2.4 times: from 254 EJ in
1973 to 606 EJ in 2019. In Ukraine, 15 blocks of
4 Nuclear Power Plants (NPP) produce approxi-
mately 53.5% of electricity (which amounted to
76,203 GWh in 2020) [2; 3]. The nuclear terrorism
of the russian federation at NPP in Ukraine during
the last six months [4] constantly draws the atten-
tion of scientists and society to the possible sce-
narios and consequences of radiation accidents.

It is known that even in peacetime, the "human
factor" is responsible for 40-50% of emergency
situations at NPPs, when personnel make incor-
rect, untimely, illogical decisions that lead to the
failure of technological processes of energy pro-
duction, unscheduled equipment shutdowns. An-
other 50-60% of accidents occur due to natural
disasters and the technical condition of equip-
ment. In particular, aging, when instead of repla-
cing the equipment with a new one, its service life
is extended [5; 6]. Often the effect of the "human”
and technical factors is negatively combined.

The use of Ukrainian nuclear power plants as a
"nuclear shield" for russian terrorists endangered
the lives and health of not only the personnel of
the Chernobyl and Zaporizhzhya NPPs, but also
410,000 people in the 50-kilometer zones around
the plants, who will have to be evacuated in the
event of a nuclear incident. At Zaporizhzhya NPP
captured by the russians, station personnel are be-
ing held hostage, subjected to intimidation and
abuse. The plant and its satellite city of Energodar
are constantly under fire, russian military equip-
ment and ammunition are located on the territory
of the station [7; 8]. The work of the station per-
sonnel under pressure naturally increases the risk
of erroneous actions during reactor operation con-
trol, which, in turn, increases the risks of a nuclear
accident [9].

The aim of the study was to determine addi-
tional parameters for monitoring the state of
health and psychological state of NPP control
panel operators in the conditions of the seizure of
the station by terrorists.

Materials and methods

The bibliosemantic method and the system
analysis method according to E.P. Golubkov
(1975) [10], with minimal detailing of research
stages (problem formulation; research; analysis;
preliminary judgment; confirmation; final judg-
ment; implementation of the decision) were used
for the research. To determine the range of profes-
sionally important qualities that have the greatest
influence on the decision-making of NPP control
panel operators, 14 psychological experts who spe-

cialize in working in extreme conditions and have
at least 10 years of work experience been in-
volved. The assessment was carried out during the
seminar by filling in a specially developed ques-
tionnaire after expert instruction by the partici-
pants of the research group. The method of expert
evaluations was combined with the statistical
method. To determine the list of investigated qual-
ities, the separation of professions, scaling and
balancing methods were used.

An analysis of the psychological examination
cards (psychograms) and professiograms of NPP
control panel operators who received a license for
professional activity in Ukraine or improved their
qualifications within the period of 2017-2020 was
conducted. For the purposes of scientific research,
124 profiles are provided anonymously. Based on
the profiles data, the distribution of the types of
temperament of the operators, the quality of the
performance of professional tasks while working
on the simulators of the Zaporizhzhya NPP in simu-
lated training extreme situations, and the neuro-
psychological stability according to the types of
temperament of the operators, and the predomi-
nant types of psychological reactions according to
the subjective and objective indicators in response
to significant stressful situations. For the analysis,
extreme situations were chosen, which, according
to the experts, are comparable in terms of force
and vectors of influence to situations associated
with being in captivity [11-15], and cause both
adaptive and maladaptive reactions. Statistica 10
and MS Excel LTSC programs were used for sta-
tistical processing of the results. A result of
p<0.05 was considered statistically significant.

In order to correctly compare the results of
training at the NPP training center with the real
working conditions of operators held captive by
russian terrorists, we chose simulated training si-
tuations of the maximum level of complexity. We
considered a high level of performance of profes-
sional functions of NPP control panel operators in
extreme conditions to be the ability to flawlessly
perform his duties in regulating the emergency sit-
uation and to cooperate effectively with other NPP
employees. We considered the average level to be
a few errors that do not affect the performance of
professional tasks with the simultaneous ability to
see and partially correct one's errors. We conside-
red a low level of professional performance to be
a significant number of mistakes that do not criti-
cally affect the situation, but do not correct it, with
the simultaneous inability to critically evaluate
and correct one's mistakes.
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We considered a high level of neuropsycholo-
gical stability to be the operator's ability to main-
tain emotional balance, indicators of attention,
speed of information perception and memory for
error-free performance of their functional duties
(score 5-6). We considered the average level of
neuropsychological stability to be a partial de-
crease in indicators of attention, speed of infor-
mation perception and memory, necessary for per-
forming professional tasks without significant er-
rors that could affect the result of anti-crisis ac-
tions, with the ability to quickly restore a state of
emotional balance (7—13 points). We considered a
low level of neuropsychological resistance to sig-
nificant stress to be a short-term significant de-
crease in attention indicators, the speed of infor-
mation perception and memory, which can lead to
incapacity due to stupor or chaotic panic actions,
with a gradual independent return to a functional
state (14—29 points). It should also be noted that
the persons with an unsatisfactory level of neuro-
psychological stability (29-33 and more points)
are not allowed to work as NPP control panels op-
erators even during professional selection.

Research results and their discussion

Ukraine belongs to the group of countries in
which the share of nuclear energy in the total vol-
ume of electricity production will only increase
[16]. Even the accident at the Chornobyl NPP in
1986 did not affect this vector of energy develop-
ment. Therefore, it is urgent for Ukraine to im-
prove the rules of work safety and process man-
agement at NPPs, including those related to the
"human factor".

Major accidents at NPPs (table 1) made adjust-
ments to the rules of personnel selection, control
of their health and psychological state, the training
system, changed approaches to the safety of nu-
clear energy production, and even prompted the
transition from LWGR (Light Water Graphite Re-
actors — such were, for example, at the Chornobyl
NPP) to PWR (Pressurized Water Reactor — the
most common type in the world). Material and
technical support of NPP by means of fire extin-
guishing, radiometric control, physical protection
of personnel from the effects of radiation, and
their improvement is mandatory [17]. Instead of
the experiments like Chornobyl (it was conducted
in the interests of the country's energy sector, but
led to catastrophic consequences), computer ex-
perimental models using artificial intelligence are
used [18].

The analysis of large accidents data confirms
that accidents are caused by the combined action

of unsuccessful technological solutions, imperfect
design of the main NPP elements, lack of neces-
sary equipment, and erroneous actions of person-
nel (both those actions that lead to the accident
and actions during the accident). In open scientific
sources, there is practically no data on the health
and psychological state of NPP control panel op-
erators and other personnel who overcame emer-
gency events. For example, about those employ-
ees of the Chornobyl NPP who survived their stay
at the station and in the exclusion zone of the oc-
cupiers (9 employees died, 5 were kidnapped).
The occupiers themselves, having looted the prop-
erty of the station (including dosimeters and fire
extinguishers), were exposed to radiation. Their
actions at the station threatened a radiation acci-
dent, and in connection with this, in April 2022,
the Ministry of Health of Ukraine approved Meth-
odological recommendations for actions in nu-
clear damage zones [22]. Also in August 2022, re-
ports appeared in the mass media about the possi-
ble exposure of russian military personnel at the
Zaporizhzhya NPP, after which the Ministry of
Health of Ukraine reminded the population of re-
commendations for iodine prophylaxis in the
event of a radiation accident [23].

The overall outcome of accidents is affected by
the number and severity of errors. On average,
a NPP unit operator makes 1-2 mistakes for every
100 operations [5]. An increase in the number of
errors leads to: 1) inconsistency of the require-
ments with the capabilities of the specialist; 2) un-
certainty of possible ways to solve problems;
3) uniformity and monotony of activity; 4) ner-
vous tension from individual responsibility and
work in frequent extreme situations. Up to 30% of
emergency shutdowns of NPP units occur due to
personnel errors, which are only partially compen-
sated by the capabilities of protective systems,
computer programs with elements of artificial in-
telligence, knowledge and the ability to use the re-
sults of analysis of previous accidents, which are
reflected in emergency protocols.

The effectiveness of energy system operators
is affected by [5]:

1) level of education, experience and training,
duration of work load, somatic health (so, for ex-
ample, the analysis of the heart rhythm makes it
possible to make a forecast of the operator's be-
havior in emergency situations;

2) condition, in particular, wear and tear, of the
equipment being serviced,;

3) availability of motivation, level of purpose-
fulness and self-control;
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Table 1. Data on some large accidents at Nuclear Power Plants around the world

Kyshtym, . Three Mile Island, Chernobyl, .
Theae;lgzir?tf the Southern Urals, V\gggfgr?(lje’ Pennsylvania, USA | Ukrainian SSR, Fﬁ';gzh[';nﬁ
RSFSR, USSR [19; 20] USSR
The date 29 Sep 1957 10 Oct 1957 29 Mar 1979 26 Apr 1986 11 Mar 2011
Evaluation of 6 5 5 7 7
the level of the (serious (accident (accident (major (major
event on the accident) with wider with wider conse- accident) accident)
scale INES* consequences) guences)
(risk to the en-
vironment)
The cause of the | Equipment fail- | Lack of control | Technical malfunc- | Low level of tech- Earthquake,

accident and ra-
diation contami-
nation

ure, failure to re-
pair within a

year, personnel

errors during an

and measuring
devices, staff
errors. Burning
graphite, ura-

tions, violations of
repair and opera-

tional procedures,

erroneous actions

nological culture
of personnel and
management in
the field of ener-

tsunami, erro-
neous actions
of personnel

during an acci-

accident. Explo- nium. of personnel during | getics. A failed dent.
sion of radioac- an accident. Mel- | electrical experi-
tive waste stor- ting of components | ment. Staff mis-
age. of the active zone takes during the
of the reactor. accident.
Emissions of ra- | lodine-131 basic, lodine-131 The radioactivity 1,000 thousand lodine-131 —
dionuclides (ra- | 20 thousand Cu basic, of the gases re- Cu, including 1.5-10' Bq,
dioactivity) (740 TBQ), in- | 20 thousand Cu | leased into the air | ~150 thousand Cu | Cesium-137 —
cluding 54 Ku (740 TBq), in- | ranged from 2.5t0 | from lodine-131. 1.2:10'° Bq
from Strontium. cluding 20 Ku 13 million Cu
from Strontium. (92.5-481 thou-
sand TBQ).
Pollution area, 15,000 500 1,000 160,000 The entire ter-
km? ritory of the
country and
sea water ar-
eas.
Evacuated, 10-12 No evacuation 144 (left their 1,200 200
thousands of was carried out. homes on their
people own). No evacua-
tion was carried
out.

Died, persons 200 30 (the data is 0 31 1 person
doubtful: un- (information 15 people were
derestimated) is incomplete) injured.

Sick, thousands 9-10 1,000 30 (increased risk 200-600 6 cases of in-

of people

of cancer for 20
years)

duced cancer

Note: *INES (International Nuclear Event Scale) — international scale of nuclear events, developed
by the International Atomic Energy Agency in 1988 to assess NPP accidents with radiation emissions.

4) relations with colleagues, level of conflict,
ability to work in a team;

5) individual psychological qualities (sensory,
mnemonic, intellectual and motor). In particular,
the following features of the character affect the
quality of work: decisiveness, absent-mindedness,
nervousness, the level of possible formation of
fear and underestimation of danger, reduced atten-

tion, stress resistance (equilibrium);

6) in emergency situations, the level of theoret-
ical training, education and practical skills is sig-

nificant.

The activity of a human operator is evaluated
with the help of numerous tests, the construction
of professiograms and psychograms [24]. The
professional profile assesses readiness for emer-
gency actions, for making complex decisions and
the accuracy of their implementation; psychodrama
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determines cognitive qualities (attention, me-
mory, imagery and analytical thinking), commu-
nicative qualities (culture of behavior and lan-
guage), emotional qualities (restraint, honesty,
compassion, readiness to make decisions), will-
power qualities (stress resistance, endurance, con-
centration and etc.).

Health control of NPP control panel operators
is regulated by the Law of Ukraine "On the Use of
Nuclear Energy and Radiation Safety" [25], but it
does not take into account the situations of work
under pressure and when there is a threat to life.
Professional selection takes into account the re-
searched data of sensorimotor reactions, assess-
ment of attention and the speed of its switching,
stress and fatigue resistance, ability to make deci-
sions in emergency situations. In addition to pro-
fessional selection, the operator needs constant
health control, which determines admission to
work. For peacetime, there are recommendations
for improving procedures for monitoring the
physiological state of NPP control panel operators
who have been under the influence of severe stress
for a certain time (in order to prevent cardiovas-
cular crises) [26]. The level of fatigue, work of the
heart, organs of vision and hearing, coordination
of movement, absence of alcohol and drugs in the
blood, absence of acute diseases and the period of
exacerbation of chronic diseases, increase in body
temperature above subfebrile, impaired con-
sciousness, memory, attention, adequacy of per-
ception in space, time, his personality, absence of
hallucinations are subjects of control.

Only licensed specialists with appropriate edu-
cation, work experience [27], who have under-
gone special psychological training [28], simula-
tor training and passed the licensing exam are al-
lowed to work at the control panel of the NPP unit.
The specialty of NPP control panel operator must
correspond to the list of the industry standard [29].
Only operators who have passed a daily medical
examination with an assessment of their psycho-
logical state are allowed to work [30]. The state of
physical health of the staff is checked during em-
ployment, periodic and daily medical examina-
tions.

It is expected that a NPP control panel operator
should have [31; 32] such professionally im-
portant qualities as: responsibility; honesty; the
ability to quickly make the right decisions; adher-
ence to principles; discipline; sense of duty; or-
ganization; stability of attention; high speed of at-
tention switching; high speed of a simple sen-
sorimotor reaction; well-developed short-term

and long-term memory; the ability to qualitatively
assess time intervals; strong will; analytical and
communicative abilities; highly developed deduc-
tive thinking; operational thinking; reaction speed,
physical and mental endurance; initiative. These
professionally important qualities are formed in
the process of professional education and training,
professional orientation and candidate selection
according to the requirements for the profession,
adaptation to professional activity, actual activity,
professional improvement, attestation (as a stage
of training and professional development), reha-
bilitation after burnout, long-term somatic illness
or psychological breakdown.

In the conditions of work at the captured Za-
porizhzhya NPP, we predicted an increase in the
influence of the "human factor" on making wrong
decisions and committing wrong actions in the
event of accidents. Therefore, in an expert way,
with the involvement of 14 expert psychologists
we limited the range of professionally important
qualities that have the greatest impact on the ef-
fectiveness of the professional activity of NPP
control panel operators to the following: infor-
mation processing speed; stability and distribution
of attention; accuracy of perception; decision-
making in a difficult situation, under conditions of
obstacles; resistance to stress, monotony; physical
endurance; efficiency; professional responsibility;
stable professional orientation. The stability of at-
tention to the main information has a strong influ-
ence on the reliability and accuracy of decisions
made by operators. It is emphasized that the lack
of time can distort the result of the activity, pre-
vent the achievement of the goal, that is, profes-
sional reliability may not be fully realized in the
activity.

Similar conclusions were reached by other ex-
perts [24; 33]. Adequacy of information percep-
tion and limitation of its volume in normal work-
ing conditions depends on the influence of dis-
tracting factors (sound interference, poor visibil-
ity, etc.), for example, in the situation of searching
for victims, assessing the location of an emer-
gency situation. The power of the impact increases
if the emergency event continues (fire continues,
shelling) [34; 35]. The influence of these factors
can be felt at the decision-making stage. But the
psychological consequences of being in captivity
can have the strongest impact. It is known [36]
that prisoners feel helplessness, doom; are op-
pressed by the expectation of an indefinite im-
provement in their own situation. One fifth of
them feel constant anxiety, every fourth — constant
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fear for their life. Aggression and anger, or, con-
versely, depression and apathy are also possible.

Most professional tasks are characterized not
only by significant physical, but also emotional
tension [37]. The impact of this tension on relia-
bility can be manifested in a decrease in profes-
sional orientation. The significance of the uncer-
tainty factor, unpredictability of development of
an emergency situation, the high probability of an
emergency situation associated with a risk to one's
own life or even a radiation incident, determine
the importance of such a feature of activity as the
ability to quickly and adequately make independ-
ent, non-standard decisions, to make changes in
the activity process. The unpredictability of the
situation causes difficulty in setting goals, deter-
mining priority tasks, and choosing adequate
methods of their implementation. In extreme con-
ditions, there are signs of behavioral disorganiza-
tion, inhibition of stable skills, reduced work ca-
pacity, inadequate response to sharp stimuli, diffi-
culty switching attention, narrowing and errors of
perception, memory lapses, excessive impulsive
actions or confusion and stupor, inability to focus
on the main activity, easy distraction, decrease in
mental stability and productivity of mental opera-
tions. The flexibility of behavioral reactions,
which is characteristic of most specialists in nor-
mal working conditions, decreases. Complex

coordinated team actions and even ordinary per-
sonal bodily movements, which are usually auto-
matic in nature, are particularly affected. The in-
fluence of temperament and psychotype can am-
plify or smooth out these negative effects.

On the basis of expert evaluations, we obtained
the data that the most qualitatively perform the
professional tasks of individuals with a predomi-
nant sanguine type of temperament. To verify this
belief of the majority of experts, we investigated the
ability to perform professional functions, as well as
a compared the levels of this ability with the levels
of neuropsychological stability of operators. The
percentage ratio of the quality of performance of
professional functions according to the predominant
types of temperament is presented in the figure
(percentages are rounded to whole numbers).

We investigated the quality levels of the per-
formance of professional tasks by operators while
working on simulators of the Zaporizhzhya NPP
according to their temperament types. The per-
centage ratio of the quality of the performance of
professional functions and the relationship of the
level of neuropsychological stability of the NPP
operator according to the predominant types of
temperament are shown in Table 2. The number
of variants of the studied indicators corresponded
to the pattern of normal distribution, the results
were statistically significant (p<0.05).

Table 2. The relationship between the temperament type of control panel operators,
the levels of professional functions performance quality and neuropsychological stability

Predominant types of temperament
. Amount (percentages rounded to whole numbers), p<0.05 Total,
Indicator Level - - -
Sanguines Cholerics Melancholics persons
89 (100%) 31 (100%) 4 (100%) 124
Professional high 45 (51%) - - 45
functions medium 34 (38%) 16 (53%) - 50
performance low 10 (11%) 15 (47%) 4(100%) 29
high level of professional functions performance
45(100%), p<0.05
high 25 (58%) - - 25
medium 16 (35%) - - 16
low 4 (7%) - - 4
medium level of professional functions performance
50 (100%), p<0.05
Neuro- _ high ; ; N 3
Efg{;*l‘i%'/og'ca' medium 30 (78%) 6 (37%) ; 36
low 4 (12%) 10 (63%) - 14
low level of professional functions performance
29 (100%), p<0.05
high - - - -
medium 3 (30%) - 1 (25%) 4
low 7 (70%) 15 (100%) 3 (75%) 25
Total 124
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O Sanguines 89
B Cholerics 32
OMelancholics 4

Fig. The ratio of temperament types
of NPP control panel operators.

The result of the study confirmed the hypothe-
sis that sanguine operators are better suited to act
in extreme conditions. Thus, the ability to perform
professional functions at high and medium levels
was recorded in 79 sanguine operators (63.2% of
the total number of examined), in 16 choleric op-
erators (12.8%), and was not recorded in melan-
cholic operators. The sample had an insufficient
number of respondents to calculate the correlation
coefficients. Also, high and medium levels of neu-
ropsychological stability of operators were rec-
orded in 74 sanguine operators (59.2% of the total
number of examined), in 6 choleric operators
(4.8%), and was not recorded in melancholic ope-
rators.

The outcome and consequences of an emer-
gency situation depend on the operator's choice of
decision. Mistakes caused by distracting his atten-
tion even for 3050 seconds lead to accidents. In-
correct actions are possible in cases of insufficient
qualification of operators, receiving inaccurate in-
formation by them, a special mental state (for ex-
ample, the appearance of a "false alarm" — a reac-
tion to a signal that does not exist). Some of the
signals are processed at an unconscious level, in
the case of making the right decision, it depends
on the developed automatism. Excessive stress
and fatigue cause a violation of the self-regulation
of mental processes, which increases the fre-
quency of errors.

Destructive reactions are possible in emergen-
cy situations on the part of operators with a weak
nervous system, which is defined as tense, coward-
ly, inhibiting, aggressive-uncontrollable, fussy,
focused on small things to the detriment of correct
assessment [5]. The operators with a strong nerv-
ous system, on the contrary, demonstrate strong-

willed, constructive and overcoming behavior,
owing to which it is possible to correct the mis-
takes of "distracted"”, "frivolous", "weak-willed"
colleagues and "stubborn”, which allows control
of an emergency situation. Such relations explain
why the ability to work in a team (planning, divi-
sion of functions, mutual assistance, mutual con-
trol) and unacceptable conflict relationships are
important for a team of operators. Team behavior
is determined by the presence of introverts and ex-
troverts: introverts usually make compromises or
step aside, extroverts are more constructive and
look for practical solutions. Cooperation of these
types of personalities in a team helps to control
emergency situations more effectively [24].

Conclusions

1. In the conditions of the training center for
NPP control panel operators, it was possible to
create conditions that, in terms of stress, are com-
parable to the working conditions in captivity of
the russian occupiers. Through an expert assess-
ment, we identified a range of professionally im-
portant qualities that have the greatest impact on
the effectiveness of the professional activity of
NPP control panel operators, including: speed and
accuracy of information perception; stability and
distribution of attention; the ability to make deci-
sions in difficult situations, under conditions of
obstacles; resistance to stress, monotony; physical
endurance; efficiency; professional responsibility;
stable professional orientation.

2. Analysis of the psychological state of the op-
erator of the NPP control panel, who performed
official duties in extreme conditions with signifi-
cant psycho-emotional stress caused by the pres-
ence of a real vital threat, allows us to assert that
the influence of psychogenic factors of such a
threat causes negative changes in the structure of
personal characteristics and the mental state of
employees. The research confirmed the hypothe-
sis of a better ability to act effectively and without
mistakes in extremes and the greatest neuropsy-
chological stability in sanguine operators, slightly
less in choleric operators and the least in melan-
cholic operators. This conclusion allows us to rec-
ommend giving preference to applicants with
a sanguine temperament when hiring (licensing)
NPP control panel operators.

3. To analyze the psychological state of NPP
control panel operators, we suggest using a retro-
spective analysis of the parameters necessary for
the performance of professional functions and in-
dicators of neuropsychological stability, which
are related to each other. The study of additional

INTER COLLEGAS, Vol. 9, No.2 (2022)

ISSN 2409-9988



HYGIENE & OCCUPATIONAL MEDICINE

parameters of the psychological state will allow to Consent for publication
reduce the influence of the "human factor"” on the All authors give their consent to publication.
risks of creating or untimely correction of emer- Disclosure statement
gency situations on NPPs. The authors have no potential conflicts of inter-
est to disclosure.
DECLARATIONS: Funding sources
Statement of Ethics The study was funded by International Public
The authors have no ethical conflicts to disclo- Health Institute, N0.143-34/4670 “Exploring the
sure. war effects on individual health and public safety.”
References

1. Key World Energy Statistics 2021: Statistics report on September 2021. Paris: International Energy Agency. 80 p.
Available from: https://iea.blob.core.windows.net/assets/52f66a88-0b63-4ad2-94a5-29d36e864b82/KeyWorldEner-
gyStatistics2021.pdf

2. Operational & Long-Term Shutdown Reactors by country. International Atomic Energy Agency, Power Reactor
Information System [Internet]. Available at: https://pris.iaea.org/PRIS/WorldStatistics/OperationalReactorsByCoun-
try.aspx [accessed 24 Sep 2022].

3. Ukraine. Electricity generation by source. International Energy Agency [Internet]. Available at: https://
www.iea.org/countries/ukraine [accessed 24 Sep 2022].

4. Information Department of the Verkhovna Rada of Ukraine. Russia's nuclear blackmail on the territories of Ukrain-
ian Nuclear Power Plants on the eve of regular sessions of the IAEA General Conference and the UN General Assembly
is another evidence of the terrorist nature of the russian federation. Verkhovna Rada of Ukraine. Official website of the
Parliament of Ukraine. September 21, 2022. Available at: https://www.rada.gov.ua/print/228167.html [in Ukrainian].

5. Shevchenko VV. Correlation of the technical and human factors in implementation of safe extension of service
lifetime of energy blocks of nuclear power plants of Ukraine. International electronic scientific journal "WayScience".
2018;2(2):114-38. https://doi.org/10.5281/zen0do.2196905 [in Russian].

6. International Atomic Energy Agency. Ageing Management and Development of a Programme for Long Term Op-
eration of Nuclear Power Plants. IAEA Safety Standards Series No. SSG-48. Vienna: IAEA; 2018. 65 p. Available at:
https://www.iaea.org/publications/12240/

7. All the news of ZNPP. Energoatom [Internet]. Available at: https://www.energoatom.com.ua/news-links-zaes.html
[accessed 24 Sep 2022]. [In Ukrainian].

8. Head of the IAEA: Anything can happen at the Zaporozhye NPP at any moment. UN News, 21 Sep 2022 [Internet].
Available at: https://news.un.org/ru/story/2022/09/1432071 [accessed 24 Sep 2022]. [In Russian].

9. Alkis MA. Threat of nuclear terrorism: The developing nuclear security regime. International Journal of Nuclear
Security. 2022;7(1):Article 17. Available at: https://is.gd/f407NL

10. Raizberg BA, Golubkov EP, Pekarsky LS. System approach in long-term planning. M.: Economics; 1975. 270 p.
[In Russian].

11. Apalkov V. Psychological behavior of serviceman in conditions of captivity. Bull NDUU. 2020;2(55):14-22.
https://doi.org/10.33099/2617-6858-2020-55-2-14-22 [In Ukraine].

12. Pavlychenko D. The price of freedom. Kyiv: "Summit-Book"; 2014. 284 p. [In Ukrainian].

13. Pobidash Alu. Psychological features of the main phases of pirate captivity. Bulletin of the National Academy of
the State Border Guard Service of Ukraine. 2012:1:12. Available at; http://nbuv.gov.ua/UJRN/Vnadps 2012 1 38 [in
Ukrainian].

14. Safin O, Timchenko O, Shirobokov Yu. To questions about socialpsychological model of consequences of military
captivity. Psychol J. Available at: http://repositsc.nuczu.edu.ua/handle/123456789/11075 [in Ukrainian].

15. Shirobokov YuM. Psychology of war prisoners: thesis ... Doc Psychol Sc: 19.00.09. Kharkiv, 2020. 473 p. [In
Ukrainian].

16. Tretyak LI, Tretyak AV. Nuclear energetics of Ukraine as one of the factors of energy security of Central and
Eastern Europe. Eastern Europe. Humanities and social sciences. 2016;2(1):163-77. [In Russian].

17. Shevchenko VV, Shevchenko AS, Sergiyenko IV. Proposals for reducing the accident rate on nuclear power plants
and minimizing of accident consequences. Bull KhRIPHS. 2019;2(88):31-43. https://doi.org/10.5281/zenodo.2596459

18. Lu C, LyuJ, Zhang L, Gong A, Fan Y, Yan J, Li X. Nuclear Power Plants with artificial intelligence in Industry
4.0 era: top-level design and current applications — A systemic review. IEEE Access. 2020;8:194315-32.
https://doi.org/10.1109/ACCESS.2020.3032529.

19. Walker JS. 2004. in: Kuznick PJ. Three Mile Island. A Nuclear Crisis in Historical Perspective. Reviews of New
Books. 2004;33(1):7. https://doi.org/10.1080/03612759.2004.10526365.

INTER COLLEGAS, Vol. 9, No.2 (2022) ISSN 2409-9988



HYGIENE & OCCUPATIONAL MEDICINE

20. Talbott EO, Youk AO, McHugh-Pemu KP, Zborowski JV. Long-term follow-up of the residents of the Three Mile
Island accident area: 1979-1998. Environ Health Perspect. 2003;111(3):341-8. DOI: 10.1289/ehp.5662. Erratum in: En-
viron Health Perspect. 2003;111(9):A453. PMID: 12611664.

21. Responses and actions taken by the Ministry of Health, Labour and Welfare of Japan on radiation protection at
Works Relating to the Accident at TEPCO’s Fukushima Daiichi Nuclear Power Plant 7th Edition (Fiscal Year of 2019).
Tokyo: Office for radiation protection of workers Ministry of Health, Labour and Welfare; 2019. 49 p. Available at:
https://www.mhlw.go.jp/english/topics/2011eq/workers/ri/gr/gr_200131.pdf

22. Methodological recommendations for actions in nuclear damage zones, approved by Order of the Ministry of
Health of Ukraine N0.585 on 6 Apr 2022, in force. Available at: https://zakon.rada.gov.ua/rada/show/v0585282-22 [in
Ukrainian].

23. Order of the Ministry of Health of Ukraine N0.408 on 9 Mar 2021 "On the approval of the Regulation on iodine
prophylaxis in the event of a radiation accident™, in force. Available at: https://is.gd/NZg6sD [in Ukrainian].

24. Extreme psychology: Textbook. Gen. ed. Timchenko O.V. Kyiv: August Trade LLC; 2007. 502 p. [In Ukrainian].

25. The Law of Ukraine "On the Use of Nuclear Energy and Radiation Safety”, enacted by Resolution of the
Verkhovna Rada of Ukraine N0.40/95-VR on 8 Feb 1995 (VVR, 1995, No.12, Article 82); with changes and additions
from 19 Nov 1996 to 02 Dec 2021, in force on 24 Sep 2022. Available on the website of the Verkhovna Rada of Ukraine:
https://zakon.rada.gov.ua/laws/show/39/95-ep [in Ukrainian].

26. Mishchenko MM, Shevchenko AS, Mishchenko AN, Shevchenko VV. Prevention of cardiovascular disasters at
operators of control panels of nuclear power plants. Collection of abstracts of scientific works of the participants of the
international scientific-practical conference "Medical science and practice in the conditions of modern transformation
processes” (Ukraine, Lviv, April 24-25, 2020). Lviv: NGO "Lviv Medical Community"; 2020. P. 86-90. https://
doi.org/10.5281/zenodo.3785578

27. Rules for licensing the activities of personnel involved in the direct management of a nuclear power plant reactor
installation. Approved by order of the State Nuclear Regulatory Committee of Ukraine N0.185 on 13 Dec 2004, valid on
24 Sep 2022. Available on the website of the Verkhovna Rada of Ukraine: https://zakon.rada.gov.ua/laws/show/z0004-
05 [in Ukrainian].

28. Bocharova SP. The system of psychological and pedagogical training of NPP personnel: textbook. A guide for
nuclear power plant instructors. Energodar, 1995. 250 p. (For administrative use).

29. GSTU 95.1.07.04.047-2000 "System of nuclear power plants personnel training in Ukraine", approved by order
of the Ministry of Fuel and Energy of Ukraine N0.331 on 14 Sep 2000.

30. Shevchenko AS, Shevchenko VV. Selection of parameters for medical monitoring of physical condition of NPP
operators. Bull KhRIPHS. 2018;6(86):41-4. https://doi.org/10.5281/zenodo.2538243 [in Ukrainian].

31. The concept of "Safety culture”. Energoatom [Internet]. Available at: http://www.energoatom.com.ua/ ua/safety15/
news23/definition21 [in Ukrainian].

32. Vasilieva VV. Monitorynh profesiino vazhlyvykh yakostei personalu AES, yakyi vykonuie roboty z pidvysh-
chenoiu nebezpekoiu [Monitoring of professionally important qualities of NPP personnel who perform high-risk work].
Proceedings of the 1st International Scientific and Practical Internet Conference "Ways of Science Development in Mo-
dern Crisis Conditions" (Dnipro, May 28-29, 2020). 2020;1:169-72. Available at: http://www.wayscience.com/wp-con-
tent/uploads/2020/06/Tom.1-28.05.2020-29.05.2020.pdf [in Ukrainian].

33. Vasilieva V. Features of the assessment of professionally important qualities of the personnel of Nuclear Power
Plants, who performs high-risk work. WayScience. 2020;1(5):4-13. Available at: https://is.gd/VRE5yz [In Ukraine].

34. Timchenko VO. Psychological consequences of the presence of rescuers in the area of the anti-terrorist operation:
thesis ... Cand Psychol Sc: 19.00.09. Kharkiv, 2017. 275 p. [in Ukrainian].

35. Prikhodko 1. Psychological safety of personnel of extreme types of activities (on the example of servicemen of
the internal forces of the Ministry of Internal Affairs of Ukraine): thesis ... Cand Psychol Sc: 19.00.09. Kharkiv, 2014.
444 p. [in Ukrainian].

36. Pobidash Alu. Psychological features of the main phases of pirate captivity. Bulletin of the National Academy of
the State Border Guard Service of Ukraine. 2012:1:12. Available at; http://nbuv.gov.ua/UJRN/Vnadps 2012 1 38 [in
Ukrainian].

Received: 24 Sep 2022
Accepted: 26 Oct 2022

Cite in Vancouver style as: Shevchenko VV, Shevchenko AS, Kucherenko SM, Kucherenko NS. "Human factor"
in emergency situations development at Nuclear Power Plants in the conditions of war. Inter Collegas. 2022;9(2):9p.
In press. https://doi.org/10.35339/ic.9.2.ssk

Creative Commons license (BY-NC-SA) Shevchenko V.V., Shevchenko A.S., Kucherenko S.M., Kucherenko N.S.,
2022

INTER COLLEGAS, Vol. 9, No.2 (2022) ISSN 2409-9988



