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Summaries

There is a growing need to prevent visual fatigue of personal computer users due to the widespread
use of computer technology. The purpose of the work is the analysis and development on the basis
of the created software and hardware complex of the optimal mode of operation and removal of fatigue,
conducting a series of experiments to test the effectiveness of the proposed mode of work and rest.
Conclusions: The use of microcontroller technology with a wireless interface greatly simplifies
the component base of the developed composite electronic components and expands the possibilities
of diagnosing human fatigue. The proposed software makes this procedure accessible and easy for
most diagnostic operators in the world.
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CTaHOBJIEHHS CY4YaCHOTO CYCHUIBCTBA XapaKTEPHU3YeTbCs CTPIMKHM PO3BUTKOM 1H(OpMaLiiiHO-
komyHikaniiinux texxonoriit (IKT). BaxnuBy pons B MonepHizauii Bixirpae nismpHicts IKT: BipTya-
mizauis CyCHiJILHI/IX BIZIHOCHH B yMoBax riobaizanii. 3aBSIKH aKTUBHOMY BHKOPUCTAHHIO iH(popma-
LIHO-KOMYHIKAaLIHHAX TEXHOJIOTi BCE CYCIIIBCTBO IHTEIPYETHCS B EAUHY HaJICHCTEMY. VY cyuacHOMy
CBITI 4epe3 MAHACMiI0 3piC [OMHUT HACETCHHS Ha KUIICHLKOBI IEPCOHANbHI KOMII'IOTEpH, IO CIIOHYKAIIO
PO3POOHUKIB CTBOPUTH KOHLEIILIIO KOMIOHYBAHHs MOOLIBHIX HPUCTPOIB. Lle cTimMymioe mBHIKe 3poc-
TaHHs TEXHOJIOTIH pO3pOOKH MOOLIBHOTO IIPOrpaMHOro 3abe3nedyeHHs. Xo4a HOBI TEXHOIIOTIT CynpoBo-
JUKYIOTB JIFO/ICH Ha BCIX eTalax eBOJIOLIT JIOMHN, BOHH MOPIBHSIHO HEJABHO CTAIIM PEAMETOM CIIeLi-
AIbHUX TEOPETHUHHX NOCHI/KCHb. KOHCTPYKTHBHE PO3yMiHHS TEXHOIOTiI 3a0€3MeuyeThCsl AKTHBHIM
KOMYHIKAI[IHAM ITiIX0/I0M, OPIEHTOBAHUM Ha B3a€MOJII0 J'IIO,I[CI/I 1 TEXHIKH. 3pOCTa€ norpeba y 3amo-
OiraHHi 30poBO1 BTOMH KOPHUCTYBauiB MEPCOHAJIBHUX KOMII IOTEpiB, L0 TMOB’A3aHO 3 MIMPOKHM BHUKO-
PUCTaHHIM KOMII IOTepHUX TexHonorii. 106 ckopoTuT nmotouHe MeAnYHE 3a0e3MeYeHHs, 3MEHITUTH
noTpely B creniagbHOMy O(TaIbMOJIOTIYHOMY O0JIaIHAHHI 1 CIIPOCTUTH OOCIyTOBYBaHHS KOPUCTYBa-
4iB nepcoHanbHux KoM torepis (1IK), ouinky Ta 3miHy (I)yHKuiOHaJlbﬁoro CTaHy TOCTPOTH 30y CIIiJ
npoBOAUTH Oe3rocepe/iHbO Ha poboYOMy MiCHi 32 JONOMOIOK HaliifHI Ta JOCTyNHI MeToau. Meroro
poboTH € aHani3 Ta po3podka Ha OCHOBI CTBOPEHOTO MPOTPAMHO-ANAPATHOTO KOMILIEKCY ONTHMAIBHO-
IO PeKUMY POOOTH Ta 3HATTS BTOMH, IPOBEJCHHS CEpii CKCIICPHMEHTIB I NIEPEBIPKH eeKTHBHOCTI
3aMPONOHOBAHOTO PEKUMY MpALll Ta BiAMOYMHKY. BHCHOBKH: BUKOPHCTAHHS MIKPOKOHTPOIEPHOT TeX-
HOJIOTIT 3 OE3APOTOBUM IHTEP(HEHCOM 3HAYHO CHPOLILYE KOMIOHCHTHY 06a3y po3poONCHHX KOMIIO3HT-
HUX CJICKTPOHHNX KOMIIOHCHTIB 1 PO3LIMPIOE MOXKIMBOCTI IIarHOCTHKHM BTOMH JIFOJMHH. 3allpONoHOBa-
HE POrpaMHe 3a0e3MeuCHHs POOUTH NPOLEAYPY AOCTYIHOK JUlst OLIBIIOCTI ONEpaTopiB AlarHOCTHKH
y CBITi. 3aNpONOHOBAHKii B POOOTI PEXKHUM Mpalli Ta BiANOYMHKY C(EKTUBHUH HABITH IIPH KOPOTKOMY
TepMiHi BUKOPUCTAHHA 1 MOXe OyTH PEKOMEHI0BaHHH /I MACOBOTO BUKOPUCTAHHS.

Kntouosi cnosa: 30poBa BToMa, MOPYILEHHsS 30py, BUMIPIOBAaHHS I'eHepalii cTUMYIiB, npodeciiine
BUTOPAHHL.

B cBsi3u ¢ HIMPOKUM PACIIPOCTPAHCHUCM KOMIIBIOTCPHBIX TCXHOJIOI ui pacTeT HOTpe6HOCTL B IIpea0T-
BpaliCHUN 3pI/ITeJ'ILHOI7I YCTaJIOCTU 0JIb30BaTENCH IMCPCOHAJIbHBIX KOMIIBIOTCPOB. HGJ'H:: pa6OTBI — aHa-
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713 U pa3zpaboTKa Ha OCHOBE CO3JaHHOTO MPOTrPaMMHO-ANMAPATHOTO KOMILIEKCA ONTUMAIBHOTO PeKUMa
paboThl M CHATHUS YTOMJIEHHS], IPOBEJICHHE CEPUH YKCIIEPUMEHTOB 110 TpOBepKe 3P PEKTUBHOCTH NpeIo-
’KEHHOT'0 peXnuMa TpyJa U OTbIXa. BBIBO/IBI: UCIIONB30BaHNE MUKPOKOHTPOIUIEPHOH TEXHUKH ¢ Oecrnpo-
BOJIHBIM MHTepdeiicoM 3HAYUTENBHO YHPOIAeT KOMIIOHEHTHY0 0a3y pa3pabaThiBaeMbIX KOMITO3UTHBIX
3JIEKTPOHHBIX KOMIIOHEHTOB U PaclIupsieT BO3MOXKHOCTH JJMArHOCTUKH yTOMJIeHHs denoBeka. [Ipennara-
eMoe IporpaMMHOe oOecriedeHHe AesaeT 3Ty MPoLeaypy JOCTYIHOM U NPOCTON A1 OOMBLIIMHCTBA AUa-

THOCTOB B MUPC.

Knrwoueewie cnosa: 3pUTCJIbHAA YCTAJIOCTh, HAPYIICHUC 3PCHUA, UBMCPCHUC I'CHCPALIUU CTUMYJIOB, ITPO-

(beCCI/IOHaJ'ILHOC BBII'OpaHUC.

Introduction.  Performing  work in
a state of fatigue, the number of erroneous
actions, inadequate reactions to alarm signals
and warning indications of devices naturally
increases. Even a small degree of fatigue can
manifest itself as a decrease in the accuracy
of coordination of movements, visual acuity
and field of vision, readiness and memory
strength, the speed of thinking, the ability to
perceive information, narrowing the amount
of attention and difficulty in concentrating,
increasing the time of sensorimotor reactions,
and distorting the sense of time. Confidence in
the correctness of the actions being performed
disappears, the time for making decisions
and performing control actions increases,
an incorrect assessment of the situation
and inadequate actions are possible, criticality to
one’s actions decreases, control over the actions
performed, and the degree of automatism
of previously developed skills [2; 3].

The tasks of determining the functional
state were carried out by scientists L. Wang,
X. Zhong, A. Martino Cinnera, L. Manzari,
F. Tozzi, M. Tonotsuka, R. Horie, K. Hirata.
The literature discusses a number of methods
for determining the functional state and fatigue
ofahuman being, but the process of adaptation to
stress is not fully accessed in terms of individual
characteristics of a particular human, there
is no simple and obvious way of determining
the onset of fatigue. Critical Flicker Fusion
Frequency (CFFF) accurately assess the level
of person’s fatigue.

Studies of the processes occurring in
the body of a person working at a computer
have been carried out for a long time. The
working group on the hygienic aspects
of the use of computer technology of the World
Health Organization (WHO) back in 1990,

summarizing the materials of international
scientific conferences (Canada 1984,
Sweden 1986, etc.), as well as scientific research
concerning the impact of computer technology
on human health, established 5 possible risks
in violation of the health status of workers:
eye diseases and visual impairments; disorders
of the musculoskeletal system; stress-related
disorders; skin diseases; adverse pregnancy
outcomes [1; 6].

The detected disorders in
the body were associated with the nature, intensity
and mechanisms of the impact of environmental
factors on the human body. Studies have shown
that working at a computer is a model of mental
work performed in a monotonous sitting posture,
in conditions of limited general muscle activity
with mobility of the hands, with significant
eye strain against a background of high neuro-
emotional stress under the influence of factors
of various physical nature.

Data and Methods. Our research
was carried out on the basis of a private
enterprise “Workconsult”. Several people
over the age of 50 were selected as the target
group, several people were between the ages
of 30 and 50, and the rest were between
the ages of 20 and 30. The measurements
were carried out according to the working
schedule of the experimental group.

The research presents the results of a study
of the degree of visual fatigue of a person
working at a computer monitor during a standard
8-hour day, which requires concentration
of visual and mental attention, such as working
at a PC. The study took into account the number
of people that were functionally available for
the experiment. A decrease in CFFF at the end
of the working day by 31.9+5.9 % was noted as
a symptom of fatigue (Table 1).
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This study was carried out using a special
diagnostic module controlled by a mobile
phone. In this module, stimuli of red, blue
and green colors were set. The device generated
colored light pulses of various frequencies
and wavelengths. The frequency range is from
3 to 70 Hz (frequency adjustment is smooth),
and the duration of one optical pulse is 5 ms or
more. LEDs, which are non-inertial light sources,
are used to generate light stimuli. Stimulus
generation measurements are displayed on
the phone screen. Light stimulation is controlled
by the diagnostic module.

Test Results. Further studies were carried
out in assessing CFFF, when only red stimuli
were given with an increasing frequency, since
the highest sensitivity to such stimuli was
noted. Visual fatigue of the visual system was
quantified according to the Visual Fatigue Index
(VFI) criteria, which summarizes the frequency
and severity of the following nine symptoms:
1) eye irritation, 2) itchy eyes, 3) gritty eyes,
4) hypersensitivity to light, 5) eye pain, 6) redness
of the eyes, 7) excess secretion of the lacrimal
glands, 8) dry eyes, 9) a feeling of blurred eyes
on concentration.

The groups were divided using the principle
of the presence of complaints of vision diseases

according to the indicators of visual discomfort.
Group A concatenate persons with mild visual
fatigue (n=16). Group B concatenate persons
with severe visual fatigue (n=18). In these
groups, not the age of the people was taken into
account, but only the functional state of their
vision. The groups were divided into subgroups
to determine the most effective way to restore
visual performance. The first subgroup rested
every hour (10 minutes) during the work process
to correct visual fatigue, the second subgroup
worked as usual. Measurements were made
during the working week.

u Without rest u With rest
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Monday Tuesday

Wednesday Thursday Friday

Fig. 1. CFFF indicators for all employees
of the team, group A

Table 1
CFFF indicators for all employees of the team before the experiment at 9.00 (in the morning)
Number CFFF data (Hz)
Age of eyes green color red color blue colour AR
m+M n m+M, m+M, M +Mm A

25,3+0,6 (20-30) 20 62,0+0,7 61,1+0,6 58,8+0,6 0,9
35,5+0,5 (30-35) 30 41,3+0,7 45,6+0,6 43,3+0,6 43
46,4+0,7 (35-45) 12 42,0+0,6 46,0+0,4 44,8+0,5 4
59,2+5,0 (45-55) 6 61,7+0,7 63,0£0,9 60,6+1,0 2

Average rate 68 62,2 54 51,8 2.8

Table 2
CFFF indicators for all employees of the team before the experiment at 18.00 (in the evening)
Number CFFF data (Hz)
Age of eyes green color red color blue color M, - M,
m=M n m+M, m+M, M £Mm A

25,3+0,6(20-30) 20 32,55+0,7 21,8+0,6 47+0,6 10,704
35,5+0,5(30-35) 30 24,9+0,7 30+0,6 35+0,6 5,196
46,4+0,7(35-45) 12 31,5+0,6 30,36+0,4 35,84+0,5 1,14
59,2+5,0(45-55) 6 46,275+0,7 41,58+0,9 48,48+1,0 4,695

Average rate 68 33,80625 30,9705 41,5 2,84
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In the group with less expressed complaints
of visual fatigue, CFFF indicators had significant
deviations from the generally accepted normal
values —up to 21 %, as well as in the group with
severe complaints of visual discomfort — 50 %.
After 7 days of fixing the readings in group A,
the following changes occurred: in the subgroup
where short-term rest was used, this indicator
changed to normal. In the subgroup where they
worked in the regular mode, the CFFF indicators
by the end of the working week decreased by
18.8 %, these indicators are in the lower range
of normal values, initially the CFFF indicators
in this group were significantly lower than in
group B. The results of CFFF diagnostics in
the group with severe complaints of visual
fatigue, as can be seen from the figure, were in
the lower range of normal values before regular
short-term rest.

70

53

35

Monday

Tuesday Wednesday

= Without rest = With rest

Index of Visual Fatigue (IVF) indices
at the beginning of the study corresponded to
the values reflecting the presence of severe
visual fatigue — 23.9+4.3 and 27.6+4.8 points
in groups A and B, respectively.

At the end of the experiment, the average
IVF value for subjects whose short-term rest
was used as rehabilitation was observed to
statistically decrease to 16.3+2.1 points, which
indicates the absence of signs of visual fatigue
at the workplace and can be direct evidence
of work safety for the health of the company’s
employees.

To elucidate the mechanism of development
of visual fatigue, the obtained data were analyzed

Thursday Friday

correlatively. In the course of the analysis, it
was found that before the start of rehabilitation
measures (10 minutes rest after 1 hour of work),
the IVF indices depend on the CFFF. It should
be noted that after rehabilitation measures this
connection disappeared, most likely due to
a decrease in the number of complaints of visual
discomfort and an increase in the CFFF index to
the level of generally accepted criteria.

As already mentioned, in the group with
severe complaints of visual fatigue, the CFFF
indices were initially close to normal values
corresponding to 37-65 Hz.

An increase in the CFFF index after a short
rest may be associated with an improvement in
blood flow in the choroidal blood flow system
and an increase in the energy and plastic
metabolism of the central retinal artery basin, as
well as the neuroreceptive system of the eyes.

Thus, it was found that a short visual rest
led to an increase in the CFFF index, but since
the experiment took a short period of time
and an insufficient amount of human resources,
the potential and direct dependence on the mental
fatigue index from CFFF is not fully proven
and is planned to be developed by the authors in
subsequent research.

Establishing relationships between
occupational,  environmental and  social
stressors and the resulting consequences for
humans — anthropoecological fatigue, stress
diseases, accelerated biological aging, is
necessary to determine an effective public
health policy. The joint efforts of biologists,
physicians, psychologists and sociologists are
aimed at establishing the relationship between
chronic stress reactions and chronic fatigue
and biological aging and diseases [4; 7].

Thus, thepublicationdescribesthemechanisms
common to fatigue and aging. The genetically
programmed rate of biological wear (aging
and resistance to stress) is fundamentally variable
and modulated by environmental factors. When
studying the ratio of the role of endogenous,
genetic and exogenous factors on these processes,
it was found that the latter determine about
one third of age-related changes in physical
and half of the age-related decrement of mental
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performance, hypertension and hyperlipidemia.
In the same work, it was shown that the dynamics
of the population risk of functional limitations is
significantly influenced by working conditions
and visual fatigue. The lack of rest arising from
physiologically inadequate modes of action
of professional and non-professional stressors
serves as a target diagnostic sign of a state
of chronic fatigue, which is the root cause,
initial stage and an accompanying component
of almost all occupationally-related chronic
diseases of workers.

Upon further research, it was found that 31 %
of workers were more likely to fatigue at work
on weekends, and only on vacation — 16 %
of workers; moderate fatigue, respectively, in
18 and 2 % of employees; slight fatigue — 2 %
of employees on weekends, among them there
are no people with the accumulation of fatigue
for vacations. Among workers who do not notice
professionally conditioned fatigue on working
days, only 5 % note a slight deterioration in health
in the previous year. Among the “slightly tired”,
32 % of employees reported a slight deterioration
in health, 1 % a significant deterioration. 35 %
ofymoderately tired health worsened slightly
over the year, and 8 % significantly. For “very
tired” these values were 42 and 30 %.

The established regularity of the relationship
between acute and chronic fatigue is based on
the duration of the recovery period, which
increases with an increase in the degree
of daily fatigue. As shown in severe fatigue
during an 8-hour day, the duration of being in
a state of fatigue is 14.8 hours/day, 1/3 of these
hours of fatigue is observed during working
hours, 2/3 — outside working hours. Severely
tired workers with an 8-hour working day
and a 40-hour week, 70-75 hours a week are
in a state of fatigue, a daily and monthly lack
of rest occurs, which leads to the development
of a state of chronic fatigue, which
affects the nature of the annual change in
the employee’s health. The risk of worsening
health over the year, according to the testimony
of workers, increases with an increase in
the degree of their usual fatigue at work, with
great fatigue it is 62+ 6 %, which statistically
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coincides with this value in people with CFS —
63+5 %.

Discussion. Analysis of the problems that
determine human digital visual fatigue has shown
the existence of many methods. Most of them
can only work with a certain time delay. As
the physical form develops, the parameters that
determine fatigue lose sensitivity and the amount
of information, and data processing is primarily
focused on the characteristics of its dynamics,
comparing  individual  indicators  with
the average. Analysis of the involved processes,
the nature of adaptation to stress, determination
of the moment of onset of fatigue and overwork
are not always immediately recorded by
modern devices. The use of microcontroller
technology with a wireless interface greatly
simplifies the component base of the developed
composite electronic components and expands
the capabilities of human fatigue diagnostics [8].

The mobilization of intelligent tools facilitates
the implementation of remotecontrol methods
and smooth control of the main parameters
of the diagnostic process. In comparison with
the previous author’s model, the measurement
accuracy is improved by 67 %. The proposed
software makes this procedure simple
and accessible to most diagnostic operators. But
this model does not take into account the moment
of training, which can distort the indicators,
and the software does not provide the ability to
save the indicators obtained during the study
and build graphs for each color load. The
research methodology did not take into account
the distinctive criteria of fatigue, overwork
and professional burnout. With further research
and modernization, it became necessary for
additional qualitative analyzes of the surveyed
questionnaires, the preparation of additional
test items and the development of a new survey
methodology [9].

The lack of rest, arising under the modes
of exposure to environmental, ergonomic
and psychosocial factors that are inadequate to
the regenerative capacity of the human body,
is a target diagnostic sign of a state of chronic
fatigue and fatigue. Chronic fatigue modulates
the aging process and the growth of chronic
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human diseases. To assess these processes,
the values of age population trends in health
indicators are required, observed in a favorable
environment, without the harmful -effects
of professional and non-professional factors.
With a high and very high level of physiological
labor intensity, the annual increase in the risk
of CFS increases by 2 and 4 times [3]. Programs
for improving working conditions should include
a section on minimizing the risks of a permanent
lack of rest among workers, including
regulation of the physiological intensity of work
and options for “time protection” from harmful
environmental factors [6].

Sociological surveys show that according
to the population, the main causes
of all diseases are work and stress. The share
of the population employed in occupations
in which psychogenic factors are the most
frequent cause of stress and a source of health
risk for workers is constantly increasing. When
studying the impact of psychosocial factors on
the health of the working population, the most
commonly used models ar demand-control-
support (DCS) and “effort-reword-imbalance”
(ERI). The main goal of the ERI model is to
identify the relationship between employee
health and the imbalance between his efforts
at work and remuneration. In the last decade,
more and more studies of organizational
and psychosocial health factors of workers using
DCS and ERI models are being integrated into
a more general work-life balance system, in
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