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Introduction. At the present stage, workers of locomotive brigades perform the main function of the transport industry — unin-
terrupted movement of transportation of passengers and different loads with high responsibility. The technology of the pro-
ductive process on railway determines availability of a combination of harmful factors at workplaces in the production envi-
ronment and work processes.

The purpose of the study was to assess working conditions of electric train drivers (ETD) and their assistants by severity and
intensity of the working process, harmfulness and danger of factors of the work environment; and, using modern methods of
mathematical analysis to develop a prognostic model for a comprehensive assessment of the effect of harmful factors of the
production environment and work process as risk factors in development of pathological changes in the body of workers,
cardio-vascular diseases (CVD), in particular.

Materials and methods. Hygienic studies and assessment of work conditions were conducted in accordance with the normative
documentation. Clinical and instrumental studies were performed with the use of modern diagnostic equipment. For prog-
nostic assessing of development of pathology of the cardiovascular system (CVS), depending on the availability of individual
clinical or production risk factors, a prognostic model of statistically significant risk factors has been developed with the
assessment of their odds ratios and the following their generalization by principles of meta-analysis and determination of
heterogeneity of the effect (Higgins's 12 test) on the health of workers.

Results. According to the results of studies on drivers and their assistants their work can be referred to Class 3.2., Hygienic
Classification of Work, 2014. The degree of expressiveness of pathological changes in ETD and their assistants was deter-
mined in corresponding sub-groups depending on the work experience. The most predicted nosologies in workers were:
hypertension, metabolic syndrome, nonalcoholic fatty liver disease as well as comorbid pathology on the background of
vegetative disfunction, being the basis for development of hepatocardial continuum. A prognostic estimation is presented in
relation to the increase of the reliability in developing pathology of the CVS. A differentiation of dispensary groups and cor-
responding medical measures for workers were undertaken depending on the work experience.

Conclusion. A wide implementation into practice of preventive measures, depending on the differentiation of dispensary
groups, will enable to effectively decrease risks of developing pathological changes with account of the work experience.
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Introduction Such harmiul factors of working conditions as high

At the present stage, professions of drivers and their
assistants, who are employees of locomotive brigades,
are one of the most important on railway, requiring
high responsibility, as they are namely those who per-
form the main function of the transport industry —
provide for uninterrupted traffic of transporting pas-
sengers and various goods.

The technology of the production process on the
railway transport determines the presence of a combi-
nation of harmful factors of the production environ-
ment and labor process at workplaces of electric train
drivers (ETD) [1—=3].
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nervous and emotional stress, dangerous situations,
responsibility for others, focused work, attention to devic-
es, hypodynamics, noise, vibration, infrasound and oth-
ers, can cause the development of cardiovascular diseases
(CVD)[4, 5] and pathology of the digestive system [6].

In the analysis of morbidity of workers, who are
exposed to the above harmful and dangerous factors,
it is established that a large number of diagnoses is of
a combined character 7, 8].

The limited physical activity, imbalanced schedule
of work and rest, malnutrition can be the reason of
metabolic disorders and overweight [9, 10].
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Metabolic disorders and related pathological states
are significantly prevalent among ETD [11]. The initial
manifestations like carbohydrate and lipid metabolism
disorders are objective characteristics of pre-diabetic
and pre-atherosclerotic states, proven risk factors for
development of CVD, which worsen living conditions
and are the main causes of mortality at present.

To date, a number of problems remain unresolved
in assessing the severity and intensity of work of elec-
tric train drivers and their assistants; the state of their
health depending on the experience and working con-
ditions has not been studied; criteria for pre-nosologi-
cal disorders in functioning of the body of working
people are not defined; no correlation has been estab-
lished between risk factors, working conditions, work
experience and appearance of signs of health disor-
ders in ETD for prognostic assessment of their impact
on the development of CVD.

The purpose of the study was to assess working
conditions for electric train drivers and their assistants
by severity and intensity of the work process, harmful-
ness and danger of factors of the work environment;
and, using modern methods of mathematical analysis
to develop a prognostic model for a comprehensive
assessment of the effect of harmful factors of the pro-
duction environment and the work process as risk fac-
tors in developing pathological changes in the body of
workers, cardio-vascular diseases (CVD), in particular.

Materials and methods

514 people took part in the research. The main group
included 398 ETD with more than one year of work
experience, aged 19—61, exposed to a combination of
harmful production factors in performance of their
official duties.

The control group, similar in its main parameters
(gender, age, work experience), consisted of 116
engineering and technical workers (ETW) on railway,
who were not exposed to harmful production factors in
the work process.

To conduct research, subgroups (SG) were formed,
depending on the work experience: SG1 — with work
experience < 10 years, SG2 — with work experience of
11-20 years, SG3 — with work experience of 21—30
years, SG4 — with work experience > 30 years.

Hygienic studies and determination of working
conditions were conducted in accordance with regula-
tions: 1) «Mechanical vibration. Laboratory method
for estimating vibration of a vehicle seat. Railway

vehicles» (ISO 10326-2:2001, IDT); 2) SSN
3.3.6.037-99 «State sanitary norms on industrial
noise, ultrasound and infrasound»; 3) Regulation
document 63.21-1.17-08 «Rules for safe operation of
electric locomotives, diesel locomotives and motor-
wagon vehicles», dated 24.03.2008, Ne 54; 4) SSN
3.3.6.096-2002 «State sanitary norms of non-ioniz-
ing electromagnetic radiation»; 5) «Hygienic classifi-
cation of work by indicators of harmful and dangerous
factors of the production environment, severity and
intensity of the labor process (HCW)», Order Ne 248
of the Ministry of Health of Ukraine, April 8, 2014.

Clinical and instrumental studies were conducted on
the basis of the Clinical Hospital Ne 2 of Ukrainian rail-
way, Kyiv. The study of the anamnesis of both groups
(ETD and ETW) was conducted by interviewing and by
the data of outpatient cards; determination of the level of
stress resistance — by Spielberger method.

The objective examination included a general exam-
ination of patients to determine anthropometric param-
eters. Ultrasound examinations were performed using
ultrasound devices «Vivid-7 Pro» («General Electric»,
USA), «Sonomed-300» (Ukraine); daily blood pres-
sure monitoring (DBPM) and its variability — by
Meditech Cardio Tens complex (Hungary) with
Medibase program; study of the heart rate variability
(HRV) and bicycle ergometry (BEM) with a complex of
diagnosticautomated «Cardio +»(NPP«METEKOL>»,
Ukraine);capillaroscopywiththe device « Capillaroscope
M-70A». The total number of studies in the main and
control groups made 9500.

To forecast the probability of CVS pathology,
depending on the availability of individual clinical or
production risk factors, a prognostic model of statisti-
cally significant risk factors has been developed with
the assessment of the odds ratio (OR) and 95 % con-
fidence interval, followed by generalization, based on
meta-analysis and heterogeneity of the effect
(Higgins's 12 test) on the drivers’ health. A statistical
analysis was made using a licensed statistical pack-
age SPSS Statistics 22.0.

Results and discussion

The hygienic studies have shown that at workplaces of
drivers there is a combined effect of factors of the
working process, and their work by the criteria of
Hygienic Classification of Work, as regards the heavi-
ness of work, can be referred to Class 3.2 (harmful,
hard, 2" degree) by the indicator «work posture»
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(staying 93,52 % of the time of a work shift in an
awkward position, which is 68,0 % higher than the
norm) in conditions of hypodynamia (moving for
0,3 km horizontally within a work shift, the norm is up
to 8,0 km); by intensity of work — to Class 3.2 (harm-
ful, intensive, 2! degree) by indicators: sensory loads
on the auditory analyzer, intellectual loads, emotional
loads, shift work (irregular, 2—3 shift work with a night
shift); by factors of the production environment — to
Class 3.2 (harmful, 2" degree) by indicators: noise
(87,22 +0,98) dB LA eq. (for electric train drivers) and
(91,15 + 0,87) dB LA eq. (for drivers’ assistants),
which exceeds the TLV by 7—11 dB LA eq.); by gen-
eral vibration (by the «Z» axis (117,48 + 3,09) dB, the
TLV is 107, and by the «Y» axis (121,25 + 3,47) dB,
the TLV is 112) and Class 3.1 (harmiul, 1%t degree) by
indicators of the microclimate. In general, conditions
and the character of work of electric train drivers and
their assistants refer to Class 3.2.

The certification of workplaces of ETD shows that all
harmful production factors identified in the course of the
study affect the body of drivers almost within the entire
shift — from 93,52 % to 100 % of the working time.

Taking into account the work experience, a body
mass index was calculated for both groups, waist size
(WS) was measured. It is determined that with
increase of the work experience these indicators sig-
nificantly increase, which points to the abdominal
nature of obesity and is one of the criteria of develop-
ing a metabolic syndrome.

Laboratory studies revealed a significant difference
between the biochemical parameters of a lipidogram
and glucose levels in drivers and in the control group
(Table 1).

When comparing the studied indicators in the experi-
enced subgroups (SGs), a significant difference (p <
0,05) was found in the main and control groups with
work experience of 21 —30years (SG3). Signs of impaired
fat metabolism in drivers according to the lipidogram cor-
responded to the values of anthropometric indicators (the

general cholesterol, triglycerides, lipoproteids of low
density, were significantly increased in ETD).

The formation of abdominal obesity, dyslipidemia
and increased blood sugar in drivers was the basis for
developing a metabolic syndrome (MS), associated
with CVS diseases. When analyzing the statistical
and spectral indicators of HRV, it was found that sym-
pathicotonia was dominated (Fig. 1).

The state of sympathicotonia contributes to the
increase of blood pressure, for the study of changes of
which, DMAT was made. The variability of systolic
arterial pressure (SAT) during a day was higher by
42 %, the variability of SAT at night was higher by 64 %.
The indicators of the time index (TI) were used in order
to summarize cases of high blood pressure (Fig. 2).

The state of situational anxiety was a clinical
manifestation of sympathicotonia in ETD, prevailing
3 times, with the rate of (48,99 + 2,51)% vs. (15,52 +
3,36)% in the control group, indicating the availabil-
ity of emotional stress due to the action of permanent
stressors and causing body exhaustion.

According to the ultrasound heart examination, it
is found that with the increase of the work experience
there are developed significant changes in the geom-
etry of the left ventricle (LV) — Table 2.

This dynamics indicates a spherical remodeling of
the left ventricle, which is a feature of changes in the
heart shape and the increase of the work experience:
there is an increase in the LV wall thickness, and then
with the fibrosis progression — a parallel process of
LV stretching in the lumbar size and decreasing the
stroke volume (SV) in SG4.

The increase in the minute circulatory volume in
SG3, but its decrease in SG4 due to decreasing SV,
despite further increase in the heart rate, indicates not
economical heart work and reducing adaptive capacity
of the myocardium.

A doppler examination of the neck and brain ves-
sels revealed structural changes in the wall of the
carotid artery — increase in the intima-media com-

Table 1
Laboratory indicators in ETD (n = 398) and ETW (n = 116), M + m
Indicator ETD ETW
General cholesterol, mmol/l 4,98 +0,28* 431+0,29
Triglycerides, mmol/l 1,82 +0,04* 1,59 £ 0,03
Lipoproteids of low density, mmol/l 3,11 £0,03* 1,75 £ 0,04
Lipoproteids of high density, mmol/l 1,18 £ 0,02% 1,32 £ 0,04
Blood glucose, mmol/l 5,48 +£0,32* 4,78 +£ 0,25

Note. *The difference is significant between similar indicators of the surveyed groups (p < 0,05).
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plex (IMC), indicating early manifestations of athero-
sclerosis in the main group with the significant differ-
ence (p < 0,05) in the control group in SG3.

The study of the microcirculatory tract shows that
after 20 years of work experience in SG3 in a signifi-
cantly (p < 0,05) higher percentage of workers there
are recorded structural changes in the capillaries, indi-
cating the disorders in the microcirculation system and
increase in the blood pressure. An analysis of the
response options to the dosed physical samples showed
an increase in the percentage of hypertensive reactions.
The obtained indicators point to the risk of occurrence
and development of hypertension in drivers.

The generalized prognostic estimation of risk fac-
tors, working conditions and work experience in driv-
ers for probability of development of diseases of the
cardiovascular system is presented in Table 3.

The availability of high level of situational anxiety
(> 45), which increases the risk of CVS diseases by

Time index (TT)
of DAT% in ETW

Fig. 1. Dynamics of the
strain index of regulatory
systems in the main and
control groups depending on
the work experience

SG4

Fig. 2. Dynamics of Tl of
DAT in ETD and ETW with
the increase of the work

experience

10,6 times — OR = 10,6 (6,30—18,0) can be used for
the maximum prognostic assessment in increasing
the probability of developing CVS pathology,
exceeding the limits of normative levels of vibration
increases the risk of CVS pathology by 7 times —
OR =7,0(3,29—15,0), exceeding the limits of noise
levels — by 5,5 times — OR = 5,5(2,95—10,3), that
of indicators of the work experience of more than 20
years — by 3,5 times — OR = 3,5 (1,77—7,0).

Among individual clinical signs in drivers, which
most significantly increase the risk of CVS pathology,
is a metabolic syndrome — OR = 4,1. Thus, a nega-
tive impact of a combination of adverse production
factors on the body of drivers resulted in characteristic
changes after 20 years of employment.

In this, the change in the body reactivity under the
influence of a stressful character of the work plays a lead-
ing role, and the reduction of the adaptive-compensatory
capabilities of CVS is one of mechanisms of hypertension
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Tahle 2

The results of ultrasound heart examination in the main (n = 398) and control groups (n = 116)
depending on the work experience, M + m

Work experience
Indicator SG2 SG3 SG4

ETDn=84 | ETWn=26 | ETDn=123 | ETWn=35 | ETDn=82 | ETWn=26
Aorta diameter, cm 3,62+0,07 | 3,45+0,06 3,88+ 0,06 | 3,53+0,05 | 3,96+0,06% | 3,56+ 0,06
Left ventricularwall | 561 0,06 | 2104005 | 232004 | 2194004 | 237003 | 2224004
thickness, cm
Final diastolic 138,49 + 11,58 | 128,73 9,52 | 152,56 + 10,36* | 137,11 £9,16 | 148,54 + 9,98 | 138,104 + 9,470
volume, ml
Final systolic 46,25 5,11 40,12 + 4,22 54,27 £ 4,89% | 4232+431 | 58,46+521* 43,18 +4,17
volume, ml
Stroke volume, ml 92,28+ 527 | 88,54+5,12 | 9832+4,89% | 9295+504 | 90,52+522 | 95,87 +5,16
Ejection fraction, % | 66,21 £3,51 | 68,72+427 | 6423+439 | 67,87+4,12 | 60,81 £447 | 66,95 +4,42
E/A 1,25 + 0,04 1,26 + 0,03 1,16 + 0,03 125+0,03 | 1,03+0,05% | 1,24+0,03
Myocardlal mass 77474392 | 73,890+£334 | 8125+321 | 7838+3,31 |88,72+£2,11* | 81,45+287
index, g/m
HR, b/min 71,51 +421 | 68,12+£334 | 7626+3,15% | 68.89+331 | 7843 +428 | 69,93 + 328
Minute volume of | (a0 (07 | 5084006 | 745+006% | 631+005 | 7.24+005 6,51 + 0,05
blood circulation, 1/min

Note. *The difference is significant between similar indicators of the surveyed groups (p < 0,05).

development in drivers. Thus, the most dangerous for
drivers is a threat of occurrence and development of
hypertension, which occurs on the background of disor-
ders in the carbohydrate and fat metabolism with the
development of a metabolic syndrome.

The term of work experience of 20 years (SG3) can
be considered as a the threshold criterion of risk,
when the probability of developing CVD increases by
3 times as compared with the subgroup with the work
experience up to 10 years (SG1).

The dynamics of the pathological process can be
represented by the following scheme: health indicators

in ETD and ETW (SG1) do not differ significantly; in
ETD (SG2) vegetative dysfunction is noted with the
increase in the tone of the sympathetic division of the
vegetative nervous system; in ETD (SG3) — on the
background of the vegetative imbalance there are
appeared structural changes in the CVS and liver,
which become deeper and irreversible in SG4.

The analysis of the state of health of electric train
drivers and their assistants, as well as the results of
instrumental and laboratory studies, enabled to form
a new strategy of early diagnostics taking into account
the state of the most vulnerable organs and systems

Tahle 3

Prognostic estimation of risk factors, working conditions and work experience of drivers for probability of
development of diseases of the cardiovascular system

Heart rate in ETD according to risk factor:

Sign

in the availability of
the studied risk factor

Estimation of OR

in the absence of the (95 % CI)

studied risk factor

High level of situational anxiety

110/195 (56,4 %)

22/203 (10,8 %) 10,6 (6,30-18,0)

Exceeding the normative levels of vibration

124/307 (40,4 %)

8/91 (8,8 %) 7,0 (3,29-15,0)

Exceeding the normative noise levels

119/285 (41,8 %)

13/113 (11,5 %) 5,5 (2,95-10,3)

Work experience of more than 20 years

95/205 (46,3 %)

12/61 (19,7 %) 3,5 (1,77-7,0)

Metabolic syndrome

73/135 (54,1 %)

59/263 (22,4 %) 4,1 (2,61-6,40)

Smoking

88/197 (44,7 %)

44/201 (21,9 %) 2,9 (1,86-4,50)

Note. Heterogeneity of the studied risk factor p <0,001.
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in drivers (liver and CVS); to develop preventive mea-

sures; to recommend medical examination taking into

account the work experience; to offer means of correc-
tion of the vegetative dysfunction at early stages.

The identified regularities and main directions of
preventive measures are schematically presented in
Table 4.

Differentiation of dispensary groups of ETD is car-
ried out with account of the work experience: Dispensary
group 1: additional examinations and medical treat-
ment are not required. It is advisable to undertake
preventive measures; Dispensary group 2: for bio-
chemical blood tests — analysis of lipidogram, glucose,
prothrombin index (PTI). If disorders in lipid metabo-
lism is observed after preventive measures, hypolipid-
emic therapy is required; Dispensary group 3: analysis
of lipidogram, glucose level, PTI in blood, measure-
ment of waist and IMT calculation, ultrasound of the
heart and liver, intra- and extracranial Doppler with
determination of IMC, capillaroscopy, heart rate vari-
ability, bicycle ergometry, daily monitoring of AT, if
necessary; Dispensary group 4: if any changes occur
— their medical correction is needed.

Prophylaxis of development of pathological chan-
ges in drivers includes:

— development and improvement of methods of pro-
tection against harmful production factors (vibra-
tion and noise) in order to minimize their impact on
the body, implementation of technical moderniza-
tion of workplaces;

— optimization of work and rest regimens, organiza-
tion of healthy eating, psychological relief, use of
health improving procedures at resting points;

— informing workers on adverse elfects of high blood
pressure and other risk factors to life expectancy
and work activity, importance of blood pressure
control;

— diet with restriction of fats of animal origin;

— restrictions on the use of alcohol, salt;

— refusal of smoking;

— physiotherapy, self-training;
— dosed physical activity, exercise therapy.

Conclusion

1. It has been established that the work of electric
train drivers refers to Class 3.2 (harmful, hard, 2"
degree) according to the criteria of the State
Classification of Work, 2014.

2. According to the results of the research, the degree
of severity of pathological changes in electric train
drivers and their assistants in the relevant
subgroups has been determined depending on the
work experience: in SG3 — on the background of
vegetative imbalance, structural and functional
changes in the CVS and liver are appeared, which
become deeper and irreversible in SG4. The most
predictable nosologiesindriverswere: hypertension,
metabolic syndrome, non-alcoholic fatty liver
disease as well as comorbid pathology on the
background of vegetative dysfunction, which was
the basis for development of the hepatocardial
continuum.

3. The prognostic estimation of the increase in
probability of developing the pathology of the CVS
in ETD is given. According to the degree of
influence on the state of the CVS, risk factors for
workers are as follows: high level of situational
anxiety, exceed of the limit of normative levels for
vibration, exceeding the limits of normative noise
levels, work experience of more than 20 years,
availability of the metabolic syndrome, smoking.

4. Differentiation of dispensary groups with the proper
number of health-improving measures for drivers is
carried out according to the work experience.

5. A combination of health procedures has been
developed for electric train drivers and their
assistants as the main preventive measure against
development of CVS pathology due to the influence
of working conditions.

Tahle 4

Risks of adverse effects of production factors on the body of ETD; means of their overcoming

Influence of a combination of unfavorable production factors on the body of ETD

1. Metabolic disorders in the
body

II. Vegetative disfuctions in
the body

IV. Structural and functional
changes in the body

II1. High level of situational
anxiety

vegetative dysfunction

Risk of development of hypertension, metabolic syndrome, non-alcoholic fatty liver disease in ETD on the background of

Prevention of development of pathological
changes

Formation of dispensary
groups

Correction of vegetative dysfunction




( ) 1622020

ISSN 2223-6775, Ukrainian Journal of Occupational Health, 2020, 16 (2), 96—103

References pathological processes of internal organs among
employees of locomotive brigades», Medytsyna transportu
Ukrainy, 2, 49-51.

7. Korobchansky O. O., Grigoryan O. V. (2018),

1. Alekseychuk O. Yu., Tkachishin V. S., Tkachishi-
na N. Yu., Arustamyan O. M. (2014), «Peculiarities of

working conditions of locomotive drivers and their 1 ) . . .
istants. Dovkillua ta zdl 4.99-33 «Morbidity analysis of workers performing high-risk

assistants», Uoviditya ta zdorovya, =, ’ work», Ukrainian journal of medicine, biology and sports,
2. Tkachishin V. S., Arustamyan O. M., TkachishinaN. Y., g (6). 221-227.

Alekseychuk O. Y. (2015), «Sanitary and hygienic 8 kov N. N., Gaberman O. E. (2015), Profession as

assessment of the production process of locomotive N o o .

crewss. in Aktual'ni pvtannva profilaktvehnovi medvts a risk factor for cardiovascular diseases», in Nepreryvnoye

’ pytannyap by i ytsyny. professional'noye obrazovaniye - zalog povysheniya

Materials of Conference, Kyiv, Ukraine, 15-16. kachestva meditsinskoy pomoshchi v pervichnom zvene,
3. Alekseychuk O. Yu., Tkachishina N. Yu., Tkachi- proterials of Conference. Samara. 152—154.

Shgl v S];),'giustfalmyan Otf Ma(2.0151' «X;’(c;rklln 8 Condl;tllons 9. Viktorov V. S. et al. (2015), «Problems of prevention
ancmorbldity of '0COMOLVE Arvers», uanye probiemy o the adverse effects of night work on the health of

transportnoi meditsiny, 4, 17-32. workers», in Professiyaizdorov'ye, Materials of Conference

4. Knytilo S. S. et al. (2012). «Assessment of health ¢ x7 A1) Union Congress, (Moscow, 27 et al. 29 November
railway workerswhose work is related on train safety 2012), Moscow, 116-118.

movement», Medytsyna transportu Ukrainy, 2, 66-67. 10. Kozyaryn L. P, Ivakhno O. P, Dubova N. F. (2014),
5. Chernyuk V. L., Bobko N. A., Gadayeva D. O. (2018). . gyerweight and its prevention», in «Chornobyl: Ecology
«Differences in blood circulation functioning in truck 4 Healthy, 71-83.
drivers related to age, experience and work regime»,
Ukrainian Journal of Occupational Health, 2, 20-28.
https://doi.org/10.33573/ujoh2018.02.020.
6. Tkachishin V. S., Alekseychuk O. Y., Tkachishina N. Y.,
Kanevsky O. S. (2011), «Frequency of occurrence of

11. Troshina M. Yu. (2013), «Organization of rational
nutrition of railways workers, requirements for the range
of products», Sovremennyye problemy nauki i
obrazovaniya, 1, 1-9.

Slsoposckiuii 0. N.!, TkauvwuHa H. 10.2, KasHoaii A. B.!

DI3IONOro-ririeHIMHA OUIHKA YMOB NPALUI A 3AOPOB’S1 MALWLVHICTIB
EAEKTPOBO3IB TA IXHIX NOMIYHUKIB AT «YKPATHCbKA SAAISHUUS»
'HauioHanbHWUIN MeAnYHUI yHiBepcuTeT imeHi O. O. Boromonsusi, M. Kuis

2KniiBCbKa KAIHIYHA AikapHs N2 2 Ha 3aAiSHUYHOMY TpaHcnopTi Al «LLO3» MNAT «Y3»

Bcemyn. Ha cyyacHomy ertamni npaiiBHUKM JoKOMOTUBHUX Opuran (I1JIB) BUKOHYIOTH OCHOBHY (DYyHKIIiIO TPAaHCIIOPTHOI
rajysi — 3abe3rneuyloTh 0e3rnepediiiHuii pyX 3 BUCOKOIO BiJIIOBiJAJbHICTIO 3a MEepeBe3eHHST MacaxXMUpiB i pi3HOMaHITHUX
BaHTaxiB. TexHOJOTiss BUPOOHUYOIO MPOLECY Ha 3aJ1i3HUYHOMY TPAHCHOPTi 0OYMOBJIIOE HASIBHICTh HA POOOYMX MiCLISIX
T1JIBb xomruiekey WKiaIMBUX (paKTOPiB BUPOOHUYOTO CepeaoBUIlIa Ta TPYAOBOIO MPOLIECY.

Mema docaidncenns — oinuT yMoBH mipaiti [1J1B 3a moka3HMKaMK BaskKKOCTi Ta HAIIPY>KEHOCTi TPYIOBOTO TPOIIECY, MK/ -
JIMBOCTI 1 HEOe3MeYHOCTi (haKTOpiB BUPOOHUUOTO CepeloBUIIA, PO3POOUTH 3i 3aCTOCYBAaHHSIM Cy4YaCHUX METO/IiB MaTeMa-
TUYHOTO aHATi3y MPOTHOCTUYHY MOJEIb 100 KOMIUIEKCHOI OI[iHKYM BIUTMBY MIKiIJMBUX YMHHUKIB BUPOOHUYOTO cepe-
JIOBMILIA Ta TPYAOBOTO IPOLIECY sIK (DAaKTOPiB pU3UKY PO3BUTKY IAaTOJOTIYHUX 3MiH B opraHi3mi I1J1B, 30kpema, cepaeuHo-
cocynuctoi cucremu (CCC).

Mamepianu ma memodu docaidncenns. T'irieHiYHI TOCTIIKEHHS Ta BUSHAYEHHS YMOB Mpalli MPOBOAWIUCS BiMOBIAHO 10
HOpMAaTUBHOI JoKyMmeHTalii. KiiHiKo-iHCTpyMeHTalbHi HOCTiIKEHHSI TPOBOJUINCH 3 BUKOPUCTAHHSIM CYy4acCHOTO Jlia-
THOCTUYHOTO OOJlamHaHHS. 11 TIPOrHOCTUYHOI OLIHKM BiporigHocTi po3BuTKy mnatojorii CCC 3ajiexkHO Bif HasBHOCTI
OKpPeMUX KJIIHIYHUX Y1 BUPOOHUUUX YMHHUKIB PU3UKY PO3pOOIeHA MPOTHOCTUYHA MOJIENIb CTATUCTUYHO 3HAYUMUX YNH-
HUKIB PU3UKY 3 OLIHKOIO JUISI HUX BiIHOILIEHHSI IIAHCIB 3 HACTYITHUM y3araJbHeHHSIM iX 3a MPUMHLMUIIAMU MeTa-aHali3y Ta
BU3HAUYEHHsIM reteporeHHocTi BBy (Higgins’s 12 test) Ha 3mopos’s T1J1b.

Pe3yasmamu. 3a pesyabraTaMy MPOBEIECHUX TOCTIIKEeHb Mpalisl MallUHICTIB €JIeKTPOBO3iB Ta iXHiX MTOMIYHUKIB 32 KPUTE-
pismu ['KIT 2014 poky B LiijiomMy Binnosinae kiacy 3.2; BA3HAYEHO CTYIiHb BUPAXXEHOCTI MaTOJOTIYHMX 3MiH Y MaIlIUHICTIB
€JIEKTPOIIOI3/1iB Ta IXHiX MOMIYHUKIB y BiIMOBIIHUX MiArpyIax 3ajexHo Bij cTaxy podotu. Haitrporno3oBaHillimMu HO30-
sorismu y 11D €: aprepiajibHa rinepreH3isi, MeTaboJIiUHMI CUHAPOM, HEATKOTOIbHA XMPOBa XBOPOOA MEeUiHKKU, a TAKOX
KOMOpOiHa naToJiorist Ha (poHI BereTaTUBHOI AUC(MYHKILIT, 1110 € OCHOBOIO JIJIsSI PO3BUTKY TelaToKapaiaJJbHOTO KOHTUHYY-
My. HajmaHo nmporHocTuyHy OLIHKY 11010 MiaBuIleHHs BiporigHocTi po3Butky narosorii CCC y IJIB. JIudepeHuialiis
JMUCTIAHCEPHUX TPYII i 03M0POBUUX 3aXO/IiB BiAnoBigHOTO 00’eMy y I1JID BinOyBaeThcs 3 ypaxyBaHHSIM CTaxy poOOTH.
Bucnosku. 1llupoka imriyieMeHTallisl B MPaKTUKY 3aXO/iB MPOoMiIaKTUKK 3aJIeXHO Bil qudepeHuiallii 1ucnaHCepHUux rpymn
TTO3BOJIUTH e(heKTUBHO 3HU3UTU PU3UKU BUHUKHEHHs ratojoriynux 3mMiH CCC 3aexHo Bin cTaxky poOoTu.

KarouoBi cioBa: mpaniBHUKYM JIOKOMOTHBHUX OpUraj, YMOBM IIpali, 340pOB’sd
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DU3NOAOINO-NMMrMMEHNYECKASI OLEHKA YCAOBUA TPYAA N 3AOPOBBLS
MALWVNHUNCTOB SAEKTPOBO30B 1 NX NTOMOLLHNKOB A0 «YKPAVNHCKAS
JKEAE3HAS AOPOrA»

'HaUMOHaALHbIN MEAVLIMHCKUIA YHUBepcuUTeT uMmeHn A. A. Boromoabua, r. Kues

2Knesckasn KAMHUHeckas 6oAbHMUA N2 2 Ha YKeAe3HOAOPOXKHOM TpaHcnopTe dpuanana «U30 «MAO «Y3»

Bcemynaenue. Ha coBpeMeHHOM 3Tare paOOTHUKU JOKOMOTUBHBIX Opuraz (PJIB) BeIMOIHSIOT OCHOBHYIO (DYHKIIMIO TPaHC-
MMOPTHOM OTpacyi — 00ecIeunBaloT Gecriepe0oitHOe ABMXKEHNE ¢ BBICOKOW OTBETCTBEHHOCTBIO TIPH TIEPEBO3Ke TacCaKu-
POB ¥ Pa3TMIHBIX TPY30B. TeXHOIOTHS IIPON3BOICTBEHHOTO TIpOliecca Ha KeJe3HOIOPOKHOM TPAaHCTIOPTe 00YCIIOBIMBAET
Hanmure Ha pabounx mectax PJIb xomrutekca BpemHbIX (haKTOPOB MPOU3BOICTBEHHO CPeNbl ¥ TPYIOBOTO Mpoliecca.
Lleav uccaedosanus — oueHUTh yeaoBus tpyaa PJIB mo mokazarensiM TSDKeCTH M HAMpSIKEHHOCTH TPYIOBOTO Tpoiiecca,
BPEIHOCTU U OMACHOCTH (PaKTOPOB MPOU3BOJACTBEHHOI cpesibl; pa3paboTaTh KOMITJIEKCHYIO OLEHKY BIUSIHUSI BPETHBIX
(hakTOPOB MPOM3BOACTBEHHOM CPe/ibl U TPYAOBOTIO Mpoliecca Kak (aKTOPOB pUCKa Pa3BUTHS MATOJOTUYECKUX U3MEHEHUI
B opranusme PJIb ¢ npuMeHeHueM COBpeMEHHbBIX METO/IOB MaTEMATUYECKOTO aHAJIM3a MTPOTHOCTUYECKOM MOIEIIHU.
Mamepuanvt u memoos! uccaedosanus. IMTHEeHMYECKIe UCCIIEIOBAHUSI U OTIPENIEIEHNS] YCIIOBUI TPyia IIPOBOIWINCH B COOT-
BETCTBUU C HOPMATUBHOM TOKyMeHTanue. KIMHIKO-nHCTpYyMeHTaTbHbIe UCCIIEI0BAHUSI TIPOBOAMIINCH C UCTIOTh30BaHU -
€M COBPEMEHHOT0 AMarHOCTUYECKOTO 00opynoBaHus. st MPOrHOCTUYECKOI OLIEHKN JOCTOBEPHOCTU Pa3BUTUS MATOJO-
ruu cepaeyHo-cocynuctoi cuctemol (CCC) B 3aBUCMMOCTH OT HAJTWYMST OTACJIbHBIX KIMHUYSCKUX WU TTPOU3BOACTBEH -
HbIX (haKTOPOB pUcKa pa3dpaboTaHa MPOrHOCTUYECKAs] MOAEIb CTAaTUCTUYECKH 3HAUUMbIX (haKTOPOB PUCKa C OLIEHKOU ISt
HMX OTHOIICHUS IIIAHCOB CO CIISAYIONINM 0000IIeHEM MX TT0 TIPUHIIAIIAM MeTaaHaI13a 1 OTIpeIe]ICHUEM TeTepOTeHHOCTH
pustHus (Higgins's 12 test) Ha 3moposbe PJIB.

Pezyavmamet. [1o pe3yabraTaM IPOBEIEHHBIX UCCIENOBAHUI TPY MAIIMHICTOB 3JIEKTPOBO30B 1 MX IIOMOIITHUKOB TI0 KPH-
TepusM «[urmeHnueckoi knaccudukanuu tpyaa» 2014 roma B 1esoM oTBevaeT kiaccy 3.2. OmnpeneseHa CTeneHb BbIpa-
>KEHHOCTU MAaTOJIOTMYECKMUX U3MEHEHUN Y MALIMHUCTOB 3JIEKTPOTIOE3I0B U UX IMOMOIIHUKOB B COOTBETCTBYIOLIMX MOA-
TpyIIax B 3aBUCUMOCTH OT cTaxa ux pabotsl. Hanbosee npornosupyeMbiMu Ho3osorusiMu y PJIB siBistioTes: apTepuasb-
Hasl TUTIePTeH3UsI, MeTabOoIMIeCKUI CHHAPOM, HeaJTKOTOJIbHAsI KUPOBast 00JIe3Hb IMEYeHU, a TAKXKe KOMOPOUTHASK TTaTOJIO-
st Ha (hoHE BETeTaTUBHOU MUCOYHKITNHU, KOTOpPast SIBJISIETCSI OCHOBOU TSI pPa3BUTHSI TeTaTOKapIuaTbHOTO KOHTHHYYMA.
[Ipencrasnena mporHocTUYeCKast OLIEHKA OTHOCUTENIBHO TTOBBIIIeHNsI TocToBepHOCTH pa3Butus naronoruu CCCy PJIb.
JnddepeHumalyst IMCIIaHCEPHBIX TPYIIT U COOTBETCTBYIOIIETO 00beMa 03A0POBUTENbHBIX MepornipusaTtuii y PJIb mpowuc-
XOJIUT C YYETOM cTaxa paboThl.

Bbi6oowi. 11lupokast UMITJIEMEHTALIMSI B MPAKTUKY MEPOINPUITUI NMPOGWIAKTUKA B 3aBUCUMOCTH OT AuddepeHIraluu
NIACTTAHCEPHBIX TPYIIIT TTO3BOJUT 3 HEKTUBHO CHU3UTh PUCKU BO3HUKHOBEHUS TTATOJIOTMUECKUX U3MEHEHUI B 3aBUCHMO-
CTH OT cTaxa paboTHI.
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