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Abstract

Along with oscillating — undulatory natural processes such as gravity, electro-
magnetic radiation, ionization etc. permanently influencing human organism, vibration
and noise are found to be the most widespread.

Development of new superfast machines and high speed instruments and devices
have gone far beyond the development of effective and reliable vibroprotection solutions
of human-operators. On the practice the existing vibroprotection solutions and methods
do not guarantee proper security of people working in vibro-dangerous professions and
environments. Correspondingly, the problem of vibroprotection of human-operators seeks
for the solution of difficult and complicated issues through nontraditional methods and
fundamentally different approaches.

While working on the mentioned problem solution through bridging theoretical
and practical ideas a model based on interaction of two oscillatory processes has been
picked out. Consequently, the goal of this work is the study of vibration influence
mechanism on the human organism through research of properties and regularities
interaction of two oscillatory processes: mechanical — local vibration and muscle’s
bioelectric activity.

Theoretical and experimental research methods of mechanical and bioelectric oscillations
of biomechanical circle have been elaborated to achieve this goal and corresponding
results have been obtained under the influence of local vibration, which represents the
scientific novelty of the work performed.

Particularly, properties and regularities of biomechanical system are being established,
namely:

- Human biomechanical circle mechanical spatial oscillations’ regularities that
depend on vibration parameters and muscle tension.

- Dependence of included into vibration influence muscles’ cumulative bioelectrical
activity parameters on vibration parameters and muscles’ functional state.

- Relationship of biomechanical circle muscles’ mechanical and bioelectrical
oscillations under external vibration exposure.

- Property of human organism to absorb externally fed rhythm and quantitative
regularities of synchronization between external vibration and muscle’s cumulative
bioelectrical activity.

Mathematical model of biomechanical circle considering mechanical and neural
components of the closed system has been composed. By means of digital experimental
research methods of math models the synchronization and resonance regimes are obtained
between circle mechanical oscillations, neuron activity and external periodical exposure.
Practical value of the work is that obtained quantitative regularities let us approach the
vibroprotection problem of workers with vibro-dangerous professions from the new, still
unexplored position and utilize them in regulatory sphere of vibration parameters. On the
bases of results obtained it’s possible to develop technical solutions for human muscle
system functional condition and stimulation diagnostics.

Performed work contains also the survey of references on the subject and critical
analysis used in setting up the work tasks.

Principal part of the work contains description of device-installation complex
through which the comprehensive measurement of oscillatory processes’ parameters
influencing human upper limbs is being conducted and which, on the bases of accurate
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results, allows us to specify the mechanism underlying local vibration effective exposure
on neuromuscular apparatus.

Theoretical part contains phenomenological model of biomechanical circle
including two interconnected components: mechanochemical — considering muscles’
properties to transform chemical energy into mechanical and nervous — in form of neural
network system. Results obtained through computer simulation method of mentioned
model qualitatively prove theoretical capabilities of neuron network activity
synchronization with external influence and resonance regimes’ realization.

Experimental part contains results of experimental tests on organism reaction
during transmission of local vibration to the human limbs in form of amplitude-frequency
diagrams and other graphical illustrations.

Quantitative results obtained on the bases of multiple tests are being classified and
extrapolated. In particular, it’s been defined that oscillations of limp parts are relief
dependent on vibration input parameters and muscles’ functional state.

The expression of biological reaction of the limb to the local vibration is the change of its
muscles’ motor activity.

Retention of auto-oscillatory regimes of muscles’ bioelectric activity oscillations
occurs through vibration exposure and vibration frequency is the rhythm carrier in this
regime.

Significant growth of muscles’ bioelectric activity oscillations’ amplitudes occurs at
certain frequencies.

Synchronization of muscles’ bioelectric activity oscillations with external
vibration frequencies is observed in quite wide range of frequencies. There are optimal
magnitudes of vibration amplitude and muscles’ static tension where synchronization is
more clear-cut.

There are regimes when muscles’ bioactivity oscillations’ frequencies completely
coincide with vibration frequency. Quantitative indexes of such regimes are individual for
each person.

Fatigue processes in muscles are heavier during vibroexposition and synchronization
effect in tired muscles is manifested faster.

Finally, results obtained from theoretical and experimental researches are summarized in
conclusions and defined as follows:

- New progressive aspect in human motor apparatus vibroprotection is being
developed; it is based on research of two interactive — external and inner organism
oscillatory processes.

- Experimental research method for biomechanical circle dynamic characteristics is
being elaborated; it is based on measurements of mechanical and biological oscillations’
amplitude-frequency dependences under vibration local exposure. The special device has
been designed for integral assessment of characterizing parameters of human organism
reaction to the vibration irritants.

- Experimental tests have been performed on the bases of elaborated methods that
allow us to define properties and regularities of biomechanical systems under vibration
local exposure.

- Phenomenological model version of biomechanical circle containing
neuromuscular apparatus mechanochemical and neural components is being composed
that allows us to study closed system under different external exposures.
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