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Abstract

Modern diagnostics of athlete preparation involves the acquisition of a large number of data, which requires superior
knowledge, serious logistics, protocols, staff, time, etc. Technological breakthroughs in surface electromyography (SEMG) in
measuring the activities of respiratory muscles in vivo opened new possibilities in this direction. The correlation between
physical preparedness and the ability to maintain breath has been a theoretical phenomenon for over a century. The result at
the duration of the breath holding time (BHT) is generally considered a positive indicator of the volume of respiratory capacity
during physical activity. Experimental research determined involuntary activities of auxiliary respiratory musculature at the
end of the quiet retention of breath and are determined as a physiological break point of breath holding. The time from the
start of the breath holding to the first involuntary breathing movement (IBM) is called the control pause (CP). Since this time
is not the physiological maximum of breath holding, it is very important to determine the exact moment of reaching the first
IBM and the time-frequency characteristics of SEMG signals during the IBM phase (work problem). Using Wavelet
methodology, the analysis of SEMG signals is performed on three skeletal muscles, two inhaling (M. Scalenus - Anterior et
Medium - SC, and M. Parasternal Intercostales - IC) and one exhalatory (M. Rectus abdominis - Ra), that in addition to others,
have auxiliary role and function in the respiratory cycle, and that are sensitive to physiological changes due to apnea, so in
their neuromotor response are a possible indicator of metabolic processes that are detected as involuntary breathing
movements. Multiple growths in the electrical activity of these muscles during IBM in certain frequency ranges have enabled
precise IBM measurement, thus determining the physiologically acceptable duration of the CP. Observation and analysis of
the specific respiratory and muscular response indicate dominations of hypoxic or hypercapnic metabolic condition (subject
of research). Based on monitoring these changes in 12 subjects classified in the group categorized amateur athletes, it was
determined that better-trained subjects have longer CP and react hypercapnically. The conclusions of this non-experimental
case study correspond to the practice of training preparation but open the space for new research, primarily those who should
develop an affordable method for non-invasive real-time physical preparation.
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INTRODUCTION

One of the classic questions many coaches ask themselves is how to lead athletes and teams to individually
optimal results. An important part of their daily routine consists of planning the development of athletes' training
and competitive potential, as well as monitoring and measuring their progress in a standard environment. The
primary mission of checking athletes' health status is to avoid adverse conditions during and immediately after
training or competition and to ensure the chronic — lifelong effects of exercise. Health integrity challenges for
athletes primarily include strokes (serious conditions with loss of consciousness) that can lead to fatal outcomes
(Schmidt et al., 2013), as well as heart defects that can remain hidden for years (Panagotakos et al., 2004). During
any demanding training cycle, coaches and athletes are expected to structure an optimal training plan and program
for each day, week, month, etc. (Foster, 2016). To achieve optimal results and progress, and above all, to preserve
athletes' health, it is critically important to make decisions about what to retain and what to change in training. Key
strategic decisions are made based on training program analytics and indicators of athlete readiness diagnostics,
which in a well-developed athlete monitoring system involves the acquisition of a large number of data points and
measurements. These, depending on the sport and discipline, relate to VO™, lactate threshold, body fluid
biochemistry, EKG, EEG, etc. Due to the measurement of a large number of physiological parameters, the correct
interpretation of results is crucial, and it requires highly trained and experienced analysts. Today's sports impose the
concept of inter- and multidisciplinary approaches with a tendency to increase the number of knowledge areas and
team size. Besides coaches, physiologists, and medical staff, it is not uncommon for information science engineers,
biomechanics experts, statisticians, and others to be involved in planning to achieve top sports results. They assist
in the acquisition and calculation of TRIMP scores. Foster (2015) emphasizes the effort to integrate as many
parameters as possible into a single assessment, which facilitates decision-making for coaches and, in the case of
poor results, incentivizes to create even more detailed analyses. This approach requires serious logistics and time,
and the cost is not negligible, nor is the significant pressure that this cycle of measurement and testing places on
coaches and athletes. Measurements and appropriate test selections are prerequisites for all cognitive efforts, known
to "tire" athletes, and are therefore typically done separately from training.

PRACTICAL CHALLENGES OF ASSESSING ATHLETE READINESS

The primary motivation of any training regimen is to shift demands within a unit of time—an incremental
effect that maintains the stability of skill and movement technique. In the practical implementation of the strategy
or theory of training load and recovery, two concepts are thoroughly studied: NFOR (non-functional overreaching)
and OTS (overtraining syndrome) (Meeusen et al., 2012). On one hand, the athlete must be overloaded to step out
of the comfort zone of their current training level. If the chronic impact of OTS is not recognized, it can disrupt
sports readiness, and if NFOR is not recognized, time is lost for preparation and reaching maximum readiness. These
two conditions are challenging to distinguish for an inexperienced coach or an athlete lacking an understanding of
training effects and accompanying conditions. The main problem in responding to the challenges of this process is
the qualitative and quantitative recognition of the training structure, as well as the objective tests developed that
realistically connect laboratory and field measurements. Karl Foster highlighted the practical issues in distinguishing
between OTS and NFOR, noting that prolonged adaptation is the most common difficulty in their differentiation. In
this process, a range of medical conditions must first be excluded. If there are no indicators among them, the next
step is to check for disturbed homeostasis, numerous hormones, and then a series of blood samples to check: blood
lactates, creatine kinase, and glutamate. If none of these are outside normal limits, then mental readiness can also
play a role—in this sense, numerous psychological questionnaires have been developed (So et al., 2016).

A training plan, once established, needs to be followed for each day of the program, but this must be approached
with caution. An athlete may be lazy and need to be stimulated to complete the daily plan, but if they have an
objective problem fulfilling the daily plan at any stage of their life and training, this can lead to uncontrolled load
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attributes, making continued exercise counterproductive. The measurement method, selection of adequate tests, their
acquisition, and individual analysis are conditioned by numerous factors primarily (Foster, 2015):

e The time frame of training is the first and decisive/key factor. Obtaining relevant and reliable results, from
testing to proper interpretation, sometimes takes so long that it questions their immediate informational and
strategic capacity.

e The logistics of such measurements are demanding: having the necessary equipment and laboratory at hand
is difficult, as typical measurements require access to several different devices/modules.

o The financial aspect, such as the cost of equipment, test development, and their correct interpretation by
specialists, determines whether the method can be practically applied or not, i.e., at what level of sports
engagement this is possible (Matthew et al., 2010).

e The psychological/sociological factor is closely related to the reliability of a particular method. For
example, EKG in top athletes is full of "abnormalities” in 50% of cases. These are not pathogenic changes
in heart rhythm; misinterpreting the EKG can unnecessarily exclude an athlete from a competition they may
have been preparing for years (Corrado et al., 2010). The consequence for the athlete's psyche is clear, and
the financial effect cannot be ignored either.

It remains apparent that today's athlete monitoring is challenging, strenuous, and stressful. Using simpler
methods would contribute to better training stimulus planning and individual athlete progress. This paper proposes
a conceptual solution that can meet metric requirements based on the acquisition of parameters related to the body's
physiological response during prolonged breath-holding.

Physiological Response to Prolonged Breath-Holding and Its Use in Research and Coaching

Practice

Despite significant variations in the human physiological response to prolonged breath-holding, which is
also attributed to the mammalian diving reflex, its critical function is preserving oxygen to maintain cerebral
function. This includes two central processes that describe (I) peripheral vasoconstriction associated with initial
hypertension, mediated by the sympathetic nervous system, and (I1) bradycardia associated with decreased cardiac
output, mediated by the vagus nerve (Lindholm & Lundgren, 2009; Foster & Scheel, 2005; Bain et al., 2018).

The initial increase in mean arterial pressure coincides with the contraction and expulsion of "fresh" blood
from the spleen, providing "new oxygen™ in the bloodstream, which has an apparent beneficial effect at the start of
breath-holding (Palada et al., 2008).

During induced apnea, two main phases are observed: the "easy-going" phase, characterized by the absence
of EMG activity of respiratory muscles, and the "struggle™ phase, marked by rhythmic fluctuations in lung pressure
and rhythmic EMG signals and their demarcation point. Identifying this transition represents a physiological
breakpoint, a consequence of metabolic and dynamic responses of the respiratory muscles, considered the first
involuntary breathing movement (IBM). The "struggle" phase is characterized by increasingly stronger I1BM
contractions of the respiratory muscles due to a series of metabolic adjustments, reflecting the excess CO2
concentration in the blood, which in turn affects the central respiratory system by producing a respiratory drive.
These changes are accompanied by a feeling of air hunger, during which motivated but naive subjects will interrupt
breath-holding and resume the breathing process (Parks, 2006; Bain et al., 2018). The frequency and intensity of
IBM increase towards the end of apnea duration, indicating that this state has a discernible impact on IBM. Despite
strong evidence, the role, and thus the reliability of IBM, is blurred by the fact that in some subjects, IBM cannot be
detected even during extended breath-holding periods (Willie et al., 2015). The period of involuntary respiratory
movement induces short-term increases in mean arterial pressure with positively correlated oscillations in cerebral
blood volume and hemoglobin oxygenation, likely due to chemoreceptor stimulation and consequent efferent
respiratory motor response (Willie et al., 2015; Joulia et al., 2003). It is accompanied by a decrease in spleen blood
volume and the process of maintaining hemodynamics, which probably facilitates the use of the last oxygen reserves
before the end of breath-holding (Palada et al., 2008).

Measuring breath-holding has been used for over 100 years as an important readiness factor for active
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military pilots (Flak, 1920). Non-invasive measurement of calm breath-holding to the IBM physiological response
is among the least stressful of all breath-holding varieties. Since the 1960s in the Soviet Union (Kazarinov, 1990),
breath-holding measurement has proven to be an excellent indicator of health status and energy capacity across a
wide range of subjects, from cosmonauts to the seriously ill. However, this phenomenon could not be fully detected
and explained by the physiological analyses of that time, especially in tracking changes in the activity of muscle
groups involved in the breathing process (respiratory musculature).

Breath-holding after normal breathing and following spontaneous exhalation does not lead to any tension
(Ostoji¢ & Stefanovic, 2020). The time period from the start of breath-holding in this way to the first IBM was called
CP (control pause) by the Soviet group around K.P. Buteyko, and the length of this period is used to indicate the
subject's readiness and overall health. IBM can occur in two topographical zones, in the neck region or the plexus
(Stefanovi¢, 2020). Until the recent breakthroughs in surface electromyography in analyzing respiratory phenomena,
objective insight into the work of the respiratory musculature and the exact moments of IBM was not possible.
Manual detection of IBM was previously mostly performed using subjective methods of tactile discrimination,
palpating the plexus with fingers, placing a bell or plethysmograph on the region to feel twitching or trembling,
while the neck followed the feeling as if the subject was performing a swallowing act. IBM reaction exclusively in
the plexus is present in about 16% of subjects, in the neck in most (76%), and 20% of subjects react in both regions
(Ostoji¢ et al., 2020).

When practically measuring CP, a twofold problem is observed. If the subject merely "imagines" they have
experienced IBM, the obtained result is shorter than the real one. In the case of breath-holding after IBM, the result
is falsely longer. It should be noted here that the objectively maximum possible breath-holding time is up to 30%
longer than CP, and this percentage decreases with longer breath-holding to about 10% (Ostoji¢, 2017). It is clear
that the breath-holding time itself can be divided into several classes based on which the health and readiness of the
subjects could be classified. However, the question arises of the reliability of CP measurement, and whether it is
possible to derive a quick and accurate assessment of the health status and readiness of athletes based on the
characteristics of IBM signals from the indicated body regions.

METHOD

The acquisition of SEMG data from selected muscles was carried out using the non-invasive research Delsys
TrignoTM wireless SEMG system, known for its high performance. This system enables a sampling frequency of
1926 Hz, using four hybrid mobile SEMG sensors and a 16-bit A/D converter. Hardware filtering was applied,
including a high-pass FIR filter of 7 Hz, a second-order Butterworth band-pass filter between 20 + 5 Hz and 450 +
50 Hz, and a narrow band-stop filter around 50 Hz.

Previous studies have shown that an initial sampling frequency of 200 Hz was insufficient to capture the
full dynamics of the signal (Ostoji¢ et al., 2020; Ostoji¢ & Milosavljevi¢, 2019). Therefore, a higher sampling
frequency was applied to ensure higher quality parallel signals and to facilitate a simple, self-sufficient setup for
acquisition. Measurement of the first IBM after a calm exhalation has been published in a previous study (Misi¢ et
al., 2023), where it was demonstrated that these effects could be recorded and analyzed using wavelet spectral
analysis, provided that the signals are sampled at a sufficiently high frequency.

The motivation for selecting the muscles was to include primary inspiratory and expiratory muscles.
Scalenus anterior et medium (SC) and Parasternal Intercostales (IC) are primary inspiratory muscles, while Rectus
Abdominis (RA) is a primary expiratory muscle. IC is an intersection between SC and RA, where most people
exhibit a reaction, making it suitable for diagnostic purposes. M. Pectoralis is active during deep or forced inhalation
but does not play a primary role in breathing during exhalation and was not measured. M. Brachioradialis, a
locomotor muscle that does not participate in respiration, was measured as a reference muscle to aid in noise
removal, See Figure 1.
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Figure 1 Placing of Delsys TrignoTM wireless sensors for one-sided (right side) recording the myoelectric activity of the three respiratory
and one locomotor muscle

Note: Auxiliary inspiratory muscle Scalenus anterior et medium (SC), Primary inspiratory muscle Parasternal Intercostales (IC), Auxiliary expiratory muscle Rectus Abdominis
(RA), and a locomotor muscle Brachioradialis (BR)).

For the entire experimental setup, the right side of the body was chosen for acquisition to minimize

interference from heart activity signals, which are more pronounced on the left side. Additionally, subjects were
instructed to avoid activating their peripheral muscles, except when indicating the beginning and end of breath-
holding. This indication was a cue for the operator to place or remove the nose clip. This signal was given by slowly
raising and lowering the index finger of the left hand to further avoid activity on the right side of the body during
the critical phase of measurement (the beginning and end of the breath-holding (BH) maneuver).
In addition to the classical measurement of breath-holding duration (BHD), the main focus of this study is the time-
frequency characteristics of SEMG signals during IBM movements of involuntary breathing. Both types of results
are generally modulated by many factors. Apart from individual factors such as sex, age, body size, chest shape,
diaphragm position, thoracic blood volume, blood hemoglobin content, metabolic rate, obesity, illness, etc., other
common factors such as initial lung volume and posture significantly impact SEMG signals and BHD (Lumb, 2017a;
Lumb, 2017b). Most breath-holding studies are based on holding the breath with fully inflated lungs. Still, such an
initial lung volume creates tension in all respiratory muscles to overcome increased inhalation resistance and lung
pressure. This produces an inflation reflex and increases the influence of the aforementioned individual factors
(McCulloch et al., 2012). Given that this study mainly limited the research objectives to the SEMG response of
respiratory muscles to hypoxic and hypercapnic stimuli, the common factors mentioned were chosen to minimize
their impact on EMG activity by reducing additional unwanted elastic forces in the respiratory muscles and changes
in lung volume, thereby reducing unwanted stimulation of respiratory center control. These factors can be overcome
by breath-holding during fully relaxed respiratory muscles, which is characteristic of lung volume at the end of a
normal exhalation, i.e., functional residual capacity (FRC).

Regarding posture, a supine position increases abdominal pressure on the diaphragm, thereby preventing the
diaphragm from fully relaxing at the end of exhalation and significantly reducing thoracic volume, which thus affects
the lung volume at the end of resting exhalation or FRC. Compared to an upright sitting position, the supine position
decreases the elasticity of the chest and diaphragm, reduces chest compliance by 30%, and overall static compliance
of the respiratory system by 60% (Ostoji¢ et al., 2020). Additionally, breath-holding from FRC and upright sitting
reduce pulmonary blood flow resistance and volume, thus preventing or reducing unwanted receptor stimulations.
All these reasons led us to design the experiment with the BHM maneuver in an upright sitting position with a
straight spine, without lumbar support, in a calm environment with occasional and timely notification of the
remaining time until the approximate start of breath-holding.

Measurement protocol
The schematic representation of the BH maneuver, along with its tasks, phases, and durations, is presented



Ostoji¢, M. et al., Diagnosis of athlete's preparedness..., PHYSICAL CULTURE 2023; 77 (1): XXX-XXX

in Scheme 1 (with time frames of spontaneous breathing established based on Stewart & Bain, 2021; Perini et al.,
2008). Breath-holding commenced after a spontaneous exhalation to FRC, with subjects being instructed to refrain
from preparatory hyperventilation, and concluded with spontaneous inhalation through the following phases:

e Calm, Passive Phase: The subject sat for approximately 3 minutes with their hands resting quietly on their
thighs and all electrodes in place. They breathed quietly through their nose with normal inhalation and
spontaneous exhalation, relaxing their entire muscular system.

o Active Phase, Breath-Holding: At their discretion, after a spontaneous exhalation, the subject raised their
index finger to signal the operator to close the nostrils with a diving clip. The subject mentally continued to
relax all muscles, went through a phase of easy maintenance, and allowed respiratory contractions to develop
"naturally” towards the end of breath-holding (struggle phase, beginning of the physiological breakpoint,
and the onset of IBM signals). The subject held their breath for as long as possible until spontaneous
termination, at which point they signaled the operator to release the clip, allowing them to resume normal
breathing.

e Calm Final Phase: The subject remained calm, as at the beginning of the exercise, for at least three more
minutes, breathing quietly and relaxing their entire musculature while heart activity, breathing, and
metabolic processes returned to normal.

Breath-Holding Maneuver

............................. | | Y. N ...
TASK Spontaneous Breathing Breat:rB-:)oldmg Spontaneous Breathing

PHASE

i Exhatation BH |

Tstart Tstop

Figure 2 Breathing pattern in the breath-holding experiment.
Note: Breath-holding began after spontaneous expiration to functional residual capacity and ended with spontaneous inspiration to normal lung capacity.
Markers Tstart and Tstop define the beginning and end of the breath-holding cycle).

Participants

This study included 12 healthy, regularly physically active, non-smoking volunteers divided into two
equally sized groups based on their level of sports engagement—professional and amateur. For each participant,
their primary sports discipline/activity, age, gender, height, weight, and status as a professional or amateur athlete
were recorded. The participants selected were healthy individuals with an average body weight and a body mass
index (BMI) ranging from 21.8 to 25.3 kg/m2. All participants received necessary explanations and instructions and
provided written consent, acknowledging that they understood the study's objectives and procedures and agreed to
participate voluntarily. Each participant underwent the procedure depicted in Figure 1 twice, resulting in a total of
24 signals (12 participants x 2 sessions) that should contain IBM. Previous subjective measurements did not
determine the presence of IBM, but with this equipment and protocol, we aim to identify it more accurately.

RESULTS

Participants with similar characteristics within each of the two study groups demonstrated significant
variability in muscle physiological responses to the BH maneuver (Scheme 1), reducing the statistical consistency
of the results. To draw valid conclusions from the variable data, the focus was on understanding the correlation
between physiological responses and individuals' estimated physical fitness/training levels (Misi¢ et al., 2023). The
physiological implications were analyzed and interpreted mainly in the context of hypoxic and/or hypercapnic
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responses, as well as muscle fiber subtypes.

Wavelet and statistical analysis of surface electromyography (SEMG) signals from three respiratory muscles
(two inspiratory, SC and IC, and one expiratory, RA) and one locomotor muscle (BR) was performed during the BH
maneuver to identify the most suitable muscle for detecting and characterizing involuntary breathing movements,
as well as assessing responses to tissue hypoxia and hypercapnia. The measurement results are shown in Table 1,
where the participants are categorized into groups of athletes and amateurs, with other recorded data and BH duration
measurements for each of the two trials presented in the last two columns.

The long-term goals of this study are to improve physical fitness tests (Misi¢ et al., 2023). Several wavelet
analysis methods were used: scalograms (continuous wavelet transform) for signal visualization and qualitative
analysis and discrete wavelet transform (DWT) in redundant form, known as maximal overlap DWT (MODWT),
for quantitative analysis. Based on MODWT, several analyses were performed, with the main ones being: 1)
multiresolution analysis to determine wavelet energy spectra (WES) of signals, 2) correlation analysis of WES
distributions using probability density estimation and classification by different criteria (level of sports activity,
muscle types, and MODWT components) to determine the reproducibility of the IBM phenomenon, 3) wavelet
variance analysis with a moving window of fixed width for individual MODWT components to analyze transient
phenomena during IBM, particularly determining characteristic frequency ranges, and 4) comparative analysis of
changes in relative energy of MODWT components and BH duration.

Table 1 Breath-holding duration (BHD) of categorized and amateur athletes (N=12)

o e Age Height Weight
Training Level Discipline Gender
(years) (cm) (kg)
1 Professional Swimming Female 20.9 168 63 22.3 24 27
2 Professional Rowing Female 29.4 180 75 23.2 31 28
3 Professional Rowing Male 30.5 195 92 24.2 51 53
4 Professional Rowing Male 26.9 197 90 23.2 64 81
5 Professional Athletics Male 25.1 192 85 231 57 52
6 Professional Scuba diving Male 27.2 186 80 23.1 70 66
MEAN 26.7 186.3 80.8 23.2 49.5 51.2
PROFESSIONALS

SD 3.1 10 9.8 0.5 16.7 19.3

Amateur Volleyball Male 20.6 204 95 22.8 27 29

8 Amateur Jujutsu Male 36.7 185 76 22.2 43 52
9 Amateur Jujutsu Male 19.2 178 69 21.8 34 37
10 Amateur Jujutsu Male 44.9 180 80 24.7 40 57
11 Amateur Jujutsu Male 40.1 180 82 25.3 36 49
12 Amateur Yoga Male 45 197 93 24 21 24
MEAN 34.4 187.3 82.5 235 8815/ 41.3

AMATEURS
SD 11.7 10.7 10 1.4 7.5 12.2

This pilot study preliminarily indicated high reproducibility of predetermined respiratory muscle responses, as
well as the detection of dominant respiratory muscle responses and IBM signals either in the inspiratory IC or the
expiratory RA. The difference was associated with training status, with categorized athletes showing longer BH
duration and a stronger hypercapnic response in the expiratory RA compared to recreational athletes, who exhibited
a stronger hypoxic response in the inspiratory IC. Additionally, frequency ranges were determined: the hypoxia-
sensitive inspiratory IC activated in a shorter time and gradually within the frequency range of 250-450 Hz for
recreational athletes (independent of the individual and BH duration), whereas the hypercapnia-sensitive expiratory
RA activated only with longer BH duration but abruptly in the frequency range below 250 Hz, depending on the
individual and BH duration. Comparison of BH duration and wavelet characteristics of SEMG signals showed
changes consistent with the mechanism of motor unit recruitment and the transition from slow-twitch oxidative
muscle fibers (type 1) to fast-twitch (low-oxidative) glycolytic muscle fibers (type 2). The study also revealed certain
parameters indicating disorders, some of which were consistent with findings in existing literature. Overall, the
research demonstrated that using SEMG techniques and wavelet analysis could non-invasively assess oxygen storage
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in skeletal muscles, suggesting the potential to improve physical fitness tests by establishing a closer link between
physical condition, BH duration, and SEMG characteristics of increased myoelectric activity in IC and RA muscles
during BH.

DISCUSSION

Conceptual solution of a method for the health check and sports preparedness

The conceptual solution for assessing the health and readiness of athletes revolves around monitoring three
apnea-related muscles: IC, RA, and SC. SC is particularly measured to control breathing technique, ensuring that
participants perform exercises correctly without preparatory hyperventilation.

Building on previous findings, there is a demand for precise and rigorous preparation of participants and
protocols to ensure high-quality raw data, minimizing interference and facilitating accurate interpretation.

Classical methods reliably measure CP only in well-trained individuals who can relax, whereas results often
prove unreliable in stressed or tense subjects. To mitigate this, subjects should be relaxed before measurements
through activities such as conversation, music, ionization, static electricity elimination, etc.

Additional activities and monitoring are proposed to observe patterns better and facilitate result interpretation:

e Visual monitoring of participant reactions and behaviors via camera to verify unexpected signal occurrences
retrospectively.

e Expansion of measurements to include additional respiratory muscles, particularly adding diaphragm
measurements.

e Measure pulse rate intervals (ECG) to study variability over time and attempt sinus rhythm detection for
establishing central respiratory rhythm and IBM signal during breath-holding (Parks, 2006).

e Monitoring post-exercise heart rate recovery time as an indicator of athlete fitness level, comparing it with
recovery time derived from SEMG signals (explained later in Figure 5).

o Isolation of heart signals from sEMG signals and correlation with ECG to ascertain whether pulse can be
reliably obtained from IC and RA SsEMG respiratory signals.

e Standard tissue oxygenation measurement methods using near-infrared spectroscopy (NIRS) were added to
calibrate oxygenation linkage with SEMG muscle measurements.

e A larger sample size is needed to detect better patterns and statistically group results by sports
branches/disciplines, gender, training type, body size, etc.

e Pre- and post-training SEMG measurements should be conducted to qualitatively assess muscle response to
fatigue alongside standard measurements such as EKG, EEG, biochemistry, lung capacity, etc., correlating
them to possibly replace standard measurements with SEMG muscle measurements.

e To establish the relationship between FRK (functional residual capacity) and breath-holding duration
(BHD), for a better understanding of the neuromuscular response to breath-holding and to generate reference
values for T3]] in healthy individuals corresponding to the control pause and maximum positive pause,
several considerations are pertinent. When predicting maximum breath-holding duration, lung capacity
should also be taken into account, as individuals with greater lung capacity are expected to have longer
maximum breath-holding durations. Specifically, Buteyko posits that maximum breath-holding duration can
be increased through diving training and developing the diving reflex, but not the control pause. Control
pause can only increase if CO2 deposits in cells are elevated to a physiological optimum of approximately
6.5-7.5% for healthy individuals (Yakovljeva, 2013). The FRK should be theoretically calculated based on
height, age, and BMI (Lumb, 2017a), and this theoretical capacity should be measured and compared. This
comparison will calibrate the rough prediction of expected breath-holding periods in healthy individuals.

e Utilizing Finapres for blood pressure measurement, capable of detecting IBM, would enhance the
comprehensive assessment.

The sEMG signal is divided into frequency bands D1 (480-960 Hz), D2 (240-480 Hz), D3 (120-240 Hz),
D4 (60-120 Hz), D5 (30-60 Hz), D6 (15-30 Hz), D7 (7-15 Hz), D8 (4-7 Hz), and S8 (0-4 Hz) using wavelet
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analysis. From previous measurements, it was concluded that the response of most participants in the IC inspiratory
muscle is such that energy gradually increases in the 120-480 Hz range (D2-D3), while energy decreases in the 7.5-
30 Hz range (D5-D6). There is a particularly pronounced energy decrease for participants with poorer results in the
D6 range of 15-30 Hz. On the SC muscle, there was observed energy increase from 240-480 Hz (D3), and somewhat
less from 120-240 Hz (D2), while energy decrease was present from 15-120 Hz (D4-D6). In contrast, while the
increase on IC and SC muscles is gradual, it is abrupt on the RA muscle, and mainly present for the most trained
participants who have BHD>50s, in the range of 60-240Hz (D3-D4), and partially in 240-480 Hz (D2). These
regularities and values form a reference that will be compared to new measurements to classify new measurements
in relation to the existing reference.

Figure 3 shows the SEMG response of the third participant in the IC inspiratory muscle by frequency scales,
where the RMS energy of the signal is shown calculated as the square of the wavelet coefficients of individual scales,
averaged over a window of 1.5 s (so that it covers two heartbeats). A significant gradual increase in response in the
120-480 Hz range (D2-D3) is noticeable somewhere from the middle of the inspiratory process, representing the
energy "signature” of the hypoxic IBM process. Figure 4 shows the RMS energy (square of the wavelet coefficients)
of the sEMG signal of the fourth participant on the RA expiratory muscle. We notice a significant sharp increase in
energy in the frequency range from 60-480Hz (D2 — D4) but closer tothe end of the inspiratory process, which is
the energy "signature™ of the hypercapnic IBM process.

Existing TRIGNO equipment can be used for measurements, with a software component added for signal
processing: noise removal and signal division into wavelet components (as shown in Figures 3 and 4). By observing
SEMG response across frequency scales, such as D2 scale on IC muscle and D3 scale on RA muscle, the following
parameters can be measured (see Figure 5):

e The start of CP measurement is marked as Tsurt, representing the universal timer start when the index finger
signals the closing of nostrils.

e The duration of the easy-going period T1 is measured from the cessation of breathing to the beginning of
the struggle period characterized by the increase in SEMG signal. A longer T; indicates better preparedness
of the subjects and typically equals half of the CP (Bain et al., 2017), which has been experimentally
verified.

o During the struggle period T, significant muscle responses are observed, marking the recruitment of motor
units with more oxidative slow-twitch muscle fibers (type 1) and/or fast-twitch glycolytic muscle fibers
(type 2). Muscle response increases until the first IBM contraction occurs at a certain moment (which
gives us the IBM period Tixm, See the moment marked by the green arrow in Figure 5), where CP = Tipm.

o After the first IBM contraction, the respiratory muscle relaxes (energy decrease), followed by periodic
subsequent IBM contractions of increased intensity and frequency. Towards the end of the struggle period,
very strong contractions occur (sharp energy decreases and increases, see the red arrow in Figure 5).
Shortly thereafter, breathing is restored at moment Tswop: longer T times indicate better preparedness of
the subjects.

o After breathing is restored, recovery time is measured, i.e., the return of the SEMG signal to normal
(recovery time Trec). A shorter recovery time indicates better preparedness.

e Increase in energy over time compared to the nominal reference energy (Enom) from the beginning of
breath-holding (averaged over a 1s window, after the first 2s from the beginning of breath-holding).

e The rate of energy increase from nominal to maximum value (E™ - E™™) / T».
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Figure 3 RMS signal energy calculated as the square of the wavelet coefficients (wk?) in the third subject, the IC muscle shows a
significant increase in responsiveness at the moment of IBM, in freq. range 120-480 Hz (D2-D3).
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Figure 4 The RMS signal energy calculated as the square of the wavelet coefficients (wk?) in the fourth subject on the RA muscle
shows a significant increase in the IBM response in the frequency range of 60-480 Hz (D2 — D4).
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Figure 5 Measurement of BH parameters: easy-going period times T4, period of struggle T, breath holding time (BHT)
T1+T>, recuperation time Trec, the time till the first IBM-a Tipm, nominal E™™, and maximal E™ energy.
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CONCLUSION

In this non-experimental observation, a protocol for assessing the health and readiness of athletes based on
the specific response of respiratory musculature to apnea was proposed. Analysis revealed that detecting specific
changes during IBM through sEMG recordings of IC, RA, and SC muscles is possible. Responses were observed in
all three regions in most subjects, along with some specific changes.

Dynamic analysis of spectrum changes throughout the entire procedure unequivocally demonstrated
significant alterations ranging from 60 Hz to over 600 Hz. There was no significant muscle response in some
subjects, likely because they did not reach IBM. Although they could have held their breath longer, they did not.
This underscores the importance of correctly conducting measurements for experiment success, achievable through
high-quality subject training and complementary measurements such as infrared and conventional camera
measurements, SEMG measurements of the diaphragm, heart rate, etc., contributing to a better understanding of the
studied phenomena.

One intriguing possibility is correlating and calibrating SEMG results with other physiological diagnostics.
The initial achievement could confirm existing diagnostic methods that are expensive, inaccessible, or time-
consuming to process, all while ensuring comfort and non-invasiveness. If correlation is confirmed, partially
replacing existing testing methodologies with the new SEMG method using original parameters becomes feasible.
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Caixerak

MopepHa AujarHOCTHKA MPUIPEMJbEHOCTH CIOPTHCTE I0/pa3yMeBa aKBU3MIM]y BEJIMKOT Opoja mnojaraka IITO 3axXTeBa
BPXYHCKO 3Hame, O30WJbHY JIOTHCTHKY, IIPOTOKOJIC. KaJapoBe, BpeMe, HTA. TeXHOJNOMKH NpoOOjH MOBPIIMHCKE
enextpomuorpaduje (enr. surface electromyography, sEMG) y mepemy akTUBHOCTH PECMUPATOPHUX MHIIMha WH BHBO
OTBOpWIIH CY HOBe MoryhiHocTH y oBoM cMmepy. Kopenanuja usmel)y ¢pusnuke mpumpeMIbeHOCTH ca CIIOCOOHOIIINY IITO TyKer
3aJpiKaBarba Jaxa NpeICTaBJba TEOPHjCKO-NPAaKTHYHK (peHOMEH Beh Iy)e o] jeqHor Beka. PesynTar Ha TecTy Tpajama
3aaprkaBamba gaxa (T3/]) ce reHepamHo cMarpa MO3UTHBHUM NOKa3aTeJbeM BOJYMEHA JIMCAJHOT KallallUTeTa TOKOM (QU3HUKe
akTHBHOCTH. CepHjoM EeKCIIePUMEHTAIHMX HCTPaKnBawkba YTBpheHe Cy HEBOJbHE aKTUBHOCTM NOMONHE pecnupaTopHe
myckynarype (enr. involuntary breathing movement, IBM) Ha kpajy MUpHOT 3aapikaBama Jaxa, U HCTH Cy JCTCPMUHHCAHH
Kao (U3MONIONIKA TauKa NPEeKuIama 3aJpikaBama Jaxa. Bpeme on moueTka 3agpkaBama Haxa 1o npBor IBM-a HasuBa ce
xoHTpouHa may3a (KII). Kako ncra He npencrapiba GU3HOJIOIIKH MaKCHMAITHO Moryhe 3ap)kaBame 1axa, TO je BeOMa BayKHO
YTBPIUTHU TauyaH TPEHyTaK Aoce3ama npeor IBM-a, kao u BpeMeHcko-ppekBeHTHEe Kapakrepuctuke SEMG curnana Tokom
IBM moxpera HeBOJBHOT Amcama (mpobdieM pama). Bejeier Meromama m3BpieHa je aHamu3a SEMG curHana Tpu ckeieTHa
mumrha, 1Ba naxanatopHa (M. scalenus - anterior et medium - SC, u m. parasternal intercostales - 1C) u jegHor ekcxanaTopHOT
(m. rectus abdominis - RA), xoju, ope OCTaluX UMajy TIOMOhHY YJI0TY M (DYHKIHM]Y Y PECTUPATOPHUM IIUKIYCHMa, a 32 KOje
je yrBpheHo na cy ocerbMBHM Ha (M3MOJIOIIKE MPOMEHE HMHAYKOBAaHE 3aJp)KaBambeM Jaxa, Ma y CBOM HEypOMOTOPHOM
OJIrOBOPY MpelcTaBibajy MOryh MHIMKAaTOp METaOOIMYKHX Mpolieca KOjH Ce JETEKTY]y Kao HEBOJbHM JHCAjHU MOKPETH.
BumecTpyku npHpallTajd y eJIeKTPUYHO] aKTHBHOCTH HaBeleHHMX Mmummha tokoM IBM-a y oxpeljeHum ¢pexBeHTHHM
orce3uMa oMoryhmnm cy npeunsHo Mmepeme |IBM-a, a TiMe u yTBphuBame (U3HOJIOMKH NMpuXBaT/bUBOT Tpajama KII.
OricepBanyja 1 aHaiuHu3a CIELUPUIHOCTH PECIUPATOPHOr MUIIHMNHOT OAroBOpa ynyhyje Ha JOMHUHAIMjE XUIIOKCUYHOT WIIH
XHIEPKATHAYHOT MeTabOoJIMYKOr CTama (ImpenMeT HCTpaxuBama). Ha ocHOBY mnpahema HaBeleHHMX mpomeHa kox 12
UCIIUTaHUKA Pa3BPCTaHUX y TPYIy KATErOpHCAHHUX U CIIOPTHCTA amaTepa YTBpheHo je na 00Jbe TpeHUPaHU UCTIUTAHHUIIN UMajy
nyxu KIT u pearyjy XumnepkanHUUYK{. 3aKJbydIld OBE HECKCIIEPHMEHTAIHE CTYIUje Clydaja OAroBapajy MpPaKCH TPEHAKHE
HpHIIpeMe, ajli 0TBapajy MpOCTOp HOBUX HCTPaXKKMBamba, MPe CBEra OHUX Koja Ou Tpedasa aa JoBeay 10 pa3Boja NPUCTYIaqHOT
MEeToJla 32 HeMHBAa3UBHY TPOLEHY (DU3UUKE TIPUIIPEMILEHOCTH CIIOPTHCTE y PEaTHOM BPEMEHY.

Kibyune peun: 3AIIPPKABABE JJAXA / TTOBPIIMHCKA EJIEKTPOMUWOTPA®UIA / BEJBJIET AHAJIU3A /
XUITOKCUIJA 1 XUTTEPKAITHUIA.
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YBOJ

JemHO o KITaCHYHMX MUTamka Koje ceOM MOCTaBIhajy MHOTH TPEHEPH j€ KaKO BOAWTH CIIOPTHUCTE U THMOBE
710 MH/AUBHUTyaTHO ONTUMATHUX pe3ynTata. BakHu €0 \BHUXoBe THEBHE PYTHHE CE CAaCcTOjU OJf INTaHMPamka pa3Boja
TpPEeHAKHUX U TAKMHUYAPCKUX MTOTEHIIMjajla CIIOPTHCTA, Kao U pahema 1 Mepema BIXOBOT Iporpeca y CTaHAapIHOM
okpyxemy. OCHOBHA MFCH]a TTPOBEPE 3IPABCTBEHOT CTarha CIIOPTUCTA j€ n30eraBame HeXKEeJbEHNX CTamba Y TOKY U
HETOCPETHO HAKOH TPEHUHIa, OJTHOCHO CIIOPTCKOT HACTYyMa, Kao u 00e30ehuBame XpOHMYHUX — HENOKUBOTHUX
edekara BexOama. 113a30BH 110 3paBCTBEHN HHTETPUTET CHIOPTUCTE, HA IPBOM MECTY YKJbY4Yjy HHCYNTE (030MJbHA
CTarba ca r'yOUTKOM CBECTH) KOjH MOTY JJOBECTH JI0 CMpTHOT rcxona (Schmidt i sar., 2013), a Takole u cpuane mane
KOje MOTy OCTaTH rognHama npukpusene (Panagotakos i sar., 2004). Kox cBakor 3aXTeBHOT LIUKIIyCa TPSHUHT'A, OJ1
TpeHepa M CHOPTHCTE ce OYEKyje J1a CTPYKTYHpPajy ONTUMAJIHU IUIaH U MpOrpaM TPEHHHTa 33 CBAKH JlaH, HEeJeJby,
Mmecerl,... (Foster, 2016). Jla 6u ce MOCTUTIIM ONTUMATHHU Pe3yJITaTH U Hampeaak, a Ipe CBera ouyBalio 3JpaBibe
CHOPTHUCTA, OJ] KPUTHYHE je BAXKHOCTH JIOHOIICHE OJJTyKa IIITa 3aIp>KaTH, a IITa MPOMEHUTH y TPeHUHTY. Kibyune
CTpaTemke OJUTyKe ce JOHOCE Ha OCHOBY aHAIMTHKE IPOTrpaMa TPEHUHTa, Ka0 M MHIUKATOPA JIMjarHOCTHKE
NPUNPEMIBECHOCTH CIIOPTHCTE KOja, y KBAaJUTETHO Pa3BUjeHOM CHCTEMy Ipahiema crnopTHCTe, NoApa3yMeBa
aKBH3UIIM]y BEJIHKOT Opoja mojaTraka M Mepema, Koja ce, 3aBHCHO OJ CIIOPTCKE TpaHe W CIIOPTCKE TUCITUILTHHE
onmHoce Ha VO"™, nakraTHu nipar, ouoxemujy Tenecuux teunoctd, EKG, EEG, uta. 36or Mepema Benukor Opoja
(U3MOTNOIIKKMX MapaMeTapa, MPaBIIIHO TyMademe pesyiTara je ol KpylWjalHe Ba)KHOCTH, IITO 3aXTeBa BeoMa
o0ydeHe U NCKYCHE aHaJiTH4Yape. Y JaHallikbeM CIopTy ce Hamehe KOHIIENT UHTep W MYJITHIUCIUIUINHAPHOCTH Ca
TEHJICHIIMjOM TopacTa Opoja ca3HajHUX 00JacTh M BeJMYMHE THMA. [lopen TpeHepa, gu3uosora, MeIUIUMHCKOT
oco0Jba, HEPETKO Ce y IUIAHUpAy MOCTH3amha BPXYHCKOT CIHOPTCKOT pe3yJiTaTa Haja3e YKJbYUYEeHH HHKCHECPH
MH()OPMALMOHHUX HAayKa, OMOMEXaHUKE, CTATUCTUYAPH... CBU OHU KOjU IOMaXKy IPH aKBH3UIMjH U M3padyyHaBamby
TRIMP pesynrata. @octep (2015) uctrue HacTOjame J1a ce IITO BUIIIE TApaMeTapa HHTETPHUIIIE Y jeHY OIICHY, IITO
OJIaKIIaBa JIOHOILICHE O/UTyKa TpPEeHEepHMa, a y CIy4ajy JIOIIer pes3yJiiTara je caMO MOACTHIAj 3a M3paay joIl
JneTajbHUjUX aHanu3a. OBaj MPHUCTYII 3axXTeBa 030WMJbHY JIOTUCTHKY M BpeMe, a HUje 3aHeMapJbliBa HU 1IeHa, Kao U
BEJIMKH IPUTUCAK KOjHU Taj IUKITYC MEpea U TECTHpamka UMa Ha TpEHepe M CIIOpTUCTE. Mepema 1 ’biMa aJIeKBaTaH
n300p TECTOBA Cy YCIIOB CBHX Ca3HajHHX HAIlopa, 3a Koje Ce 3Ha Jia ,,3aMapajy"* CIIOPTUCTE U 3aTO C€ TUIIMIHO Paje
0JIBOjEHO O] TPCHUHTA.

INPAKTUYHMU U3A30BHU INTPOBEPE ITPUITPEMJBEHOCTH CITIOPTUCTA

OCHOBHH MOTHB CBaKOT TPEHHHTA je MTOMepame 3aXTeBa y jeIUHHUIN BPEMEeHA — MHKPEMEHTAIHU e(eKaT
KOra TMpaTu ofp’KaBame CTAOMITHOCTH BEUITHHE M TEXHHUKE KpeTama M M3BOhema. Y NPaKTUYHOM CIPOBOhEmY
CTpaTeruje WIN TeOpHje TpEHaKHOT onTepehema 1 omopaBKa MpUIIPEeMe CIIOPTUCTE TEMEJBHO Ce MPOoyyaBajy JaBa
konmenTa: NFOR (non-functional overreaching) u OTS (overtraining syndrome), (Meeusen i sar., 2012). Ca jexue
CTpaHe CIIOPTUCTA Ce MOpa MPEONITEPETUTH U TUME M3ahu n3 30He KOH(OPa TPEHYTHOT HUBOA TPEHAXKHE IIPHITPEME.
YKOJIMKO ce He Mperno3Ha XpoHU4YHo AenoBambe OTS, moxe pohu 10 HapymaBama CIIOPTCKE NPUIPEMIbEHOCTH, a
ako ce He mpemno3Ha NFOR, ry0u ce Bpeme 3a mpumpeMy u Joce3ame MaKCUMaJIHe IpunpeMibeHocTH. OBa aBa
CTama HEMCKYCHOM TPEHEPY, CIIOPTHCTH Ca HEAOCTATKOM pa3yMeBama TPeHaXXKHUX edekara u npatehux crama, je
BEOMa TEIIKO pa3uKoBaTH. [aBHUM mnpoOieM y OArOBOpYy Ha HM3a30BE€ OBOI Ipoleca je KBaJUTETHO M
KBaHTUTATHBHO TPETIO3HABAKE CTPYKTYpE TPEHAKHE MPHUIpPEME, KA0 M HhUMa Pa3BUjeHHX O0jeKTHBHUX TECTOBA
KOjH peastHo NOBe3yjy J1abopaTopHjcka U Mepema Ha Tepeny. Kapn docrtep je nzHeo npobiaeMaTHKy pa3IuKOBamba
y npakcu usmehy OTS u NFOR, Te na je Hajuemhm y3pok Telikohie y HBHXOBOM pa3IMKOBamY MPOJYKEHO
npuinarohaBame. Y TOM IPOLIECY C€ UNTAaB IWjara3oH MEJUIMHCKUX CTakba MOpa HajIpe UCKIbYUIHUTH. Y KOIMKO Mehy
BUMa HeMa HUKAaKBHX TOKa3aTesba, Ipejia3u ce Ha MpoBepy nopemehene xomeocTase, OpOjHUX XOPMOHA, a 3aTUM
Ha CepHjy KpPBHHX y30paKa pajJd MpoBepe: KPBHUX JIAKTaTa, KpeaTHH KUHa3e, rryTaMara. AKO HHIITA OJ TOTa HHje
M3BaH TpaHMIa HOpMaJe, Ha Kpajy ¥ MEHTallHa MPUIPEMIbEHOCT MOXKE OJUTPATH CBOjY YJIOTY — Y TOM CMHUCIY Cy
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pa3BHjaHK OPOjHU IICUXOJIOIIKK YIUTHHIH (SO i sar., 2016). CBakako jeiHOM yTBplEeHH IJIaH TPSHUHTA je TTOTPeOHO
WCITYHHUTH 32 CBAKH JIaH [IPorpamMa, ajiu ca TUM ce MeljyTuMm He cMe nhu Heoba3puBo. CopTHUCTa MOXKE OUTH JIeH U
Tpeba ra CTUMYJIMCATH J]a NCITYHH JTHEBHH IIJIaH, Il YKOJIMKO NUMa 00jeKTHBHH ITPOOJIEM ca HCIYHhaBaheM THEBHOT
TUTaHa, y OMiio Ko0joj (a3u CBOT )KMBOTA U TPEHUHTA, TO MO>KE IOBECTH JI0 HEKOHTPOJIMCAHUX aTpuOyTa ontepehema
npu yeMy Ou HacTaBJbambe ca IaTHM BexOameM OMII0 KOHTpa-MpOAyKTHBHO. MeTo Mepema, 01abupa afeKBaTHHX
TECTOBA, lFUXOBE aKBU3UIIM]€ ¥ HHANBUIyaTHE aHAIN3E CY yCIOBJhEHE BETTMKUM OpojeM dakTopa, mpe cera (Foster,
2015):

- BpeMmeHcKkH OKBHP TpPeHHHIa je NpBU U oanydyjyhw/kpydunn uumHunan. JloOujame peleBaHTHUX H
NOY3JaHNX Pe3yJTaTa, MOYEeBIIN O] CAMOT TeCTHpama A0 MPAaBUIIHE MHTEPIpETaIHje, HeKaa Tpaje jako
JYTO Tako J1a ce IOBOJH y MUTamke IbUX0B HelocpeaaH HHPOPMAOHH U CTPATEIIKY KalaluTeT.

- Jlorucruka OBaKBHX MepeHa je 3aXTeBHA: HHjE JJAKO UMATH OTPeOHY ONpeMy U JIaOpaTOpHjy IpH PYIIH,
jep THIIMYHA MEPeHa 3aXTEBajy MPHUCTYII J0 HEKOJIUKO pa3nuuuTux ypehaja/moaysa.

- (DUHAHCHjCKHU ACTEKT Kao IITO je [eHa amapaType, U3paje TECTOBA U HHXOBO MPABHIHO TyMademhe O]
CTpaHe CrenrjanucTa je (pakTop Koju o[Iydyje na I ce MeTo[a MOXKe Y TIPaKCH MPUMEHUTH WJIH He, Tj. Ha
KOM HHBOY OaBJberba criopToM je oBo moryhe (Matthew i sar., 2010).

- IlcuxoJiomko/conuoaomku (akTop je y TecHOj Be3u ca noysaanomthy oapehene merone. Hop. EKG je
yak y 50% ciydajeBa KOJl BpXYHCKHX CIIOPTHCTA MPETyH ,,a0HopManuTeTa’ . OBO HUCY TATOTEHE U3MEHE Y
CpYaHOM PUTMY, a norpemHo Tymadee EKG-a Moske 6e3pa3nokHo 0ACTpaHUTH CIIOPTUCTY €A TAKMHUUCHA
3a Koje ce oH Moxa roguHama criipemao (Corrado i sar., 2010). JacHa je mocieaniia Ha MCUXY CIIOPTHCTE,
a ¥ puHaHCHjCKHU edekaT ce Takohe He MoKe 3aHEMaPUTH.

Ocraje yTucak 1a je maHamime npaheme CIopTUCTa M3a30BHO, HAMIOPHO M CTPECHO, Te Aa Ou ymorpeda
JEHOCTaBHHjUX METOJa JONpHHENa KBAINTETHHjEM IUIAHWPamy TPEHAKHHUX TNOJACTHIAja KOjU BOJAE Ka
WHIMBHIyaJTHOM TPOTPeCy CHOPTHCTE. Y OBOM pajay HPEUIOKECHO je UICJHO PeIlCHe KOje MOXKE Ja UCIYHHU
METpHYKEe 3aXTeBE, a 3aCHOBAHO j€ HA aKBHU3UIIMjU Tapamerapa KOju Cy MOBE3aHU ca (PU3HOJOMIKUM OATOBOPOM
OopraHuzMa MpHUINKOM MPOAY>KEHOT 3a/ipyKaBama 1axa.

Du3NONOIKH OArOBOP HAa MPOAYKEHO 3aJip:KaBame J1axa M Heropa ynorped/bHBOCT Y

HCTPAKUBAYKOj U TPEHEPCKOT NPaKcH

Ynpkoc BelNMKHM Bapujanyjama y JbyJICKOM (DU3HOJIONIKOM OJITOBOPY Ha MPOJYIKEHO 3aJpiKaBambe /1axa,
KOju ce Takohe mpunmcyje peduiekCcy pomema cucapa, Hheropa KpuTHUHa (YHKIHja je OuyBambe KHCEOHHMKa 3a
OJIpJKaBame IepedpanHor (YHKIMOHUCAa, W CaapKH IBa IEHTpaaHa mporeca koju omucyjy (1) mepudepny
Ba30KOHCTPHKIIH]y TIOBE3aHy Ca MOYETHOM XHIIEPTEH3UjOM, Y3 OCPEIOBamkhe CUMIAaTHuKor HepBHOT cuctema u (1)
OpaauKapadjy TOBe3aHy ca CMamemeM MHUHYTHOT BOJMyMEHa, y3 BarajaHo mocpemoBame (Lindholm & Lundgren,
2009; Foster & Scheel, 2005; Bain i sar., 2018).

[TouetHo moBehame cpelmer apTepHjcKOT NMPUTHCKA TOKJana ce ca KOHTPaKIUjoM W H30alMBameM
,,CBEXe" KpBU U3 Cje3uHe, mTo 00e30ehyje u ,,HOBM KMCEOHHK™ y KPBOTOKY a, CBE 3ajeIHO, OUMIJICAHO HMMa
0JaroTBOPHO JIEjCTBO HA MOYETKY 3a/pkaBama jaxa (Palada i sar., 2008).

TokoM MH/yKOBaHE allHEHYHE PeaKilije, youaBajy ce JBe OCHOBHE (ha3e, u To: ¢a3a ,,JJaKor OJIBHjamba‘ KOjy
ouiKyje Hemoctojatbe EMG akTUBHOCTH pecnupaTtopHUX Mummha u ¢dasa ,,00p0e* rae OesnekuMo pUTMHUKE
¢unykryanuje mnputicka y tuiyhuma u purmmdke EMG curHane, a W BHUXOBY TauyKy pasrpaHHYCHA.
UnenTndukoBame OBOT Ipejia3a NpeIcTaBiba PU3HONIONIKY TaYKy MPEKHIa, Kao IMocIeIula MeTaboINIKIX 1 FbHMa
nparehux JUHAMUYKHX pearoBama pecrnupaTopHUX Muinuha, W Koja ce Kao TakBa CMaTpa NPBUM HEBOJHHHM
nokperom jaucama (IBM, involuntary breathing movement). ®a3y ,,60p6e” kapakrtepuiny cBe cHaxuuje |IBM
KOHTpakIuje pecrnuparopHux muinnha 300or noBehama HU3a METa0OMUYKHUX TpwiarohaBama Koja OJCIIMKaBa U
excec CO2 KOHICHTpaIMje KPBH, KOjH, Ka0 OJrOBOp MMa YTHIA] HAa Paj IEHTPAIHOT PECIHPATOPHOT CHUCTEMA
npom3Boaehn pecriupatopuan HaroH. OBe mpoMeHe cy mpaheHe ocehajeM HemocTaTka Ba3gayxa, TOKOM Kojux he
MOTHBHCAHU aJll HAWBHH UCIUTAHUIIM MPEKUHYTHU 33/IpJKaBambe J1axa U MoBpaTuTH nucajuu nporec (Parks, 2006;
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Bain i sar., 2018). Yuecranoct nojaBbuBama 1 uHTeH3uTeT IBM-a ce moBehaBa mpu Kpajy Tpajama arHee, IITo
yKa3yje Jla TO CTame uMa oOjanimuB yTulaj Ha IBM. 1 mopex uBpcTux nokasa, je yiaora, a caMUM TUME MTOY31aHOCT
IBM-a 3amarsreHa YHEH-CHHUIIOM J1a KO HEeKWX MCIMTAaHWKa HU TOKOM JY)KeT MepHojia 3apiKaBarma Jicama HHje
moryhe yrepautu IBM (Willie i sar., 2015). ITepro HEBOJFHOT PECITUPATOPHOT KpeTama HHIAYKYje KPaTKOTpajHa
noBehama cpellber apTepHjCKOT MPUTHCKA y3 MO3UTUBHO-KOpEIUCaHe OCIHIaNyje Y 3apeMrUHH LiepeOpaliHe KpBU
M OKCHTEHAIlHje XeMOrJoOWHa, MITO jé BEpOBATHO IMOCIEANIA CTUMYJIAIje XeMHOPEEenTopa U KOHCEKBEHTHOT
etepentHor pecrnimparopror Mmotopuor oarosopa (Willie i sar., 2015, Joulia i sar., 2003). [Ipahen je cMamemeM
3alpeMuHe KpBH y CIIE3WHH W Mpolieca OAp)KaBamba XEMOJUHAMHUKE, IITO BEPOBATHO OJaKIIaBa KOpHUIIheme
MOCJIEqIBMX PE3EPBU KUCEOHHKA TIpE MPecTaHKa 3ap kaBama qaxa (Palada i sar., 2008).

Mepeme 3anpkaBama faxa ce Buiie of 100 rommHa KOpUCTH Kao OuTaH (akTop MPUIPEMILEHOCTH
akTuBHEX BojHuX muiota (Flak, 1920). HenHBasuBHO Mepeme MUPHOT 3ajpikaBama gaxa 10 IBM ¢usmomomkor
OJIFOBOpA Clajia y HajMame CTPECHO OJf CBUX BapHjereTa 3aipxkaBama naxa. Ox 1960-ux roguna y CoBjeTckom
Cagesy (Kazarinov, 1990) mepese 3aapkaBarba 1axa IMOKa3aio ¢e Kao OJTMYaH MoKa3aTesb 3paBCTBEHOT CTamba 1
SHEPreTCKOr KaraluTeTa MIHUPOKOr CHEeKTpa MCHHMTaHUKa O] KOCMOHAyTa JI0 TemKo OomecHux. MelhyTtum, oBaj
(eHOMEH HHje MOTrao OWUTH Yy TOTHYHOCTH JIETEKTOBaH W OO0jallbeH (PU3HOJIOMKAM aHaln3aMa TOT BPEMCEHa,
HapOYHMTO y MOMEHy mpahema MpOMEHa aKTHBHOCTH MHUIMMNHUX Tpyna Koje Y4YecTBYjy Y IpOLECY Iucarba
(pectipaTopHe MycKyJaType).

3agpxkaBame Jaxa rmocie yoOuuajeHor Jucamka W HAKOH CHOHTAHOT M3Jaxa He JOBOIM J0 OWI0 KaKBUX
tensuja (Ostoji¢ & Stefanovic, 2020). BpemeHcku mepro o1 ToYeTKa 3aipikaBamka Jaxa Ha OBaKaB HAYWH J0 MPBOT
IBM-a cosjercka rpymna oxo K.II. bytejka Ha3Bana je KII (koHTposHA may3a) U Jy)KUHA TOT MEPHO/A C& KOPUCTH
Kao MHIMKAIMja TPUITPEMIbEHOCTH H OIIITET 3/paBiba UcUTaHUKa. IBM ce Moxe jaBipaTH y ABe TOmorpadcke
30He y mpeneny Bpata wid 1iekcycy (CredanoBuh, 2020). [do mnocnenmux npoOoja MOBPLIMHCKE
enekTpomMuorpaduje y aHanuM3M pecnupaTopHUX (eHoMeHa Huje Ono omoryheH 0O0jeKTMBHH YBUJA Y pPaj
pecrupaTopHe MycKynarype 1 Tadne TpenyTke |IBM-a. Manyenna gerexiuja IBM-a ce panuje yrinaBHOM 06aBibana
CyOjeKTHBHUM MeTOoJlaMa TAKTUJIHE TUCKPUMHUHAIIN]E, ONTMTIABAKEM IJIEKCyca MPCTHUMa, CTaBJbarkheM 3BOHIIETA WIIH
wieTn3Morpada Ha Ty perujy, ca HUbEM Ja Ce OCETH I'PUeHhe MM TOIPXTaBambe Te peruje, JOK ce Ha BpaTy IpaTuo
ocehaj kao Ja MCIMTAaHUK U3BOJM aKT ryTama. [IBM peakmmja HCKIBYYHBO Ha IJIEKCYCY je MPUCYyTHA Ha oKo 16 %
WCTIMTaHKKa, Ha BpaTy pearyje Behuna (76%), a 20% ucnuranuka pearyjy Ha o6e peruje (Ostoji¢ i sar., 2020).

[Tpumukom npakTuaHor Mepema Kll-a yowaBa ce aBocTpaHH mpoOieM. YKOIMKO HCIUTAHUK CaMo
LyMHCITH 1a je moxkuBeo IBM, onna moOujeHu pesynrat OuBa kpahiv on peanHor. Y ciiydajy 3ajipikaBama Jiaxa
HakoH IBM-a, pesynrar je morpeurHo ayxu. Opne Tpeba HamoOMEHYTH Ja je O00jeKTHMBHO BpeME MaKCHUMAaJIHO
moryher 3anpxaBama naxa u 10 30% myxe nero KII, a oBaj mporieHaT omazia ca QyXuM 3apKaBarba jJaxa Ha OKO
10% (Ostoji¢, 2017). JacHo je ma camo BpeMe 3aapkaBarmba MOXE Ja Ce MOJIeNIH Y HEKOJIMKO KJIaca Ha OCHOBY KOjUX
OM MOITH J1a ce KJIAaCH(UKYJy 3IpaBjbe M MPUIPEMIBEHOCT UCIIUTaHUKA. MelhyTum, oBIe ce MocTaBjba MHUTAHE
noysaaHoctu Mepera KIl-a, kao u na iu je moryhe Ha OCHOBY KapakTepucThka IBM curHana u3 Ha3HAYeHUX pervja
TeJa U3BECTH Op3y W NMPABHIIHY MPOIICHY 3/IPABCTBEHOT CTakha H MPUMPEMILEHOCTH CIIOPTHCTA.

METOJ PAJIA

AxBmzunmja SEMG mopataka opaOpanux wumwmha je o0aBjbeHa KOpUIINEHmEeM HEHMHBA3UBHOT
uctpakuBadkor Delsys TrignoTM 6exuunor SEMG cucrema BUCOKHX nephOpMaHCH, yUSCTAHOCTH 01a0Hparba O]
1926 Hz, xopumhewem detupu xubpuaaa nokperna SEMG censopa u 16-6utnor A/l konseptopa. [IpumemeHo je
xapaBepcko punrpupame (Bucokonporycau FIR dunrep ox 7 Hz, batepBopToB dhunrep nporycHUK oricera Jpyror
pena m3melhy 20 = 5 Hz u 450 + 50 Hz u ¢unrep HenpomycHuk yckor omncera oko 50 Hz).

CriekTpaiHa aHaqu3a y MPETXOAHUM PaJoBUMa je TOoKa3ana [a je MHALU]aJTHO MPUMEmhHBaHa Y4eCTaHOCT
onmabupama ox 200 Hz (Ostoji¢ i sar., 2020; Ostoji¢ & Milosavljevi¢, 2019) Ouna HeqOBObHA @ MPHKAXKE IMYHY
IuHaMUKy curHaja. CeM noOHjama IITO KBaJIUTETHUjUX MapajieTHUX CUTHala, O] BEJIMKE BaXKHOCTH HaM je Omia
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MoryhHocT cripoBolema MepHe mporeaype y jeJHOCTAaBHOj CAMOCTATHOj TIOCTaBIH 32 aKBU3HIN]y. Mepeme mpBor
IBM-a nmocne MupHOr u3naxa je myOnMkoBaHoO y mpeTxoaHoM paxy (Misié i sar., 2023) roe cMo mokasaiu Ja je oBe
edexre Moryhe 3a0eneXWTH W aHATWM3WPATH BEJBIET CIIEKTPAIHOM aHAJIHU30M IO/ YCIOBOM JIa Cy CHTHAIH
Y30pKOBaHH JIOBOJFHO BICOKOM (DPEKBEHIINjOM Ofa0upama.

MortuBanuja 3a u36op mumuha je ga ce Mory oOyXBaTUTH NPUMapHH YAHUCAJHU U U3AUCAjHU MHUIIMHU.
Scalenus anterior et medium (SC) u Parasternal Intercostales (IC) cy npumapuu munmhu npu yaucajy, a Rectus
Abdominis (RA) npu nzaucajy. IC je npecek m3mely SC u RA, rae Behnna jbyau pearyje, 1 caMuM THM je 100ap
3a aujarHocTuky. M. Pectoralis je akTuBan y AyOOKOM WU MIPUHYTHOM YAAXY, TOK y U3[axy HEMa YJIOTy, OMHOCHO
HUje My TMpHMapHa yJiora qucame, ma 3aTo Huje mMepeH. Kao pedepertHn mummuh Koju ce MOKe KOPUCTHUTH y
NpolleCy OTKJIamama IIyMa MepeH je JjokoMotopHu Mutnh M. Brachioradialis koju He y4ecTByje y Aucamy, BUIH
ciauky 1.

Scalenus ant. et
med. (SC)

Parasternal
intercostal (IC)

Rectus
abdominis (RA)

Cauka 1 TTocraBsame Delsys TrignoTM 6exndHEX CeH30pa 3a jeMIHOCTPaHo (JeCHa cTpaHa) OeleKehe MHOSIIEKTPUYHE aKTHBHOCTH TPH
pecnupaTopHa U jeHOT JIOKOMOTOpHOT MuInrha

Hanomena: IMomohuu uncnuparopau mumuh Scalenus anterior et medium (SC), npumapru uucnuparopau muunh Parasternal Intercostales (IC), nomohnu excrniupatopn Mutmh
Rectus Abdominis (RA) u noxomoropuu mumnh Brachioradialis (BR)).

3a IEJIOKYIHY eKCIIePUMEHTAlHy IIOCTaBKy, JleCHa CTpaHa Tejia je u3abpaHa 3a aKkBH3WIM]y 300T
MUHHMHU30Baka CMETHH CUTHAJIA CPUaHEe aKTHBHOCTH, KOJHU j& BUIIIC U3PAXKCH HA JIeBOj cTpanu Tena. [lopen Tora,
cyOjextu cy Omnm ynyheHnu na u3deraBajy akTHBUpame CBOjux nepudepHux muiuha, ocuMm Kajga Ou Tpedanu ja
03HaYe MOYeTaK W 3aBPIIETAK 33/pXKaBama Jiaxa, ITo je Takohe OO 3HaK oIepaTepy Ja CTaBH, OJHOCHO YKIOHH
Komuy 3a Hoc. OBaj 3HaK je AaT CHOPHUM MOIU3ambEeM U CIYIITAmhEeM KaXHUIIPCTa JIeBe pykKe Aa Ou ce najbe u3deria
AKTHBHOCT JICCHE CTpaHe Tejla TOKOM KpUTHUHE (a3e Meperma (IToueTak U Kpaj MaHeBpa 3ajpxkaBama naxa (3/1)).
Cem KJ1acCHUHOT Mepema Tpajama 3aapkaBama gaxa (T3/]), rmaBau Gokyc y 0BOM pany Cy BpeMEHCKO-(PpEKBEHTHE
kapaktepuctuke SEMG curnama tokom IBM mokpera HeBoJbHOT aucama. O0e BpCTe pe3y/Tara Cy reHepaiHo
MojyircaHe MHOTUM (akropuma. [lopen mojeuHAaYHMX, TT0JI, TOJAMHE, BEIMYMHA Tella, OOJIUK TPy, TOI0XKa]
nujadparme, 3anpeMiHa TOpakaiHe KPBH, caipikaj XxeMorJioOnHa y KpBH, Op3uHa MeTa0oIM3Ma, rojasHocT, 0oJecT
UT/., Ipyrd yoOuuajeHu (hakTopH, Kao IITO Cy MOYETHA 3allpeMHHA M ApXame Iulyha, uMajy 3HauajaH yTHIA] Ha
sEMG curnane u T3/] (Lumb, 2017a; Lumb, 2017b). Behuna cryauja 3anpxkaBarma jaxa 3aCHHBa CE Ha 3aJ[pXKaBatby
Jlaxa U3 MOTIYHO MyHUX IuTyha, anu TakaB MOYETHU BOJYMeEH Iuryha cTBapa HaleToCT y CBHM PECIUpPaTOPHUM
opranuma mumuha 3a nmpepasmiaxeme noBehanor orrnopa yaucaja u myhaor nputrucka. OBo Mpou3Bou pediiekc
urdramuje (enr. inflation reflex) u rakohe mosehara yrunaj nomenytux nojenunaunux ¢axropa (McCulloch i sar.,
2012). C o0063upoM ga cMO y OBOj CTYOHjH LHJbEBE HMCTPAKWBamha yIiIaBHOM orpanunumin Ha SEMG ozarosop
pecnupaTopHuX MuIIMha Ha XUIOKCHYHE M XHUIEp-KallHUYHE CTUMYJyce, MOMEHYTH yoOudajeHu (akTopu Cy
n3a0paHu 1a MUHUMU3Y]y BHX0B yTHIA] HA EMG aKTUBHOCT CMambeHheM JI0JaTHIX HEKEJbCHUX €TaCTHYHUX CHIIa
y pecnupaTopHMM MHIMMhUMa W MPOMEHaMa y 3alpeMHHH IUTyha, 9mMe ce cMmamyje HeKeJheHa CTHMYJallhja
KOHTpPOJIE pecnupaTopHor HeHrTpa. [IpeBaszunaxeme 0BUX (pakTopa MOXKe ce MOCTUNHN 3aApiKaBambeM Jaxa TOKOM
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MOTITYHO OMYIITEHUX PEeCHMpaTOPHUX MHUIIHha, IMTO je KapaKTepUCTHYHO 3a BOJIyMEH Iuryha Ha Kpajy HOpMaHOT
U3Ucaja, OJTHOCHO (PYHKIIMOHAIHOT pe3uayanHor kamnanureTra (OPK).

Ilto ce Tnue mpxama, nexehn monoxkaj mosehaBa mputHcak TPOYIIHOT cajapikaja Ha nujadparmy, daKie
cnpeyaBajyhu ga ce nujadparMa MOTIIYHO OIMYCTH Ha Kpajy M3IMCaja W 3HA4YajHO CMamyje 3alpPEeMUHy TPYIHOT
KOIlla, IITO Ha Taj HAYMH yTHYe Ha 3ampeMuHy Iutyha Ha kpajy uzaucaja y mupoBamy unn OPK. V nopehemy ca
ycnpaBHUM cepehuM mosoxajem, Jexxehn monokaj cMamyje eTacTHIHOCT TPYAHOT KoIia U fujadparme, peayKyje
yckialjeHoCT TpyaHor Koia 3a 30% u yKymHy cTaTH4Ky yckialjeHocT pecrmparopHor cuctema 3a 60% (Ostojic i
sar., 2020). /TonatHo, 3aycraBibame aaxa u3 ®PK u ycnpaBHO celeme cMamyjy OTIOp IUTyhHOT MpoToKa KpBU U
3ampeMuHy, 9YMMe Ce CIIpeyaBajy Wi CMamyjy HeKeJbeHe cTUMyaluje perentopa. CBU HaBeIEHU pasJio3n Cy HAC
HaBeJIH 1a OCMUCIINMO eKCIIEpUMEHT ca ManeBpoM 3/ y cenehem ycnpaBHOM nosioxkajy npaBe Kuume, 0e3 1ymbanne
HOJIPIIKE, Y MUPHOM OKPYKEHY Y3 TOBPEMEHO U OJIarOBpeMEeHO 00aBEIITaBahe MPEOCTAIOT BPEMEHA /IO OKBHPHOT
MoYeTKa 3ap)KaBarba Jaxa.

IIporokoa Mepema

[emarcku nprka3 MaHeBpa 3/] ca meroBuM 3aganuma, hazama U TpajambeM je 1aT Ha cxeMH | (BpeMeHCKH
OKBHPH CITIOHTAHOT JMCama Cy yTBpheHu Ha ocHoBy (Stewart & Bain, 2021; Perini i sar., 2008)). 3aapxaBarme 1axa
je moueno HakoH croHTaHor m3aucaja po OPK, y3 cyrectwjy MCnuTaHHIMMA Aa CE Y3IpXKe O] MpHUIIPEMHE
XUTEPBEHTHUIIAIH]E, a 3aBPIIMJIO CE CIIOHTAHUM yIUCAmEM, TI0 cieaehum dazama:

- MupHna, nacuBHa (aza: HICOIHTAaHUK OU Ceaeo OKO 3 MUHYTa Ca Makama MAPHO MOJIOKEHUM Ha OyTHHaMa
U TMOCTaBJLEHUM CBUM eNeKTpoaaMa. MUpHO O Axcao Ha HOC Ca HOPMAaJTHUM yJaXxOM M CIIOHTaHUM
M3J1aX0M, OyITajyhu 11eo MUIIMhHI CHCTEM.

- AxruBHa (aza, 3aapKaBame J1axa: 10 CBOjOj KeJbH, UCIIMTAHUK OM HAKOH CIIOHTAHOT M3/MCaja MOIUTa0
KaXHUNPCT Harnamasajyhu omnepatepy crnpoBoheme Tpoleaype 3aTBaparka HOCHHUIIA POHHIAYKOM
ITHNAJBKOM. VIcIMTaHUK OM MEHTATHO JJaJbe HACTABUO Ja OIyIITa CBe MUIIihe, mpomrao kpo3 (azy Jakor
OJIBHjama U JI03BOJIMO J]a CE€ PECIUPATOPHE KOHTPAKLHUjE Pa3BHUjy ,,IPUPOIHO MPea Kpaj 3aaprKaBarba
naxa (¢aza Oopbe, moueTak (HU3MOJIOUIKE Tauke Npekuaa u jaBibame |IBM curnana). Mcnuranuk Oun
3a/1p’)kaBao Jlax JIOK MOXe, J0 CHOHTAHOI IpeKujaa, rae Oum 1aBao 3HAK omepaTrepy Ja ociaobonu
HITUTIAJBKY, YMMe O UCIIMTAaHWK HACTABHO Ca HOPMAJIHUM JIUCAHEM.

- MupHa 3aBpiHa ¢asza: HCIUTAaHUK OM 0CTa0 y MUPY Kao Ha IIOYETKY BEXOE jOII HajMambe TPU MUHYTA, Y3
MHUPHO JTUCAaE W OIyIITamke HENOKYIHE MYCKYJIaType, IOK Ou ce paj cpia, Jucame U MEeTa0OINYKH
npotiecu Bpahamu y HopMairy.

MaHeBap 3appxaBara paxa
P : !l............................:
H i| 3appkaBawe |: H
SMZlATAKE CnoHTaHo Aucake I paxaem | CnoHTaHo pucakbe 1
il Nspucajuo 30 |:i

il Tpajawe 30

Tstart Tstop

Cxema 1 OGpa3ar qucama y eKCIepUMEHTY 3a/ipyKaBamba Jaxa.
Hanomena: 3ajgpxaBarme Jaxa je I0YeNI0 HaKOH 3aBpLIETKA CIIOHTAHOT M3AWCaja 10 (yHKIMOHATHOT PE3HAyaTHOT KarnanuTeTa M 3aBPLIMIO CIIOHTAaHHM
yaucajem 10 HopMaHor Kananuret mwiyha. Mapkepu Tstart u Tstop aeduHMIIY TOYETaK U 3aBpIIETaK [UKITyca 3aIp)KaBarba 1axa).

HNenurannnm

VY cTynuju je 1oOpoBOJEHO YUeCTBOBaAJIO 12 3paBuX, PeIOBHO (PM3UYKH aKTUBHUX, UCITUTAHUKA HEMyIIIaya,
KOjU Cy IIPUIaZaiy ABeMa I0jeHaKO OPOJHUM I'pylaMa 3aBUCHO OJ1 HUBOA 0aBJbeha CIIOPTOM—IIPOPECHOHATHI
W aMaTepcKy HHUBO. 3a yYeCHHKE je 3a0elieKeHa IhHUX0Ba TNIaBHA CIIOPTCKA TUCIIUILUINHA/aKTUBHOCT, TOJIUHE, IO,



Ocrojuh, M. u cap., JlujarHocTHKA IIPUIIPEMIBEHOCH CIOPTHUCTE..., DU3MUKA KYIITYPA 2023; 77 (1): XXX-XXX

BHCHHA U TeXKWHA, KA0 M CTAaTyC NMpodecrnoHaiia mim cnopTrcte amatepa. Mzabpanu cy 3apaBu cy0jeKTH KOjU Cy
UMaJTi HOpMaJTHY TEJIECHY TeXHHY M HHAEKC TejiecHe Mace (enr. Body mass index, BMI) y pacrony o 21,8-25,3
kg/m?. YuecHumu oBe CTyuje JOOMIM Cy HEONXOAHA 00jallll-eiba M MHCTPYKIH]E, @ 3aTHM MMCMEHO M3jaBHIIA 14
pasymejy IuJbeBE M MPOIeaype, Kao U TOOPOBOJFHO MPHUCTAIH JIa YYECTBY]Y Y CTyIHjU. 3a CBAKOT MCIIMTAaHHUKA
TIOHOBJbEHA j€ JIBa MyTa Mpoleaypa ca ciamke 1, Tako Aa umamo 12*2 = 24 curnana koju 0u Tpedaino na caapixke
IBM. Panmjum cyOjeKTHBHUM MepemHMMa MU HHCMO 3HanW na i je ounmo IBM-a, a cama oBom amapaTtypoMm U
MPOTOKOJIOM TO MOKEMO 00Jb€ Ja yTBPAUMO.

PE3VIITATH

Hcnuranuiym cIMYHUX KapakTepUCTHUKA YHYTap CBake OJ IBE Ipyle Y CTYyIWjU Cy TMOKa3ajl 3HavajHy
BapujabmwiIHOCT (hM3MONOMKHUX oaroBopa mummha Ha maneBap 3/] (Cxema 1), unme ce cMmamyje CTaTUCTHYKA
KOH3UCTEHTHOCT pe3ynTaTa. Jla O M3BYyKIHM BajbaHE 3aKJbYUKe M3 BapHjaOMIIHUX Iogaraka, okyc je Omo Ha
pasyMmeBamy Kopenanuje m3melhy (U3HO0IOMKUX OATrOoBOpa U MpolekeHe PU3MYKE MPUTPEMIBEHOCTH/ TPEHUHTa
nojenunana (Misi¢ i sar., 2023). ®u3roIONIKEe UMIUTHKAIK]je CY aHATU3MPAaHE W WHTEPIPETHPAHE YTIIaBHOM Y
KOHTEKCTY XUMOKCUYHOT H/MJIH XUIIEPKATHIYHOT OrOBOPa, Ka0 1 MAMIMNHKX IT0]] TUIIOBA BIIaKaHa.

W3Bpiiena je BejBiIeT (TajlacHa) U CTATHCTHYKA aHATN3a MOBPIIMHCKUX €ICKTPOMUOTPAQCKIX CUTHANA TPH
pecnmpaTopHa mumuha (aBa yaucajaa, SC u IC, u jeqnor uznucajuor, RA) u jemHor nokomoropHor mummha BR
TOKOM 3aJp)KaBarba Jlaxa ca MUJbEM MpOHAIaXKeHka HajIpHKIaJHUjer MUllnha 3a AETEeKIHjy U KapaKTepu3alujy
HEBOJHPHHUX [UCAJHUX IIOKpPEeTa, Kao ¥ 3a TPOIEHYy OArOBOpa Ha TKWUBHY XWIIOKCH]y (MamaK KHCEOHHKA) M
XUNEpKaNHujy (BUIIAK YIJbeH-TUOKcHA). Pesynratn mepema cy mpukasaHu y Tabenu 1, roe cy MCHHTaHUIN
NIOJIEJbeHU Y TPYITy KaTEeropucaHruxX CHOPTUCTA U amarepa, 3a0eNe)KeH! Cy U BHXOBHU JIPYTH MOJAIH, a Pe3yiTaT
Mepema Tpajama 3aapxkasama naxa (T3/1) 3a mo nBa Mepema je NpuKazaHa y Kpajibe ABe KOJIOHE.

JIyropoduHu NUJBEBH OBE CTYM]jE CY T000JBIIake TeCTOBa (hn3nuke mpunpeMibeHoctr (Misic i sar., 2023).
Kopumiheno je Hexonmko MeToa 6a3upaHuX Ha BEjBJIET aHAIN3H, U TO, 38 BU3YEIM3aLHjy U KBAIUTATUBHY aHAINU3Y
CUTHaJIa KOpUIINEHH Cy CKaJIorpaMH (KOHTHHYaJIHa BEjBJIET TpaHC(OpMaIja), 10K je 32 KBAHTUTATUBHY aHAIIN3Y
kopuitheHa qucKpeTHA BejBiieT Tpanchopmarimja (enr. Discrete wavelet transform — DWT) y peayHmanTHOj popmH,
T3B. MakcuMaiHo npekianajyha DWT (enr. Maximal Overlap DWT — MODWT). Ha ochosy MODWT, u3BpiiieHo
j€ BHIIIE aHAJIM3a O] KOjUX Cy TJIaBHE: 1) MyJATHPE30/IyI[MOHA aHAJIM3a Y3 opeluBame BEJBIIET CIIEKTapa eHEpruje
curHana (enr. Wavelet Energy Spectra — WES), 2) oagpehuBame kopenanuje nuctpudyuuja WES kopumhemem
NpolleHe TyCTHHE BepoBaTHOhe W KJIACM(QUKOBAaHMX MpeMa pPa3IUUUTHM KpUTepujyMuMma (HMBO CHOPTCKE
akTuBHOCTH, THmOBM Mumuha m MODWT kommoHeHTe) ca muibeM yTBphuBama penpoayktuBHoctH [IBM
(deHoMmena, 3) aHanM3a BEjBIET BapHjaHCH Ca MOKPETHUM Npo30poM (ukcHe mupuHe nojeauHayHux MODWT
KOMIIOHEHTH CHTHaja 3a aHaiM3y TpaH3ujeHTHHX (eHomeHa TokoM IBM-a, Hapouwuto oxapehuBame
KapaKTePUCTHYHNX (PEKBEHTHUX oTicera, W 4) KOMIIapaTHBHA aHallM3a MpoMeHe penatuBHe eHepruje MODWT
KOMITOHEHTH U JyKUHE 3aJpKaBama J1axa.

Tabema 1 Tpajame 3aapikaBama jgaxa (T3]]) kareropucanux u cnoprucra amarepa (N=12)
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Huso CrapocTt BucuHa Te>xkuHa BMI 3401 302
AuncumnnavHa Mon 5

YTPEHUpaHOCTN (roaune) (cm) ((¥:)) (kg/m”) (6) (s)
1 MpodecmoHanHa Mnusarse HeHckun 20.9 168 63 22.3 24 27
2 MpodecmoHanHa Becnarse KeHckun 29.4 180 75 23.2 31 28
3 MpodecmoHanHa Becnarse MyLikn 30.5 195 92 24.2 51 53
4 MNpodecnoHanHa Becnare Mywikn 26.9 197 90 23.2 64 81
5 MNpodecnoHanHa ATneTunka Mywikn 25.1 192 85 23.1 57 52
6 MpodecmnmoHanHa Porserse Mywikn 27.2 186 80 23.1 70 66

MPO®ECUOHANLN CPEAOMbA BP. 26.7 186.3 80.8 23.2 49.5 51.2

CT. OEB. 3.1 10.0 9.8 0.6 16.7 19.3
7 AmaTepcka Op6ojka My Likun 20.6 204 95 22.8 27 29
8 AmaTepcka Linyyunuy Mywikn 36.7 185 76 22.2 43 52
9 AmaTepcKa Linyyumnuny Mywkn 19.2 178 69 21.8 34 37
10 AmaTepckKa Linyyunuy MyLwikn 44.9 180 80 24.7 40 57
11 AmaTepcKa Lnyyumuny Mywkn 40.1 180 82 25.3 36 49
12 AmaTepckKa Jora MyLikn 45.0 197 93 24 21 24

AMATEPU CPEAOMbA BP. 34.4 187.3 82.5 23.5 33.5 41.3

CT. OEB. 10.7 9.8 9.1 1.3 7.5 12.2

VKYINHO

CPEAOHSA BP.

OBa NWIOT CTynWja je NpeJMMHHAPHO yKas3aja Ha BHCOKY PENpOXYKTUBHOCT IPEICTePMHUHUCAHUX
OJITOBOpA pecnpaTopHUX Muinmha, Kao U Ja ce JOMHHAHTHU OJATOBOp pecnuparopHux mummha u IBM curnamu
MOTy A€TeKTOBaTH MM Ha yaucajuoM 1C mnu nzaucajiom RA. Pasznuka je 6una noBezaHa ca TpeHa)KHUM CTaTyCOM,
1 TO TaKO J1a Cy KaTeTOPHUCAHU CIIOPTHCTH HMAITH Ty’Ke 33/Ip’KaBarbe M jaddl XUTIEPKATHIIKH OATOBOP Y H3HCAJHOM
RA ox pexpeaTHBHUX CIIOPTUCTA KOjU Cy UMAJIU jayd XUIIOKCUYHH oAroBop y yaucajaom IC. Takohe cy oapehenu
1 (PEKBEHTHH OIICE3H, U TO XUIIOKCHYHO OCETIbUB youcajnu IC ce akmusupao 3a Kpahe épeme u nocmeneHo y
onceey ¢pexsenyuja 00 250-450 Hz 3a pexpeamusye (He3aBUCHO 0] 0CO0C U IyKUHE 3aIpiKaBarba Jaxa), HacynpoT
XUIMEPKAMTHUYHO OCETIBHBOM U30uUcajHom RA Koju ce KOO npoghecuoHanuux cnopmucma aKxmusupao camo npu
oyarceM 3a0paicasarsy 0axa, anu Haeno y oncegy ucnoo 250 Hz, y 3aBUCHOCTH 0 0CO0€ U Ty>KUHE 3a/pKaBamba 1axa.
[Topehemwe mykuHe 3apKaBarma 1axa U BejBiIeT kapakrepuctuka SEMG curnana nokasaio je IpoMeHe Koje cy Oue
y CKIagy Ca MEXaHW3MOM perpyTaiuje MOTOPHHMX jeIMHHIA M TPENackOM CIOPOTP3ajHMX OKCHIATUBHUX
MumuhHux Brnakana (tum 1) y 6p3oTp3ajHa (HICKOOKCHAATUBHA) MIMKONUTHYKA MulihHa BiakHa (turn 2). Ctynuja
je OTKpWJIa W IIOjeIuHE MapaMeTpe KOoju ykaszyjy Ha mopemehaje, a o1 KOjuX Cy HEKH OWJIM y CarjlaCHOCTH ca
Hanaszuma y nocrojehoj aurepatypu. I'eHepanHo, HCTpakuBame je nmokasano 1a je kopuihemwmeM sEMG TexHuke u
BejBJIET aHanu3e Moryhe Ha HEMHBa3WBaH HAYHMH MPOLIEHUTH CKJIAUINTEHE KICEOHUKA Y CKEJIETHUM MHUIIHhIMa 1
THME yKa3ajo Ha MOryhHOCT 1oOoJblIama TecToBa (hHU3MUKE MPUIPEMIEEHOCTH YCIIOCTABJbAEM OJIMKE Be3e
u3melhy (GHU3MYKOr cTama ca TpajameM 3aapxkaBama naxa 1 SEMG kapakTepucTHKa MOBUIIEHE MHOEIEKTPHIHE
aktuBHOCTH IC 1 RA Mummuha Tokom 3aapkaBama jgaxa.

JTUCKYCHJA

HnejHo penrer-e MeT0/1a 32 NPOBePY 3/PaB/ba U MPUIPEM/bEHOCTH CIOPTHCTA

OcHoBHa ujeja Koja cilIeau U3 TUCKYCHje paja cacTOju Ce y YHHCHHIM Ja OCToje Tpu MuIrha Koje ou
Tpebalio MpaTHTH C IIUJBEM IPOBEPE 31paBJba U MPUIPEMIbEHOCTH CIIOPTUCTE a KOjU CY Y Be3u ca arHeoM u To: 1C,
RA u SC, npu uemy ce SC mepu 300r KOHTpOJIE HAaUWHA J¥Cama, Ja OM ce BUIENO Ja JIM UCIIUTAHUIH TPABUITHO
M3BOJIE BEXKOY M HE paje MPUIIPEMHY XHUIIEPBEHTHIIALIA]Y.

[Moy4enu mocaammbuM pe3ysiTaTHMa YBOJIH C€ 3aXTEB Jia MPUNPEMa HCITUTAHUKA ¥ TIPOTOKOJI HEOITXO/THO
Mopajy OUTH Npeur3HUje U PUTOPO3HHUje NCTIOIITOBAaHH Jja Ou ce 00e30ea10 00JbH KBAIUTET CUPOBUX HoAaTaka 6e3
VILUTUBA CMETHH ¥ TUME OJIAKIIAIO HUCIIPABHO TyMaueHhe.

[Ipumeheno je na ce KII xnacuuauM MeTogamMa MOKe MOY3/1aHO MEPUTH jeIMHO KO/ J00pO YTPEHUPAHUX
WCIUTaHWKA KOjU 3Hajy Jia Ce OIyCTe, JOK Cy pe3yJTaTH I'eHEePaIHO YeCTO HEMOy3AaH! KOJA UCIUTAHHUKA KOjU Cy
IO CTpecoM M y rpuy. TakBe HMCIMTaHUKE Tpeba Mpe Mepema OMYCTUTH Ha IPUMEp pasroBOPOM, MY3HKOM,
JOHHM3aTOPOM, ETUMHHALIMjOM CTATHUYKOT €NEKTPUIUTETa U CIUYHO. [la Ou ce 0oJbe younne 3aKOHUTOCTH U JIaKIIe
TYMauWIN Pe3yJTaTH, IPeUIaxXy ce JOJAaTHE aKTUBHOCTH U npahema:

- BH3YeNHO Ipaheme peakije 1 MoHallamka HCIUTaHUKA KaMepoM, Kako O ce KOJl HEOUeKHBAaHHX I10jaBa Ha

CHUTHAITy HaKHaJTHO MOTJIO IPOBEPHUTHU IMOHAIIAKE UCTTUTAHUKA
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- TPOIIMPHUTH MEPEHE Ha JI0aTHE PeCIIpaTopHe MUIIKhe, HAPOUHUTO AOAATH Mepemke Tujadparme.

- Mepeme myJica, Tj. uHTepBaia uamehy orkynaja cpua (ECG), npoyyaBame BapHjaOUITHOCTH TUX HHTEpBAJa y
TOKY BpEMEHa W IMOKYIIaj JAETEKIHje CHHYCHOT PHTMA, Tj. PECHHPATOPHOT HArOHA, paJy yCTaHOBJbABamba
MOCTOjarba MEHTPATHOT PecupaTtopHor putmMa u IBM curaana TokoM 3ajpxkaBama qaxa (Parks, 2006).

- 7nobap mokaszaresb YTPEHHPAHOCTH CHOPTUCTE je Op3uHa Bpahama cpyaHOr pUTMa y HOpPMaly HaKOH
BexOama. I1ITo je HuBO (pr3mUIKe MPHUIPEMILEHOCTH CIIOPTUCTE BHIIH, TO MY CE ITyJIC OpiKe CIyIITa, U OBO
BpEME CE MOXKE TIOPE/IUTHU Ca BpeMEHOM pekyrepanuje 1ooujeror u3 sSEMG curnana (00janimeHo KacHHje
y3 CIIHKY 5).

- m3aBajame curHana cpma u3 SEMG curnana u xopenanuja ca ECG-om, na Ou yCTaHOBWIIM J1a JIH CE ITyJIC
Mmoxe noysaano nooutu u3 IC u RA SEMG-a pecnimpatopHux curHana.

- J0flaTW CTaHAapAHY METOAy Mepema OKCUIeHAllWje TKHBa HH(paupBeHOM Kamepom (near-infrared
spectroscopy, NIRS), na 6u ce kanuOpucana Be3a okcurenanuje ca sSEMG mepemnma Ha Mutmmhuma

- motpebaH je Behn y30pak UCTIUTAHUKA, 11a OU ce 00Jbe younIie 3aKOHUTOCTH U PE3YJITATH CTATUCTHYKH 00Jbe
MOTJIM TPYTUCATH TI0 CIIOPTCKUM TpaHaMa/IMCIUILIMHAMA, IOy, BPCTH TPEHUHTA, BETNYNHHA OpraHU3Ma,
UT/I.

- Tpebano 6u obaButH SEMG mepema mpe u Ioclie TPEeHHHTa, ca IMJBEM Ja C€ YCTaHOBU Ja JIH Ce
KBAJIMTATHBHO MeHa o1roBop mumrha mpu 3amopy. [Ipu Tome, SEMG curnaiie Tpeba MEepuTH 3ajeIHO ca
IpyruM ctangapaauMm MmepemnMa kao mro cy EKG, EEG, Omoxemuja, xamamurer rutyha, WTH., U
KOpEenMpaTd HMX ca IMJbeM YCIOCTaBJbamrba peNaldje, Tako Ja OW Ce CKyma CTaHIapAHa Mepemba
MOTEHIUjaTHO Moria 3aMeHuTH SEMG MepemrMa Ha Mutiuhnma.

- ycraHoBuTH Besy OPK ca myxuHOM 3ampikaBara gaxa Kako Ou 00Jpe pasyMell HeypOMYCKYJIapHH OJ3HB Ha
3apKaBambe J1axa W MOIIIM reHepucaté pedepeHtHe Bpexanoctd T3J] 3a 3mpaBe ocobe, Koje oaroBapajy
KOHTPOITHO] TIay31 M MAKCUMAJTHOj TTO3UTHBHO] Tay3u. Ko npeankipje MakCUMaITHOT 33/IpyKaBarba Jlaxa MOXKe
ce y3erd y o03up M Kamauurter iyha, jep ce odekyje na ocoOe Beher kamamurera Iuiyha umajy myxe
MaKCHUMaITHO 3aJipKaBame jaaxa. Hamme, Byrejko cmaTtpa na ce pOHWIAYKMM TpPEHHH3MMa U Pa3BojeM
poHmIadkor peduiekca Moxke nosehaTn MaKCUMAJIHO 3apiKaBambe Jaxa, aiu He u konmponna naysa. KII ce
Moxxe noeehatu camo axo ce nosehajy nernou CO- y henujama 10 GpusHonomkor ontumMyma oz oko 6.5-7.5% 3a
3apase ocobe (Yakovljeva, 2013). Tpeba uspauyratn @PK Teoprjcku KanarureT (Ha OCHOBY BUCHHE, CTAPOCTH
u BMI, (Lumb, 2017a)), a Takohe u U3MepUTH Taj KaNalUTEeT U YIOPSIUTH UX, OJHOCHO TaKO KaluOpHcaTh
rpyOy MperKINjy OYeKHBaHMX MEPHOJIa 3a/ipKaBama Jaxa KoJl 3ApaBrux ocoda.

- Finapres 3a Mmepeme KpBHOT IPUTHCKA KOjU MOXKe Aa aeTekTyje IBM.

Bejpier ananmuzom ce SEMG curnan nenu Ha ¢pexseniujcke orncere D1 (480-960 Hz), D2 (240480 Hz),
D3 (120240 Hz), D4 (60-120 Hz), D5 (30-60 Hz), D6 (15-30 Hz), D7 (7-15 Hz), D8 (4-7 Hz) u S8 (04 Hz). U3
JocallallbiX Mepermha 3aKJbYUeHO je J1a je peakiuja Behinne ncnurannka Ha [C ynaucajaoM mumhy Takea J1a eHepruja
nocrerneHo pacre y oncery of 120-480 Hz (D2-D3), nok enepruja nana oz 7.5-30 Hz (D5-D6). Hapouwurto je nzpaxen
TaJ| eHepruje 3a UCTIMTaHUKe ca cnadujuM pesynrariumMa y orcery D6 o 15-30 Hz. Ha SC mumihy je npumeran pact
enepruje of] 240-480Hz (D3), a Hemro mame of 120-240Hz (D2), nok je nan enepruje npucyrtan o 15-120Hz (D4-
D6). Ca npyre crpane, 1ok je Ha IC u SC pact nocreneH, oH je Ha RA Harao, u jaBjba ce yrJIaBHOM caMo 3a
HajyTpeHUpaHuje uCIuTaHuke Koju uMajy T3] > 50s, y oncery ox 60-240Hz (D3-D4), a nenumudno u on 240 — 480
Hz (D2). OBe 3akoHuTOCTH M BpeIHOCTH (opMupajy pedepeHiy Koja he ce ynopeanTu ca HOBUM MepemhuMma 1a ou
Kiacu(hMKOBAIM HOBAa MEepEHha y OJIHOCY Ha roctojehy pedepeHiry.

Ha cmmmum 3 je mpukazan SsEMG om3uB 3a Tpeher umcnuranuka Ha IC yamcajuom mumuhy, 1o
(peKkBeHIMjCKUM CKallama, TAe je npukazana RMS eHepruja curHaiga u3pauyHaTta Kao KBaJpaT BEjBIIET
Koe(ummjeHaTa MojeIMHAaYHIX CKala, yCpeameHa Ha Tpo3opy ox 1,5 s (Tako ga oOyxBaTa JBa OTKyIaja CpIia).
[MpumetHo je 3HavajHO mocteneHo nosehame omsuBa y omncery 120-480 Hz (D2-D3) nerne on cpeaune 3/1, mro
npeacTaBjba €HEPreTcKu ,fornuc” xumokcnyor IBM mpomeca. Cnuka 4 mpukasyje RMS eneprujy (kBagpat
BejBiieT koedumujeHara) SEMG curnama derBpTor mcnuTaHumka Ha RA m3mmcajaom mmmuhy. [Ipumehyjemo
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3HAyYajHO Hario mosehame eHepruje y ppexsermmjckom ormcery oa 60-480Hz (D2 — D4) anu 6mmxe kpajy 31, mro
j€ eHepreTcKH ,,oTnuc xunepkamaunanor IBM nporeca.

3a mepeme Moxxemo kopuctutd nocrojehy TRIGNO amapatypy a y cucrem monaté co)TBEPCKH 10 3a
o0pamy curHaja: yKIamame [TyMa | [To/IeTy CUTHAIa Ha KOMITOHEHTE BEjBIIET Tajacuha (Kao IMTo je MpUKa3aHo Ha
ciukama 3 u 4). [locmarpamem SEMG on3uBa no ¢ppexBeHIMjcKUM cKanama, Ha mpuMmep ckaie D2 na IC mumunhy
u ckane D3 Ha RA mumuhy, Mory ce n3meputu cienehn napamerpu (BUAX CIHKY 5):

e mnouetak Mepema KII je TpenyTak Tsart 1 OH MpeCTaB/ba YHUBEP3aJIHO BpeMe TajMepa KaJla ce TIOAUTHE
KaXUIIPCT Kao CUTHAJ 3a 3aTBapame HOCHUIIA.
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RMS Wavelet energije - ispitanik 3 - I1C
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e Mepu ce IyKHHA MEepHoja JIAaKoT OJBHjama 11, O 3aycTaBibama A¥Cama JI0 MOoYeTKa Imeproaa 0opode
kapakrtepucasor pactoM SEMG curnana. [lyxe Bpeme T1ykasyje Ha 00Jby MPUIPEMIBEHOCT UCTIMTAHMKA
¥ TUNUYHO je jenHaxo nonosuru T3/ (Bain i sar., 2017), mro je u BepruduKoBaHO €KCIIEPHMEHTOM.

e VY mepuony 6opoe T2 youaBajy ce 3Ha4dajHE peakiyje Ha MHUIINNY 1 MOYeTaK perpyTalrje MOTOPHHX jeIHHHUTIIA
ca BehmMm OpojeM CIOpPOTP3ajHUX OKCHAATHBHAX MUIMMhHUX Biakana (TUm 1) w/wmm Op30Tp3ajHUX
TJIMKOJIMTHYKUX MUIMhHA BiakaHa tuna 2. Oa3uB mumuha pacte U y jeqHOM TpeHyTKy he gohu g0 mpse
IBM kontpakimje (1rro Ham faje nepuos Tipm, BUAM MOMEHAT O3HAYEH 3€JICHOM CTPEIHIIOM Ha CIUIH 5),
KIT = Tipm.

e Ilocne npee IBM koHTpakuyje noia3u A0 OMyIITamka pecnupaTopHor Mumrha (majga eHepruje), a IoToM
ce MepuoNYHO jaBibajy U cieaehe IBM xoHTpakuuje noBehaHor MHTEH3UTETa U PPEKBEHIIN]E, a IPH KPajy
nepuoaa OopOe BeoMa jake KOHTpakiyje (Harmu maj u nmosehame eHepruje, BUIU IPBEHY CTPEIHIy Ha
ciunu 5). YOp30 mociie Tora Jj0yia3u 10 OHOBHOT YCIIOCTaBJbatba AUCamba Y TPEHYTKY Tstop : y2KE Bpeme
T, yxazyjy Ha 60JbY IPUIIPEMIBEHOCT UCITUTAHHKA.

e HaxkoH ycriocTaBspama JUcama MEPUMO BpeMe pekynepaiyje, Tj. Bpahama SEMG curnana y HopMary
(Bpeme Trek). Kpahe Bpeme ompaBka yka3zyje Ha 00JbY IPHIIPEMIBEHOCT.

o lloBehame eHepruje y BpeMeHY y OAHOCY Ha pedepeHTHY (HOMHUHANHY) eHeprujy E™" ca moderka
3apKaBama 1axa (yepeameHy Ha mpo3opy oJ 1S, mocie mpBe 2S 01 TOYETKa 3a/IpiKaBarmba 1axa).
e bp3uHy nopacra eHepruje oJ HOMUHaJIHE 10 MakcumaiHe BpeaqHoctu (E™ - E™M) / T,

3AK/bYYAK

VY 0BOM HEEKCHEPHMEHTATHOM MOCMaTpamy, MPEUIOKEH je jelaH O MPOTOKOJa 3a OIEHY 3/paBjba U
NPUNIPEMIBEHOCTH CIIOPTHCTA HA OCHOBY CHEHU(UYHOT O/I3MBa OpraHM3Ma Ha JUCajHOj MYCKYJIaTypy H3a3BaHHX
AITHEeOM.

Amnanu3a je mokasana za je Mmoryhe 3a0enexutu cneundudne npomene Tokom IBM-a sSEMG caumnuma IC,
RA u SC mumuha. YoueHe cy peaxmnuje Ha cBe TpHu peruje koj BehuHe ucnHMTaHWKa, a Takohe W TojenuHe
crieruyHe MpOMeEHe.

JuHaMuuKka aHaM3a IPOMEHE CIIEKTPa TOKOM IIEJIOKYITHE MPOolieAype HEIBOCMUCIICHO TTOKa3yje 3HadajHe
npomeHe koje cexy ox 60 Hz nma go npeko 600 Hz. Kox Hekux ucnuranuka Huje 3a0eie)KeH 3HaYajaH OAroBop Ha
mumrhrMa, HajBepoBaTHHje 300T Tora mro Hucy gocerian IBM: mornm cy u ayxke na 3aapke Jax aid TO HHUCY
yauHmii. OBO TOBOPH Ja je 3a yCIieX eKCIIEPHMEHTa jaKO BaKHO MPaBUIIHO M3BOhEHE Mepema, IITO ¢e MOXKeE
nocThy  KBaJUTETHOM yTpEeHUpaHOIIy WCIUTaHUKA, ald W y3 KOMIUIEMEHTapHa Mepema, Ha MpuMep
MHQpAIPBEHOM M KJIACHYHOM KamepoM, mepewma SEMG curnana aujadparme, cpyaHor myJsca, UTHA., Koja Ou
JorpuHelia 00/beM pa3yMeBamy NpoydYaBaHUX (peHOMEHA.

JenHo on mHTEpecanTHNX MOryhHOCTH je Ja ce M3BpIIM Kopenauuja u kanuOpanuja SEMG pesynrara ca
npyrom ¢QusmononikoM aujarHoctukoMm. I[IpBo Moryhe nmocrurnyhe je morBphuBame Heke on mocrojehmux
J1jarHOCTHYKUX METOAA KOje Cy OMJIO CKyIIe, TEIIKO JOCTYIHE WM 3aXTeBajy Ayro Bpeme 3a oOpaly, a cBe TO y3
KOM(Op 1 HEMHBA3MBHOCT. YKOJHMKO C€ MOTBPAM Kopejauuja, Taaa je Moryhe AeIMMUYHO 3aMEHUTH mocTojehy
METO/IMKY TecTHpama HoBoM SEMG MeTo/1oM ca OpUrHHAITHIM NTapaMeTpruMa.
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