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Abstract—In the presented study, the search for the acting force in stressor acoustic signal and common everyday acous-
tic signal is presented. As stressors the signals of acoustic siren of air raid alert and other dangers in the different counties
were used, and as everyday signals the sound of motorbikes passing by observers were used. In total five different signals of
alert sirens were used. Numerical values presented in research were obtained via frequency analysis with Hann’s window
and later — via spectrogram survey. This survey allowed us to find the presence of a steady frequency components in
the observed signals, and, most importantly, the presence of rises and falls in said components. These changes in frequency
had their speed of change calculated for sirens and motorbikes. For the rise of frequency mean speed in the siren group was
calculated as 164 Hz/second, fall was 80 Hz/second. For the motorbike, the speed of frequency rise had a mean value calcu-
lated as 166 Hz/second and fall of frequency was estimated as 67 Hz/second. Possible sources for said effect in motorbike
signals are Doppler effect and rise of RPM during acceleration. During the statistical analysis via implementation of
the non-parametric method due to the character of data distribution in the studied group the lack of statistically meaningful
differences between speeds of frequency rise in frequency components of the signals was found. Said rise is presumed to be
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the acting factor in stress from everyday sounds.

Keywords — stress-inducing sounds, sirens, frequency analysis, spectrogram, non-parametric test.

l. INTRODUCTION

A warning system is a mechanism of receiving infor-
mation about an oncoming emergency, spreading that
information to those who need it and enabling informed
decisions and swift responses by individuals in danger.
There are different types of emergencies that may occur
nowadays such as geophysical and biological hazards,
complex socio-political emergencies, industrial hazards,
personal health risks, etc [1], [2].

Each country has its own system of informing resi-
dents of impending risk. But effective warning systems
are a people-centered complex which consists of four
related components: risk knowledge, warning service,
communication and dissemination, and response capa-
bility [3]. And one of the most valuable parts of each
warning system is the alarm which usually includes a spe-
cific audio signal that helps people to acknowledge
the message fast and ensures clear communication be-
tween responsible institutions and the public.

With the full-scale invasion of Ukraine alarms became
a part of the life of every citizen of the country. As of Feb-
ruary 24, 2022, a total of approximately 38,260 alarms
were announced in Ukraine [4]. In Kyiv alone, since Feb-
ruary 24, 1,055 alarms have been sounded. The danger
lasted for 1209 hours and 59 minutes [5]. It is common

knowledge that effective communication with the public
in the wartime is a great strategy for saving lives. Recent
studies show that 35 to 45% of observed civilian casual-
ties were avoided because of public responsiveness to
the messaging system [6].

It is also known that frequent airstrikes (using differ-
ent types of weaponry) and alerts are used as an addi-
tional source of psychological warfare for a civilian pop-
ulation [7]. Over time, alarms can become increasingly
associated with uncertainty, panic, and fear therefore
the very sound of it becomes stressor and trigger itself

[8].

Modern studies often bypass the stress aspect or act-
ing factor of an alert. Most common aspects of them are
the effectiveness [9] and range effect of them [10]. There
are also studies dedicated to the political and social
aspects related to the siren alert systems [11].

A. Dangers of the stress

Psychological stress occurs when environmental,
physical, and/or psychological demands exceed per-
ceived resources available to respond to a particular
situation. For that reason, stress can be viewed as
a dynamic process [12]. Stress can affect health both
directly, by triggering autonomic and neuroendocrine
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reactions, and indirectly, by prompting changes in
health-related behaviors. Additionally, it has an impact
on various biological systems within the body. Stress can
modify the production of stress mediators in ways that
may that can both increase and blunt, both upregulate
and downregulate and in future lead to significant impli-
cations for health and have detrimental effects on
immune function which may lead to delayed wound
healing, diminished responses to vaccination, and the
onset and progression of cancer. Chronic stress poses
particular challenges for elderly individuals due to
the gradual decline in immune function that occurs with
aging [13], [14], [15].

Stress can affect appetite and normal function of
the gastrointestinal tract. It can increase intestinal bacte-
ria counts, visceral irritability and modify permeability of
the intestinal barrier [16]. Stress is also associated with
shortened sleep, fragmentation, and possibly a reduc-
tion in sleep stages 3 and 4. That can cause increases in
levels of traditional stress markers and can therefore
worsen the effects of stress [17].

Stress can impact memory in various ways such as
either impairing or enhancing memory processes that
rely on the hippocampus. Moreover, stress experienced
during critical periods of brain development may pre-
program subsequent memory performance therefore it
can be dangerous for children [18].

It is also known that extended periods of intense psy-
chological stress can lead individuals to develop somatic
symptoms, which may progress to mental illnesses.
Stressful life events and circumstances are also associ-
ated with the onset and recurrence of major depression.
In all categories of mental disorders, the stressful situa-
tion or event significantly influences the onset and man-
ifestation of symptoms [7], [19], [20]. Prolonged stress
overall can lead to severe neurological disorders, heart
issues like heart attacks, asthma, diabetes, headaches,
accelerated aging, and even premature death [21]

A stressor is any factor or event that induces stress. It
can take various forms such as physical or physiological
changes within the body, alterations in the environment,
life events, or even unreal or imaginary situations. When
the body is exposed to a stressor it initiates a response
aimed at overcoming the perceived challenge but indi-
vidual responses to psychological stressors can vary sig-
nificantly [22], [23]. Therefore, every little thing related
to the cause of stress in future can ignite the stress
response or remind the individual about his previous
experience.

The brain itself makes and stores associations
between the sensory information (e.g., sights, sounds,
smells, positions, and emotions) from that specific event
allowing the individual to generalize to sensory infor-
mation present in current or future events. At each level
of the brain, incoming input is interpreted and compared

to previous similar patterns of activation. The occurring
match triggers a response which is crucial for swiftly
reacting to potentially threatening sensory signals. For
that reason, the sensory signals which were associated
with stress in the past will be associated with stress in
future. However, this mechanism often can lead to expe-
riencing stress responses to non-threatening situations
as patterns of incoming sensory information may be
interpreted as ‘danger’ and acted upon in milliseconds
before the information gets to the cortex to be inter-
preted as ‘harmless’. It is especially true if the incoming
sensory information shares similarities with the previous
experience such as the sound of fireworks can be associ-
ated with the sound of explosions and therefore be
stressful for soldiers or civilians that experienced airstrike
[24]. In extreme situations such as post-traumatic stress
disorder, reliving episodes can be triggered involuntarily
by specific reminders that relate in some way to the cir-
cumstances of the trauma [25].

That leads us to the current problem.

B. Problem statement

It is clear that despite being crucial life-saving tool
alarms are widely associated with the stress and uncer-
tainty of war. For that reason, the audio signal that
accompanies it became a stressor itself. However some-
times people can confuse stress — related cues with non-
threatening and experience the same emotions or states
before the brain can identify its safety especially if there
are similarities between the two. That can also relate to
the alarms.

Unfortunately, sometimes for a lot of people sounds
occurring in day-to-day life can bear resemblance to
the sounds associated with previous stressful experi-
ences. And the most obvious in relation to the air-raid
alarm in Ukraine we would like to name is a sound of
a motorbike either passing by or speeding up — based
upon the author’s subjective experiences in daily life. But
the main problem is to understand exactly why the sound
of a motorbike can remind us of the sound of an alarm
and using acquired info to find more of stressor signals
to develop policies, designed to minimize the influence
of stressing signals on the populace.

1. IV. MIATERIALS AND METHODS

A. Used siren signals

As the first step of a study we used subjective analysis
of the present in the web sounds of the civil warning sys-
tems of different origins — from different countries and
objects of danger. Next step of investigation was in calcu-
lation of the spectrograms and spectrums for each one
of them. Said spectrograms were obtained via usage of
the Audacity program product. In total five spectrograms
were created. The first siren is from Odessa [26], its spec-
trum is shown on Fig. 1. Amplitudes on presented spec-
trums are normalized in a way that a 0 dB sine wave —
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a pure tone — will be at 0 dB on the graph [27]. So, all
amplitudes of frequencies are to have negative value in
dB if they do not reach that level.

Said spectrum was obtained via implementation of
a Hann window and has shown the presence of a signal
peak at 320 Hz and number of lesser peaks on different
frequencies up to 1 kHz.

Spectrogram of the said signal is presented on Fig. 2.
Calculated fragments were 8 seconds long and four frag-
ments were studied for rise and fall of frequency compo-
nents.

Said spectrogram shows the presence of a number of
rises and falls spectral components. Spectral compo-
nents in question are straight lines freely observable on
the graph of the spectrogram. Character of the changes
in them is akin to the Doppler effect and it is noticeable
that rise of frequency in a signal is more steep than fall.
Majority of spectral components were present in a low
frequency domain. This fact may prove to hamper
the possibility of implementation of musical therapy to
correct the stress impact due to impactors residing in
the same frequency domain as a musical signal, often
used in said therapy[28].

Next signal is that of a German fire brigade [29]. Spec-
trum also was obtained via implementation of Hann’s
window.

Presented image also shows the presence of a higher
number of frequency peaks, although this time they are
in the domain of higher frequencies. The spectrogram of
said signal is shown on Fig. 4. Observed fragments were
15 seconds long and four fragments were studied for rise
and fall of frequency components.

The analysis of an acquired spectrogram had also
shown the presence of rises and falls in frequency com-
ponents with the steeper rise and prolonged fall.

Next signal observed was Switzerland [30] general
alarm. Its spectrogram is presented on Fig. 5.

During the inspection of an obtained spectrogram
had also been found the presence of rises and falls in fre-
quency components.

Next step was in estimation of a French alert [31] sig-
nal. Its spectrogram is shown on Fig. 6. Observed frag-
ments were 15 seconds long and four fragments were
studied for rise and fall of frequency components.

The observation of a calculated spectrogram had also
shown the presence of rises and falls in frequency com-
ponents with the steeper rise and prolonged fall.
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Fig. 3. Spectrum of German siren

Fig. 4 Spectrogram of German siren
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Final step in the analysis of sirens was the analysis of
a USA siren. The obtained spectrogram is shown on
Fig. 7. Observed fragments were 75 seconds long and
two fragments were studied for rise and fall of frequency
components.

This spectrogram also shows the presence of previ-
ously observed frequency component behavior.

Calculation of a numeric representation of said effect
was conducted in the next way — via usage of a for-
mula (1) on a spectrogram fragment with observed rise
and fall effect:

_1h-A]
R (1)

In said formula f1 is the starting frequency of a calcu-
lated fragment (rise or fall), f2 - ending frequency of
a calculated fragment, t1 — starting time of a calculated
fragment, t2 - ending time of a calculated fragment.
The way data was obtained is presented on Fig. 8.

From the presented formula the speed of rise and fall
of the observed frequency components was obtained.
Said speeds were grouped for rises and falls in them.
There were 2 groups that were tested during this step of
study — rises in frequencies in frequency components of
sirens and falls in frequencies in frequency components
of sirens.

These groups were tested for the normality of a dis-
tribution of results in said groups. The analysis was con-
ducted in 3 steps — graphical method, Shapiro-Wilk [32]
method and Lilliefors test [33]. Results of these tests had
shown the lack of a normality of a distribution. Graph
depicting said distribution for frequency fall is shown in
Fig. 9.

Altogether from presented signals were obtained 18
results for each group. Their values are presented in
Table 1.

Histogram: Siren:fall
K-S d=,32802, p<,05; Lilliefors p<,01
Shapiro-Wilk W= 69691, p=,00007

Fig. 7 Spectrogram of USA siren

No. of obs.

0 50 100 150 200 250
X <= Category Boundary

Fig. 9 Data distribution for fall in frequency components of siren.
Fig. 8 Data acquisition scheme

(1)
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TABLE 1 OBTAINED RESULTS FOR SIRENS

Although usually Studends t-criterion is used in med-

Frequency rise, Frequency fall, speed, ical studies [34], this time it isnt possible due to distribu-
speed, Hz/sec Hz/sec tion parameters. Via usage of a Mann-Whitney U Test
148,69 71,03 [35] was estimated the presence of a statistically mean-
148,60 70,71 h . .
16315 208.08 ingful difference between the rise and fall of frequency
163,12 208,04 components of the siren signal. Results of analysis are
110,79 39,75 presented on Table 2.
110,79 43,54
228,02 76,32 o Box & Whisker Plot
220,71 76,53 I
120,58 40,11 " T
120,66 38,95 o
244,26 87,26 o
244,49 87,26 0
104,97 49,75 160
85,96 48,76 o °
254,91 80,14 120
228,70 81,54 100 l
88,41 52,75 80 3
167,22 88,09 60 u
40
o Median
20 [ 25%-75%
Siren_rise Siren_fall T Min-Max
Fig. 10 Graphical group representation for siren
TABLE 2 RESULTS OF GROUP TESTING FOR DIFFERENCES
Mann-Whitney U
Marked tests are significant at p <,05000
Rank Sum Rank Sum U 7 alue VA alue
Group 1 Group 2 pv adjusted pv
468,0000 198,0000 27,00 4,255392 0,000021 4,255666 0,000021

Fig. 11 Spectrogram of a fragment of sound of a passing bike

Graphical representation of differences between
groups is shown on Fig. 10

B. Used motorbike signals

For traumatizing signal references motorbike move-
ment signals were used. First one [36], subjectively alike
to stress inducing one is present as a spectrogram on
Fig. 11. In said signal was observed rise and fall of fre-
quency, characteristically related to the Doppler effect in
a bike that approaches the observer and passes by him.

Second one [37] also had frequency characteristics
akin to the first one, obtained via the same method. Two
result in said group were obtained from this fragment.

Their combined results are shown in Table 3. Those data
point are considered rise and fall groups, respectfully.

Also noteworthy is the fact that length of sound frag-
ments for frequency change for motorbike was far
shorter as it lacked constant fragment of frequency com-
ponents. Average lengths of said components was 1.5 s.

TABLE 3 OBTAINED RESULTS FOR MOTORBIKES

Frequency rise, Frequency fall, speed,
speed, Hz/sec Hz/sec

154,28 60,63

198,49 47,56

154,38 47,64

144,97 41,91

157,55 42,09

153,43 44,39

147,28 47,27

133,87 52,84

216,46 55,02

129,25 51,19

151,26 40,24

151,42 40,30

172,43 43,45

143,92 64,92

149,95 119,99

180,09 150,17

117,59 182,11

323,89 90,38

Itis possible to observe that demonstrated effects are
akin to the Doppler effect [38], represented by for-
mula (2):
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ctyg

f'=f 2

CFV

For the formula shown above: f' — observed fre-
quency, f — original frequency, ¢ — speed of sound in
the experiment medium, v, — velocity of observer, v, —

velocity of source. Using the presented formula we can
see that for 1 kHz frequency component and for
the speed of moving source up to 360 km/hour for
approaching source frequency can change up to 1417 Hz
and for departing down to 773 Hz, so calculated changes
correspond with data in Table 2 and Table 3.

Another possible source of rise and fall of frequency
components can be in change of rate of revolution per
minute (RPM) of motorbike motor group. Example of
relations between the RPM rate and frequency of sound
can be seen in example [39].

Statistical analysis has shown that normal distribu-
tion of data is not present in rise and fall groups, as
shown in Fig. 12. Usage of a groups of this size is possible
due to large value differences in groups and was esti-
mated possible in study [40].

C. Difference calculations

Histogram: Bike_rise
K-S d=,29154, p<,10;; Lilliefors

p<,01

Shapiro-Wilk W=,70401, p=,00009

No. of obs.
@

IS

3
2
1 / ‘

100 150 200

250

X <= Category Boundary

Box & Whisker Plot

300

350

350

300

250

200

150

100

50

f—o

o Median
[] 25%-75%

Bike_rise Bike_fall T Min-Max
Differences between bikes and sirens were estimated
via implementation of statistical analysis — search of sta-
tistically meaningful differences via non-parametric
methods due to the nature of distribution in data groups. - fox & Whisker Plt
For rise in frequency of a frequency component there o0
was observed no statistically meaningful difference,
results of a Mann-Whitney test are shown in Table 4. “
200
Presentation of relation of two said groups is pre-
sented on Fig. 13. w T :
Furthermore, the fall of frequency component also h
does not have said difference, what is shown in Table 5. 50 °
o Median
Generalization of obtained data is presented on Fig. 14, g Torn Ol GosD el T
where box 1 is siren frequency rise speed, box 2 — bike
frequency rise speed, box 3 is siren frequency fall speed,
box 4 — bike frequency fall speed. Boxes on said picture
correspond with data in aforementioned tables.
TABLE 4 RESULTS OF GROUP TESTING FOR DIFFERENCES BETWEEN BIKES AND SIRENS, RISE OF FREQUENCY
Mann-Whitney U Test
Marked tests are significant at p <,05000
U 7 value z value Valid N Valid N 2*Isided
P adjusted P Group 1 Group 2 exact p
155,00 0,206 0,837 0,206 0,837 18 18 0,839
TABLE 5 RESULTS OF GROUP TESTING FOR DIFFERENCES BETWEEN BIKES AND SIRENS, RISE OF FREQUENCY
Mann-Whitney U Test
Marked tests are significant at p <,05000
v 7 alue z alue Valid N Valid N 2*Isided
p adjusted P Group 1 Group 2 exactp
129,00 -1,03 0,30 -1,03 0,30 18,00 18,00 0,31
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CONCLUSIONS

In this study a possibility of a rapid frequency change
in frequency components of acoustical signal being
the acting factor of growing stress levels in people.

Said stress levels are present due to frequent and
unscheduled alarms due to current historical situation.
Alarms can last for prolonged periods of time and make
stress leave a lasting impact upon public health.

During the analysis of alarm signals via obtaining
their spectrograms it was found that they have one
major thing in common — rise and fall in frequencies of
their frequency components (shown on spectrograms as
clearly visible lines). Changes of frequency were pre-
sented as numbers of bumps upon otherwise straight
frequency components.

Said changes in frequency can be characterized by
the speed of change in them. For the rise of frequency,
mean speed in the siren group was calculated as
164 Hz/second with standard deviation in group
58,35 Hz/second. Fall of frequency for the siren was
80 Hz/second. Character of sound in motorbike signals
clearly represents the presence of the aforementioned
Doppler effect.

For observed bike sounds (which were chosen to sub-
jectively resemble sounds of the bike which resemble
alert signals) there also were present said changes of fre-
quency in frequency components. Character of sound in
motorbike signals is most likely representing the pres-
ence of the aforementioned Doppler effect.

Apart from the Doppler effect the reason for fre-
quency change in bike sound can be found in RPM rate

rise due to increase in speed of said bike in time of accel-
eration and decrease of it during deceleration.

The experiment involved estimating the possibility of
usage of parametric test criterions numerical values of
measured parameters by matching the distribution in
test groups to the normal distribution. To do this,
the Shapiro-Wilk method, graphical analysis, and
Lilliefors method were used. Statistical analysis itself was
conducted via the non-parametric method — the Mann-
Whitney test due to non-normal distribution.

For the bike, the speed rise of a frequency in fre-
quency component had a mean value of 166 Hz/second
and fall of frequency was estimated as 68 Hz/second.

Conducted analysis of obtained speed of frequency
change had shown the presence of statistically meaning-
ful difference in speed of frequency change for rise and
fall of frequency component in siren group. For siren and
bike there was observed the lack of statistically meaning-
ful difference for rise and fall groups for siren and bike
frequencies.

Also further investigation is needed to find out
the proportion of the impact on stress level from
the RPM growth of the motor of the motorbike during
acceleration and the Doppler effect respectively.
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DaKynbTET €1EKTPOHIKM
HauioHanbHUI TEXHIYHWI YHiIBEPCUTET YKpaiHK

«KUIBCbKMI NONITEXHIYHWI IHCTUTYT iMmeHi Iropa CikopcbKoro» R 00syn5v21
Kuis, YKpaiHa

AHomayia—Ha cborogHilwHil geHb y Hawil KpaiHi 0co6auBYy ponb BigirpaloTb CUCTEMU PAHHLOTO ONOBILLEHHA Hace/eHHA
npo 3arpo3u. Big noyaTky noBHoMacwwTabHOro BTOPrHeHHA B YKPAiHy CUrHani3auifl cTasa YacTUHOIO XKUTTA KOXHOIo MellKaHuA
KpaiHu. 3aranom B YKpaiHi Big 24 ntotoro 2022 poky 6yno oronoweHo 6nu3bKo 38 260 Tpusor. Jinwe y Kuesi 3 24 notoro 6yno
noaaHo 1055 curHanis Tpusoru. 3aranom Hebesneka Tpusana 1209 roauH 59 xeuauH. Bigomo, Wwo came epeKTMBHA KOMYHiKa-
LiAa 3 HaceNeHHAM y BOEHHMI Yac € YyA0BOIO CTpATerielo NOPATYHKY XUTTIB. Bigomo, wo Big 35 go 45% 3adikcoBaHuX BTpaT
cepep, UMBINIbHOIO HAaceNIeHHA MOXKHa YHUKHYTU LIIAXOM pearyBaHHA Ha Oro/iowweHi TPUBOru.

B Tol4 camuii Yac BiAOMO, L0 3BYKM CUTHAJIIiB NOBITPAHOI TPMBOTIU PATYIOTb YKUTTA, BOHU B CBOIO Yepry € AXKepesiom CTpecy.
Bigomo, Wwo noamM MoXyTb BigHOCUTM He noB’a3aHi 3i ctpecom daKTopu A0 NPUUMH ioro Aii i BiguyBatn Ti cami emouii 6e3
npAmoi gii TpaBMmytoumnx ¢paktopis. TakMm GpaKkTOPoOM MOXKYTb 6yTU 3BYKU NOBCAKAEHHOTO XKUTTA, a Came — 3BYK MOTOLMKAY, LLLO
NPUCKOPIOIYUCH NPOIKANKAE NOB3 cnocTepiraya. Taki 3BYKOBi CUrHa/NM YacTO MOXKHA NOYYTH Yy 6araTbox YKpaiHCbKMX MicTax,
30Kpema y CToNuLi.

OKpemo BapTo BKa3aTu HeraTuBHi GpaKToOpM Aii cTpecy Ha OpraHiam NIOAUHU: Lie MOXKYTb 6yTU 3HMMKEHHA iIMYHHOT QYHKLi,
noripweHHA Po3ymoBOi A4iANIbHOCTI, 3HMXeHHA ePpeKTUBHOCTI BaKLUMHaL,ii Ta iHWi. Tomi icHye HeobXiAHICTb 3HU3NTU YACTOTY eKc-
nosuuin NtoanHK 40 GaKTopiB, L0 BUKIUKAKOTb CTPEC.

[Ona uboro B JaHOMy A0CNIAXKEHHI 6y10 A0CNIAMXKEHO CUTHANU CUPEH i3 Pi3HUX KpaiH — YKpaium, CLUA, HimeyuunHu, Lseit-
yapii Ta ®paHuii 3 meToo NowyKy nogibHocTel y HUX. TaKoK NOAIGHICTIO € CYKYNHiCTb NOCNIAOBHUX NiABULLEHb Ta NaAiHb
YacToT CK/IAA0BUX CUrHANIB AOCNIAXKEHUX cUpeH. Ha3BaHi cknaAoBi AK NPaBUAO € IX TOHAAbHUMMU KOMMOHEHTaMU. |AeHTUYHKI
edeKT 6yN10 BUABNEHO TAaKOX A/ CUrHANiB MOTOLMKAIB, WO PyXaloTbCcA NOB3 cnocTepiraya. [ina HaBeAeHNX CUrHaNiB CUPEH Ta
MOTOLMKAIB 6y/10 BUSHaUEHO WBUAKICTb NAaAiHHA Ta POCTY YacTOTU CKNAA0BUX CUrHaniB. Byno o6paHo Lo BeIMUUHY AK AiarHo-
CTUYHUIA NapameTp ANA aHaNi3y 3BYKiB MOTOLMKIB, KOTPi MPUCKOPIOIOYUCH NPOIKAMKAOTb NOB3 cnocTepiraya. K MoXXnusi
NPUYUHU BUHMKHEHHA TaKOro epeKTy y MOTOLMK/IIB MOXHA Ha3BaTh edeKT [lonnaepa Ta NigBULLLEHHA YacTOTH 06epTiB ABUTYHA
nip, Yac NPUCKOPEHHS Ta il 3HUXKEHHA Nig Yac 3MeHLLEeHHSA IHTeHCUBHOCTI PO60TH ABUryHA NiCAA NPUCKOPEHHA.

Y npuBepgeHili cTaTTi TaKoXK HaBeAEeHO pPe3yNbTaTh CTaTUCTUUYHOI 06PO6KU OTPUMAHMX 3HAUYEHDb LUBUAKOCTI 3MiHM YacToTH
AnA 0box rpyn curHanie — cUpeH Ta 3BYKiB NMPORKANKAIOUUX MOTOLMUKAIB. [NA AiNAHKM POCTYy 4YacTOTU cepeaHs LUBUAKICTb
y rpyni cupeH 6yna pospaxosaHa ik 164 lu/c, AinAHKa 3HMKEHHA YaCTOTM KOMMNOHEHTIB Masia WBMAKICTb y uii rpyni 80 lu/c.
[na MoTouMKAa WBNAKICTb 3pOCTAaHHA YaCcTOTM Mana cepegHe 3HauyeHHA 166 Mu/c, a cepeaHIO WBMAKICTb 3HUMKEHHSA YaCTOTU
6yno ouiHeHo AK 67 Ny/c. OTpuMaHi 3HaueHHA WwBuAKocTel 6ynmn 3rpynosaHi BignoBigHO A0 iX noxogeHHs. Micna uboro i3
BUKOPUCTAHHAM rpadiyHOro metoay MOPIBHAHHA i3 HOPMaZibHUM PO3NOAINIOM, BUKOPUCTAaHHAM meTogis LUanipo-Yinka ta
Ninniedpopca 6yno BU3HaUeHO HEBIANOBIAHICTb OTPUMAHUX Pe3yNIbTaTiB HOPMaZIbHOMY 3aKOHOBI po3noginy. Cam CTaTUCTUYHUIA
aHani3 6y710 BUKOHAHO i3 BUKOPUCTAaHHAM HeMapameTpuYHOro meroay — tecty MaHHa-YiTHi. BUKOHaHMI1 aHani3 NoKa3aB HanAB-
HiCTb CTaTUCTUYHO 3HAYMUMOI Pi3HULLI MiXK LIBUAKOCTAMMU NAAIHHA Ta POCTY YAaCTOTU OKPEMMUX CKNAA0BUX Y CUTHaNaxX cupeH. Taka
X pi3HMUA Byna BUABAEHA MiXK LUBUAKOCTAMM NMAAIHHA YAcTOTU A4N1A FPYN CMPEH Ta MOTOLMKAIB. Og4HaK Npy NOPiBHAHHI WBUA-
KOCTeW pOCTy YacTOTU OKPEMUX CKNAA0BUX CUTHANIB MOTOLMKAIB Ta CUPEH CTaTUCTUUYHO 3HAYMMOI Pi3HULL BUABAEHO He 6yno,
L0 MO3Ke BKa3yBaTU CaMe Ha Te, L0 PiCT 4YacTOT OKPEeMMUX CKNA40BUX 3BYKIB PyXy MOTOLIMKIB, AKi MPOIXKAKaOTb NOB3 CrocTe-
piraua, moxxe 6yTu gitoumMm GpaKkTopom, WO BUKIUKAE MNigBULLEHHA PIBHA CTPECY Y NI0AUHU.

Knrouoei cioea —iHOYKyrOUi cmpec 38yKu, cupeHu, YacmomHuii aHani3, cnekmpozpama, Henapamempu4Huili mecm.

PTSEOEBAW SSYY-E¢ST/SESOT 0T :10a

L@I;m MapeHtok A. B., MapeHtok 1. B.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2523-4455.mea.303514
https://orcid.org/0000-0002-8882-5976
https://orcid.org/0000-0002-0734-3183
https://ror.org/00syn5v21

	Estimation of Acting Factor in Stress  from Motorbike Sounds
	I. Introduction
	A. Dangers of the stress
	B. Problem statement

	II. IV. Materials and Methods
	A. Used siren signals
	B. Used motorbike signals
	C. Difference calculations
	CONCLUSIONS
	REFERENCES



	Оцінка діючого фактора стрессу  від звуків мотоциклів

